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1. BACKGROUND , CONTEXT AND CONSULTATION

This Staff Working Paper presents the impact assessof the Commission's proposal on
the Commission Decision on the "Harmonisation & paired frequency bands 1920-1980
MHz and 2110-2170 MHz for terrestrial systems c#pabf providing electronic
communication services in the European Union". fifan aim of this initiative is to outline
the possible introduction of EU-wide technical hamsation conditions for a portion of the 2
GHz band allocated for terrestrial transmissionicWitomprises the frequency ranges 1900-
1980 MHz, 2010-2025 MHz, and 2110-2170 MHz.

1.1. Background and context
Nature of radio spectrum

All wireless equipment and services must transmid &eceive information via the radio
spectrum. The part of spectrum which is typicalyered are the electromagnetic frequencies
between 9 kHz (kiloHertz) and 3000 GHz (gigaHerajresponding to radio wavelengths
from thousands of kilometres to under one milliraetr

Radio spectrum is therefore an essential resowrceniny commercial services: mobile,

satellite and fixed wireless communications, TV aadio broadcasting, transport, navigation
systems (GPS/Galileo), and many other applicatignedical equipment, alarms, remote

controls, hearing aids, microphones, etc.). Raglbiiology supports public services such as
defence, security/safety and scientific activit{@sg. meteorology, Earth observation and
monitoring, radio astronomy and space research).

As a measure of the importance of these wirelepicagions and services to society and the
economy, access to radio spectrum has become antie®nabler for economic recovery
and growth, to ensure high-quality jobs and lorrgt&U competitiveness, and to bridge the
digital divide. Given that radio spectrum is scarcéhe sense that there is a fixed amount that
can be used, the manner in which it is allocatetl then authorised for use in the Member
States is therefore an issue of crucial econondcsacial importance, with a direct impact on
the development of the internal market.

The physical characteristics of spectrum changes the frequency bands and certain parts
of the spectrum are less suited for some applicatior users due to those differing
characteristics. Typically, the higher the frequeband the more difficult it is for signals to
travel over distance or penetrate into buildingbak to be recognised that the frequency band
that is allocated has a large impact on the costscaated with an application or service,
especially in the case of mass market servicesevbeverage, network capacity as well as
operational costs are important. The bands betB86rMHz and 3 GHz are considered to be
the most valuable part of spectrum in terms of dambg good propagation characteristics
with sufficient transmission capacity. Thereforest bands are subject to a higher demand
inducing scarcity of radio resources.

Radio spectrum is a medium shared by multiple ysdre may affect each other's operations.
This is called interference and results in a litita of available spectrum resources at a given
moment and location. Interference between differsighals on the same or adjoining
frequencies is particularly critical when spectroamds are crowded due to high demand. The
nature and extent of such interference change dicgpto the frequency band and the power
level at which signals are transmitted. Interfeesican degrade or completely block radio
signals, in which case it becomes harmful interfeee The presence of harmful interference
reduces or nullifies the efficient use of spectrudowever, in a number of cases an

4 EN



EN

application can to a certain extent tolerate imtenfice without significantly degrading the
underlying service quality. Hence, the impact ofeiference on a service needs to be
considered on a case by case basis. Interfererackeyg parameter for users of spectrum, as it
determines the viability of a wireless applicatigvith respect to quality of service). Since
interference can be mitigated in many cases bynteehmeans, in these cases interference
translates into costs.

Another characteristic of radio spectrum is thalidagemissions do not stop at borders. As a
consequence interference is an important issuejusbtwithin a Member State but also
between Member States as well as with third coesitrivhich necessitate bilateral and/or EU
level negotiations with third countries dependimgtioe circumstances.

The use of successive mobile standards in Europe

In order to develop the internal market in netwaks services, but also to overcome the risk
of interference between different systems refetcedbove, the EU has relied on a series of
mobile standards. The breakthrough came with theb&l System for Mobile
Communications — Groupe Special Mobile (GSM) — Whicas developed by the European
Telecommunications Standards Institute (ETSI) ase@acement of the first generation
analogue cellular networks. The GSM standard ewbinéeo GPRS and further EDGE that
allowed for packet radio internet access, where uber was typically charged based on
volume of data consumed, in contrast to circuittslwidata, which is typically billed per
minute of connection time. The further evolutionttoéd GSM standard to a third generation of
mobile systems (UMTS, HSPA) allowed for greateresise lower latency and better quality
connections. This, as well as the widespread aibilaand affordability of smartphones
drove a major expansion in application, content aedvices, fuelling the demand for
additional spectrum. This is developing furtherhatiie arrival of the fourthe generation (4G)
of mobile standards, most notable the "Long Terrl@on" or LTE family of standards.

Download
speed

(T(IiDS;\I/IVIA) GPRS EDGE ‘?{Jcl\lz_l:_/g)'\ HSPA LTE LTE-A

2G 2,5G 3G 4G

Spectrum ‘crunch’ for wireless broadband

The world-wide explosion of wireless data traffiattwthe progress in deployment of
broadband technologies, the penetration of smamed and the development of over-the-top
applications (video, social networks, etc.) as vaslithe growing fixed-mobile convergence
impose on regulators the urgent need for actioasgess spectrum availability and use and
identify new bands for wireless broadband. In 20438 million smart phones (including
laptops and tablets) were sold, which exceeds tmeber of Personal Computers' purchased
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in the same period (415 millioh)The highest growth rate in the EU broadband maekét
mobile broadband where take-up increased by 115#heidast yeaf.Such a strong increase
if not accompanied by the availability of suffictespectrum resources, risks limiting the
ability of wireless operators to satisfy the traifiemand.

Back in 2006, the ITU estimated the future spectibamdwidth requirements for third
generation (3G) and fourth generation (4G) mobdmmunications (to which, respectively,
UMTS and LTE belong, amongst others) as amountingetween 1280 and 1720 MHz in
2020 for the commercial mobile industry (includsyectrum already in use, or planned to be
used at that time for such systems), inter alia fidsregion 1 including Europe

The multiannual Radio Spectrum Policy ProgrammeRRSwhich was adopted on 14
March 2012 obliges EU Member States and the Conmonige identify at least 1200 MHz of
suitable spectrum for wireless broadband relyingh@nEU-level inventory process to match
spectrum demand and supply in the range 400 MHH@&. GOne possible tool to meet this
objective is to introduce flexibility in existingpectrum bands so that they can be re-farmed
for advanced wireless broadband technologies. énU8A also, following the adoption of a
National Broadband plan of 2010, efforts are ongan the release or repurposing of several
hundreds of MHz of spectrum for wireless broadband.

Flexibility of spectrum use — liberalisation andrnanisation

Since the expiry of the UMTS Decision, the terias@? GHz band has been identified as one
of the bands where the Commission, in close cotiperavith Member States, should apply
technology neutralifyand service neutralityas laid down in the Wireless Access Policy for
Electronic Communications Services (WAPECS) conéépin order to ensuréexibility of
spectrum useFlexibility of spectrum use in certain frequerzands can be mandated at EU
level and then implemented at national level bytetogy and service-neutral allocations in
the national frequency plans, which result in speuot authorisations that allow spectrum
users to avail themselves of a wider choice ofrietdyies in order to deploy better and more
innovative services and match market demand.

Focus Magazine (7/2012), http://www.focus.de/dilgiimternet/netzoekonomie-blog/smartphones-

nokia-und-microsoft-fallen-gegen-apple-und-googkeiter-zurueck_aid_713839.html

2 Jan 2009 to Jan 2010, Searope's Digital Competitiveness Rep@910. Mobile data volumes have
corresponding large increases with, for exampleCOM estimating a UK volume growth of 2300% in
the past 2 years.

3 see ITU Report ITU-R M.2078

4 Decision 243/2012/EU of the European Parliamedttaa Council.

> Technology Neutrality: As part of the flexibility principle, technology entrality allows the

deployment of any technology in a specific frequeband that has been identified for such use.

However, there can be restrictions that need tqugiified by the need to avoid harmful interference

(for example by imposing emission masks and poeeel§), to ensure the protection of public health

by limiting public exposure to electromagnetic digl to ensure the proper functioning of services

through an adequate level of technical quality efviee, to ensure proper sharing of spectrum, to

safeguard efficient use of spectrum, or to fulfilganeral interest objective in conformity with

Community law.

Service Neutrality: As part of the flexibility principle, service neality allows the provision of any

service in a specific frequency band that has héentified for such use. However, for safety o€ lif

reasons a frequency band may be allocated exclysfoe one particular service. Furthermore, a

specific service may be made obligatory (withoutleding other services) in justified cases, such as

the promotion of social, regional or territorial hesion, the avoidance of inefficient use of radio

frequencies or the promotion of cultural and liragigi diversity and media pluralism.

7 RSPG Opinion of 23 November 2005 on Wireless Acdeskcy for Electronic Communications
Services (WAPECS)
8 Commission Communication COM(2007)50 of 8 Febru2®p7 on "Rapid access to spectrum for

wireless electronic communications services throunghe flexibility"
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The introduction of flexibility of use in a givemelguency band is often referred to as the
'liberalisation’ of this band, which is somewhat different from tirgginal liberalisation of
telecommunications in the 1990s. The impositiospsEcific standards, such a those explained
above, was essential at an earlier stage in thelalwent of the internal market for mobile
services, but the economic and regulatory contexthé EU has changed significantly over
the last ten years. For example the 900 MHz baii;iwhad been used exclusively for GSM
for many years, was liberalised in 2009 by virtfia €ommission Decisidrto allow use of a
family of mobile standards compatible with GSM (suas UMTS or LTE). However,
opening a frequency band for further technologied mnovative services necessitates the
imposition of common technical conditions on spatitrusers at EU level in order to avoid
harmful interference between different users witthe band or in adjacent bands and to
develop the internal market. The application ofrsacet of technical conditions is referred to
as the'narmonised use(or 'harmonisatior) of the band. Therefore, introducing flexibility
goes hand in hand with adopting common least o#isti technical harmonisation measures
leading to the'harmonised liberalisation'of a frequency band. This initiative aims at the
harmonised liberalisation of the terrestrial 2 G¥4nd.

Legal context

The Radio Spectrum Decision (676/2002/EC) adopte@G02 provides the legal basis to
harmonise at European level the use of certairuéegy bands for a specific application —
such as electronic communications services — thesting common usage in the EU based on
common technical requirements, and fostering thermal market. The Radio Spectrum
Decision gives powers to the Commission to adoghriial harmonisation measures for a
frequency band in the form of Commission Implemagnecisions subject to the comitology
procedure and on the basis of a prior mandate ©TCi6 develop the underlying technical
conditions in the form of a CEPT report to the Cassion. Commission Implementing
Decisions apply directly to all Member States argbrass spectrum designation and
availability but not the spectrum assignment oenging procedures which remain in the
competence of Member States.

Radio spectrum policy and management, as they agpblectronic communications, are
dealt with by the Framework Directive 2002/21/ECdathe Authorisation Directive
2002/20/EC, amended by Directive 2009/140/EC. Ténsed regulatory framework for
electronic communications of 2009 introduced reguiaamendments to ensure flexible and
efficient use of spectrum, reduce rigidity in spest management and put in place measures
to facilitate access to spectrum. Flexible use mgcgum and limited harmonisation of
authorisations have been strengthened through tlleneement of the principles of
technology neutrality and service neutrality.

In particular, Article 9a of the Framework Direaiallows licences holders to request an
adaptation of their existing rights to benefit fraechnology and service neutrality until 24
May 2016 - the date after which the technology eaw®ivice neutrality principles

automatically apply to all existing rights in thendain of electronic communications services.
This date implies a non-coordinated transition émeagic technology and service neutrality
which may fall short of technical harmonisation #wat new services and the new
technologies they operate on can benefit from titermal market economies of scale.
Therefore, the harmonised use of liberalised basts after 2016 remains crucial. Regarding
this political initiative, the need for a harmordsiéeralisation of the terrestrial 2 GHz band
was already identified in the WAPECS approach i072&nd its envisaged implementation at

° Commission Decision 2009/766/EC, amended by CosionisDecision 2011/251/EU.
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an earlier deadline (around 2013) is justified bliidssocio-economic analysis, evidence of
spectrum (non-)use and broad stakeholder support.

Furthermore, Directive 2002/77/EC (the "Competiti@irective) also aims at eliminating
special and exclusive rights in the use of freqiemnand requires that assignment of spectrum
be based on objective, transparent, non-discrimigigand proportional criteria. (The latter
criteria are also stipulated in the Framework angtharisation Directive.) The R&TTE
Directive 1999/5/EC governs the introduction, fre®vement and deployment of radio
equipment and telecommunications terminal equipmeétitin the internal market, and the
fulfilment of essential requirements, such as th@dance of harmful interference.

Finally, the RSPP reinforces the policy principlaistechnology and service neutrality in
licences, the harmonised use of radio frequencgesval as the promotion of wireless
broadband by fostering flexible and innovative $peu use.

The specific situation of the terrestrial 2 GHz than

In 1998 the European Parliament and the Councibtdothe UMTS Decisidft which
stipulated that Member States should take all astioecessary in order to allow the
coordinated and progressive introduction of the @{Tservices on their territory by 1
January 2002 at the latest and, in particularstal#ish an authorisation system for UMTS no
later than 1 January 2000. The Decision appliethéobands 1900-1980 MHz, 2010-2025
MHz, 2110-2170 MHz (hereinafter: the "terrestrigbRiz band").

The UMTS Decision did not include any technicalrhanisation parameters and the guiding
technical conditions were set through a mandatéhé¢oEuropean Conference of Postal and
Telecommunications Administrations (CEPT) — an nméional organisation where policy
makers and regulators from 48 countries across [feurcollaborate to coordinate
telecommunication, radio spectrum and postal reguis. Following this mandate a decision
by CEPT was developed specifying technical requams to follow in these bands. Such
decisions are not legally binding, but rely on &umtary implementation by CEPT members.

The UMTS Decision expired in 2003, by which time rivleer States had fulfilled their
obligations as regards the roll-out of UMTS. Asauit this band was de facto harmonised by
licences that last 15-20 years and prescribe aifgpéechnology — UMTS. Therefore, the
terrestrial 2 GHz band is still assigned and usddurope today to deploy UMTS networks.

The terrestrial 2 GHz band is currently dividedbipiaired spectrum, also called Frequency
Division Duplex (FDD) bands, and unpaired spectratsp called Time Division Duplex
(TDD) bands. More concretely, the 1920-1980 MHzdanpaired with the 2110-2170 MHz
band ("2 GHz paired bands") for the provision of IFDMTS services and the 1900-1920
MHz and 2010-2025 MHz unpaired bands ("2 GHz umghibands") are used for the
provision of TDD UMTS services.

Any mobile cellular system ensures communicatiorb@th directions simultaneously e.g.
with either end being able to talk and listen agquneed. The different directions of
transmissions are defined as follows:

* (1) Uplink — the transmission from the user equiptrie the base station

* (2) Downlink — the transmission from the base statb the user equipment

10 Decision No 99/128/EC of the European Parliamedtafithe Council on the coordinated introduction

of a third-generation mobile and wireless commutines system (UMTS) in the Community
Universal Mobile Telecommunications System (UMTSS3 third generation mobile cellular technology
for networks based on the GSM standard.

8 EN

11



EN

* These links might carry different amounts of datth FDD two different frequency
channels are used for transmission and for reagpivbile with TDD the same frequency
channel is used, with different time slots allottedtransmission and reception.

At the international level the terrestrial 2 GHmbahad been identified as an IMfband in
the Radio Regulation$ developed by the International Telecommunicatibimson, a UN
body. Therefore, this band is being used for IMiviees worldwide with FDD being the
prevailing mode of operation.

In light of this situation, therefore, and pursuémtthe Radio Spectrum Decision, in June
2009, the Commission issued a mandate to CEPTrtduod technical studies concerning the
terrestrial 2 GHz band. The purpose of these s$udias to contribute to the practical
implementation of the WAPECS concept for the terr@s2 GHz band, by developing the
least restrictive technical conditions necessaryebkponse to the mandate, CEPT developed
its Report 3% containing least restrictive conditions for the a$ the terrestrial 2 GHz band.

1.2. Consultation and expertise
1.2.1. Overview of main consultations of external stakeérd

The Commission launched a call to stakeholdersttieir views on the options for the
possible introduction of harmonised technical ctads for the terrestrial 2 GHz baidThe
closing date for comments was 27 January 2012otll 26 contributions were received to
the public consultation. 5 national administratiorspresenting Member States have
responded. 15 companies and 2 industrial assoegtimost of them stakeholders from the
mobile industry, have provided their views. In ditoli, 3 organisations affected by spectrum
use in this band have given their input as webaes technical standardisation group.

