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Overview of Key Proposals

1. ComReg is the manager of the radio spectrum in Ireland. An important part of this
function is to assign spectrum rights of use for electronic communications services
in a manner that furthers ComReg’s statutory objectives including, promoting
competition, promoting the interests of users, and ensuring the effective
management and efficient use of spectrum in Ireland.

2. This consultation document sets out ComReg’s detailed proposals for a multi-band
spectrum award to assign rights of use in four spectrum bands which are suitable
for mobile and wireless broadband (WBB) services'. These spectrum bands are
the 700 MHz, 2.1 GHz, 2.3 GHz and the 2.6 GHz bands?, all of which are
harmonised at a European level for the provision of WBB services.

3. Intotal, ComReg proposes to award 470 MHz of harmonised spectrum rights. This
would represent a 46% increase in the harmonised spectrum assigned for the
provision of WBB services in Ireland and would significantly enable the market to
provide improved services to meet increasing consumer demand for mobile data
and new services.

4. In line with its obligation to promote competition, ComReg proposes to award
rights to these bands by way of an open, competitive award process where
existing operators and potential new entrants can compete for these spectrum
rights. Further, and in line with European obligations, ComReg proposes to award
the spectrum rights on a technology- and service-neutral basis, meaning that new
licensees would be free to deploy equipment that complies with the applicable
harmonised standard, be that the 3G, 4G of 5G technologies for mobile, fixed
wireless or other uses. ComReg would expect this award to be particularly suitable
for enabling advancements in current 4G services and the delivery of new 5G
services.

" This document also sets out ComReg'’s response to ComReg Document 18/60, having had regard to
the views received from interested parties, recent developments and other relevant material.
2 The 700 MHz band (703-733 / 758- 788 MHz);

The 2.1 GHz band (1920-1980/ 2110 — 2170 MHz);

The 2.3 GHz band (2300 -2400 MHz); and

The 2.6 GHz band (2500 -2690 MHz);
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Proposals for the 700 MHz band

5. In Ireland, the 700 MHz band is currently used for Digital Terrestrial Television
(DTT). As outlined in Ireland’s National Roadmap on the use of the 700 MHz
Frequency Band, published by the Department of Communications, Climate
Action and Environment (DCCAE), work to migrate DTT services from the 700
MHz band is being carried out by 2RN, which operates RTE’s DTT transmission
network, and DTT services will cease operation in the 700 MHz band in 2020°.

6. Given its favourable radio propagation characteristics, the 700 MHz band is a
particularly important band for the provision of widespread coverage, including in
rural areas and on national transport routes. The 700 MHz band has also been
identified as a 5G “pioneer band” for Europe.

7. Noting this importance, and having regard to European obligations concerning this
band* , ComReg proposals for this band includes making available the entire 60
MHz (i.e. 2x30 MHz) in the duplex portion of this band for award.

8. In considering coverage obligations for the 700 MHz band, ComReg has
considered various options, including the use of ‘precautionary’ and
‘interventionist’ coverage obligations® where:

e ‘precautionary’ coverage obligations refer to obligations which do not
exceed the levels of coverage that might be expected anyway from well-
functioning competition between network operators; and

¢ ‘interventionist’ coverage obligations refer to obligations that can be
expected to constrain the commercial choices of network operators and
force coverage in excess of competitively-determined levels.

9. As outlined in its draft Regulatory Impact Assessment (RIA) of the various options,
ComReg’s proposed approach is to set coverage obligations which are
precautionary in nature, and are towards the upper end of the range of
commercially realistic competitive outcomes. Among other things, this would
encourage competition in the award process, thereby underpinning the role of
competition in driving coverage, and avoid outcomes where spectrum rights may
be unassigned because the coverage obligation was excessive.

10. ComReg’s proposed coverage obligations for the 700 MHz band, among other
things, would oblige existing licensees to expand their current networks to
provide®:

S https://www.dccae.gov.ie/documents/700MHz%20Roadmap.pdf

4 EC Decision 2016/687 and EU Decision 2017/899.

5 See further in ComReg Document 18/103d

6 The 3 Mbit/s and 30 Mbit/s services identified in these coverage obligation proposals refer to single
user throughput services at the cell edge
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¢ a 3 Mbit/s service to 99% of the population and 92% of the geographic area
of Ireland;

¢ a 30 Mbit/s service to 95% of the population, 90% of motorways, and 80%
of primary roads; and

e voice calls and a 30 Mbit/s service to 345 specific locations’, consisting of
40 business and technology parks (including strategic sites), 65 hospitals,
24 higher education campuses, 14 air and sea ports, 160 train and bus
stations, and 42 top visitor attraction information points.

11. In relation to ‘interventionist’ coverage obligations to secure more extensive
coverage outcomes than would result from marketplace competition alone,
ComReg observes that there may be broader social reasons that would support
such an approach and that these would need to be carefully designed, and based
on an assessment of the costs and benefits to society of the additional coverage
sought.

12. ComReg further observes that ‘interventionist’ obligations are ideally achieved via
a sequential step in a spectrum award or through a separate process. Such
mechanisms may provide advantages for the State in ensuring that the societal
benefits obtained exceed the costs of any such obligations. The use of a separate
process would also allow policy makers the ability to identify what ‘precautionary’
coverage obligations and competition between network operators would first
deliver, retaining the ability for more targeted interventions later if necessary.

Proposals for the 2.1 GHz, 2.3 GHz and 2.6 GHz bands

13. The remaining spectrum bands proposed for award are more suited to providing
network capacity, although they could also be used for both capacity and coverage
purposes (such as for fixed wireless broadband). ComReg'’s proposals for these
bands are outlined below.

" In considering these specific locations ComReg has had regard to the output of the Mobile Phone and
Broadband Taskforce which provided a guidance report on the broad categories of locations where
mobile services should be available. Based on a ranking of the benefits (economic, societal, safety) of
different location categories, it provides the following conclusions:

1) There is a clear emphasis on the provision of mobile phone coverage at locations where large
numbers of people work or spend typical working hours. It should be noted that often people
do not live where they work.

2) Residential locations and locations where people pass their free time were the next most
important type of location.

3) Quiet roads, rail lines, cycleways, walking routes and locations where low numbers of people
work were considered the lowest priority for mobile phone coverage.
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2.1 GHz band proposals

14. In Ireland, the 2.1 GHz band is currently used to provide 3G services and existing
licences in this band run until 2022 and 2027°.

15. ComReg’s proposals for the 2.1 GHz band include:

awarding new rights in two “time slices”, consisting of 90 MHz (2x45 MHz)
in time slice 19, and 120 MHz (2x60 MHz) in time slice 2;

aligning the expiry dates of the existing 3G licences expiring in 2022 to 15
October 2022 to enable a single commencement date for time slice 1 in the
2.1 GHz band;

facilitating the “liberalisation” of all existing 3G rights so as to enable the
deployment of 4G and other technologies;

a coverage obligation to deploy a specific number of base stations in the
band in order to ensure the efficient use of spectrum; and

a process to ensure the orderly and timely transition from existing rights to
new rights of use.

2.3 GHz band proposals

16. The 2.3 GHz band is widely used for WBB globally, particularly in the Asia Pacific
region. In Ireland, this band is unassigned, with the exception of a small portion
(2307 MHz — 2327 MHz) which is currently licensed to Eir for its RurTel network
which provides universal service obligation (USO) services at a small number of
locations in the Donegal, Galway and Kerry regions.

17. ComReg’s proposals for the 2.3 GHz band include:

making available 100 MHz of spectrum for award;

awarding new rights in two time slices, corresponding to the two time slices
proposed for the 2.1 GHz band;

a coverage obligation to deploy a specific number of base stations in the
band in order to ensure the efficient use of spectrum; and

proposals to facilitate the continued provision of Eir's RurTel services for a
transitional period while alternative services are being deployed.