The main contributors were current license holdersmobile operators and they are the key
stakeholders as their buy in is needed to implenoptibns 2 and 3 (for the FDD bands)
discussed later on. The responses received byirttlisstry branch might be regarded as
representative, since the association GSMA reptiegethe mobile industry, together with a
high number of individual contributions from mobib@erators had been received. Another
key stakeholder group consists of the equipmentufaaturers, who had been surveyed in the
context of the study by Helios in addition to théofic consultation.

In parallel to the development of this staff wokkipaper, discussions have been launched
with Member States in the remit of the Radio SpeutiCommittee on the CEPT report 39
and the content of potential technical harmonisatiecision.

In addition to the public consultation organise@afically on the terrestrial 2 GHz band as
described above, in the past several public coasutis had been organised which are
relevant in this context. To be highlighted are pélic workshop® and public consultatidh

12

13 See Radio Regulations 5.388A and B
14 Report from CEPT to the European Commission inaese to the Mandate to develop least restrictive
technical conditions for 2 GHz band, 25 June 2010

15

http://ec.europa.eu/information_society/policyfaro/radio _spectrum/activities/index_en.htm
#2ghz_consultation
16
http://ec.europa.eu/information_society/policy/ecotaioc/library/public_consult/review/601
08 _workshop_agenda_24jan.pdf
http://ec.europa.eu/information_society/policyaro/library/public_consult/review/index_en.htm
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foregoing the review of Framework Directife These public consultations covered the
aspects of technology and service neutrality. Aiseceding this review, the Commission had
drafted a Communication on the WAPECS concept, wtook utmost account of the RSPG
Opinion? on this subject. The RSPG Opinion was put to pubbnsultation before its
finalisation?® Moreover the CEPT report 39 setting out technicaiditions was also subject
to a public consultation organised by the CER® which inter alia 19 Member States had
replied.

1.2.2. Internal consultations

Regarding internal consultations, other servicethefCommission with a policy interest in
the subjects involved have been associated in ¢lvelopment of this analysis. An Impact
Assessment Steering Group including all relevantises was established, and met on 17
February 2012 to discuss a draft version of theathpssessment. After this meeting, further
remarks had been received, which were incorporatedthis draft staff working paper. The
updated version had been circulated then for furtbexments. A second IASG was held on
28 March, where final comments from other servigiethe Commission. Together with other
units in DG INFSO, DG ENTR, DG COMP, the Legal Seevand the Secretariat General
were represented at the meetings or have contdbwiilhn comments to the development of
this impact assessment.

1.2.3. Main conclusions from the consultative process

It can be concluded that while harmonised libeadilig of the paired spectrum, in particular
for technologies of the IM?F family (such as LTE), has received strong support, the options
for the unpaired sub-bands highlighted by the Cossian in its call for public consultation
have not found broad support. A number of stakedrsldaised alternative options for the
unpaired sub-bands in addition to the options abdve views of the stakeholders with
respect to the specific Commission's proposal enghestionnaire, together with alternative
uses proposed, are summarized in the tables underxAl.

The overwhelming majority of respondents to the ligulzonsultation supported the

harmonised liberalisation of the 2 GHz paired bamtide protecting existing investments

and operations. In this regard, the main aim sderbg the introduction of LTE in the paired
spectrum in the short and mid term. Several stdkeh® took the view that a harmonisation
decision on the 2 GHz unpaired bands should beedezt by more extensive analysis of
different alternative options — also in the outcoohehe work of CEPT — and rely on broad
consensus by stakeholders.

The most widely debated points related to the seemafor the unpaired sub-bands
highlighted by the Commission in its call for pubtionsultation (these are discussed later on
under option 2). The majority of stakeholders adjtigat neither these scenarios nor the
additional (shared) introduction of machine-to-maeh(M2M) communications under the
low-power scenario in these sub-bands would stitaulaarket demand and create an

18 Directive 2009/140/EC of the European Parliamentl af the Council of 25 November 2009
http://ec.europa.eu/information_society/policy/ecaf@u-rules/index_en.htm
http://rspg.groups.eu.int/_documents/documentsiopsirspg05_102_op_wapecs.pdf
http://rspg.groups.eu.int/consultations/responsapecs/index_en.htm

www.CEPT.org, working group PT1

International Mobile Telecommunications

Long term Evolution (LTE) is a standard for wirgdedata communications technology and an evolution
of the GSM/UMTS standards. The goal of LTE is torgase the capacity and speed of wireless data
networks using new Digital Signal Processing teghes and modulations that were developed around
the turn of the millennium. Its wireless interfaseincompatible with 2G and 3G networks, so that it
must be operated on a separate wireless spectrum.
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ecosystem and economies of scale. Furthermore radevespondents considered some
possibilities to provide electronic communicatioensces (ECS) in the unpaired bands
already possible also under the current reguldt@amework — so no regulatory intervention
is needed.

A number of respondents have proposed alternatoragse of the unpaired spectrum. These
include pairing the unpaired sub-bands mutuallwibh other portions of spectrum (below 3
GHz), uplink-only use, use for broadband publictection and disaster relief (PPDR)use
for DECT* systems, use for Direct-Air-to-Ground-Communicasio(DA2GC}°, use for
equipment for programme making and special evesush( as wireless camerds)use for
short-range devices, use for backhaul réldéipks of mobile networks, or use for equipment
complying with the IEEE 802.20 mobile internet stard.

Several respondents supported spectrum sharingorasgéctrum tradirfd, mainly on a
commercial basis, as means to facilitate the aggiey of bandwidth available to operators
thus overcoming issues related to the fragmentaifospectrum holdings in each unpaired
sub-band.

It has also been suggested that both unpaired autbsb be treated differently upon
harmonisation since they have different techniocalstraints and bandwidth.

Some respondents have raised concerns regarderengince to services in adjacent bands,
notably DECT below 1900 MHz and mobile satellitsteyns (MSS) below 2010 MHz or to
satellite-based earth exploration and other seswealeich are adjacent or partly co-allocated
in some sub-bands of the terrestrial 2 GHz band.

The clear lack of consensus around any option ®nguthe unpaired spectrum across
different stakeholder domains appears to necessitather studies for these sub-bands.
While license holders from the mobile industry glamore spectrum to ensure pairing the
current TDD sub-bands and make them usable wittemlitnical constraints for any type of
cellular networks, also other alternative optioresyrbe viable, including mutual pairing of the
unpaired sub-bands while leaving a guard band jicadt DECT systems below 1900 MHz.
Further options for the unpaired spectrum desersorgtiny are PPDR, DECT and DA2GC.
It can be also stressed that the work done in Cid3Treceived a lot of attention regarding the
search of possible options for the unpaired spettru

24 Public protection (PP) radiocommunications: Radinmunications used by responsible agencies and

organizations dealing with maintenance of law anden protection of life and property, and
emergency situations. Disaster relief (DR) radiosmmications: Radiocommunications used by
agencies and organizations dealing with a serigsiution of the functioning of society, posing a
significant, widespread threat to human life, Heafiroperty or the environment, whether caused by
accident, nature or human activity, and whetherbliming suddenly or as a result of complex, long-
term processes.

DECT (Digital Enhanced Cordless Telecommunicajidashnology is widely used for residential and
business cordless phone communications. Desigmeshfot-range use as an access mechanism to the
main networks, DECT technology offers cordless &pifax, data and multimedia communications,
wireless local area networks. This is the majohtetogy used for cordless phones.

communication between aircrafts and ground statfonoffering mobile broadband access in planes
Programme Making: radio applications used in tla&ing of a programme for broadcast, the making of
a film, presentation, advertisement or audio oewidecordings, and the staging or performance of an
entertainment, sporting or other public event. &ddevents radio applications used for an occurrence
of limited duration, typically between one day anfkw weeks, which take place in specifically defin
locations. Examples include large cultural, sporergs (football matches, Tour de France etc.),
entertainment, religious and other festivals, coariees and trade fairs. In the entertainment imgust
theatrical productions may run for considerablyglen

These are wireless connections between baserstatithin the mobile infrastructure networks
Spectrum trading permits license holders to bal,asd lease their spectrum to other users.
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On the other hand, a broad consensus exists atbarithrmonised liberalisation of the paired
spectrum in order to enable technology and semécgrality in these sub-bands and establish
legal certainty in their future use.

2. PROBLEM DEFINITION

2.1. General problems identified in the IA on the RSPP pplicable to the terrestrial
2 GHz band

Spectrum for wireless broadband is becoming scascelemand for wireless data traffic
increases tremendously. Scarcity can also be imdacamplified by inefficient management
of spectrum (a regulatory issue), particularly wineenagement models have been developed
in a time of less demand and less scarcity, omiefficient technical usage of spectrum (a
technical issue).

In the Impact Assessméhf the Radio Spectrum Policy Progranimavhich outlines EU
spectrum policy objectives for the next years, Begal problems have been identified which
also apply to this initiative:

e Suboptimal use of spectrum with regard to the p@keneconomic, social and
environmental benefits — in this regard, in patdcuhe non-use of the 2 GHz unpaired
spectrums hampers the materialisation of additisaeio-economic benefits

A mismatch between the growing demand for new we&®lservices and available
spectrum resources — in this regard, the harmoniserhlisation of the terrestrial 2 GHz
band spectrum would enhance its efficient use bywailg more efficient innovative
technologies, which also facilitate the provisidribmadband services

2.2. Specific problems in the use of the terrestrial 2 &z band
Technology-centric authorisation

Based on information provided by Member States iwithe Radio Spectrum Committee or
contained in the ECO Reptfron the licensing of ‘Mobile bands' in CEPT couestrit can be
concluded that in most EU Member States the licegsanted for the terrestrial 2 GHz band
are currently limited to UMTS/IMT-2000 technologReployment of innovative wireless
services and technologies is hampered by the masa@nvof this band for a narrow set of
services. Such a restriction prevents the spectreen (network operator) from making timely
decisions on how to use available spectrum, inctliresponse to market demand and new
technology opportunities. Both the study by Helmsd stakeholder feedback assert the
interest in liberalising the terrestrial 2 GHz bdadthe deployment of more advanced mobile
technologies such as LTE.

Risk of uncoordinated liberalisation

The Framework Directive requires the applicationthaf principles of service and technology
neutrality for EU harmonised bands as of 25 May&8@fi the latest. In the lack of any EU-
level action, this would introduce flexibility ofse, including in the terrestrial 2 GHz band,
however, the coordinated implementation of techgwl@and service neutrality is not
guaranteed as technical conditions remain undef{medegulatory context) across the EU.

30 SEC(2010)1034
http://ec.europa.eu/governance/impact/ia_carrieidocs/ia_2010/sec_2010_1034_en.pdf
31 COM (2010)0471

http://ec.europa.eu/information_society/policy/ecaimadio spectrum/documents/legislation/index_en.
htm#rspp_proposal
32 ECO report 03 on the licensing of "mobile banadsCEPT of 17/8/2011 (updated on 12/1/2012)
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The lack of common technical conditions is liketyresult in fragmentation of the internal
market and in a lack of interoperability of equiptheRegarding the terrestrial 2 GHz band,
this could be enhanced by potential discrepanaiesiirent licences' conditions regarding the
spectrum holdings per operator (typically in 2 xMBblz blocks for the FDD bands and 1 x 5
MHz block for the TDD bands) or the expiry deadéinenostly in the period 2017 - 2026).
Several Member States have already liberalised aisthe terrestrial 2 GHz band for
technologies other than UMTS/IMT-2000 (Sweden, Garym Netherlands).

Technical restrictions on the 2 GHz unpaired bands

A key limitation on the use of the TDD bands istttieey are too narrow to accommodate
multiple broadband channels (of at least 10 MHzhWiTE), while ensuring smooth co-
existence of multiple operators. In fact, they &pically partitioned in 5 MHz blocks
between multiple operators whereas co-existence lledges between different
(uncoordinated) TDD networks result in restrictians cell coverage (reduced transmission
power levels) or usable bandwidth (need for guamdds). Specifically, the band 2010-2025
MHz is unlikely to be usable by more than one ofperéor wireless broadband in the long-
term due to its overall bandwidth of nearly 15 Miaich may be further reduced due to the
need for guard bands to avoid interference to sesvin adjacent bands. Even if the spectrum
in each TDD band is pooled to serve one operatdreoused by one shared network, the
overall amount of spectrum in each TDD band is sowll to generate economies of scale
compared for example to the 2 GHz paired bands.

Furthermore, the 1900 — 1920 MHz TDD band is adjatethe band 1880-1900 MHz which
is used across Europe for DECT serviceBECT services have ‘priority over other services
in the same band, and are protected in the desigrend’. The band is also adjacent to the
FDD uplink band 1920-1980 MHz, which is intensivalged in the wake of significant
investments by network operators across the EUs Wauld in general require guard bands
on both sides of this TDD band thus severely limgtthe amount of usable spectrum. The
1900-1920 MHz band has not been used except ilC#eeh Republic (see Annex 2 for a
detailed description), where one operator took rarnercial decision to deploy a network as
an alternative to ADSL for broadband access; howthis operator has recently announced
the closure of its TDD network and the migrationitefusers to the operator’'s FDD network.
Given that the 2010-2025 MHz band is partially @assigned in the EU and wherever
assigned not used either, the unpaired 2 GHz speetEmains a locked asset.

The typical view of technical conditions specifiadCEPT report 39, in particular the in-band
power limits, is that they are too restrictive ® useful (i.e. would result in restricted cell site
coverage) but necessary to protect the heavily aggatent FDD spectrum. Less restrictive
in-band power limits may result in increased irdeghce into the FDD bands and/or
additional costs to mitigate interference (e.defg) but could potentially enable wider range
of technologies and services. Overall it was cargid that the conclusions of CEPT report
39 would potentially inhibit emergent technologiesthe unpaired TDD bands since the
interference situation would not improve even #wtechnologies are used (e.g. LTE).

The survey of license holders conducted by H&liosncluded that, in the future, the 2 GHz
FDD and TDD bands are intended to be used as additinetwork capacity to support
existing services i.e. mobile broadband and vdit®vever, the information gathered on the

3 As per Council Directive 91/287/EEC and ERC DE@)(3

3 See page 13 of study undertaken for the Commissithed "Support the 2 GHz Impact Assessment —
Final Report" by Helios
http://ec.europa.eu/information_society/policy/ecafradio _spectrum/_document_storage/studies/2ghz
[support2ghz_ia_final_report.pdf
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current usage of the terrestrial 2 GHz band redethiat only 17,6% of the responding license
holders had plans to utilise the TDD spectrum @rkar future. Since only a limited number
of license holders had responded to the surveysetigures above might not even be
representative for the EU. However they provide aodindication on the persistent
underutilisation of the unpaired 2 GHz spectrum.

RSPG view

The underutilisation of the TDD bands in the tamas2 GHz band has been confirmed by
the Radio Spectrum Policy Group (RSPG), which isaawisory body to the European
Commission consisting of high level experts frone ttifferent Member States on radio
spectrum. This group recently published a reporinaproving Broadband Coverafjavhich
sets out some of the key issues EU Member Statesifaproviding high speed broadband
services to all citizens and consumers. Accordingthis report the reason for the
underutilisation of the unpaired 2 GHz spectrumthat the size of the bands being
harmonised/licensed is not compatible with mobr@abiband systems and may not have been
sufficient for significant market penetration wheompared to the resources necessary for
operators to invest in that band and that theicéisins on coexistence with adjacent users
may have proved too difficult to overcome in theeaf the 1900-1920 MHz band. So the
RSPG points to a regulatory failure due to oveelstrictive technical conditions.

Furthermore the RSPG reports that research andogerent of mobile technology suitable
to use the terrestrial 2 GHz band was clearly feedson UMTS-FDD services after 2000.
This meant that there was relatively little initt@velopment of UMTS-TDD services in most
areas. As a result there is a trend for a contgtocus by industry on developing FDD-based
technology. The RSPG considers that despite simélgnlatory conditions, one market has
largely succeeded in the terrestrial 2 GHz pairaadis whereas the other market has, to date,
failed to emerge in the unpaired bands. The RSRfgests that the emergence of such a
market could not take place without sufficient rett and involvement from a large number
of industry players. The above indicatesmarket failurein the unpaired bands of the
terrestrial 2 GHz band.

The RSPG report then concludes that it may thezebm appropriate to investigate what
demand exists for services that could use thistepacand suitable conditions to ensure an
effective usage of these bands and to developteferlated harmonised conditions. Both
the responses gathered in the survey from liceakkeh manufacturers and the RSPG report
show that a market failure exists due to lack blainess case or strong market demand for
delivering services using the TDD bands, sinceerly there is still a potential of increasing
the utilisation of other available bands to deliwebile services more economically.