8 2022 for Vodafone and Three, and 2027 for Eir.
9 Time slice 1 runs to 11 March 2027 to align with the expiry of Eir's existing 3G licence. Time slice 2
commences on 12 March 2027.
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2.6 GHz band proposals

18. The 2.6 GHz band is widely used for WBB in Europe and globally. In Ireland, this
band is unassigned following the expiry of multichannel multipoint distribution
system (MMDS) licences in 2016.

19. ComReg’s proposals for the 2.6 GHz band include:

making available 190 MHz (2x70 MHz FDD and 50 MHz TDD) of spectrum
for award;

awarding new rights in two time slices, corresponding to the two time slices
proposed for the 2.1 GHz band;

a coverage obligation to deploy a specific number of base stations in the
band in order to ensure the efficient use of spectrum; and

engaging with stakeholders in a timely manner to address co-existence of
new services with aeronautical radars operating above the 2.6 GHz band.

Other key aspects of the proposed award

20. The consultation also sets out ComReg’s proposals on other key aspects of the
Proposed Award, including:

licence duration: a proposed duration of 15 years for rights in the 700 MHz,
2.3 GHz and 2.6 GHz bands, and a duration of circa 13 years for the 2.1
GHz band to facilitate a common expiry date for all the bands in this award;

award type and format: an open competitive award format based on a
combinatorial clock auction (CCA). This award format has previously been
used in Ireland for the successful awards of the 3.6 GHz Award in 2016,
and the 800 MHz, 900 MHz and 1800 MHz bands in 2012;

spectrum fees: proposed spectrum fees (i.e. auction reserve prices and
ongoing spectrum usage fees) set at a conservative level based on a
benchmarking methodology. This approach encourages competition in the
Proposed Award while also discouraging frivolous bidders and, similar to
previous spectrum awards, would mean that final prices would ultimately
be determined by the bidders in the proposed auction and not ComReg;

spectrum competition caps: two sets of spectrum competition caps - one
for the sub-1GHz spectrum, and another for total spectrum holdings - to
safeguard against extreme asymmetric outcomes in the proposed auction
that would be detrimental to competition.
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Next Steps

21. ComReg invites input from interested parties on all aspects of the Proposed Award
over the next 6 weeks and by 30 July 2019. Considering the complexity of material
contained in the document, ComReg has given an additional two weeks over the
normal four identified in ComReg’s Consultation Procedures.

22. Following receipt and consideration of submissions in response to this
consultation, and other relevant material, ComReg intends to publish a response
to consultation together with a draft decision for the Proposed Award.
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Response to consultation and further consultation ComReg 19/59R

Chapter 1

1 Introduction

1.1

1.2

1.3

1.4

1.5

In Document 18/60'°, ComReg considered which spectrum bands should be
included in a proposed award of spectrum rights of use suitable for the provision
of wireless broadband (both mobile and fixed broadband) services (WBB)
(Proposed Award) and outlined its preliminary view that the 700 Duplex, 2.1
GHz, 2.3 GHz and 2.6 GHz bands should be included.

This document sets out, firstly, ComReg’s response to that consultation, having
regard to the views received from interested parties to Document 18/60, recent
developments and other relevant material, and, secondly, a further consultation
on detailed proposals for the design of the Proposed Award.

In arriving at its proposals set out in this document, ComReg has had regard to
the statutory powers, functions, objectives and duties relevant to its
management of the radio frequency spectrum (the most relevant of which are
summarised in Annex 2). ComReg has also had regard to various European
decision documents harmonising the frequency assignments and technical
conditions for the availability and efficient use of the spectrum bands proposed
for inclusion in the award process (see Annex 4), the responses to Document
18/60, its most recent spectrum strategy statement'’ and its electronic
communications services strategy'.

In this document, ComReg considers among other issues:

¢ the key aspects of the spectrum proposed for inclusion in the Proposed
Award;

¢ the type of award mechanism that might be used;

e the proposed approach to setting fees for rights of use that would be
assigned on foot of the Proposed Award; and

e appropriate licence conditions including coverage and rollout obligations.

ComReg is publishing alongside this document:

10 Document 18/60, “Proposed Multi Band Spectrum Award — Preliminary consultation on which
spectrum bands to award”, published 29 June 2018

" Document 18/118, “Radio Spectrum Management Strategy Statement 2019 to 2021”, published
20 December 2018

2 Document 19/09, ECS Strategy 2019-2021
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Response to consultation and further consultation ComReg 19/59R

a report on the potential design of a spectrum award from its economic
and award design consultants, DotEcon, as Document 19/59a (DotEcon
Award Design Report);

a reserve price'® benchmarking and minimum prices report from DotEcon
as Document 19/59b (DotEcon Benchmarking and minimum prices
Report);

a report from its technical consultants, Plum Consulting London LLP
(Plum), regarding the potential compatibility and co-existence measures
that might be necessary to facilitate the co-existence of future WBB
networks in the 2.6 GHz band with aeronautical radars in the 2700 — 2900
MHz (the 2.7 GHz Band), as Document 19/59c (Plum 2.6 GHz Co-
existence Report);

a report from Plum analysing the potential compatibility and co-existence
measures that might be necessary to facilitate the co-existence of future
WBB networks in the 2.3 GHz with Eir's Rurtel network, and wireless local
area networks (WLANSs) in the 2.4 GHz band (i.e. Wi-Fi), as Document
19/59d (Plum 2.3 GHz Co-existence Report); and

a report from its consultants, LS Telcom Ltd (LS Telcom), examining the
various network deployment options and spectrum requirements, if any,
for any future deployment of Broadband Public Protection and Disaster
Relief (BB-PPDR), as Document 19/59e (LS Telcom BB-PPDR Report).

Structure of document

1.6

This document is structured as follows:

Chapter 2: sets out some background information relevant to this
consultation process and on the six spectrum bands which ComReg
identified in chapter 2 of Document 18/60 for further consideration (i.e. the
700 MHz, 1.4 GHz, 2.1 GHz, 2.3 GHz, 2.6 GHz and 26 GHz bands'). It

3 A reserve price is essentially a price below which spectrum will not be awarded in an auction.
4 These are defined as:

the 700 MHz Band (698 — 790 MHz), which comprises the;
o 700 MHz Duplex (703-733 MHz paired with 758-788 MHz);
o 700 MHz Duplex Gap (733-758 MHz); and
o 700 MHz Guard Bands, comprising the
= 700 MHz Lower Guard Band (694 — 703 MHz); and,
= 700 MHz Upper Guard Band (788-791 MHz));
the 1.4 GHz Band (1427 — 1517 MHz), which comprises the:
o 1.4 GHz Centre Band (1452 - 1492 MHz); and
o 1.4 GHz Extension Bands (1427-1452 MHz and 1492 — 1517 MHz)
the 2.1 GHz Band (1920-1980 MHz paired with 2110-2170 MHz), distinct from the
Unpaired 2.1 GHz Band (1900 — 1920 MHz)
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Response to consultation and further consultation ComReg 19/59R

also provides information on the spectrum options for BB-PPDR the new
European Electronic Communications Code (EECC) and Ireland’s
National Broadband Plan (NBP);

Chapter 3: considers the responses submitted to Document 18/60 on
which spectrum bands to include in the Proposed Award, with a view to
identifying bands suitable for inclusion in the draft regulatory impact
assessment (RIA) in Chapter 4. In addition, this chapter summarises the
views of respondents to Document 18/60 on other matters, noting that
ComReg’s assessment of same may be addressed elsewhere in this
document or in a separate ComReg process (e.g. ComReg’s Radio
Spectrum Management Strategy Statement 2019 to 2021);

Chapter 4: contains a draft RIA of which spectrum bands to include in the
Proposed Award, a draft RIA of the type of award process that should be
used for same, and an assessment of the preferred options against
ComReg’s statutory powers, functions, objectives and duties;

Chapter 5: discusses ComReg proposals in relation to the 2.1 GHz Band,
including considerations around the liberalisation of existing rights of use
in the band and a mechanism for addressing the different expiry dates of
existing licences;

Chapter 6: discusses the key aspects of the Proposed Award, including
the band plans and licence duration;

Chapter 7: sets out details of the Proposed Award itself, including
proposed award type, licence fees and spectrum competition caps;

Chapter 8: details further licence conditions proposed to be attached to
rights of use on foot of the Proposed Award, including coverage and
rollout, quality of service (QoS), service- and technology-neutrality, and
technical conditions related to synchronisation and coexistence;

Chapter 9: considers transition issues that may arise as a consequence
of the Proposed Award;

Chapter 10: details how to submit comments in response to this
consultation and the next steps in this process.

Annex 1: includes a glossary of terms;

the 2.3 GHz Band (2300 MHz to 2400 MHz);
the 2.6 GHz Band (2500 — 2690 MHz); and
the 26 GHz Band (24.25 — 27.5 GHz).
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e Annex 2: summarises ComReg’s statutory functions, objectives and
duties relevant to the management of Ireland’s radio frequency spectrum;

e Annex 3: sets out ComReg’s assessment of the spectrum options for BB-
PPDR in the context of the 700 MHz Band;

¢ Annex 4: provides Information on equipment availability, award status in
Europe, harmonisation decisions and spectrum availability for the bands
considered in Chapter 3 of Document 18/60 for potential inclusion in the
Proposed Award;

¢ Annex 5: sets out ComReg’s proposals to align the different expiry dates
of existing licences in the 2.1 GHz Band in 2022;

e Annex 6: sets out a draft RIA informing ComReg'’s proposal to liberalise
existing rights of use in the 2.1 GHz Band and to timing considerations of
same.

e Annex 7: sets out a draft RIA informing ComReg’s proposed coverage
obligations for rights of use in the 700 MHz Duplex Band;

¢ Annex 8: details the names and locations of the specific locations which
would be included as part of ComReg’s proposed coverage obligations for
rights of use in the 700 MHz Duplex Band;

e Annex 9: sets out a draft RIA informing ComReg’'s proposed rollout
obligations for rights of use in the 2.1 GHz, 2.3 GHz and 2.6 GHz Bands;

e Annex 10: sets out a draft RIA informing ComReg’s proposed QoS and
network availability obligations;

¢ Annex 11: provides a summary of the approach taken to considering the
need for a transition mechanism in the 2012 MBSA; and,

e Annex 12: sets out the technical licence conditions applicable to the
Proposed Bands.
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Chapter 2

2 Background Information

2.1 Inthis Chapter, ComReg sets out some background information relevant to the
spectrum bands under consideration in this document, including:

e recent spectrum band developments;
¢ the connectivity studies published by ComReg in November 2018;

¢ the broadband public protection and disaster relief (BB-PPDR) spectrum
management consideration;

o the adoption of Directive (EU) 2018/172 establishing the European
Electronic Communications Code (EECC) in December 2018;'°

e cybersecurity of 5G networks; and

e |reland’s National Broadband Plan.

2.1 Recent spectrum band information

2.2  In order to reflect developments in the intervening period since June 2018, this
section updates’® the information provided in Chapter 3 of Document 18/60 on
each of the spectrum bands under consideration in this document in the context
of:

i. the degree of harmonisation;
ii. the availability of spectrum;
ii. equipment availability’’; and

iv. awards completed in other Member States.

15 Directive (EU) 2018/1972 of the European Parliament and of the Council of 11 December 2018
establishing the European Electronic Communications Code.

6 More information relevant to the spectrum bands is set out in Chapter 3 and Annex 4 to this
document.

7 Points (i) to (iii) (degree of harmonisation, the availability of spectrum and equipment availability)
are three of the four criteria used in Document 14/101 to identify bands suitable for inclusion in the
Proposed Award considered in that document.
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2.1.1 Degree of harmonisation

2.3 In the intervening period, the European Conference of Postal and
Telecommunications Administrations (CEPT) and the European Commission
(EC) have continued work to define and update the various technical
harmonisation decisions and reports which facilitate the use of spectrum bands
for WBB including 5G.'® In relation to the spectrum bands that were considered
in Document 18/60, ComReg notes that for:

e the 2.1 GHz Band, CEPT updated ECC Decision (06)01'° to enable the
use of 5G and Active Antenna Systems (AAS) in this band, and issued
Draft Report 72?°, which provides information to the EC to consider in
reviewing and updating the existing EC Decision for the 2.1 GHz Band (the
2.1 GHz EC Decision)?’;

e the 2.6 GHz Band, CEPT issued a public consultation on its updates to
ECC Decision (05)05%* to enable the use of 5G and AAS in this band. In
addition, Draft Report 722° provides information to the EC to consider in
reviewing and updating the existing EC Decision for the 2.6 GHz band (the
2.6 GHz EC Decision)?*; and

e the 26 GHz Band, in July 2018, CEPT adopted ECC Decision (18)067°
setting harmonised conditions for the introduction of 5G in the 26 GHz
Band. In May 2019, EC Implementing Decision (EU) 2019/784 was

8 CEPT’s webpage “Spectrum for wireless broadband — 5G” provides an overview of its activities.
9 ECC/DEC/(06)01 ECC Decision of 24 March 2006 on the harmonised utilisation of the
bands1920-1980 MHz and 2110-2170 MHz for mobile/fixed communications networks (MFCN)
including terrestrial IMT, amended on 2 November 2012 and amended on 8 March 2019.

20 Draft CEPT Report 72, Report from CEPT to the European Commission in response to the
Mandate, “fo review the harmonised technical conditions for certain EU-harmonised frequency
bands and to develop least restrictive harmonised technical conditions suitable for next-generation
(5G) terrestrial wireless systems” Report A: Review of technical conditions in the paired terrestrial 2
GHz and the 2.6 GHz frequency bands, and the usage feasibility of the 900 MHz and 1800 MHz
frequency bands.

212012/688/EU Commission Implementing Decision of 5 November 2012 on the harmonisation of
the frequency bands 1920 - 1980 MHz and 2110 - 2170 MHz for terrestrial systems capable of
providing electronic communications services in the Union.

22 Draft revision of ECC Decision (05)05 Harmonised utilization of spectrum for Mobile/Fixed
Communications Networks (MFCN) operating within the band 2500-2690 MHz.

2% Draft CEPT Report 72, Report from CEPT to the European Commission in response to the
Mandate, “fo review the harmonised technical conditions for certain EU-harmonised frequency
bands and to develop least restrictive harmonised technical conditions suitable for next-generation
(5G) terrestrial wireless systems” Report A: Review of technical conditions in the paired terrestrial 2
GHz and the 2.6 GHz frequency bands, and the usage feasibility of the 900 MHz and 1800 MHz
frequency bands.

24 Commission Decision 2008/477/EC of 13 June 2008 on the on the harmonisation of the 2 500-2
690 MHz frequency band for terrestrial systems capable of providing electronic communications
services in the Community.

25 ECC Decision (18)06 of 6 July 2018, corrected 26 October 2018.
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adopted on the harmonisation of the 24.25-27.5 GHz frequency band for
terrestrial systems capable of providing WBB ECS in the Union.

2.4 In addition, and as discussed further below, the EECC has now been adopted.
It contains a specific obligation in relation to the 26 GHz Band as set out below:

Article 54: Coordinated timing of assignments for specific 5G bands

1. By 31 December 2020, for terrestrial systems capable of providing
wireless broadband services, Member States shall, where necessary in
order to facilitate the roll-out of 5G, take all appropriate measures to:

(b) allow the use of at least 1 GHz of the 24,25-27,5 GHz band, provided
that there is clear evidence of market demand and of the absence of
significant constraints for migration of existing users or band clearance.

2.1.2 Equipment availability

2.5 Since the publication of Document 18/60 in June 2018, the availability of LTE
and 5G capable devices, as reported by the Global mobile Suppliers
Association (GSA)?’, has increased in the 700 Duplex, 1.4 GHz Centre Band,
2.1 GHz Band, 2.3 GHz Band, 2.6 GHz Band and the 26 GHz Band. See
Chapter 3 and Annex 4 for further details.