In summary, thepecific problemshat the initiative addresses relate to:

1. Deployment of innovative wireless services and netbgies is hampered by the
technology-centric designation and assignment eft¢restrial 2 GHz band (1900-
1980 MHz, 2010-2025 MHz and 2110-2170 MHz), nanfelyUMTS. Even if this
designation has expired, legal uncertainty remfminghe long term use of this band
at European level given that licenses are stilitechto UMTS.

2. Some Member States are already introducing techgodmd service neutrality in
the licences of mobile network operators. Givenfdw that some Member States
are faster than others in introducing flexibilitydamore importantly in the absence

% RSPG 11-393
http://rspg.groups.eu.int/_documents/documentsimgetpg26/rspgll_393_report_imp_broad_cov.pd
f
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of binding common technical conditions for the aamction of technology and
service neutrality this would lead to continuouagimentation of the use of the
terrestrial 2 GHz band within the EU.

3. The 2 GHz unpaired (TDD) bands (1900-1920 MHz a@ti022025 MHz) are not
used in all Member States which results in ineginti radio spectrum use of the
terrestrial 2 GHz band and contrasts the overathaiel for spectrum due to
explosion of wireless traffic.

Therefore, while the first two specific issues acenmon to both the FDD and TDD bands,
the third specific problem applies only to the TBBnds.The underutilisation of the TDD
bands has two major causeOne is theegulatory failuredue to the outdated regulatory set-
up imposing technical coexistence issues with adjgbands — in particular the DECT and
FDD uplink bands — and hampering the utilisationtted TDD bands for ECS in the long
term. The second driver is rarket failuredue to the continuing focus by industry on
developing FDD-based technology and the persiséeht of business interest in developing
TDD equipment.

Problem tree

Risk of uncoordinated
liberalisation and resulting

fragmentation Hampered deployment Underutilisation of the
= Lack of economies of scale of innovative wireless TDD band
= Higher costs of equipment services and technologies « Inefficient use of the
and terminals = Smaller incentives and terrestrial 2GHz band
= Cross-border interference delay of investment = Technical restrictions
= Lack of interoperability = Barriers for innovation

between applications and
services

*+ 4+ 1

Suboptimal use of spectrum
Mismatch between the growing demand for new
wireless services and available spectrum resources

Regulatory failures Market failures
= Lack of harmonisation and coordination = Industry focussed on developing FDD-based
= Diversity of national systems technology
= Technology-centric authorisation regime =  Lack of business interest in developing

equipment compatible with TDD bands

2.3. The EU dimension

Spectrum management is still largely a Member Statepetence, which should however be
exercised in compliance with EU law. While the neéa certain level of coordination at EU

level is generally acknowledged, this raises thestjan of why and to what extent specific
EU actions on spectrum adds value.
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According to the RSPG opinion on the R&PBpectrum is a national resource which should
be managed in a coordinated manner by EU MembézgsSita conjunction with the European
Commission, within the international regulatory tea. Part of spectrum is used for
activities outside the competence of the EU incigdiefence and security. However, there is
also a coordinated "EU spectrum space" which iredud large corpus of Commission
decisions which have been adopted pursuant to #HwoRSpectrum Decision and which
harmonise the technical conditions for the usédefradio spectrum in the EU.

Moreover, the regulatory framework for the elecicorommunications, and in particular the
Authorisation Directive 2002/20/EC and the Framdwairective 2002/21/EC lay down
specific rules regarding spectrum allocations dnadissuance of rights of use of spectrum for
electronic communications. These strengthen iniquaatr the principles of technology and
service neutrality.

Added value of EU coordination for the terrestrial2 GHz band

The RSPP sets as policy objectives, amongst otlieesneed to encourage the efficient
management and use of spectrum, to allocate sritieind appropriate spectrum in a timely
manner to support EU policy objectives and besttriteeincreasing demand for wireless data
traffic, and to promote innovation and investmdnbtigh enhanced flexibility in the use of
spectrum through a consistent application in the d&lthe principles of technology and
service neutrality.

» Certain uses of radio spectrum such as for pulaifetg services vary greatly amongst
Member States. Spectrum management therefore rnedos differentiated to take into
account the specific national conditions. Due féedent size and population of a country
and different geographical topology, the businesge do invest in new spectrum or in the
deployment of more efficient technologies mighbadgynificantly differ across the EU.

However, the drawback of a purely national approbghthe Member States is that the
development of a co-ordinated internal market ineless equipment and services remains
limited. According to a study conducted in 2004ere¥f Member States individually took the
most appropriate action to modernise their spectnemagement, the effect would be that
Europe would fail to realise 30% of the potentiagnéfits unless the EU coordinated its
efforts®” There is a high potential for added value in attaj more efficiency in the use of
radio spectrum within the European Union by addngs®llowing potential drawbacks of a
unilateral or uncoordinated approach by MembereStat

» Lack of EU coordination may result icross border interferenc@reventing Member
States from allocating radio spectrum to its besst and hampering user experience and
consumer benefits; the introduction of harmoniseghhical conditions facilitates
interference minimisation between different teclogas in adjacent bands and across
borders.

 Interoperability of applications and servicegould be endangered across borders — the
incoherent use of a given frequency band in diffeMember States will entail significant
extra equipment costs and result in a fragmentedrial market industry; it will also cause
a higher administrative burden in following appbtaspectrum regulations.

36
37

http://rspg.groups.eu.int/_documents/documentsiopairspgl0 330 rspp_opinion.pdf

Analysys et al, Study on Conditions and Optiontntinoducing Secondary Trading of Radio Spectrum
in the European Community, Final Report for the dpean Commission, available at
http://ec.europa.eu/information_society/policy/mdipectrum/activities/studies/index_en.htm
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* It might lead to a missed opportunity in boostihgihnovation potentiaht European level
and in addressing potential bottlenecks relatingaidio spectrum which could create a
significant barrier to entry to innovative serviaesl applications. This risk is high if radio
spectrum is reserved for ospecific technologysuch as UMTS in the terrestrial 2 GHz
band) and no clear framework exists which wouldwalifor a coordinated technology
development.

* In addition to the aforementioned general consid®ra applicable to the advantages of
harmonised liberalisation of terrestrial 2 GHz batite importance of timely EU-level
action i.e. before the 2016 deadline of the Franmkvrective should be underscored in
order to fully realise the socio-economic potentiithe measure as recommended in the
study by Helios and to also reap the benefits omlbaised technical conditions, which
would not be available in the absence of EU coatttim, even after the 2016 deadline. In
general, the absence of EU coordination for thenbaised liberalisation of a particular
frequency band under the current regulatory framkwoposes the risk of fragmented and
incoherent technical conditions across the EU -nawader the principles of technology
and service neutrality — thus resulting in potdntigéerference, higher cost of consumer
equipment and less innovation.

Commission Implementing Acts vs. 'soft' regulation

 CEPT/ECC Decisions already act as soft law in CE®Inties including all EU Member
States. In particular, the CEPT/ECC Decision ECQZIE6)0F® has been adopted to
promote the use of the whole terrestrial 2 GHz btondUMTS based on channelling
arrangements and is currently in the process olewevCEPT/ECC Decisions are not
mandatory while defining technical and regulataopditions. Therefore, there is no added
value of a stand-alone Commission Recommendatioth@rharmonised liberalisation of
the terrestrial 2 GHz band at EU level. Only a naad/ Commission Implementing Act
under the Radio Spectrum Decision would createlagguy certainty in using the band
according to agreed uses and technical harmonimsatmditions developed through a
Mandate to CEPT.

3. OBJECTIVES PURSUED BY THE POLICY INITIATIVE

In line with the objectives set in the Radio SpetirDecision as well as in the Radio
Spectrum Policy Programmbe general objectivéor this policy initiative — in response to
the two general problems identified above — is ante a more efficient use of spectrum
and to promote competition and innovation in threegrial 2 GHz band while ensuring that
harmful interference is avoided.

Complementary to the general objective, the follayspecific objectivesire set to address
the three specific problems identified above:

1. To allow and stimulate the deployment of innovatiwéreless services and
technologies for equipment, services and/or netwdsig promoting regulatory
certainty at a European level in the terrestri@2z band.

2. To contribute to the development of the internatkafby avoiding fragmentation
at EU level in the use of the terrestrial 2 GHzdan

38 ECC Decision of 24 March 2006 on the harmonisetsation of spectrum for terrestrial IMT-

2000/UMTS systems operating within the bands 198801MHz, 2010-2025 MHz and 2110-2170
MHz
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3. To allow for utilisation of the TDD sub-bands thiat most beneficial from an
economic, social and environmental point of view lslping to overcome the
regulatory and market failure resulting in unddizdtion of the TDD bands.

4. Moreover, the objectives of this policy initiatiwell contribute to achieving the
goals of the Europe 2020 Strategy and the Digiggrda for Europe “to deliver
sustainable economic and social benefits from atéligingle Market based on fast
and ultra fast internet and interoperable applicats, with broadband access for
all by 2013, access for all to much higher interapeeds (30 Mbps or above) by
2020, and 50% or more of European households sildisgr to internet
connections above 100 Mbp%"

4, PoLICY OPTIONS
The following options have been identified for tmgiative:
Option 1: Baseline scenario/No regulatory change

This scenario assumes that current terrestrial Z Gt¢ence conditions will not change,
therefore the usage of the terrestrial 2 GHz baay not change at least in the short term (2-3
years). A major milestone in this scenario is thgoduction of technological and service
neutrality for existing rights of use (granted bref@5 May 2011) as of 25 May 2016 by virtue
of the Framework Directive. Moreover, even thoughier liberalisation of conditions might
be triggered by holders of rights of use that expifter this date pursuant to Article 9a(1) of
the Framework Directive, this process is not cawatiéd at EU level while national regulatory
authorities are entitled to refuse with properificgttion to grant more flexible rights before
25 May 2016. Finally, the Framework Directive doex provide for harmonisation of the
technical conditions upon liberalising the terne$t? GHz band. Voluntary coordination
between EU Member States would be the only waynsuee regulatory and technical
coherence of measures and hence the technicaltiomsdset in CEPT report 39 will be
applicable only on a voluntary basis and act asregilation.

Therefore, Member States advance with liberalisatiban uneven pace — use of the FDD
bands would be based on UMTS while in a few MentBites licences have been made
flexible to also include LTE. Transition from UMT8 more advanced technologies such as
LTE takes place in an uncoordinated way at Europdeael. The 2 GHz paired bands
continue to be used extensively, while the 2 GHpaired bands remain underutilised. As
confirmed by the Helios study, only with LTE equiem would TDD and FDD band support
be cost-effectively integrated on one chip andlitate take-up of the 2 GHz TDD spectrum,
in the case mobile operators develop a businegs cas

Stakeholders have not seen added value in thioroftut rather preferred a harmonised
regulatory approach at EU level regarding the witedeestrial 2 GHz band.

Option 2: Harmonised liberalisation of the wholerréstrial 2 GHz band under the
technology and service neutrality principle, witin@ndatory EU wide allocation established
by an EC Implementing Decision on the basis oRAdio Spectrum Decision.

This option would lead to the technical harmonwmatand liberalised usage of the whole
terrestrial 2 GHz band at an early deadline aro@fd3 through an EC Implementing
Decision. Liberalisation implies that the technglogould not be specified and would be
open to all systems capable of providing electraoimmunication services. Based on already
available technical parameters defined at CEPTch ®1s Block Edge Masks which limit

39 COM(2010) 2020 final
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radiated power levels — the use of the terrestigdbHz band would also be technically
harmonised at EU level. CEPT has developed thenteghparameters to be included in the
Commission Implementing Decisions following a maedhy the Commission pursuant to
the Radio Spectrum Decision.

By introducing flexibility of technology choice uad harmonised conditions across the EU,
access to the terrestrial 2 GHz spectrum for intte@aand more efficient technologies such
as LTE is facilitated and the internal market isrpoted. In the FDD bands the existing
service operators could continue to use the pabaads for the provision of electronic

communication services but would avail themselvethe possibility to deploy technologies

other than UMTS.

Three scenarios for the TDD bands

Since the TDD bands are currently not used forpttowvision of electronic communications

services under the current licences, a key coreider is to create harmonised technical
conditions which promote their utilisation. Thenefp in the public consultation the

Commission proposed the following two scenariosomemended by the Helios study to
stimulate take-up of the TDD bands by overcomirgyliasic limitation of their use — the risk
of harmful interference between adjacent TDD opmesabr from the lower (1900-1920 MHz)

TDD band into the adjacent DECT and FDD uplink mnichey were:

(1) Use for low-power TDD radio access networks for pnevision of ECS like in the
FDD bands.
(2) Use for downlink-only services to support asymneediata transfer

As a 3% possible scenario, the 2 GHz unpaired bands doeildsed for uplink, paired with a

downlink in another band. This scenario resolvésriarence issues however, it is important
to note that, at present, there is no straightfoiwaption for a paired downlink band.

Therefore, this scenario was not proposed for pubdinsultation. In the case of pairing
additional (doubled) wide-area network capacity &&nprovided by transforming each 5
MHz TDD channel into paired (2 x) 5 MHz FDD channel

In the first scenario, it is assumed that thereiie-spread implementation of femto c&ljs
with limited coverage, including areas with exigti(wide-area) network coverage. At the
same time the limitation of use to electronic cominations services under the technical
conditions developed by CEPT would also result itindted scope for shared use (not
conducive e.g. to internet of things).

40 Femto cells or femtocells are small cellular telemunications base stations that can be instafied i

residential or business environments either aslesistand-alone items or in clusters to provide
improved cellular coverage within a building. Itvisdely known that cellular coverage, especially fo
data transmission where good signal strengthsesdet and is not as good within buildings. By using
a small internal base station - femtocell (femtd)céhe cellular performance can be improved along
with the possible provision of additional services.
In order to link the femtocells with the main coretwork, the mobile backhaul scheme uses the user's
DSL or other Internet link. This provides a cosfeefive and widely available data link for the
femtocells that can be used as a standard for all pplications.
There are many advantages for the deployment ofofeatis to both the user and the mobile network
operator. For the user, the use of a femto celiwithe home enables far better coverage to beyetjo
along with the possible provision of additional\sees, possible cost benefits, and the use of glesin
number for both home and mobile applications. Rerrtetwork operator, the use of femtocells provides
a very cost effective means of improving coverageng with linking users to their network, and
providing additional revenue from the provisioraoliditional services.
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. In the second scenario the TDD bands are usedfeniithk-only services to support
asymmetric data transfer (e.g. file downloads),clvhprovides additional downlink
network capacity which is particularly suited whar@umber of users within a cell
range request the same content. Such content galldle both real-time and non-
real time data including common audio or video datenmon web-sites, application
updates, and pushdata services. Asymmetric data transfer couldrygémented on
a per operator basis using their existing spectsuacross multiple operators sharing
pooled spectrum. The delivery of common content avidownlink only network
reduces the load on the original network by a faetpal to the number of users who
are requesting the data in question.

. Both scenarios (1) and (2) would allow uncoordidatese between multiple
coexisting operators, which does not put majortatons on the available spectrum
per operator.

During the public consultation stakeholders gemgrajected scenarios (1) and (2) as missing
the business case due to the lack of market denffamdlow-power or downlink-only
services). They were also considered possible utigecurrent licences. Scenario (3) was
favoured by mobile operators, which however coutisuggest viable options for the pairing
bands which could be made available in the shomedium term. The proposals for pairing
bands either included bands which do not allow dieployment of high-density mobile
networks or necessitated major decisions at IT@llev

Option 3: Harmonised liberalisation of the 2 GHzinea bands only, under the technology
and service neutrality principle with a mandatory Bvide allocation established by an EC
Implementing Decision on the basis of the Radic®m® Decision

This option is would lead to the technical harmanhen and liberalised usage of the 2 GHz
paired bands only, in the same way as under Ogtioe. with an early deadline around 2013
through an EC Implementing Decision.

During the public consultation stakeholders outside mobile sector strongly favoured
different alternative options for using the TDD Hanother than mobile communications
services. There was no distinct usage scenaricalnather heterogeneous set of proposed
alternatives. Therefore, for the TDD bands under diption, no decision would take place at
this moment, but the Commission would engage ith&rstudy and investigation of how to
use the 2 GHz unpaired bands in the best possune pvimarily for services other than ECS.
The Commission would need to launch a specific mtndo CEPT to develop technical
studies specifically on other use of the 2 GHz unegabands. The objective would be to
identify all technically feasible options for theeuof this band and the respective technical
conditions avoid harmful interference and ensurexstence.