2.6 The GSA indicates that there is no equipment available for the 700 MHz Duplex
Gap and 700 MHz Guard Bands, or for the 1.4 GHz Extension Bands.

2.1.3 Availability of spectrum

2.7  The availability of spectrum in each of the spectrum bands remains substantially
the same as that presented in Document 18/60, noting that:

e as of May 2018, there are 104 point-to-point licences occupying spectrum
in the 1.4 GHz Extension Bands (an increase of 1 licence since the
publication of Document 18/60); and

e as of May 2019, Eir holds 34 licences (compared with 45 at the time of
publication of Document 18/60) in the 2.3 GHz Band (in the range 2307-
2327 MHz) for its Rurtel network which, as at December 2018, supports
telephony services for 87 customers.

26 Decision (EU) 2019/784 of 14 May 2019.
27 www.gsacom.com
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2.8 Information on the potential compatibility and co-existence measures that might
be necessary to facilitate the co-existence of future WBB networks in the 2.3
GHz Band and 2.6 GHz Band with existing services (Eir's Rurtel network in the
2.3 GHz Band and WLANSs in the 2.4 GHz band, and aeronautical radars in the
2.7 GHz band) has been published alongside this consultation in the form of
Plum’s 2.3 GHz Sharing Analysis report and its Compatibility Study in
Preparation for the Award of the 2.6 GHz Band.

2.1.4 Completed spectrum awards in Europe

2.9 Since Document 18/60 was published, a number of relevant spectrum awards
have been completed in Europe??, including:

On 2 October 2018, in Italy, the Ministry of Economic Development (MISE)
announced the results of its multi-band award where a total of 1,275 MHz
was made available across frequencies in the 700 MHz (2x30 MHz Duplex
and 15 MHz SDL?°), 3.7 GHz (200 MHz) and 26 GHz (1000 MHz) bands.
All but 15 MHz (700 MHz SDL) was assigned;

In November 2018, France concluded a beauty contest for the award of
spectrum in the 900 MHz, 1800 MHz and 2.1 GHz Bands;

In December 2018, in Sweden, an award for the 700 MHz band was
completed. In total, 40 MHz (2x20 MHz) was assigned in the 700 MHz
Duplex band, while 20 MHz of 700 MHz SDL was unassigned;

In December 2018, Finland concluded a beauty contest for the award of
spectrum in the 900 MHz, 1800 MHz and 2.1 GHz Bands:

In February 2019, in Switzerland, ComCom announced the results of its
multi-band award where a total of 475 MHz was made available across
frequencies in the 700 MHz (2x30 MHz Duplex and 15 MHz SDL), 1.4
GHz (90 MHz SDL), 2.6 GHz (2x5 MHz) and the 3.6 GHz (300 MHz)
bands. All but 30 MHz (5 MHz of 700 MHz SDL, 15 MHz of 1.4 GHz SDL
and 2x5 MHz in the 2.6 GHz Band) was assigned;

In March 2019, in Denmark, the Danish Energy Agency (ENS) completed
its multi-band award for spectrum rights in the 700 MHz (2x30 MHz Duplex
plus 20 MHz SDL), 900 MHz (2x30 MHz) and 2.3 GHz (100 MHz TDD)

28 All information in this section is sourced from Cullen International (www.cullen-international.com)
(a pay subscription website) unless otherwise stated.
29 Supplementary downlink (SDL).
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2.2

2.10

2.1

212

bands.?® All spectrum was assigned except for 40 MHz in the 2.3 GHz
Band;

e On 5 June 2019%", in Norway NKOM completed its award of 2x30 MHz in
the 700 MHz and 2x15 MHz in the 2.1 GHz Band where all spectrum was
assigned, and;

e On 12 June 2019, in Germany, BNETZA completed®” its multi-band award
for spectrum rights in the 2.1 GHz Band (2x60 MHz) and the 3.4-3.7 GHz
band (300 MHz).

The Connectivity Studies

To assist in the development of proposals for its forthcoming spectrum awards,
and in particular its consideration of appropriate coverage obligations, ComReg
commissioned three studies on different aspects of providing connectivity in
Ireland, including estimated costings to extend mobile coverage to high levels.

In this context, “connectivity” is the ability of users and their devices to connect
and communicate with each other and their networks. This can take different
forms, with many different networks and devices being used, increasingly
seamlessly, to communicate and consume content and applications.

In November 2018, ComReg published the results of these studies in the form
of the following three reports:

e “Meeting Consumers’ Connectivity Needs”— a report (Document 18/103b)
and accompanying infographic (Document 18/103a) from Frontier
Economics Ltd (Frontier) - which provides an overview of the challenges
in providing connectivity for consumers in Ireland and outlines actions that
can be taken by all stakeholders, including consumers, industry,
government and ComReg, to optimise the levels of connectivity given
these challenges (Frontier Connectivity Report);

e “Future Mobile Connectivity in Ireland” - a report (Document 18/103c) from
Oxera Consulting LLP (Oxera), with Real Wireless Ltd - which considers
the future mobile connectivity services likely to emerge in Ireland and the
estimated costs of providing connectivity to such services at high coverage
levels in Ireland (Oxera Connectivity Report);

30 https://presse.ens.dk/pressreleases/flere-steder-i-landet-kan-se-frem-til-bedre-mobildaekning-

2853575

31 https://eng.nkom.no/topical-issues/news/the-first-5g-auction-in-norway-has-ended

32https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2019/20190612 Frequenz

auktion.htmI?nn=265778
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e “Coverage obligations and spectrum awards” — a report (Document
18/103d) from DotEcon - which considers options as to how appropriate
coverage and rollout obligations could be included in future spectrum
awards (DotEcon Connectivity Report),

(together the Connectivity Studies).

2.13 In addition, ComReg published an information notice®* summarising the key
messages and recommendations in these studies, noting that:

e good solutions for indoor connectivity include the use of Wi-Fi and native
Wi-Fi calling®** on a fixed broadband connection, and the use of licence-
exempt mobile phone repeaters. By ensuring widespread access to high-
speed fixed broadband connectivity, the National Broadband Plan (NBP)
is clearly critical to the penetration and uptake of Wi-Fi and Native Wi-Fi
calling services;

¢ it seems feasible for the market by itself to increase the availability of 30
Mbit/s mobile broadband (MBB) from current coverage levels to at least
90% of the population (where people live) in the period up to 2025.
Achieving this coverage level would also provide significant incidental
coverage improvements for other coverage dimensions (geographic,
motorway, primary roads), and for the 3 Mbit/s MBB and voice service,
increasing this service to above 99% population and above 90%
geographic coverage;

¢ very high levels of 30 Mbit/s MBB coverage on a geographic basis would
not be achieved by the market itself as this would require networks to have
two to four times as many cell sites as exist today. Reflecting the rural
nature of Ireland, this could take many years to achieve if mandated and
the overall cost to stakeholders would likely be substantial; and

e policy or regulatory interventions could be used to secure more extensive
coverage outcomes that would result from marketplace competition alone.
These would need to be carefully designed, and based on an assessment
of the costs and benefits to society of the additional coverage sought.

2.14 The matters set out in this consultation document have been informed by the
Connectivity Studies and interested parties are encouraged to consider this
material.

3 Document 18/103 - “Improving connectivity in Ireland — Challenges, solutions and actions.”
34 Eir and Vodafone have launched native Wi-Fi calling on their networks while Three is the only
MNO yet to do so.
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2.3

BB-PPDR spectrum management considerations

2.3.1 Background

215

2.16

217

As discussed in Document 18/60 and ComReg’s Radio Spectrum Management
Strategy (Document 18/118)°°, the EC 700 MHz Decision*® provides flexibility
to Member States on the potential uses for the 700 MHz Duplex, the 700 MHz
Guard Bands and the 700 MHz Duplex Gap. These potential uses (which are
not mutually exclusive) are:

e WBB and BB-PPDR services in the 700 MHz Duplex; and

e BB-PPDR, SDL, Machine to Machine (M2M), and wireless audio
programme making and special events (PMSE) services in the 700 MHz
Guard Bands and the 700 MHz Duplex Gap.