Potential uses which had not been investigatedeiaildbut emerged through the public

consultation could be for Public Protection andadisr Relief (PPDR), DECT, short range
devices or Direct-Air-to-Ground-Communications. Bably each of these uses would not be
sufficient to fulfil spectrum efficiency objectivesd they would not be compatible with each
other. Therefore possibilities for shared use ef TDD bands would need to be investigated.
following the results of CEPT mandate, the Commoissmay decide to adopt another
Implementing Decision for the 2 GHz unpaired batmlang into account the impact on

existing licenses.

4 Push services are often based on information pmedes expressed in advance. A client might

"subscribe" to various information "channels". Wé&eer new content is available on one of those
channels, the server pushes the information ous¢os.
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The aforementioned 3 options, including the scesamnder Option 2, constitute an
exhaustive list of alternatives taking into accotl@ current licensing regime and the status-
quo of usage of the terrestrial 2 GHz band. Thegrest to a different degree the policy

objectives of this initiative.

The dependencies between problems, objectives alicly pptions are visualised below in
support of the intervention logic of the initiative

Hampered deployment
of innovative wireless
services and technologies

Stimulate the deployment
of innovative wireless
services and technologies
by promoting regulatory
certainty at EU level in the
terrestrial 2 GHz band

Policy Option 1
No regulatory change
No binding technical usage
parameters

Policy Option 3
Harmonised liberalisation of the
FDD band

FDD band: harmonisation
decision based on binding
technical parameters; usage open
to all radio access technologies
TDD band: further study needed
on technical requirements, socio-

economic and environmental
impacts, as well how the band
could be used for other
Contribute to the applications than broadband
development of the
internal market by
avoiding fragmentation at
EU level in the terrestrial 2
GHz band

Risk of uncoordinated
liberalisation and
resulting fragmentation
Policy Option 2
Harmonised liberalisation of the
FDD and TDD bands

FDD band: harmonisation
decision based on binding
technical parameters; usage open
to all radio access technologies
TDD band: harmonisation
decision based on binding
technical parameters; usage open
to various radio access
technologies (e.g. low power
services, high power downlink
only services, FDD services
through pairing of the TDD bands
with another hand)

Better and more efficient use
TDD band of the TDD band

Underutilisation of the

ASSESSMENT OF THE IMPACT OF OPTIONS

5.1. Assessment of options as regards their socio-econicmand environmental
impact

Assessing environmental impact

There are growing environmental impacts due toitleeease in the demand for wireless

services. Global mobile data traffic will grow 18ld by 2016, by which date the number of
connected devices will exceed the population ofabdd, Cisco predicted recents.

Between 2009 and 2014, demand for transmitted ola@a some form of wireless network
(nominally mobile) has been estimated in Westermogel to increase by 37 times in

42 http://www.totaltele.com/view.aspx?ID=471255
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volumé®, as against traditional transmitted data voluncegiases of approximately a factor of
10 every 5 years. The latter rate corresponds tanarease of the associated energy
consumption by approximately 16-20 % per &af accounting for increases in energy
efficiency is included. Such impacts on the enempnsumption and greenhouse gas
emissions tend to increase as the transmissiocieflly declines, i.e. generally with higher

frequency, when considering the network node dgnsibh consequence, electronic

communication networks are an increasing part ef BT energy budget. The total ICT

budget is estimated at between 3% and 6% of tokigy consumption and a corresponding
percentage of the world-wide G@missions, which is comparable with the airlinauistry.*®

In the context of roll-out of LTE with its forecast high density of base stations another
element to take into account are the resourcesedefed building the network infrastructure

and the wireless devices for the consumers.

Nevertheless, the environmental impact of the ogtiof this initiative, be it under the
baseline scenario or with coordinated liberalisadad harmonisation of the terrestrial 2 GHz
band partly or as a whole, is limited and depenushe additional network capacity that is
generated. Compared to the overall network capatiity additionally generated network
capacity even in the most optimistic case (Opti@)) (s relatively limited, therefore
environmental impacts are assumed to be alsovelgmall as regards energy consumption.

As regards resource efficiency, with a new techgploeing put in place, the shift to LTE and
other technologies means that new handsets aresgsgeto operate the new technologies.
Especially in relation to some raw materials anchgonents used in mobile phones and smart
phones this can prove resource intensive. Howegain, in the terrestrial 2 GHz band in
which (at least in the FDD part) technological dpartakes place and will take place at
national level with or without regulatory actiorhet impact on the environment of the
liberalisation and harmonisation of the terrest2i@Hz band is still limited.

5.1.1. Option 1: Baseline scenario

The 2 GHz paired bands will continue to be usedtf& core mobile and data services
provided by MNOs. This was confirmed through thevey responses received for the Helios
study and also in the public consultation organibgdthe Commission. The Framework
Directive already allows Member States to introdteehnology and service neutrality in
existing rights of use upon request by operatorthentime frame until 25 May 2016, but
mandates so only after this date. Operators maydeleldo migrate to a more efficient
technology (e.g. LTE) in the 2 GHz paired bandsnder to enhance their network capacity
and respond to increase of demand.

The bands and technologies highlighted in grejetable below shows the current network
capacity for mobile and data services and in whiehds which technologies are used in
general. The bands and technologies highlightetlack are those which could become
systematically available under the other optionssadered in this impact assessment.

Frequency Band GSM UMTS LTE WIMAX

800 MHz (FDD)

43
a4

Cisco, 2010
SCF Associate Ltd estimates, assuming an energyeeffy increase of 30% every two years with new
network equipment installation made to increasaoit capacity.

Forge (2007) examines the ICT life cycle in tewhgreenhouse gas emissions, power consumptiorie wasycling and
impacts of operating system change on the envirohpreee also SCF study Perspectives on the véalsigaoed spectrum
access
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900 MHz (FDD) :\\\\\\\\\\\\\\\j
1800 MHz (FDD) :\\\\\\\\\\\\\\\

2100 MHz (FDD)

2100 MHz (TDD) i\\\\\\\\\\\\\\\\

2600 MHz (FDD)

2600 MHz (TDD)

3400- 3600 MHz

3600-3800 MHz

As can be seen from the table above, the additioe@ork capacity that could be provided
through liberalisation of the terrestrial 2 GHz Qaepresents a limited amount of the overall
spectrum assets, which may be available to an tggeMoreover, while all frequency bands
depicted above are important for achieving the dibaad targets of the Digital Agenda for
Europé®, the contribution through liberalising the 2 GHaired bands would have relatively
slow effect on the overall network capacity of nlelboperators to deploy next-generation
broadband technologies since UMTS technology ajrezfters broadband services while
green field bands (like 800 MHz) or bands tradigilbyused for voice services (2G) would be
exploited first by operators.

Incoherent liberalisation

Despite the fact that early liberalisation mighkeaplace before 2016 pursuant to the
Framework Directive based on voluntary action, tprecess is neither coordinated nor
harmonised across Europe. Without an accompanyiagndmisation measure, early
liberalisation would be hindered due to the lackledal certainty over thapplicable
technical conditionsThis means that Member States could set up tteiwal conditions
themselves, or coordinate it on a voluntary basisbased on CEPT report 39. This could
ensure interoperability throughout the EU, but does provide the legal certainty of a
Commission Decision as it relies on a voluntary lengentation of the technical conditions
developed by CEPT. Only legally binding harmonmatimeasures would accelerate a
uniform liberalisation process across the EU whighuld materialise the benefits of
harmonised liberalisation of the terrestrial 2 GbBand. Furthermore, thdifferentiated
treatmentby NRAs of license holders requesting liberalisisé of the 2 GHz paired bands
until the deadline of 25 May 2016, which will depeon the competitive situation at national
level, the remaining duration of their licences dhe resulting risk of harmful interference,
may lead only to partial liberalisation of the hses, subject to the NRAs' discretion.
Altogether, depending on the pace of implementaéibnational level, the potential benefits
of action, shown under Option 2 are partially lpsimely the producer and consumer surplus

46

It is feasible that operators may forego the intestep and migrate directly from GSM to LTE.
47

In the baseline scenario it is only small amountse would take place based on limited use of IMB
and small TDD networks already implemented in a fewopean countries (e.g. Czech Republic,
Slovakia, and Romania). However, major use of gmadbwould only take place following liberalisation
and the use of LTE

48 COM(2010) 245 final/2
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for the years 2013, 2014, 2015 and partially 20I8)is could represent a significant
opportunity cost compared to an earlier liberalsgtwhich cannot be quantified due to the
inherent timing uncertainties in this scenario.

Due to the lack of binding technical requirementsEd level and the resulting market

fragmentation, the environment for investment wohél less attractive to technology and
service providers. This in return would impact be speed of equipment development and
likely result in a missed opportunity to create remmies of scale for new services in a
consolidated internal market. Therefore, stakehsldeave generally supported EU level

action during the public consultation.

Integrated Mobile Broadcast (IMB)

The use of the 2 GHz unpaired band in the basslbemario is driven by existing licence
terms — mainly restricted to UMT% One possible application under this scenario dd

to offer Integrated Mobile Broadcast serviteis the 2 GHz unpaired (TDD) bands. While
use of IMB is already permitted within existingditce terms, there are some restrictions — (i)
the downlink-only nature of the service means thaannot be used in the 5 MHz block
immediately adjacent to 1920 MHz due to the needafguard-band with the FDD uplink
band; (ii) it requires all operators with spectrumthe band to agree to use IMB, otherwise
power levels will be severely restricted; (iii) aable bandwidth and power levels may be
further limited in order to prevent interferenceoirthe neighbouring DECT band at 1880-
1900 MHz. In theory, the whole of the band 201058202z could be used for IMB services.
Due to costs of upgrading handsets and the lackarket for a downlink-only/broadcast
service — as also confirmed in the public consioltat using the TDD bands it is likely that
there will be only a very small amount of use & DD bands based on IMB in the future.

Socio-economic impact

Whilst, in theory, it would be possible for eacheogtor to take a stand alone decision as to
what new service to implement, there are cleadirtiecal impediments which would restrict
flexibility in the case where operators wished todifferent ways. For example, an operator
could not introduce IMB services in spectrum adjde another operator who wished to
offer mobile TDD services due to the high levelsimterference into the TDD service. It
seems very unlikely that operators in adjacent tspecblocks would have the freedom to
provide services independently. In practical terthiss means that all operators in a specific
block of 5 MHz in the 2 GHz unpaired band would chée offer the same services and
possibly align timeslots between uplink and dowkkwith TDD.

A similar situation occurs in cross-border instandéan operator on one side of a border had
a high power IMB network, it would be unfeasible 8in operator on the other side of the
border to operate a TDD network in the vicinitytbé border. It is likely that cross-border

coordination agreements would not overcome thesgess without severely restricting the

operation of services on both sides of a border.

In view of the above, an operator would be confednivith lack of flexibility to select a
technology solution independent of other operatarsl neighbouring countries. The
consequence is that first movers in using the banlliset a precedent for the overall use of
the band. It is, however, feasible that the sesvioperated in the 1900 — 1920 MHz band
could differ from that in the 2010 — 2025 MHz bardviding a modicum of flexibility.
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See also the Table in Annex 2.

Integrated Mobile Broadcast (IMB) technology emablspectrally efficient delivery of Broadcast
services using TDD radio techniques and is pathefapplicable standard. Therefore IMB could be
deployed under the current regulatory frameworthenTDD bands.
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The above illustrates well that it is very likelyat the 2 GHz unpaired band would remain
underutilised rather than contributing to operatarsetwork capacity as the problems
described above would not be solved without regujaaction. This would result in a lost

benefit, an opportunity cost of not achieving semimnomic benefits from the use of this
spectrum, such as enabling new services to be gedyialleviating network capacity

constraints in relation to the delivery of existisgrvices; or the more efficient delivery of
existing services.

The benefits to society include additional consumeplus® that is generated from increased
data consumption as well as increased producedustipgenerated from providing the
additional network capacity at lower cost than @uhd otherwise have been provided. In case
that the terrestrial 2 GHz band remains underetilidiese benefits to stakeholders like mobile
network operators and consumers could not be egblstheir full potential.

5.1.2. Option 2: Harmonised liberalisation of the whole terrestrial 2 GHz band under the
technology and service neutrality principle, with a mandatory EU wide allocation
established by an EC Implementing Decision on the basis of the Radio Spectrum
Decision.

Impact of coherent liberalisation in general

Applying the service and technology neutrality piptes to the terrestrial 2 GHz band means
that only the minimum technical requirements aréndd which aim at avoiding harmful
interference without imposing a specific technologkierefore, this leads to more flexibility
as to how the frequency bands are used and alloove technologies and applications to
compete and innovate, thus improving spectrum satibn and overcoming potential
mismatch between demand and supply.

The review of the telecom package in 2009 was apemied by an impact assessmerithe
table below provides a summary on main likely imipaend risks identified in the impact
assessment and arising from further coordinatiorspectrum trading and strengthening
flexibility of radio spectrum use compared to aregulatory changes policy at that time. The
signs represent a scale of possible impacts vis-dhe “no change scenario® positive
impact O neutral impact;- negative impact. This is relevant for the terrestti GHz band
since this is the last band identified as a WAPB@B8d where application of the technology
and service neutrality principle is still outstamgli

51 Consumer welfare or surplus generated when tkemalifference between the price that consumers pay

for something compared to the price they would hheen willing to pay. This could either be
generated due to 1) a reduction in the price afoayct/service in order to stimulate increased dema
(i.e. a move down the demand curve) or due to are@se in demand meaning that a consumer’s
willingness to pay increases and more consumelisbwit the product/service at the current pricing
level (i.e. the demand curve itself moves).

Producer surplus is the difference between theuainthat is charged for the product/service conghare
to the cost of providing the service i.e. it cartli@ught of as the producer’s profit.

See SEC(2007) 1472/3 Accompanying document toCiimission proposal for a Directive of the
European Parliament and the Council amending EampBarliament and Council Directives
2002/19/EC, 2002/20/EC and 202/21/EC; Commissioop@sal for a Directive of the European
Parliament and the Council amending European Paglia and Council Directives 2002/22/EC and
2002/58/EC; Commission proposal for a Regulationtted European Parliament and the Council
establishing the European Electronic Communicatiodsirkets Authority {COM(2007)697,
COM(2007)698, COM(2007)699, SEC(2007)1473}
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Compared to the original table in the impact aseess$ above, in the table below only the
aspects relevant for liberalisation in the teriakt2 GHz band are highlighted and those
relevant for trading have been left out as thesenat relevant to this discussion.

Summary on the main impacts and risks

IMPACTS
AND RISKS

Introduce the principle of technology and
service neutrality

No change

Investment ang
innovation

er

ECONOMIC
+ More flexible and co-ordinated spectrynbDoes not facilitate cross-border investment and
management  will  significantly = encourageleployment of new innovative cross-bord
investment and innovation. services. Differences in regulation do 1

Member States.

Internal market,
regulatory
consistency

+ Improvements removing the curre
fragmentation in national spectrum policies
through strengthened co-ordination mechanis

More opportunities for development or crosdifferences between MS. Slow deployment
ciemss-border services.

border or pan-European services using frequen

ntnconsistent application of rules, slow progré

based on voluntary co-ordination with lengthy g
nambersome procedures, risk of increag

ot

particularly encourage operators to invest in other

PSS

nd
ing
of

EU +/0 More flexibility should strengthen Risk of gradual erosion of the mobile/wirelgss
competitiveness| competitiveness of the mobile/wireless industry.| industry’s competitiveness vis-a-vis the rest @& th
world. Economies of scale and scope hardef to
achieve for mobile/wireless operators, slower
uptake of cross-border services.
Economic +/- More opportunities for mobile operators [taligh barriers of entry for new technologies, impact
operators' costs respond to changes in market demand which |caaries by national spectrum regime.
and benefits lead to increased revenues at a cost of roll oyt of
new technology networks
Consumer <+ More choice, more services, lower cost Same cboa® today, big differences betwegen
benefits MS as regards service offerings and prices (not
justified by differences in the underlying costs)
Overall #+/O Economic modelling using scenarios showSlower GDP growth than in Option 1
economic that more flexible and co-ordinated spectrum
growth management (including the introduction |of
spectrum trading) has a significant and positive
impact on GDP growth (the difference between fthe
best-case and the worst-case scenario would be
approx. 0.1% of the annual GDP growth)
SOCI AL
Social and| 4/O Impact will depend on other factors, such|dmpact will depend on other factors, such as |the
digital inclusion | the future universal service concept. Positiiature universal service concept. Wireless services
impact of co-ordination on regulatory consistenayenerally less affordable and less available across
should have positive effect on digital inclusipthe EU than in Option 1. However, big differences
across the EU. More choice and cheaper wireldsstween MS can be expected.
services should contribute to social inclusion and
bridging the digital gap between regions.
Employment +/O Difficult to predict the outcome. ScenarjdOnly limited spill-over effects can be expected due
and labour| modelling shows a positive impact on employmetn slower deployment of new wireless technologies
market in knowledge industries. Positive spill-over efiectand services.

to other sectors can be expected. Nega
employment effect for market players who will

tive
ot

adapt to the change.
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Impact of technical harmonisation in general

Flexibility by itself is not sufficient if introdued in a fragmented manner. Harmonisation of
technical conditions at EU level is the way to @eene such fragmentation. Moreover
harmonisation would reduce the risk of interferer@ther likely impacts of harmonisation in
broad terms are enhanced competition, innovatieelymts and technologies, lower cost for
consumers through economies of scale and contitbud economic growth. The technical
harmonisation leads to regulatory certainty asnegthe use of both the paired and unpaired
spectrum of the terrestrial 2 GHz band. Legal éefydeads to a secure business environment
for investment in the terrestrial 2 GHz band. Ferthore, technical harmonisation allows for
a coordinated and smooth transition to more adwhtesshnologies.