In light of this national flexibility, and conscious that there is no national policy
decision of the spectrum requirements for BB-PPDR in Ireland, ComReg
indicated in Documents 18/60 and 18/118 that it would be engaging with
stakeholders to develop clarity on same.

Since then, ComReg has:

e proposed to set aside 2 x 3 MHz of the 400 MHz band for the provision of
future BB-PPDR, specifically in the range 414 — 417 MHz |/ 424 — 427
MHZz®7;

e commissioned LS Telcom to carry out a study on the various network
deployment options and spectrum requirements for any future deployment
of BB-PPDR in Ireland. The findings of this study are set out in the LS
Telcom BB-PPDR Study (ComReg Document 19/59e) and are
summarised below; and

e set out its draft spectrum management assessment on the amount of
spectrum in the 700 MHz Duplex that should be included in the Proposed
Award. This is set out in Annex 3 and is summarised below.

35 See paragraphs 4.15 to 4.25 of ComReg Document 18/118.

3 Commission Implementing Decision (EU) 2016/687 of 28 April 2016 on the harmonisation of the
694-790 MHz frequency band for terrestrial systems capable of providing wireless broadband
electronic communications services and for flexible national use in the EU.

57 ComReg Document 19/23, “Response to Consultation and Draft Decision on the Release of the
400 MHz Sub-band”, published 15 March 2019
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2.3.2 Summary findings of the LS Telcom BB-PPDR study

2.18 The LS Telcom Study had three main tasks:

e Task 1: Drawing on relevant material from the RSPG, ECC, EU and other

relevant information, provide a summary of the key points relevant to BB-
PPDR network “deployment options™?® “spectrum options™® and the
amount of spectrum likely to be required to operate a BB-PPDR network?’;

Task 2: Having reviewed, considered and summarised the work being
carried out in other relevant countries*’- provide key observations and
conclusions on the feasibility of different BB-PPDR network deployment
options, with a particular focus on approaches in the 700 MHz Band; and

Task 3: In light of the findings from Tasks 1 and 2, consider and provide
analysis and observations on the likely spectrum requirements for the
provision of BB-PPDR in Ireland, and assess from a spectrum
management perspective the relative merits of the various spectrum
options available to meet said likely spectrum requirements.

Key Findings of Task 1

2.19 Task 1 of the LS Telcom Study had particular regard to relevant material from
CEPT / ECC reports and other technical reports from the TETRA and Critical
Communications Association (TCCA).

2.20 Key findings from Task 1 include that:

¢ there are 3 network deployment options (i.e. Dedicated, Commercial and

Hybrid) for consideration in the context of BB-PPDR implementation. Both
the Dedicated and Hybrid options require access to dedicated spectrum,
whereas the Commercial option relies on access to mobile operators’
existing (or future) spectrum holdings. Each of the three deployment
options has advantages and disadvantages for each country to consider
when assessing its particular requirements;

38 The three generic deployment options to study were: (i) Commercial, (i) Hybrid and (iii) Dedicated

networks.

39 |In particular this is to consider the harmonised spectrum options set out in the EC 700 MHz
Decision and ECC Decision (16)02 as amended.

40 In particular, this is to draw upon the work done within the ECC/CEPT to reach conclusions and
recommendations, noting in particular the rationale and findings of ECC Report 199.

41 Countries considered include: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland,
France, Germany, Hungary, Netherlands, Norway, Slovenia, Sweden, Switzerland and the United

Kingdom.
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e for many years now, CEPT, the International Telecommunications Union

(ITU)*?, the EC and European national regulators have been working
together to establish harmonised frequency bands for BB-PPDR. Within
the concept of “flexible harmonisation” to enable national flexibility to
decide how much spectrum and which specific frequency ranges should
be designated for BB-PPDR, ECC Decision (16)02*° (amended on 8
March 2019) sets out harmonised technical conditions for BB-PPDR in
three spectrum bands: (i) the 410-430 MHz band, (ii) the 450-470 MHz
band and (iii) the 700 MHz Band; and

from its review of the spectrum requirements for BB-PPDR, according to
the work and studies within CEPT (particularly ECC Report 199) and other
organisations such as TCCA, LS Telcom observe that 2x10 MHz has been
identified as a sufficient amount of spectrum to support BB-PPDR end-
user applications with certain usage scenarios and expected type of
deployments. The Law Enforcement Working Party (LEWP) model (as
used in ECC Report 199) is used again later in Task 3 to consider BB-
PPDR spectrum requirements in the Irish context.

Key Findings of Task 2

2.21

Task 2 of the LS Telcom study is based on a study of 15 European countries.**

2.22 From this study, LS Telcom firstly note that, across Europe, most Governments

2.23

are now deciding — or at least studying in earnest - how to move from existing
narrowband (mainly Terrestrial Trunked Radio (TETRA)) networks to next-
generation public safety/BB-PPDR systems. The particular deployment and
spectrum models for these countries — including Ireland - will be determined by
a number of factors including, in particular: specific national circumstances,
equipment availability, and the wider European context.

Noting this context, and the findings of the European countries studied, LS
Telcom observe that:

e most European Governments have made significant investments in their

existing narrowband networks, so it is natural for current BB-PPDR plans
to be based on the continued use of these systems until existing network

42 One notable recommendation of the ITU is ITU-R Report M.2009 which is the broadband radio
interface standard for use by public protection and disaster relief operations in some parts of the
Ultra High Frequency (UHF) band in accordance with Resolution 646 (Rev WRC-15). This
Resolution recognises the use of spectrum in the range 380 — 470 MHz for BB-PPDR as a core
harmonised band.

43 http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCDEC1602.PDF

44 Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Hungary, The
Netherlands, Norway, Slovenia, Sweden, Switzerland and the United Kingdom.
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support contracts come to an end or until a fully functioning broadband
alternative is in place and approved by the relevant authorities;

e the majority of European countries studied are now considering how
commercial networks can form part of the solution for providing next-
generation public safety/PPDR services, either on a hybrid or a standalone
deployment basis. The main factors that are influencing such views
include the increased technical capabilities of commercial networks to
provide BB-PPDR services (e.g. with the move to LTE) and cost
considerations (i.e. reduced capital and operational costs which otherwise
are likely to be substantial);

¢ the economic costs of deploying PPDR services on a commercial network
are significantly lower than the costs of building a dedicated network,
noting that there are other non-monetary considerations to also be
considered;

e at least 4 European countries — Belgium, Czech Republic, Norway and
Slovenia — have already acted to provide core PPDR services over
commercial networks in the main 700 MHz band (Band 28), with many
more seriously considering this approach. The UK has also decided to
provide public safety services over commercial networks without providing
additional spectrum, but with investment from Government for additional
sites;

e many European countries are still considering, or have not ruled out, a
hybrid model — at least in the medium-term — for PPDR service provision;

¢ focusing on the main 700 MHz Duplex, only Sweden now appears to be
considering a possible future assignment of dedicated spectrum for
PPDR, with 2x10 MHz yet to be assigned; and

e besides the 700 MHz Duplex, other sub-1 GHz bands (Band 28B (2x3
MHz), Band 68 (2x5 MHz), 410 — 430 MHz and 450-470 MHz) may also
be available shortly and are thus being seriously considered for PPDR
use.

Key Findings of Task 3

2.24 Task 3 of the LS Telcom Study entailed an assessment of the likely spectrum
requirements for BB-PPDR in Ireland, and consideration of the different
spectrum options to meet said requirement, including consideration of the
alternative uses/opportunity costs of using these spectrum options (including in
the 700 MHz Duplex) for PPDR.