As regards competition, harmonisation to assigilfigty in the terrestrial 2 GHz band would
not lead to new entrants as existing license hsléeuld continue to use the allocated and
assigned radio spectrum. Only the licensing comuistiwould change, not limiting the license
to the deployment of UMTS. However, this measunme eacourage competition between the
existing market players through a greater freedomwhbose services and technologies. Those
mobile operators who endorse and deploy more efficiechnologies would have a better
possibility to react to changes in market demandl tansatisfy demand, compared to those
who do not move to more efficient technologies. réf@re the more technologically
advanced mobile operators would have a comparatideantage to those following
technology trends more slowly.

Model and assumptions for the guantification of legio-economic impact of a liberalised
harmonisation of the terrestrial 2 GHz band

The additional flexibility offered by the liberaison of the bands would be the use of
alternative technologies in both the TDD and FDBdsa(e.g. TD-LTE and FD-LTE). One of
the benefits in the particular case of LTE is tha core of LTE remains around 90%
common between the FDD and TDD variants and itpjgagent that chipset manufacturers
have the possibility to integrate both the FDD amD capability in one chip. However, the
use of this capability requires the selection ef & (radio frequency) components dedicated
to each mode within a handset.

The cost of an RF frontend in a handset increastés tive number of different bands and
technologies that need to be supported. Cost riethgsctiue to economies of scale can be
achieved if the number of handsets sold is sufiityehigh. Feedback from equipment
manufacturers collected in the survey of the stisdhat handsets supporting both TD-LTE
and FD-LTE are feasible and can be built at a regsle cost if there is sufficient demahd
This is where the proactive harmonisation of spgetbands may stimulate the production of
equipment, where the additional costs (in hands@hg) for the incorporation of the TDD
functionality can be significantly reduced so th#tegrated handsets become available at a
comparable price level to that of today's handsetly supporting FDD. Similarly, base
stations equipment manufacturers already have apakility to offer TD-LTE on the same
baseband unit as FD-LTE subject to the demanddarse.

Therefore the study made assumptions as regardsviblation of handset capabilities in
coping with the different technologies in line witie findings above. Handset capabilities
assumptions show what percentages of the devicéiseomarket in a given year are able to
cope with a given technology:

4 There is also evidence to suggest that the coRFo€omponents (of a similar complexity) decreases

over time. The RF bill of materials costs for altand phone was ~$12 in 2003, while for a similar
volume of units the bill of materials for a quadadghone in 2006 was ~$6.
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2010 2011 2012 2013 2014 2015 2016
GSM 100%| 100%| 100%| 100%| 100%| 100%| 100%
UMTS 90% 93% 96% 99% | 100%| 100%| 100%
LTE 0% 10% 30% 50% 70% 90%| 100%

The assumption is that as of 2016 all handsethvemtarket will be able to deliver several
technologies, namely GSM, UMTS and LTE, in bothBD and TDD part of the terrestrial
2 GHz band.

The study contracted by the Commission carriedaooodst benefit analysis (CBA) on what
added value the harmonised liberalisation of thestérial 2 GHz band would bring, assuming
4 different scenarios for the potential use of Th¥D bands for ECS. These scenarios were
compared to the baseline scenario under optionhg. mobile network operators (MNOS)
have licenses for different frequency bands anddiféerent technologies to provide mobile
voice and mobile broadband services. As demandhise services grow, MNOs can meet
the demand through the use of spare network cgpaditin existing spectrum, through the
allocation of new spectrum, and/or the implemeatabf new technologies. The Cost Benefit
Analysis estimates the additional network capatiat could be created in the FDD and TDD
bands if liberalisation and harmonisation took plasompared to a no regulatory change
scenario. For the FDD bands the assumption isMiN®s would switch from UMTS to LTE

in the first instance following liberalisation tcclaeve greater spectrum efficiency and
network capacity. The different uses of the TDDdsanreate additional network capacity to
provide mobile voice and broadband data serviaedasi to those currently provided today.
The additional network capacity gained in the FDidl DD bands creates the possibility to
deliver additional services, which can lead to @ases in producer surplus and consumer
surplus. Beyond these economic benefits the avkiyabf additional services creates also
social benefits as more and more consumers carfibbfoen better quality and more divers
choice of electronic communication and wirelessadizand services.

On this basis the CBA calculates the net presdoewaf increases in consumer and producer
surplus over the next 10 years, assuming libetais&ntering into force in 2013. The model,
given that it provides a simplified picture of theality, has therefore its limitations. The
model used in the study has considered consumeespfor the transmission of 1 MB as
constant. With likely economies of scale, howewensumer prices are expected to decrease
over time. Therefore the figures for consumer sig@re considered to be underestimated in
the study. On the other hand, the results for bispef particular producer surplus, seem to
be overestimated. The model assumes that all reegess/estments in both the FDD and
TDD bands for the roll-out of the network would ¢aglace. However, mobile operators are
cautious as regards the TDD bands and severalihdigated in the public consultation that
they don't see a business case for providing sssvitthe TDD bands even if liberalised. In
Annex 3 the main assumptions made in the studiisteel and explained in detail.

Socio-economic impacts

In case the TDD bands were used for ECS dependinthe type of usage (i.e. low power
usage or downlink only usage with asymmetric dedadfer, or pairing of the TDD bands

with another band to provide FDD type serviceshiarised liberalisation of the terrestrial 2
GHz bands could yield significant economic benetis to 1,138 M€ Net Present Value
(NPV) over the analysis period (2011 to 2021). Aiddial cell site costs would amount up to
295M£€. This is the amount what MNOs would need rteest upfront in the use of the

terrestrial 2 GHz band to be able to achieve thiéarefits indicated above. The Break Even
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Point (BEP) - the point in time as of which the &fs outweigh the costs - would be
achieved in 2013, the year liberalisation is assutode implemented.

The CBA model assumes that mobile operators wfitroETE services in the TDD bands
right away after liberalisation in 2013, while thegil need 3 years to roll out LTE in the
FDD bands. In case this assumption is modifiechab ih both the paired and unpaired radio
spectrum LTE is delivered as of 2016, the maximginievable net present value decreases to
976 M€. However, in case downlink only services previded in the TDD bands the net
present value shrinks to 73 M€ for the period 20021, since a substantial part of the
benefits are offset to later years following thalgsis period.

If the TDD bands were paired with another band novide FDD services the cost-benefit
analysis shows that compared to the baseline soamader option 1 an economic benefit of
341M€ NPV could be reaped over the analysis peraftlitional cell site costs amount to
186 M€ NPV. In case it is assumed that both theedaand unpaired radio spectrum LTE is
delivered as of 2016, the net present value deesdas?235 M€ for the period 2011- 2021.

The use of the 2 GHz TDD bands to provide ECS m firm of low power TDDfor
indoor/home use or downlink only services has aig@nt impact on the network capacity
with up to 35% increase in utilised network capatitwards the end of the analysis period.
An immediate increase in network capacity is realias common content is pushed to users
via a downlink only channel. This increase in netkwvcapacity continues to grow as overall
demand increases and more and more common daentamprovided in this manner. As a
result significant economic and social benefitsgrssible with respect to the baseline.

Among the scenarios to use the TDD bands to praw{ds,downlink only servicealso offer

a great potential for additional social benefithisTis based on the fact that this scenario
potentially enables the delivery of high bandwititbadcast applications which are currently
not cost-effective using the current FDD bandssThiturn may stimulate the market for the
development of a new range of desirable servicab aplications providing perceived
benefits to consumers that would otherwise not bssiple. However, these additional
benefits are dependent on a market being foundafgarticular broadcast service or
application.

NPV comparison of the scenarios under Option 2
Description and main assumptions NPV 2011-2021

Operators roll out LTE on the TDD band in 2013 amd €1,138M
the FDD band in 2016

Operators roll out LTE on the TDD and FDD bands €976M
2016

Provision of downlink-only services in the TDD band  €73M

TDD band paired with another band to provide FDEB41M
services (roll-out in 2013)

TDD band paired with another band to provide FDE235M
services (roll-out in 2016)

Uncertainties related to Option 2
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The above figures are subject to uncertainty fadaghlighted in the study by Helios as well
as in the public consultation.

As regards the net benefits that can be achieveddh thelow power usagef the unpaired
bands the main reason is that — while several Btd#ters consider this usage to be possible
already today under the current licensing reginm® market demand and no ecosystem have
emerged. It has been claimed that guard bands reagpebessary on both sides of the
spectrum band to protect adjacent services. Incpéat, mobile operators did not support
such low power usage because in their view the etatkes not demand services that are
specifically low power, and there are no servided tan inherently only be delivered using
low power infrastructure.

Regardingntegration of both duplex mod€sDD and TDD) in handsets, this becomes more
straightforward under LTE technology and remaingenwostly for UMTS and potentially
WIMAX (current implementations rely on external fuyles’ to access IMB services). The
CBA model assumes that as of 2016 all handsethe@market will be able to deliver several
technologies, namely GSM, UMTS and LTE, in bothBD and TDD part of the terrestrial
2 GHz band. This assumption of the study howeveesdcot seem to be realistic. Generally
the more bands need to be served and the moreotegies there are to serve, the more
costly the devices get. The feedback received @ ghblic consultation contradicts the
assumption above, as the operation in the small BBs is considered costly compared to
its size and therefore the potential network capattiat could be provided in these band.
Recent predictions show lower rates of market sjeseith in handsets capable to deal with
LTE. Furthermore the mobile industry estimates thaimarket demand for a handset
delivering LTE only on a FDD basis will be signdiatly higher than for devices delivering
LTE technology on both FDD and TDD basis.

As regardsdownlink-only usgwhile there may be a small amount of use of IMBIs
assumed that if the band is harmonised to faalitlawnlink only to allow the use of LTE
operators will mainly wait until the availabilityf ehe LTE based EMBS. Even if in theory
downlink only services seem worthwhile to implemehe public consultation has confirmed
the lack of applicability of this possibility to éhlower unpaired sub-band. Only a few
stakeholders backed such services, mainly in theband 2010-2025 MHz. This does
however seem to be in contrast with the trend ¢lptoding data traffic largely attributed to
video applications such as video on demand and YTV particular, mobile operators and
equipment manufacturers considered other bands sudable for these types of services and
questioned their take-up in additionally dedicagpdctrum bands.

Other barrierspreventing the successful realisation of the iseeoTDD bands for ECS are:

» The uncertainty over a market for the delivery adduicast or downlink only service over
the TDD bands as broadly indicated in the publizstitations.

« The possible need for MNOs with existing TDD liceado engage in national or Europe
wide spectrum trading or spectrum pooling arrangegmen order to make enough
spectrum available to implement e.g. IMB/eMBMS ddénktechnologies and services.

» The risk of interference at the 1920 MHz spectrwurtgary between high-power DL-only
transmitters and the FDD uplink (receiving FDD batsions). On the other hand, low-
power DL-only services would not create strong reademand. This makes the DL-only
scenario suitable only for the upper unpaired sadl(2010-2025 MHz).

Television provided over the internet
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Sharing spectrunon a contractual basis could lead to collusive@ues and anticompetitive
foreclosures through increasing commonality of €@std/or if they involve the exchange of
commercially sensitive information. Compliance gbestrum sharing agreements with
competition law cannot be assumed in general (atfhaspectrum sharing agreements can
also not be judged as restricting competition inggal).

RegardingMachine to Machine (M2Mfommunications under the low-power scenario, in
particular the mobile operators considered that M@ delivered over mobile networks in
other bands and no additional and dedicated spmadsuneeded in the unpaired spectrum
where mobile applications have not taken up.

Regarding pairing TDD spectrumwith other external bands, which was suggested by
stakeholders from the mobile or DECT domain duthmgpublic consultation to eliminate the
major interference issues at the 1900 MHz and 1dB{x frequency borders of the lower
TDD band, this would delay utilisation by many y&drecause such external bands have not
been identified, yet. The mobile market has globgdlications and manufacturers as well as
operators are looking for global allocations. Ngvecrum bands to be allocated at global
level to mobile broadband will be discussed atrteet World Radio Conference organised by
the ITU in 2015. Any progress before then is unlikélso, according to past experience, it
would take at least another three years for equipne be developed and to become
available. EU pairings in theory may be possiblotahand, e.g. with spectrum at 1.5 GHz
band, but this does not change the intrinsic fatithe unpaired sub-bands, namely that with
20 MHz and 15 MHz respectively, the unpaired subesaat 2 GHz are basically too narrow
for more than one (maximum 2) operators providimgaddband services. So the unpaired
bands if used for electronic communication servigesld always remain a niche band with
limited economies of scale.

The considerations above give rise to considerablgertainty in the market viability of
Option 2 and thus undermine the socio-economicfiieregtached to it in the outcome of the
comprehensive cost-benefit analysis in the studiélos.

5.1.3. Option 3: Harmonised liberalisation of the 2 GHz paired bands only, under the
technology and service neutrality principle with a mandatory EU wide allocation
established by an EC Implementing Decision on the basis of the Radio Spectrum
Decision

Separate approach for the TDD bands

This option introduces, however, a cautious appgr@acregards the TDD bands as it does not
suggest their harmonised liberalisation for use digctronic communication services, but
could allow for applications other than mobile coomtations. This would need to be
investigated further. The weakness of the outdaegpilatory set-up, which hampers the
utilisation of the TDD bands for ECS, as well as thotential interference issues presented
above could be overcome by allocating the TDD bdodsther applications, which are less
prone to interference but have the potential tcegatie significant socio-economic benefits.

Furthermore, this option offers the possibilityitdroduceshared uséy several alternative
applications to ensure utilisation of the unpaibadds. Shared use is very much dependent on
the technical conditions that are set for the fezgpy band in question and on the type of
assignment method (license-exempt, individual keenwith shared access, exclusive
individual licence). Therefore it is a major aspcexamine further in technical studies. The
alternative proposals received in the public camasioins which can be considered in this
scenario include ad-hoc PPDR, PMSE, short-rangeiceevor Direct-Air-To-Ground
communications.
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The drawback of this option is that the TDD banduldocontinue to be underutilised for
some time until harmonised conditions are adopgteab@bly until 2014), while the advantage
is that it is more likely that on mid term the mbsheficial option for usage is found. Without
modifying the conditions for use of the TDD bantie underutilisation of the TDD bands
continues. This leads to an opportunity cost simeeefits are lost that could be achieved in
the TDD bands as shown in Option 2. The net pregealie (NPV) of the possibilities for
utilising the TDD bands for ECS and therefore tppartunity cost if these scenarios are not
implemented is highly sensitive to the effectiveelialisation date. Generally, a delay in
implementation leads to significantly lower NPV en®ption 2.

Such an opportunity cost of not using the TDD baiod€£CS can be offset by future benefits
of allocating this band to other applications #tar stage, when the technical conditions are
fully developed. Under option 2 we have discus$edweaknesses of the analysis and CBA
model. It has become clear that benefits were faamastically calculated as regards the
development of market penetration of handsets dapatserve LTE both on a FDD and TDD
basis. This is due mainly to the lack of availapibf RF chipsets. Due to the fragmentation
of LTE frequency bands in the EU and worldwide dhd limited possibility to produce
multi-RF chipsets, RF chipset manufacturers woutl lsigher priority to bands where
ecosystems are developing the fastest. The 2 Gldaingd band will not be given a high
priority due to its limited bandwidth.

What is also apparent is that mobile operatorstdmiieve in a market growth of handsets
which can deal with both FDD and TDD technologyhe 2 GHz band, but rather believe in
take up of handsets which serve only the FDD corapbim the 2 GHz band, at least in the
medium term.