2.25 Key findings from Task 3 include that:
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e based on a re-running of the LEWP-ETSI Matrix model (as used by CEPT
in its studies) suitably adapted for specific circumstances in Ireland, that
“2x6 MHz would be sufficient to support PPDR usage in Ireland, both in
Dublin City and County and the rest of Ireland.” ; and

e the 410 — 430 MHz and the 700 MHz option 24° (and to some extent 700
MHz option 14) have the most potential in terms of spectrum options for
BB-PPDR (see Table 1 below);

Table 1: Summary of LS Telecom’s spectrum option assessment

Frequency Band Equipment availability Spectrum Alternative uses
availability

410 - 430 MHz Soon to be a recognised 3GPP | 2x3 MHz for PPDR | 2x3 MHz for Smart Grid
(2x3 MHz) band — work item in progress proposed proposed

Little equipment ecosystem ComReg proposes to
migrate existing trunked
radio licensees to
facilitate the allocation of
spectrum for BB-PPDR*’

450 - 470 MHz A recognised 3GPP band Not assessed as
Some equipment available spectrum band is

unavailable in Ireland

700 MHz Option 1 | A recognised 3GPP band Band potentially | Alternative users (SDL,

(2x5 MHz, Band | No equipment ecosystem yet available for PPDR | PMSE) unlikely to be

68) after March 2020 adversely impacted

700 MHz Option 2 | A recognised 3GPP band Band potentially | Alternative users

(2x3 MHz, Band | Equipment available off-the- | available for PPDR | (M2M/IOT, PMSE)

28b) shelf after March 2020 unlikely to be adversely
impacted

700 MHz Option 3 | A recognised 3GPP band Band potentially

(2x5 or 2x10 MHz, | Equipment available off-the- | available for PPDR

Band 28) shelf after March 2020

(green = no significant impediments, yellow = some impediments may exist, red = significant impediments)

e there are a variety of technically viable*® options available (see Table 2
below) to support the identified requirement of 2x6 MHz of spectrum for
PPDR in lIreland, noting that Options D, E and F have significant
alternative use impediments:

45 733-736 MHz (uplink) / 788-791 MHz (downlink) - 2x3 MHz of spectrum in the 700 MHz Duplex
Gap and the 700 MHz Upper Guard Band (3GPP Band 28B)

46 698-703 MHz (uplink) / 753-758 MHz (downlink) - 2x5 MHz of spectrum in the 700 MHz Lower
Guard Band and the 700 MHz Duplex Gap (3GPP Band 68);

47 See ComReg Document 19/23

48 Technically viable options are based on an assessment of equipment and spectrum availability but
not considering alternative uses.
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o Options A, B, and C, in the case of a Dedicated network, appear
to be those which are being most closely considered by those
countries examined in Task 2;

o Options D, E and F have significant alternative use impediments,
given the importance of the 700 MHz Duplex band for future WBB
services and, in particular, for delivering 5G and other services to
Ireland’s rural communities.

Table 2: LS Telcom’s technically viable spectrum options for BB-PPDR in

Ireland
Option | Amount 410 — 430 700 MHz 700 MHz 700 MHz
Spectrum MHz Option 1 Option 2 Option 3
A 2x6 MHz 2x3 MHz 2x3 MHz
B 2x8 MHz 2x3 MHz 2x5 MHz
C 2x8 MHz 2x5 MHz 2x3 MHz
D 2x8 MHz 2x3 MHz
E 2x8 MHz 2x3 MHz
F 2x10 MHz

2.26 In relation to whether or not some spectrum in the 700 MHz Duplex should be
dedicated for PPDR use in Ireland, LS Telcom consider that making available
2x30 MHz for WBB in the Proposed Award would appear to be the best use of
the 700 MHz Duplex given the availability of alternative spectrum options for
PPDR. Reasons informing this view include that:

o the availability of other viable spectrum options for BB-PPDR in Ireland -
namely the 410 - 430 MHz band, and 3GGP Band 28B (2x3 MHz) and 3GPP
Band 68 (2x5 MHz) in the 700 MHz Duplex Gap and 700 MHz Guard Bands;

e the importance of the 700 MHz Duplex for 5G rollout;

¢ the importance of 700 MHz Duplex for rural connectivity across Ireland given
its challenging demographics; and

e not making the full 700 MHz Duplex available for award would reduce the
spectrum options available for all service providers (e.g. mobile, fixed
wireless, etc.) also impairing the potential for new entry.
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2.3.3 Summary of ComReg’s draft spectrum management
assessment

2.27 ComReg has carefully considered the LS Telcom BB-PPDR Study, and other
relevant material, in the context of its spectrum management function and the
summary findings of this draft assessment are outlined below.

Deployment and spectrum options for BB-PPDR

2.28 Having considered the information in the LS Telcom BB-PPDR report, ComReg
firstly observes that there are a wide choice of deployment and spectrum
options for BB-PPDR, including the use of commercial networks, the building of
a dedicated network, or the use of a hybrid solution.

2.29 From the European countries studied, ComReg observes that:

¢ the maijority of countries are considering how commercial networks can
form part of the BB-PPDR solution*?; and

¢ while most countries are considering dedicating some spectrum to BB-
PPDR, only one country, Sweden, is considering dedicating spectrum in
the 700 MHz Duplex for such purposes. Elsewhere, harmonised spectrum
in other bands, i.e. 410 - 430 MHz, 450 - 470 MHz and spectrum in 700
MHz Duplex Gap and 700 MHz Guard Bands, are being considered by
European countries.

2.30 Cognisant that Ireland has yet to make decisions on its BB-PPDR deployment
model, should the Government decide that spectrum is required for BB-PPDR,
then ComReg observes that:

e the proposal to make available 2x3 MHz of spectrum in the 410-430 MHz
band for BB-PPDR (see ComReg’'s recent consultation on the 400 MHz
band) is a significant step towards meetings Ireland’s BB-PPDR spectrum
requirements estimate of 2x6 MHz;

o the propagation characteristics of which are very comparable to
that used by the existing TETRA network and as such is suitable
for the effective deployment of wide area coverage which could
be achieved using existing sites; and

49 The increased technical capabilities of commercial networks to provide BB-PPDR services (e.qg.
with the move to LTE) and a consideration of costs, (i.e. reduced capital and operational costs which
otherwise are likely to be substantial) are factors influencing such views.
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o Nordic Telecom, along with Nokia®, is developing a LTE network
for critical communications in the Czech Republic using spectrum
rights in this band; and

e there are technically viable spectrum options for BB-PPDR in the 700 MHz
Duplex (Band 28), the 700 MHz Duplex Gap and 700 MHz Guard Bands
(Band 68(2x5 MHz) and Band 28B (2x3 MHz)).

o The impact on alternative uses for some of the above spectrum
options appears limited (e.g. limited uptake of the 700 MHz
Duplex Gap and 700 MHz Guard Bands for WBB). As outlined in
Chapter 3, ComReg does not proposes to include the 700 MHz
Duplex Gap or 700 MHz Guard Bands in the Proposed Award,
and this spectrum could therefore be potentially available for BB-
PPDR uses in the future.

o However, the negative impacts of reduced availability of spectrum
in the 700 MHz Duplex (Band 28) for WBB (i.e. if 2x5 or 2x10
MHz were allocated to BB-PPDR) would be substantial, as
outlined below.

The 700 MHz band is an important band for 5G services

2.31 The 700 MHz band is an important band for the widespread provision of 5G
services. It is a pioneer band for 5G services in Europe, and its greenfield
availability (following the migration of DTT) facilitates the early deployment of
5G services in this band. Other existing spectrum bands have legacy users and
operators would need time to transition these bands in order to use such bands
for 5G;

The 700 MHz band is particularly important for rural connectivity in
Ireland

2.32 The 700 MHz band is an important band for rural connectivity. Given Ireland’s
challenging demographic characteristics® the availability of sub-1GHz
spectrum bands, including the 700 MHz band, is particularly important to
providing rural connectivity.

50 https://www.nokia.com/about-us/news/releases/2019/04/17/nokia-and-nordic-telecom-launch-the-
worlds-first-mission-critical-communication-ready-Ite-network-in-the-410-430-mhz-band/
5T For example:
o 37% of the population is spread across 95% of the land area;
o of EU member states, Ireland has the highest proportion of population that live in NUTS 3
areas classified as rural at 72%, compared to the EU average of 22%;
e Ireland has an extensive road network (5,306 km of primary and secondary roads and a
further 91,000 km of regional and local roads). The road density in Ireland (21 km per 1000
inhabitants) is twice the EU average.
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2.33 This importance has been recognised by the European Commission and the
Irish Government.

e EU Decision 2017/899 notes that:

“Spectrum in the 700 MHz frequency band provides both additional capacity
and universal coverage, in particular for the economically challenging rural,
mountainous and insular areas as well as other remote areas, predetermined
in accordance with areas that are a national priority, including along major
terrestrial transport paths, and for indoor use and for wide machine-type
communications.”

e The importance of the 700 MHz band in providing broadband services to rural
Ireland has also been noted by the Irish Government:

“The timely release of this spectrum is a matter of national importance to
Ireland as its subsequent use for mobile broadband services will assist in
delivering improved network coverage and speed particularly in rural
areas.”™’

2.34 Any reduction in the amount of 700 MHz spectrum available for wireless
broadband would affect mobile operators’ ability to deliver widespread
connectivity, noting that:

e Coverage: when used in conjunction with the existing sub-1 GHz bands®?,
2x10 MHz of 700 MHz Duplex would provide a 65% coverage area gain
for speeds of 30 Mbit/s;

e Speed: additional sub-1 GHz spectrum (e.g. 2x30 MHz in the 700 MHz
Duplex) makes it possible for operators to deploy extra carriers and deliver
higher speeds across a wide area; and

¢ Network costs: While an existing operator without any 700 MHz Duplex
spectrum could seek to add capacity in rural areas by deploying additional
base stations to its network, the construction of such base stations (as well
as extending backhaul links to such sites) is expensive and often costs
many multiples of the cost of adding additional spectrum to existing base
stations;

52 Migration of Broadcasting Services for 700 MHz Spectrum Band - Letter of entrustment to RTE.
https://www.dccae.gov.ie/enie/communications/publications/Documents/68/Minister's %20L etter%20t
0%20RT%C3%89%20Chair%20setting%200ut%20Act%200f%20Entrustment Redacted.pdf

%3 See ComReg 18/103c
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Reduced spectrum outcomes

2.35 A reduction in the amount of 700 MHz Duplex available for wireless broadband

would result in reduced spectrum outcomes for services providers.

e Existing mobile operators: Mobile operators would likely have a preference

for 2x10 MHz of spectrum in the 700 MHz band. Therefore, reducing the
quantity of 700 MHz spectrum available is likely to have the undesirable
effect of constraining supply, particularly given that there is likely to be
excess demand for rights of use in the band as observed in awards in
other countries. It is also possible that an operator could end up with no
700 MHz spectrum despite participating in the award, as was the case with
Hi3G in the recent Swedish award”*.

Potential new entrants and fixed wireless service providers: These service
providers would likely prefer the option that does not further impact their
ability to acquire rights of use in the award. Available sub 1- GHz spectrum
for the provision of wireless broadband services is already a scarce
resource. Further reducing the supply limits ComReg’s ability to design an
award which facilitates new entry.

Summary view

2.36

2.37

2.38

In light of the draft spectrum management assessment as set out in Annex 3,
ComReg is of the preliminary view that progressing the Proposed Award on the
basis of including the full 2x30 MHz of the 700 MHz Duplex would be the most
appropriate option in terms of ComReg’s spectrum management function and
objectives.

In relation to the other technically-viable deployment and spectrum options
available for BB-PPDR, and as noted in ComReg's Radio Spectrum
Management Strategy Statement for 2019-2021, ComReg will continue to
monitor, investigate and contribute to the spectrum management considerations
in respect of spectrum for BB-PPDR.

In this regard, ComReg notes that:

e it has proposed to make available 2x3 MHz of spectrum in the 410 - 430

MHz band for BB-PPDR and that this represents a significant step towards
meetings Ireland’s likely BB-PPDR spectrum requirement of 2x6 MHz; and

54 As outlined in section 4.4.4 of the LS Telcom BB-PPDR Report, in the Swedish 700 MHz award,
2x20 MHz was made available instead of the full 2x30 MHz. As a result, the fourth mobile operator
H3G (Three) did not win any 700 MHz spectrum and stated that it would appeal the 700 MHz auction
results in the court, accusing PTS of poor regard for competition.
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2.39

2.4

2.40

2.41

242

2.43

2.5

2.44

2.45

e spectrum in the 700 MHz Duplex Gap and 700 MHz Guard Bands (i.e.
Band 68 (2x5 MHz) and Band 28B (2x3 MHz)) could also be made
available for BB-PPDR use if required, in line with the flexibility afforded
the State in respect of same under the EC 700 MHz Decision.

ComReg’s preliminary view is, however, without prejudice to any future
decisions which the State may take in relation to the use of the 700 MHz Band
under the EC 700 MHz Decision.

European Electronic Communications Code

On 20 December 2018, Directive (EU) 2018/1972 of the European Parliament
and of the Council of 11 December 2018 establishing the European Electronic
Communications Code (“EECC”) entered into force.

The EECC replaces the EU Common Regulatory Framework adopted in 2002
(and amended in 2009) under which ComReg has regulated electronic
communications since 2003.

With some limited exceptions (see Article 124 of the EECC), Member States
have until 21 December 2020 to transpose the EECC into national law.>> Until
then, the existing EU Common Regulatory Framework will continue to apply.
However, in developing its proposals for the Proposed Award, ComReg is
mindful of the EECC.

ComReg understands that the DCCAE will be responsible for transposition of
the EECC and will provide any assistance.

Cybersecurity of 5G networks

Undertakings or spectrum rights of use holders are obliged under Regulation 23
of the Framework Regulations to take appropriate technical and organisational
measures to manage risks posed to the security of their networks / services and
to prevent and minimise the impact of security incidents on users and
interconnected networks. Similar obligations are contained in the EECC®®.

These security obligations continue to apply to operators that win spectrum in
the Proposed Award. As networks are rolled out by these operators, a wide
range of services could become dependent on 5G networks. This could include
energy, transport, banking, health, as well as industrial control systems.

55 With the exception of Articles 53(2), (3) and (4), and Article 54 (see Article 124).
56 See Article 40 — Security of networks and services, of the EECC.
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2.46

2.47

2.48

2.49

2.50

The potential for such services to be dependent on these networks would mean
that any systemic and widespread disruption would be particularly serious. With
this in mind, the European Commission has initiated a measure to ensure the
security of 5G networks across the European Union.

On 26 March 2019, the European Commission adopted Recommendation 2335
on Cybersecurity of 5G networks (Recommendation 2335) °’ which
recommends a common EU approach to the security of 5G networks.

Recommendation 2335 sets out a number of recommendations for EU Member
States including three specific actions plus deadlines for their completion:

e Action 1: Member States, by 30 June 2019, are to assess the
cybersecurity risks affecting 5G networks at national level and take
necessary security measures.

¢ Action 2: Member States and relevant Union bodies, by 1 October 2019,
are to develop a coordinated Union risk assessment that builds on the
national risk assessments.

e Action 3: The “Cooperation Group”?, by 31 December 2019, is to identify
a possible common “Union toolbox”, or set of measures to mitigate
cybersecurity risks, in particular for 5G networks.

ComReg is working with and assisting the National Cyber Security Centre
(NCSC)>® which will perform the above three actions on Ireland’s behalf.

In addition, point 4(c) of Recommendation 2335 also provides that:

“On the basis of the national risk assessment and review and taking into
account ongoing coordinated action at Union level, Member States should:

(c) attach conditions to the general authorisation concerning the security
of public networks against unauthorised access and ask for commitments
from the undertakings participating in any upcoming procedures for
granting rights of use for radio frequencies in 5G bands as regards
compliance with security requirements for networks pursuant to Directive
2002/20/EC;

57 Recommendation C(2019) 2335 - Cybersecurity of 5G networks (Rec. 2335)

58 The Cooperation Group was established under Directive (EU) 2016/1148 (the Network and
Information Systems Directive) to ensure strategic cooperation and the exchange of information
among Member States in cybersecurity. It is composed of representative of Member States, the
European Commission and the EU Agency for Network and Information Security.