On the other hand, there is no objective reasgosbpone a decision on the FDD part of the
2 GHz band - the sooner a harmonised liberalisagiomplemented the higher the estimated
net benefits (shown below) are. Therefore, thererei@asonable ground for separating
regulatory action for the FDD and TDD bands intéreestrial 2 GHz band.

Socio-economic impact resulting from the FDD bands

For the FDD bands this option offers the same bisnef harmonisation and liberalisation as
option 2. If the 2 GHz paired bands alone were loaised, the net economic benefit that
could be achieved relative to the baseline scerarounts to 135 ME£ if liberalisation was

implemented in 2013. A delay of implementation ofears would reduce the net benefits to
108 M£ (i.e. by 27 M€£).

NPV for the FDD bands under Option 3

Description and main assumptions NPV 2011-2021
Operators roll out LTE in the FDD bands in 2013 FU3
Operators roll out LTE in the FDD bands in 2016 &0

The mobile operators would need to invest a sigaifi amount beforehand, estimations range
from 187 M€ to 295 M€ depending on how the unpapad of the terrestrial 2 GHz band
would be used- to roll out the infrastructure nekfite LTE in both the FDD and TDD bands.
Mobile operators have supported a harmonisationliaedalisation of the FDD bands in the
terrestrial 2 GHz band, so mobile operators seasabss case for deploying LTE in the FDD
bands. However, whether the mobile operators dtegvio make such an upfront investment
in the 2 GHz TDD bands, in which up to now no bassicase developed, is questionable.
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Such an investment is perceived as too risky gihenhistory of little use of the unpaired
bands. This is confirmed by the public consultation

Administrative impact due to separate approachherTDD bands

While option 2 could be realised within the currgpectrum assignments, any other usage
scenario highlighted under option 3 for the TDD dmmvould necessitate refarmifigr re-
allocation of radio spectrum. As the TDD bands @mesed, virtually no legacy equipment
would need to be exchanged or discarded. Howewesr difficult to estimate how costly it
would be to take back licenses from mobile netwapkrators. Experience from the past with
refarming of other bands does not represent a sbasg for comparison, since these bands
had been heavily used and therefore a significalutewas attached to radio spectrum. At the
same time, even if the licensed radio spectrurhenfDD bands is not used and the economic
value of these bands is limited, mobile networkrafms might not be willing to give these
back given the existing spectrum scarcity and b&eaf concerns that FDD bands could be
interfered from the adjacent TDD bands.

Re-farming might also trigger some administrativerkvfor both mobile network operators
and national administrations as they would neetatdle the implementation of refarming
and bear implementation costs. Therefore a sigmficuncertainty exists as regards
implementation costs.

It is difficult to argue on a quantitative basis e potential economic impact of allocating
the TDD bands to other applications. Benefits dfife action cannot be estimated today,
since CEPT studies have not been conducted yebwrthre technical conditions would look

like if the TDD bands were used for other applimasi than for ECS. Without such studies
however, no quantification can take place in ecanderms as key inputs and assumptions
with regard to the amount of spectrum that can diea#ly used are unclear. Therefore it
cannot be calculated what the quantity of possskleices provided would be, which would

be a necessary input for the quantification ofgheducer and consumer surplus.

As a conclusion it is too premature assess atphiist the impact of the TDD bands if other
applications than ECS are considered to use thid.bEhere are no particular risks or costs
linked to the fact that under this option the ungaispectrum bands are tackled separately
from the paired ones.

5.2. Comparison of options
Problem-solving

Both Options 2 and 3 indicate that harmonisatiorthef FDD bands creates a net socio-
economic benefit compared to the baseline sceaadds therefore worthwhile to implement.

Moreover, the public consultation has shown thateghs strong support for the view that
liberalisation and harmonisation is necessaryénRBD bands.

Description of the policy option Net Present Value (NPV)
and main assumptions 2011-2021

Policy option 1

No regulatory action -

%6 Spectrum refarming (or re-allocation and/or regaement of spectrum) refers to the process of

changing the allowed uses of specific radio fregyéyands and sub-bands
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Policy option 2

Operators roll out LTE on the TDD band in 2013 amd €1,138M
the FDD band in 2016

Operators roll out LTE on the TDD and FDD bands €976M
2016

Provision of downlink-only services in the TDD band €73M

TDD band paired with another band to provide FDEB41M
services (roll-out in 2013)

TDD band paired with another band to provide FDE235M
services (roll-out in 2016)

Policy option 3

Harmonised liberalisation of the FDD band only (H#g €135M
2013)

Harmonised liberalisation of the FDD band only (#g €108M

2016)

The harmonised liberalisation of the paired sub-bads of the terrestrial 2 GHz band
under Options 2 or 3 addresses both specific probies identified for the FDD bands in
section 2.2 of this impact assessment (specific ptems 1 and 2). It is unlikely that the
problem of underutilisation of the unpaired bands ould be solved by the
implementation of Option 2.

On the other hand, as explained in the previousiosgecsignificant uncertainty exists as
regards the viability and feasibility of the usetbé TDD bands for ECS. The CBA model
assumes that MNOs would see a business case tousage of the TDD bands and would be
willing to implement these usage possibilities un@ption 2. The CBA calculated for

potential ECS use of the TDD bands foresees sagmifi increase in producer surplus,
meaning additional profit to MNOs, compared to tigkly small increase in consumer
surplus. However, the public consultation indicateat MNOs have marginal economic
interest in the use of the TDD bands.

Furthermore, the current licensing structure ad agthe technological development (e.g. for
RF handsets) would lead to significant delays i #ivailability of mobile services in the
unpaired bands compared to the assumptions ofrtiiut by 2013 under Option 2.

From the consumers' point of view, the CBA has tdfied added value in the form of

consumer surplus, with the consumption of moreisesvdue to an augmented ability of the
MNO to satisfy more demand to deliver existing ni@hioice and broadband data services.
However, if it is unlikely from the MNOs perspeaithat the TDD bands were used for ECS
in the future, only a portion of the estimated aoner surplus could be realised with the
liberalisation of the FDD bands. There are alsaeo@pplications that could use the TDD
bands, e.g. broadband public protection and disaslief (PPDR) services or wireless short
range communications like DECT or WiFi, which cogjenerate significant benefits to the
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society and could outperform the probable addedevaf the use of the TDD bands for ECS.
In the absence of concrete technical conditionsiwvket operational limitations and translate
into costs, a reasonable quantification of econampact of potential other uses for the TDD
bands cannot be undertaken at this point in time.

As regards the implementation of Option 2 there matybe an economically viable case for
using the 2 GHz TDD bands to provide additionalwwek capacity in all Member States.
Therefore liberalisation of the 2 GHz band may Itegu little or no primary economic
benefits in these countries (see in more detafinnex 3 under the results of the sensitivity
analysis). Nevertheless considering countries wtiemee are a high number of subscribers, an
early liberalisation is required to maximise thagmial economic benefits in line with the
increasing demand for mobile broadband services.

Option 3 would address all 3 specific problemseither directly through the harmonised
liberalisation of the paired bands, or indirecttyaugh a more thorough investigation of what
applications to allocate the unpaired bands fotin@ with the majority of views during the
public consultation. While Option 2 addresses theblems for the paired bands, th& 3
specific problem for the TDD bands driven by regurg failure (outdated regulatory set-up)
Is not solved and interference from services predioh adjacent bands is not avoided. Option
3 provides the possibility to address the majomtback of using the TDD bands — the
potential of harmful interference — better thanakiger options at stake.

Impact on competition

A harmonised liberalisation of the 2 GHz band implia shift from the only mature
broadband technology today (UMTS/HSPA -3G) to enmgr,g more spectrum-efficient
broadband technologies (e.g. LTE - 4G). Such a ghas unlikely to trigger competitive
distortions for the following reasons:

(i) all operators in Europe that have 2 GHz spectnwould also have either greenfield
spectrum, where there is no existing use or legaciake into account (800/2600 MHz)
or 1800 MHz spectrum to deploy broadband first lsat any competitive distortion will
already have been addressed in that context.

(i) broadband is already possible at 2 GHz todath WMTS and operators are likely
to phase out this mature technology at a laterestagll after investments in other more
attractive bands have been made. New technologittsbing more dramatic efficiency
gains in other bands while the improvement of @sgrerience with broadband services at 2
GHz will remain marginal. Therefore, the impact competition in the wireless (mainly
mobile) broadband markets in the mid-term will mited compared to the developments in
competing harmonised spectrum bands at EU level.

In general, the impact of a spectrum asset on cotigpefor the provision of ECS must be
evaluated in a holistic way taking into accountsgéctrum holdings of operators (regarding
frequency position and spectrum amount) on a paaticmarket. It is the spectrum mix,
which finally determines the competitive situatiohan operator, since different bands have
different levels of ecosystem development as wefirapagation and capacity characteristics.

Liberalisation of the bands and harmonisation ohtgcal conditions can provide for higher
economies of scale, stronger incentives for investrand innovation, as well as cross-border
interoperability between applications and servicéee lack of additional barriers and
stronger coordination in the market should havesitiwe impact on competitiveness of the
mobile/wireless industry.

The implementation of Option 3 in relation to thepaired bands could also potentially have
an impact on competitiveness of businesses ottaer the mobile network operators and

35 EN



EN

manufacturers. However, at this stage it cannatdiermined what the unpaired 2 GHz band
could be best used for and therefore implicationghee economy and the competitiveness
cannot be specified for this part of the 2 GHz banthis stage. Nevertheless, under option 3

there is a better potential to ensure usage olutipaired bands, e.g. by sharing this band
between different applications.

In addition, the table below compares and summadgéerences between the policy options
in qualitative terms.
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Policy Option

Pros

Cons

1. Baseline

For FDD bands: no regulatory actior
EU level gives the Member States m(
freedom to act according to nation
specificities.

harmful interference is caused to adjac
FDD bands as this band is underutilis
unused.

The TDD bands would need to
refarmed from current license holders

is avoided in a no change scenario.

value of a liberalised harmonisation
Member States level.

For TDD bands it is certain that n

allow other applications to use the
bands as currently licensed for. This coskplode the next years due to new serv

Significant differences exist of addé@or TDD bands: A significant number

1 Fdr FDD bands: Technological change

dhroughout the Member States w

diverging speed and timing.

Flexibility is not granted to the MNOs/ t
he market to migrate to more efficie
A hnologies as need arises. A i
eg}ggulatory approach in the usage of

errestrial 2 GHz band limits the ability

S®r wireless services is estimated

requiring more and more data traffic.

&lpplications could potentially use t
only hoard the spectrum without using

resource and is a lost opportunity
society and the economy.

the
terrestrial
GHz
bands

2a. Harmoniseq
liberalisation of
whole

FDD

at European level. This ensures

2

As additional network capacity is ma
available through the
change, more demand for mobile vo
and broadband data services can

economy and society.

A European approach supports an inte
market, helps to achieve economies

I Legal certainty is provided to stakeholders
appropriate climate for further investme
and provides the necessary flexibility |0
MNOs to migrate to more efficient
technologies according to market deman

technologig

satisfied benefiting both the Europe%‘l

nce the paired part of the terrestria

all proportion of total networ
pacity, regulatory action does have
ignificant but still relatively limiteg
ffect on the overall network capacity
NOs to meet demand and on econorm
Fscale and cost of equipment. Also so
arts of the handset (i.e. the rac
frequency component) become mc

S
ol

?Hz band is only one of the many bands
vailable to MNOs and represents only a

radstly with the number of frequencg
bands and technologies to be supported.
scale and to bring down equipment costs.

piarried out in an uncoordinated manner
th

0]
nt

nid
the
Df
the market to react to changes in demand.
D& his poses an additional network capacity
{€nstraint on the MNOs, while demand

ces

TDD bands while current license holders

This is not an efficient usage of a scarce

2 a

of
lies
me
jio
Dre
y
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2b. Harmoniseq
liberalisation of

the whole
terrestrial 2
GHz - TDD
bands: low
power,
downlink- only
or pairing

] The use of the TDD bands for E(
supports core MNO services.

communications means synchronisatior
transmission would not necessarily

interference is reduced.

The provision of downlink only service
potentially enables a new suite of hi
bandwidth broadcast applications tt
cannot be cost-effectively delivered ov
current FDD bands. The value for the
services may be perceived by consum
as higher than current voice and d
services potentially resulting in high
producer and consumer surpluses t
calculated in the CBA.

Additional spectrum efficiency gaine
from providing common downlink onl
service to multiple operators throu
spectrum pooling and sharing i.e. a grex
number of users make use of comm
content.

Lower power usage could support M2I\WI

required and therefore the risk of harmrfL"ﬂChievabIe additional economic beng

Obufficient

CSow power usage is possible today is
some extent is already deployed today
ember States, while for the cost-beng
palysis it was assumed that this was
bt e case. Therefore the calculation

compared to the baseline scenario se
too optimistic.

It may require Europe wide spectry
*$ooling or spectrum trading to reali
spectrum for  feasibl
"@hplementation of downlink only servicg
&upporting high bandwidth broadca
*¥pplications  which  could result
&@ditional costs or delays
alidplementation. Furthermore, addition
Ehandset modifications may be required
Nadpport push services that requ
handsets to cache data transmitted ov
§>Hz TDD bands.

YIn case of pairing the TDD bang
Aiedt straightforward and has already bg

I&ubject to much discussion with
agreement reached.

Jientifying a suitable band to pair with |i

to
in
ofit
not
of
fit
eEMS

m

e
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1St

n

n

al
to
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For the allocation of an additional band
pair the TDD bands with, agreement

to
S

likely to be needed also at international

level (i.e. at the next World Rad

(0]

Conference organised by the ITU, an UN
body, in 2015). This suggests that such a

band could become available only on
long term and would render the TD
bands underutilised or unused for a Ig
period of time.

The regulatory failure resulting from
outdated regulatory set-up is not soly
and interference from services provided

the

D
ng

an

ed
in

adjacent bands is not avoided. The costs

for acquiring the paired spectrum are
taken into account in the CBA but coy
be significant and would need to
considered on a case by case basis.

The TDD band remains still underutilise
unused for the time being until furth

not
Id
be

d/
er

investigations are not carried out. This

represents an opportunity cost.

A significant number of application
could potentially use the TDD ban
while current license holders are likely
continue to only hoard the spectry
without using it.

3. Harmoniseg
liberalisation of
the 2 GHz FDD
bands only, ng
action for the
TDD bands.

For the paired bands the benefits outlir
under option 2 as regards a harmoni
liberalisation are achieved. Supports ¢
MNO services but without the potent
reduction in service quality.

All problems identified in the probler
definition are either solved directly, or g
addressed in the course of further st
for the TDD bands

It is very likely that allocation of th
unpaired bands to other applicatig

ndthe TDD band remains still underutilise
sadused for the time being until furth
ohnavestigations are not carried out. T
alepresents an opportunity cost.

Implementation costs in the form of 1
nfarming costs will need to be born.
re
udy

(D

ns

would result in usage of the TDD bands|

5.3.

Assessing administrative burden

The initiative which this impact assessment accangsais a Commission Implementing
Decision. The processes to develop and agree ém@lementing Decision are based on the
Radio Spectrum Decision. It is very closely linkedhe WAPECS initiative and as such does
not constitute a measure which would trigger nevormation requirements. The same
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reporting requirements would apply as regards émeestrial 2 GHz band as now. These
would relate to the implementation of the Commissidecision (2007/344/EC), which

establishes a European portal for public accessféomation about spectrum use in Europe
(see www.efis.dk). Also at national level no adihfl information requirements are
necessary to implement this initiative.

Therefore this initiative is considered to be naluéis regards administrative burden since it
neither saves nor creates additional administratests to Member States and mobile
operators.

5.4. Conclusions

Option 2 shows the potential that can be achiewveddcio-economic benefits in case
regulatory action on harmonised liberalisation bé& twhole terrestrial 2 GHz band is
accompanied by common action from market playeeniyy mobile network operators and
equipment manufacturers. For the 2 GHz paired bgh€820-1980 MHz and 2110-2170
MHz) such common action is very likely and confidnthrough the contributions to the
public consultation organised on this subject.

However, for the 2 GHz unpaired bands (1900-1920zMHd 2010-2025 MHz) even if the

regulatory restrictions are removed a significantartainty exists, whether manufacturers
would develop the necessary equipment that woutdesalso the TDD sub-bands of the
terrestrial 2 GHz band. Moreover, mobile networlergors who have obtained licences for
the unpaired bands maintain the position that tlierdeardly any business case to provide
wireless broadband services in the TDD bands.

Option 3 shows the socio-economic benefits thatliZedy to be achieved in thpaired
spectrum and opens the possibility to useutygaired spectrum of the terrestrial 2 GHz band
in an alternative manner, namely for services othan electronic communication services.
Given the barriers and uncertainties elaborated/altbat are likely also in the future to
hamper the use of the TDD bands for broadband rel@ct communication services, an
alternative usage of the unpaired bands looks moymising even if it necessitates further
technical investigation on the subject as wellnaglementation delay.

Concluding the analysis above the option suggdsteé implemented i©ption 3.

6. EVALUATION AND MONITORING

Access to information about how spectrum is usectusial for regulators and stakeholders
alike. First requirements at EU level to make sundbrmation available can be found in the
Radio Spectrum Decision (767/2002/EC) and in a iipecCommission Decision
(2007/344/EC), which establishes a European péotapublic access to information about
spectrum use in Europe (see www.efis.dk). The méiion collected in this context gives a
good picture of how spectrum is allocated and dhed&gd at national level; however it fails to
convey how the spectrum is actually being used.

In order to be able to assess in more detail h@htgh value spectrum is actually used and
which parts of it could be used more efficientlyasoto accommodate demand for services of
high socio-economic value, Article 9 of the Radme&rum Policy Programme establishes an
inventory of spectrum use examining both commereaiadl public use of spectrum, in
particular for those services, which could operatthe frequency range from 400 MHz to 6
GHz.
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The inventory has the objective to allow identifioa of spectrum bands where efficiency of
existing spectrum use could be improved in ordem¢oommodate spectrum demand in
support of Union policies, promote innovation anti&nce competition.

To achieve the objectives, the Commission shallpadimplementing acts assisted by the
Radio Spectrum Committee (RSC). The implementirtg adl cover a) practical modalities

and uniform formats for the collection and prowsiof data by the Member States to the
Commission on the existing uses of spectrum and Impethodology for an analysis of
technology trends, future needs and demand fotrgmedn Union policy.

The inventory will provide the methodology and ®ab evaluate and monitor how radio
spectrum is actually used at European level, emguwonsistency throughout the EU. Since
the 2 GHz band falls within the scope of the ineepntestablished by the RSPP, the initiative
that is accompanied by this impact assessmenbwilhcorporated into the inventory of radio
spectrum use.

Beyond the inventory there are a number of indisatehich could serve for monitoring
purposes, as follows:

1. By Member State number of mobile network operatotkér users actually using
the unpaired terrestrial 2 GHz band

2. Number of mobile network operators who have migtate more efficient
technologies than UMTS in the paired terrestriagbBz band by Member State
(alternatively: number of licences which have bedmnged to respect the
technology and service neutrality principles andnbar of operators who actually
offer fourth generation services)

3. Aggregated number of base stations at national ieva Member State for the
terrestrial 2 GHz band (FDD and /or TDD)

4. Aggregated level of traffic at national level inMember State in the terrestrial 2
GHz band (FDD and /or TDD)

5. In relation to devices: how many models are onrtfaeket, which are capable of
serving several technologies and radio spectrunddjamcluding LTE in the
terrestrial 2 GHz band? What is their market sttam@pared to devices which do
not allow for the usage of the terrestrial 2 GHadsa
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7. ANNEX 1: RESULTS OF THE PUBLIC CONSULTATION

The views of stakeholders with respect to the d$pe€ommission's proposals in the

guestionnaire are summarized in the table below.

Proposal

Explicit support

Explicit opposition

Comments

Harmonised
liberalisation of the
band, i.e. service and
technology neutrality
under harmonised
technical conditions

Paired spectrum only

Huawei (list of
standards),
IPWireless*, PTS,
GSMA, France,
Deutsche Telekom*
Hutchison*, Denmark
a confidential
respondent, Nokia-
NSN, SFR, WIND,
Vodafone, Telefonicy

DLR, GRAF, DECT
Forum, ETSITC
DECT

* These
respondents have
expressed concerr
about potential
interference
between different
technologies or
about the retro-
active impact of
harmonisation on
existing licence
conditions.
Ericsson, GSMA,
Nokia-NSN, SFR,
WIND expressed
support for an IMT
liberalisation path

Low-power scenario
in the unpaired
spectrum

COIT, Hutchison
(maybe only upper
band), Nokia-NSN,

WIND (2" best

solution)

ITAS, Qualcomm,
DECT Forum,
Ericsson, Huawei,
GSMA, Deutsche
Telekom, Hutchison
(only lower band), a
confidential
respondent, Germany
France, Denmark,
Telecom ltalia, SFR

Overall lack of
support

Downlink-only
scenario for the
unpaired spectrum

IPWireless, PTS

(local markets),
Hutchison fnaybe
only upper band)

ITAS, Qualcomm,
DECT Forum,
Ericsson, Huawei,
GSMA, Deutsche
Telekom, a
confidential
respondent, Hutchiso
(only lower band),
Germany, France,
Denmark, Nokia-
NSN, Telecom ltalia,
SFR, WIND,
Vodafone

Overall lack of
support

Concerns by one
stakeholder on
interference with
ground
components of
mobile satellite
systems

Hybrid use of both
unpaired sub-band,

IPWireless faybe,

Nokia-NSN fnaybe

ITAS, Qualcomm,

DECT Forum,

Overall lack of

support.
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according to both
proposed scenarios
i.e. a different
scenario in each sub-
band

Ericsson, Huawei,
GSMA, Deutsche
Telekom, a
confidential

respondent, Germany

Denmark, France,
Telecom ltalia, SFR,
Vodafone

However, different
harmonisation
measures per

unpaired sub-band

rsuggested (France

Spectrum
trading/sharing

Vodafone, Telefonica,

Telenor, IPWireless,
Nokia-NSN, WIND,

Huawei

Overall support for

such measures in

the unpaired
spectrum

M2M (Machine to
Machine
Communication) in
unpaired spectrum —
shared under the low
power scenario

COIT

ITAS, Qualcomm,
Ericsson, Telenor,
GSMA, IPwireless,
France, Deutsche
Telekom, a
confidential
respondent,
Hutchison, Germany
Denmark, France,
Telecom ltalia,
WIND, Vodafone

Overall lack of
support

More precise
description of use
case required by
some stakeholder

Harmonisation of the
paired spectrum only;
postponement of a
decision on unpaired
spectrum

Qualcomm, Telenor,
GSMA, France
Germany, Denmark,
Vodafone, Telefonica

Overall support

N—r

\"2

Mobile broadband Explicit support Explicit Challenges
options opposition

Mutual pairing of both (DECT Forum, (Deutsche None, protection of
unpaired sub-bands — Vodafone, Nokia- | Telekom) adjacent DECT bands

2x15 MHz

NSN)

favoured

Pairing with additional

bands: 1900-1920 with

2090-2110 MHz and
2010-2025 with 2200-
2215 MHz

(TelenoP’, GSMA,

VF°8 Telefonica,
Hutchson, a
confidential
respondent)

Telecom ltalia, SFR,

Sharing conditions with

applications to be
studied. Potential issue
with international
regulations (ITU Radio
Regulations). A new
band channel plan

other existing

)

proposed by a

58

No bands specified
Only 1900-1920 MHz with 2090-2110 MHz mentioned
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confidential respondent

Backhaul wireless relay (COIT, a confidential Specified by the
respondent) applicable standard

Uplink only (Finland, DECT Related to pairing
Forum, Ericsson) options, where the

unpaired spectrum is
used in the uplink

Use for systems Mobile Broadband
compliant with the mobile (ITAS) Wireless Accesg

internet standard IEEE
802.20 — packet-based air
interface for IP services

Alternative options for
the unpaired sub-bands

Broadband public
protection and disaster

relief (PPDR) - paired (France, IP Wireless)

DECT (France, DECT
Forum)

Direct-Air-to-Ground- Fragmentation of the
Communications unpaired spectrum
(DA2GC) - paired possible, since 2x10
MHz needed

(Germany, France,
Deutsche Telekom)

Conduct technical studie
at CEPT in order to find

[}

More respondents have

(Qualcomm, GSMA) implicitly supported this

an appropriate option option

Collective us& — Collective unlicensed use
femtocells / Internet of (CoIT) for different applications
Things / Machine to

Machine communications

(M2M)

Programme Making and Such as wireless cameras

Special Events (PMSE) (Germany, France)

Short-Range Devices (France)

%9 http://ieee802.0rg/20/

60 Collective Use of Spectrum (CUS) allows an undeieed number of independent users to access
spectrum in the same range of frequencies at time $ifne and in a particular geographic area under a
well-defined set of conditions. It complements tdwncept of individual rights of use where only one
user holds the right to use a specific part ofsghectrum.
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ANNEX 2: ASSIGNMENTS AT NATIONAL LEVEL OF THE UNPAIRED TERRES TRIAL 2 GHZz BANDS

1900-1920 MHz 2010-2025 MHz
assigned / Year of assigned / Year of

LICENCES technology expiry used technology expiry used
Austria UMTS 2020 NO UMTS (5 MHz) 2020 NO
Belgium IMT2000 2021 NO INFO NO n.a. NO
Bulgaria NO INFO UMTS* 2015-2025*| NO INFO
Cyprus UMTS (10 MHz) 2023-24* NO NO n.a. NO

YES
Czech Republic UMTS 2022-25* (1XMNO) NO n.a. NO
Denmark UMTS 2021 NO INFO NO(NEUTRAL) n.a. NO
Estonia UMTS/IMT 2012-17 NO NO(IMT) n.a. NO
Finland UMTS 2019* NO INFO NO n.a. NO
France UMTS (15 MHz) 2021-22 NO INFO NO n.a. NO
Germany NEUTRAL 2020 NO NEUTRAL 2025 NO
Greece NO INFO NO INFO
Hungary IMT2000/UMTS 2019* NO NO(IMT2000/UMTS) n.a. NO
Ireland IMT2000/UMTS (10MHZz) 2022 NO NO n.a. NO
Italy IMT 2021 NO INFO NO n.a. NO
Latvia IMT2000/UMTS (15MHZz) 2017-20 NO NO n.a. NO
Lithuania RESERVED* n.a. NO INFO | RESERVED* n.a. NO INFO
Luxembourg UMTS 2017-23* NO NO (UMTS) n.a. NO
Malta UMTS (15 MHz) 2020-22* NO INFO NO n.a. NO
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NEUTRAL/request (15

NEUTRAL/request (5

Netherlands MHz) 2016 NO MHZz) 2016 NO
Poland UMTS* 2023* NO INFO NO INFO

Portugal UMTS* 2016* NO INFO NO* n.a. NO
Romania UMTS* 2020-22* NO INFO NO INFO

Slovakia UMTS (15 MHz)* 2022-26* NO INFO NO INFO

Slovenia UMTS (15 MHz) 2016-21* NO INFO NO(UMTS) n.a. NO INFO
Spain UMTS* 2020* NO INFO NO INFO

Sweden NEUTRAL (15 MHz) 2025* NO NO (NEUTRAL) n.a. NO
United Kingdom UMTS* 2021* NO INFO NO INFO
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9. ANNEX 3. ASSUMPTIONS AND PARAMETERS OF THE MODEL USED TO CALCULATE
THE NET ECONOMIC BENEFITS UNDER POLICY OPTION 2 AND 3

In order to assess the impact of a harmonisedaliisation of the paired (FDD) and unpaired
(TDD) terrestrial 2 GHz band, it is assumed thatuhpaired bands would be used to provide
electronic communication services. The model fiedtimates the performance of a
representative network in the baseline scenariothed modifies the network to determine
the difference in the resulting network capacity anst in the other scenarios.

9.1. Inputs

Examining the impact of the policy options in Meml&tates requires flexibility of the
adopted model. This is achieved by taking a nunobénputs which are then used to assess

network capacity.

Table 9-1: Variable inputs to the cost and capacitynodel

Input

Amount of
spectrum in each
available band

Use of different
technologies.

Number of cell sites
deployed

Description

This can be set to represent any particular opelat@any given
country. For the purposes of the baseline scendridias been
assumed that there are [n] operators and that daarg is available
(or will become so) over the period of the modetlsuhat the
operator in question has access to:

2 x 30/[n] MHz in the 800 MHz band

2 x 35/[n] MHz in the 900 MHz band

2 X 75/[n] MHz in the 1800 MHz band

2 x 60/[n] MHz in the 2 GHz FDD band
15/[n] + 20/[n] MHz in the 2 GHz TDD bands
2 x 70/[n] MHz in the 2600 MHz FDD band
50/[n] MHz in the 2600 MHz TDD band

It is assumed that, for those bands which can stippaltiple
technologies (e.g. 900 MHz), over a period of tis@ne spectrum is
re-farmed from the existing technology to a (nevedtgrnative. Roll-
out of new technologies does not occur until sigfit spectrum has
been released to enable it. In newer bands (eGf) RBHz), a roll-out
of technology over time is assumed. The speediandg of roll-out
can be varied.

The total number of cell sites used by an operetdroken down
into Femto, Pico and Micro/Macro cells. The overalmber of sites
is assumed to grow over the period of the modeak #ssumed that
older technologies (e.g. GSM 900/GSM 1800) areallest on the
majority of sites and that these sites are re-fisedewer technology
as it is rolled out rather than additional newssiteing developed.
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Spectrum efficiency In order to assess the capacity which the netwark groduce, the
of different spectrum efficiency of each technology (in Bits/Blzg is required.
technologies This is based on the following averages:

0.17 Bits/sec/Hz/cell for GSM
0.51 Bits/sec/Hz/cell for UMTS
1.28 Bits/sec/Hz/cell for LTE

Network utilisation  The model calculates the total network capacityweler the MNO
infrastructures are built to meet the peaks in demasherefore not
every cell will be used to its full capacity, noilivit be fully utilised
every hour of the day. To reflect this, and basedliscussions with
MNOs, a factor of 20% has been applied to the twalvork capacity
generated to represent the capacity actually dtaifar consumption
as opposed to the theoretical maximum capacity rgések assuming
a constant 24/7 demand. However, we also look atiripact of
using lower (10%) and higher (30%) utilisationsthe sensitivity
analysis.

Type of capacity Most technologies deliver unicast data connectivitgwever one
scenario considers the use of broadcast (IMB/EMEShnology
which delivers multicast capability.

Handset capability ~ Whilst networks can be developed using specifihitetogies, the
capacity which that network generates cannot bd usél it can be
consumed in user terminals (e.g. handsets). As, sieciount is taken
of the proportion of handsets in any given yearchhare capable of
using the available network technologies. Handsgtabilities are
considered on a per technology basis only i.e. #reyassumed to
support all frequencies considered in the CBA. mée technologies
will be included in handsets by the manufactureyspart of their
overall product development roadmap.

9.2. Estimating capacity

Total network capacity is calculated as the surthefcapacity produced by each cell, of each
technology type, in each band, as modified by tilsation factor.

Key assumptions:

No specific account has been taken of the utibsatif the network for the delivery of voice
calls. Where mobile penetration has reached 106%t (@as over most of Europe), the load
on the network due to voice calls is relatively stamt (in data bandwidth terms) over the
period of the model. This represents a base loathemetwork which becomes a smaller
proportion of overall network traffic as data usggews. Whilst the inclusion of voice traffic
would be important for calculating differentialspnicing, it is reasonable to assume that any
growth in network capacity will be used for delivegy enhanced data connectivity and not
additional voice capacity and given that the madetomparing the network year-on-year,
voice can safely be treated as a fixed data load.

61 “Edge — Enhanced data rates for GSM evolution”déss Furuskar, Jonas Naslund and Hakan

Olofsson, Ericsson, 1999
62 “4G Capacity Gains, Report for Ofcontittp://bit.ly/{8uGyU
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No additional spectrum becomes available to MNQ&nduhe period of the analysis, outside
of those already considered in this sftfdy

The UMTS TDD bands will eventually be used in ti“Nothing” reference case but only
after all other options for capacity increase WRBD bands has been exhausted. It is
therefore assumed that full use of the UMTS TDDdsawould only happen at a much later
date outside of the time duration of the CBA. Witlithe time duration of the CBA only
limited use will be made of the UMTS TDD bands e t'Do Nothing” case based on some
IMB implementations and small TDD networks currgnthplemented in Eastern Europe.

The network capacity is calculated individually femto cells (Group 1), pico cells (Group 1)
and macro/micro cells (Group IIl). The current cate populations are: femto cells: O; pico
cells: 3,000; macro/micro cells: 7,000. The numbérboth pico and macro/micro cells
increase by 2% each year.

Femto cells will only exhibit a significant uptakeithin the context of low power TDD
services and in this scenario they will increas&,@85,856 by 2021 based on a market study
carried out by the femto forum.

A separate network utilisation figure of 2% was lgggpto the use of femto cells . This value
was chosen to be 1/4®f the utilisation of the rest of the network &flect the fact that the
amount of time a femto cell was likely to be in uk&ing a day is less than macro or micro
cells.

In case that the TDD bands were used for asymmaddsalink only services it was assumed
that on average 4 users in each FDD cell woulddimgucommon content that could then be
delivered via the 2 GHz TDD cell. Therefore, eachlB of capacity provided by the 2 GHz
TDD cells results in a capacity increase equivaledt MB across the network.

Figure 0-1 below, illustrates an example outputth@ network capacity model. The total
capacity is shown per cell type (group | being ro&uicro cells, group Il being pico cells and
group Il being femto cells which are not widelyedsn this particular example).

Figure 0-1: Example network capacity calculation

Network Capacity

20 J

16

O Group I
12

mGroup Il

aGroup |

TerraBytes
o0

63 Whilst this is unlikely to represent actuality, ditbnal spectrum will impact equally across all

scenarios. Though this may change the absolutee vafluthe results, it will not impact the relative
assessment of options.
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9.3. Calculating costs

The cost of infrastructure and equipment requitethtrease the MNO network capacity in
any given year was calculated taking into accolatfollowing inputs:

Cell site costs

Number of new cell sites;

Number of sites that will be upgraded and the reshrology that will be implemented.
Backhaul costs

Cost to increase backhaul capacity where curréhsiee thresholds are exceedéd
Additional key assumptions that were made in cakoug costs are as follows:

The main sources of cost are in the implementaifomew cell sites or upgrading equipment
at existing cell sites, and backhaul. All othertsadsuch as base station controllers, mobile
switching centres, and so forth) are consideredrdar of magnitude lower given the smaller
number of upgrades and changes that will be reduoréhose network elements than to cell-
sites and backhaul. In addition it is assumed tparating costs remain the same in the
baseline and all other scenarios and can therbfrgnored.

Femto cells are assumed to utilise existing badkhiafsastructure (e.g. local ADSL
connections) and therefore backhaul costs areapplied to pico and macro/micro cells.

IMB and EMBS will use satellite links for backhardther than fixed point-to-point links.
Satellite links are a cost efficient way of delimgr common content to multiple cell site
locations.

Although there is a cost associated with the prodo@nd distribution of handsets with new
capabilities (i.e. supporting new technologies ahwew filters) it is assumed that these costs
are largely the same in both the reference caselsndcenario under investigation. These
costs can therefore be ignored when consideringlifference in cost between the reference
case and any particular scenario. For example, dbase the feedback received from
equipment manufacturers during the survey it iumesl that new handsets entering the
market will include multi-mode, multi-band chipsétst are UMTS FDD, FD-LTE and TD-
LTE capable; the costs of implementing RF companémta handset is minimal and that
timing of any policy decision will not greatly imgiathe market penetration of new devices.

No costs have been included for any equipment eakeo the handset required to utilise a
frequency/technology/service. It is assumed thatreal equipment is only required in the
case of IMB where the UMTS TDD technology is impénted in a USB dongle which is
attached to a handset. However, due to the relgtsreall amount of IMB usage assumed in
both the baseline and the other scenarios thidiaddi cost is assumed to be marginal and
not significant to the overall outcome.

Any costs associated with realising the pairingspéctrum (for scenario 2.3) are not taken
into account but could potentially be significantdavould need to be considered on a case by
case basis.

Within each scenario the MNOs will use the avagalbéquency bands in the same way (i.e.
the use of the bands is harmonised; no standaleaisions will be made; all operators will

assume the same option collectively). Therefore adgitional costs associated with

coordinating use of the bands in the case of nembiaised use are not considered.

o4 Note that it is assumed that femto cells requirénetwork provided) backhaul as they are connettted

the user’s own Internet connection.
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The cost figures are assumed constant for theidarat the analysis period and are based on
current costs.

9.4. Calculating demand

The demand for mobile broadband data was derived firedictions made in various widely
recognised industry repofts®®. In particular the current global demand for mehilata is
240,000 Terabytes per month according to Ciscokl2®hite paper on traffic growth. The
paper reports high growth in the immediate termhwli60% growth set for this year. The
annual growth steadily declines reaching 56% fdrs2@s final year of forecast.

In addition the following key assumptions relatiogdemand were made:

The demand curve is assumed to represent exogeleonand (i.e. the level of demand if
there were no capacity constraints).

The demand curve assumes demand for data assowidbed12M applications as well as
user orientated applications and services.

This forecast trend is extended beyond 2015 (basedgrofessional judgement) with a
continuing decline in annual growth reaching a dyeaontinuous 5% growth from 2020
onwards.

A country specific demand trend is derived from #imove global trend on the basis of
population. In turn, the specific demand for a BAgNO is obtained by dividing by the total
number of MNOs in the country assuming each hasjaal share of the market.

Different data demand growth predictions were aisestigated in the sensitivity analysis.
9.5. Additional high-level assumptions

The table below describes the additional high leestumptions made in the cost-benefit
analysis.

Table 9-2: Key CBA input assumptions

CBA Assumption Note

Parameter

Cash flows Nominal cashThe cash flows used in the CBA are not adjusted for
flows inflation

Time duration| 10 years (2011 tpThe analysis is restricted to 10 years because |it i
of analysis 2021) difficult to predict technology and market
developments and MNO plans beyond this time frame.

Date of| 2013 This is the date that liberalisation is asslirtee be
liberalisation implemented in the 2 GHz (FDD and TDD bands).
(2 GHz bands) (Note that the process of liberalisation may begin

before this date.) Any rollout of new technology
enabled by liberalisation is assumed to start @ytbar
before the liberalisation but accelerate follow|ng
liberalisation. The impact of changing the libesation
date to 2015 and 2017 is also investigated in|the

65 Cisco Visual Networking Index: Global Mobile Dafraffic Forecast Update, 2010-2015, Cisco
Whitepaper, February 2011
Wireless network traffic 2010—2015: forecasts andlysis, Analysys Mason, July 2010
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CBA Assumption Note
Parameter
sensitivity analysis.
Date of| 2013 This is the date that liberalisation is asdlrte be
liberalisation implemented to other (non 2 GHz bands) that ard use
(other  bands by MNOs to deliver mobile voice and broadband data
used by services). Any rollout of new technology enabled|by
MNOS) liberalisation is assumed to start in the year teetbe
liberalisation but accelerate following liberalisat
This date is applied in the same way in both |the
reference baseline as well as the scenarios under
investigation.
Discount rate 10% The discount rate reflects how the cash flows| a
(for  nominal valued over time and in particular reflects theestpd
cash flows) rate of return for an investment from a commercial

point of view. Source figure§’ ®® * suggest value
ranging from 3.5% for a rate of return to refl¢
society’s value of the benefits, 5% for the oppoitiu
cost of capital (the likely return for an alternat
investment of the capital) to 11.5% for a rate eifirn
expected by a commercial organisation in the maq
sector. For investments that are considered riglyen
discount figure may also be used. It is noted thase
discount rates are for real cash flows and the G8
conducted for nominal cash flows. These figures
therefore used to provide an indicative range
discount rates. For the purposes of this analy®s
have chosen 10% as an appropriate comme
discount rate for the mobile sector but we alsdk lab
the impact of changing this to 5% and 15% in
sensitivity analysis.

[2)
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Price of data

€0.013 per MB

The price the user palysonsuming data is based
research conducted into typical current data plees
offered by operators in Europe, an Ofcom UK ma
assessment and a report on European data roan
prices™. It is assumed that price paid by consumers
the additional capacity is set based on the ger
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ing
for

neral

demand for mobile broadband data. The rese

arch

67

February 2009

68
69
70
71

Communications

Application of spectrum liberalisation and tradiogthe mobile sector - A further consultation, @ftg

The Green Book, HM Treasury (http://www.hm-tregsgov.uk/data_greenbook_index.htm)
http://ec.europa.eu/regional_policy/sources/dact2f®07/working/wd4_cost_en.pdf

Mostly Mobile, Ofcom’s mobile sector assessmentdhd consultation, July 2009
International Roaming BEREC Benchmark Data Refotly of European Regulator for Electronic
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indicated that the current price levels are in iiege
€0.013 to €0.13 per MB with prices generally failin
year on year, although with demand for data expecte
to increase rapidly in the coming years it is assdim
that we are currently approaching a price equilior
point where the price will stabilise. It is liketiiat the
price of data will continue to change over time aigb
for different types of services. However, it isfailt
to predict this trend within any certainty. Themrefdor
simplicity of analysis the price has been kept tamis
at the bottom of the currently established priceges
but we also look at the impact of increasing tratue
in the sensitivity analysis.

Price elasticity -1.0 The price elasticity represents the respongise of
of demand changes in demand to percentage changes in |price
(price elasticity = % change in demand / % chamge i

price). The value chosen was taken from the reéeren
literature sources? "® that most closely match the
scenarios under investigation in this CBA. The ealu
was derived through historical analysis in the rebi
market and applying assumptions as to how it would
change in the future. Like the unit price of date |t
actual price elasticity is likely to vary with tinaand for
different types of services. New services may| be
considered as luxury goods attracting higher praores
higher (magnitude) price elasticities. Therefore |fo
simplicity of analysis the price elasticity has béept
constant but we also look at the impact of theepric
elasticity increasing to -0.5 or decreasing to ifh.fhe
sensitivity analysis. The range of the increase or
decrease was set based on the typical range & |pric
elasticities observed during the research.

Country typel UK - high | The UK had the widest range of data (price, nunober

under analysis| number of cell subscribers, number of operators, number of cedkgsi
sites and costs) readily available to the project team and
subscribers therefore was selected as the reference country on

which to carry out the initial analysis. Howevether
European countries (characterised in terms of numbe
of subscribers and cell sites) were also invesidan
the sensitivity analysis through additional caseligs
based on data obtained for Romania, the Netherlands
and Slovakia.

& Application of spectrum liberalisation and tradiogthe mobile sector - A further consultation, @ftg

February 2009
'‘Economic impact of the use of radio spectrumhim WK’, Report for Ofcom; Growitsch, C; Marcus, J
Scott & Wernick, C (2010)
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9.6. Additional key results of the sensitivity analysis

In order to investigate the impact of changes suaged values on the CBA results, identify
the assumptions that have the strongest impadieresults, as well as identify the ranges of
assumptions for which the CBA analysis remainsdvalisensitivity analysis was conducted.

The following set of parameters has been examined:

» discount rate;

* network utilisation;

e unit price of data;

» timing of liberalisation in the 2 GHz band;

e price elasticity;

» data demand,

* infrastructure costs;

e number of operators;

* number of subscribers per cell using common content
« different country case studies (i.e. number of siéils and subscribers).

The network utilisation used in the CBA above was assumed to be 20%.ighee$ below
illustrate the impact of using utilisation values1®% and 30% respectivéfyThe results
show that network utilisation can have a significempact on the CBA results as it plays a
key role in determining whether the economic bdsefire assessed within a capacity
constrained or demand constrained environmentnérease in utilisation means that more of
the increased demand can be met within the exi8iiN@ infrastructure and other frequency
bands i.e. the environment becomes demand coredralinere is therefore little benefit to be
gained from increasing the capacity further using 2 GHz TDD bands. A reduction in
utilisation results in an environment which is &@singly capacity constrained and where less
additional network capacity (and therefore ben&it)eing realised for a given cost.

Figure 0-2: 10% network utilisation

Economic Benefits (NPV)
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1400 o CBA results
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s LA00 @ Sensitivity
% 800 10 %
z BO0
@ 400
240 o sl
0 | — - : - - |

Scenario 1 Scenario 2 Scensrio3  Scenano 4

4 Note, that in scenario 2 the femto cell utilisatmwas also varied. It was assumed that the fenlto ce

utilisation was 1/19 that of the utilisation of the wide area network.
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Figure 0-3: 30% network utilisation

Economic Benefits (NPV)
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Scenaria 1

Low power usage and downlink only services scesdnave the greatest economic benefits.
However, it noted that scenario downlink only seegi is the only scenario whose NPV
increases as the network utilisation is reducetlO%. Scenario downlink only services is a
cost efficient way of realising increases in netwoapacity on the assumption that there is
common content required by users that can be detivda downlink only services.

The data priceused in the CBA above was assumed to be 0.013RIBeil he reference data
suggested typical current data prices were in #mge 0.013€ to 0.13€. The figure below
illustrates the impact of using 0.13€ per MB. Thiso illustrates the potential additional
benefits that might arise if use of the 2 GHz TDdhdis enabled new types of highly desirable
services and applications. As expected the und gdte just scales the economic benefits.
The data price is fundamental in setting the alteotalue of the resulting economic benefits
as it is a central part of the calculation of tlesumer surplus as well as the additional
revenue generated by the MNO from sale of the maidit network capacity.

Figure 0-4: €0.13/MB unit data price

Economic Benefits (NPV)
12000 -
= 1':].1]30 o CBA Results
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55

EN



The implementation of liberalisation in the CBA above was assumed to be 2013. The
figures below illustrate the impact of implemenfihdiberalisation in 2015 and 2017
respectively.

Figure 0-5: Liberalisation implemented in 2015

Economic Benefits (NPV)
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Figure 0-6: Liberalisation implemented in 2017
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A later decision to liberalise will reduce the ecomc benefits generated by approximately
100M€ for each year of delay. It does not howevViEcathe relative value between scenarios.
The optimum liberalisation date is closely linked¢hamhe date of any transition between a
demand constrained and network capacity constranedonment, and is therefore closely
linked to the predicted increase in demand.

The price elasticity used in the CBA above was assumed to be condtahtOathroughout
the analysis period. The results scale accordirthaqrice elasticity used. A decrease in the
assumed elasticity results in increased econonmefiis, and vice-versa.

The data demand is a key assumption which plaympartant role on determining whether
the economic benefits are assessed within the xioafea network capacity constrained or
demand constrained environment. It has a simildecefcompared to that of network

& Note that the effects of liberalisation may bebwfore the implementation date, if it is known in
advance that liberalisation will take place.
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utilisation. A 180% annual growth of data demand &aubstantial impact on the benefits, as
illustrated in the figure below.

Figure 0-7: 180% annual growth of data demand

Economic Benefits (NPV)
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The magnitude of demand (reaching 839,000 TB peratpr in 2021) is large enough that
the percentage changes indicated above result inca@ase of demand of 8,000 TB on the
network. Increasing demand by such an amount signifly increases the economic benefits
where the incremental value of any additional nekweapacity is significant. Conversely

reducing the demand by such an amount eliminaesi¢ed for additional network capacity
and thus the scenarios become indistinguishabhe the baseline case.

9.7. Sensitivity of the results as regards the number o$ubscribers and number of
cell sites in a Member State

The CBA above was performed for the UK which isuassd to be typical of a country with a
large number of subscribers and cell sites (fangles operator) deployed across the coverage
area. The sensitivity analysis below presents cdadies for other European countries
representative of the range of different typesafiitries found in Europe:

Romania - low number of subscribers relative togh Imumber of cell sites.
The Netherlands - high number of subscribers raddt a low number of cell sites.
Slovakia - low number of subscribers relative tova number of cell sites

The number of subscribers and cell sites for easle study were scaled relatively to the UK
case study according to country population and aespectively. The resultant case study
range was examined:

Case study type

UK Romania | Netherlands| Slovakia
Number of subscribers  High Low High Low
Number of cell sites High High Low Low

Range of values (per operator)

Subscribers 20,700,000 7,300,000 5,600,000 1,800,00
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Femto cell sites

Scaled to population

The number of subscribers relative to the numberetifsites is a key assumption playing an
important role in the determination of overall netiwvdemand and the relative infrastructure
investment required in order to satisfy it. As aulg only the high-high and high-low case
studies yield additional economic benefits acrdgs dcenarios relative to the baseline case
where the terrestrial 2 GHz band continues to leel @s it is today. However, it is noted that
scenarios low power usage and downlink only sesvigeld additional economic benefits in
each of the type of country, even if these are oely small in the case of countries with low

number of subscribers.

The table below categorises the Member States:

Number of cell sites

Number of subscribers

High

(poE density > 110 per
km?

Low
(pop density< 110 per knf

High

(country area > 100,000
km?)

UK, France, Germany, ltaly
Poland

Romania, Bulgaria, Finlang
Greece, Sweden, Spain

Low

(country area< 100,000
km?)

Netherlands, Belgium
Czech Republic, Denmark,

Luxembourg, Malta

Portugal

Slovakia, Austria,

Cyprus, Estonia, Hungar
Ireland, Latvia, Lithuanial
Slovenia

From the sensitivity results and table above it barconcluded that, although the economic
benefits may differ significantly across Membert&¢a the harmonised implementation of
scenarios low power usage and downlink only sesviweuld result in economic benefits

across the EU relative to the baseline scenariclwhssumes that no regulatory action is

taken.
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