%9 The NCSC is the government computer security organisation in Ireland, an operational arm of the
Department of Communications, Climate Action and the Environment.
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2.51

2.52

2.6

2.53

2.54

2.55

Condition 19 of the General Authorisation (03/81R6°°) and S.I. No. 336/2011°"
already include measures, in respect of ensuring the security of public electronic
communications networks against unauthorised access.

Regarding the common set of measures to mitigate against cybersecurity risks,
or the “Union toolbox”, this is expected to be known by 31 December 2019.
ComReg will consider the output of the Cooperation Group when it is known
and any implications that might arise in respect of this award process.

Ireland’s National Broadband Plan (NBP)

As discussed in the Connectivity Studies, the delivery of the National
Broadband Plan (NBP) is an important project in in the overall solution for
connectivity in Ireland.

The NBP is the Government's plan to ensure that all premises in Ireland have
access to high speed broadband services. It will ensure that everyone in Ireland
will have equal access to a high speed broadband service. In May 2019, the
Irish Government approved the appointment of a "Preferred Bidder" for the
NBP. This is the final step in the NBP procurement process before a contract is
awarded and deployment of the subsidised network begins. 2

Details®® on the NBP include:

e Project Timeline: The rollout will commence in Q4 2019. While the majority
of premises will be passed in the initial 5 years the overall rollout will be
concluded within 7 years.

o NBP statistics: Approximately 540,000 premises (plus new premises to be
built); 1.1 million people (23% population); 56,000 farms (68% of national
total of farms); 44,000 non-farm businesses (mostly small and micro); 674
schools. Any new premises built in the intervention area are included
approx. 30k;

e The subsidised network is expected to involve: Over 1.5 million poles; over
15,000 km underground ducts; up to 146,000 km new fibre cable; running
along 100,000 km of the road network; 150 Mbit/s broadband product

50 hitps://www.comreg.ie/publication/general-authorisation-for-the-provision-of-electronic-

communications-networks-and-services/

61 S.1. No. 336/2011 - European Communities (Electronic Communications Networks and Services)
(Privacy and Electronic Communications) Regulations 2011
http://www.irishstatutebook.ie/eli/2011/si/336/#

62 https://www.dccae.gov.ie/en-ie/communications/topics/Broadband/national-broadband-

plan/Pages/National-Broadband-Plan-Preffered-Bidder-Announcement.aspx

63 https://www.dccae.gov.ie/en-ie/news-and-media/press-releases/Pages/Biggest-investment-in-

Rural-Ireland-since-Electrification-as-Preferred-Bidder-appointed-to-National-Broadband-Plan.aspx
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available for consumers upgraded to 300 Mbit/s by year 6 and 500 Mbit/s
by year 10; Up to 1Gbit/s products for businesses, also upgraded to 2
Gbit/s by year 11 and incrementally beyond that; Primarily FTTH will be
deployed, with 2% - 5% premises via a high standard wireless connection
which will also be upgraded over time.

2.56 As the national regulatory authority in this area, ComReg will have an oversight
role in respect of the subsidised network.%

64 https://www.comreg.ie/comreg-ready-to-support-implementation-of-rural-broadband/
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Chapter 3

3 Consideration of submissions to

3.1

3.1

3.2

3.3

3.2

3.4

Document 18/60

Introduction
Eight responses were received to Document 18/60, being from:
e Dense Air Ireland Ltd (Dense Air);
e Eircom Ltd and Meteor Mobile Communications Ltd (eircom group) (Eir);
e Ericsson Ireland (Ericsson);
e ESB Networks Ltd (ESBN);
¢ Imagine Communications Group Ltd (Imagine);
e Joint Radio Company Ltd. (JRC);
e Three Ireland (Hutchison) Ltd (Three); and
e Vodafone Ireland Ltd (Vodafone)

Additionally, one subsequent response was submitted to ComReg in advance
of the publication of this document. This response was from NERA Economic
Consulting (Nera) (“The Nera Report”) and was prepared on behalf of, and with
the support of, Three.

This chapter sets outs ComReg’s consideration of respondents’ views and is
structured in terms of:

e matters discussed in Document 18/60; and

e other matters not discussed in Document 18/60, but raised by
respondents. E.g. submissions on the award format, licence duration, etc.

Summary of matters discussed in Document 18/60

Document 18/60 set out ComReg’s preliminary views on which spectrum bands
to include in the Proposed Award.
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3.5

3.6

3.7

3.8

3.9

3.10

3.11

Chapter 2 of Document 18/60 set out information on a broad range of potential
spectrum bands for WBB in order to identify spectrum bands for further
consideration in that consultation. This range included spectrum bands for WBB
as discussed in previous ComReg consultation processes®”, and those which
could be used for the future provision of 5G services.

The discussion of the latter was based in particular upon information drawn from
ComReg’s response to consultation on its 26 GHz Spectrum Award 2018 and
the Radio Spectrum Policy Group’s (RSPG)®’ first and second Opinions on the
strategic spectrum roadmap for 5G in Europe®®.

At the conclusion of Chapter 2 of Document 18/60, ComReg identified the 700
MHz, 1.4 GHz, 2.1 GHz, 2.3 GHz, 2.6 GHz and 26 GHz bands as appropriate
bands for further consideration.

Chapter 3 of Document 18/60 outlined band-specific information for each of the
above spectrum bands. This information was set out in terms of (i) the degree
of harmonisation, (ii) the availability of spectrum, (iii) equipment availability, and
(iv) other relevant information including spectrum award plans in other Member
States.

After considering this information, ComReg formed the preliminary view that the
Unpaired 2.1 GHz Band should not be considered further because of its lack of
harmonisation for WBB and its limited usage.

The remaining spectrum bands, namely the 700 MHz, 1.4 GHz, 2.1 GHz, 2.3
GHz, 2.6 GHz and 26 GHz bands (called the “Candidate Bands” in Document
18/60), were considered further in Chapter 4 of Document 18/60, which set out
ComReg’s preliminary assessment as to which of those bands should be
included in the Proposed Award.

This preliminary assessment was carried out substantively by reference to
information on the following four relevant criteria, namely: (i) degree of
harmonisation, (ii) availability of spectrum, (iii) equipment availability and (iv)
propagation characteristics, and other relevant material, such as whether to
hold a single or sequential award process for complementary and/or
substitutable spectrum bands.

65 This included Document 14/101, the consultation on ComReg’s Radio Spectrum Management

Strategy Statement 2016-2018 (Documents 15/131, 16/49 and 16/50) and the consultation on
ComReg’s strategy statement for Electronic Communications (Documents 16/116, 17/30 and 17/31)
66 Document 18/12.

67 The RSPG is a high level advisory group that assists the European Commission in the development
of radio spectrum policy.

66 RSPG16-032 and RSPG 18-005 — available on http://rspg-spectrum.eu/rspg-opinions-main-
deliverables/
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3.12

3.13

3.3

3.14

3.3.1

3.15

3.16

3.17

For the reasons set out in that preliminary assessment, ComReg formed the
preliminary view that:

e the 700 MHz Duplex, 2.1 GHz, 2.3 GHz and 2.6 GHz bands were suitable
for inclusion in the Proposed Award; and

e the 700 MHz Duplex Gap and Guard Bands, the 1.4 GHz Band and the 26
GHz Band were not suitable for inclusion.

ComReg also observed that this would mean that a total of 470 MHz of
spectrum would be included in the Proposed Award (with 350 MHz being
additional spectrum that is currently not used for WBB) which would result in a
46% increase in harmonised spectrum available for the provision of WBB.

Matters discussed in Document 18/60 - Views of
respondents

In this section the views of respondents are first set out in terms of their general
views on the matters discussed in Document 18/60, and then their specific
views on each of the “Candidate Bands” identified in Document 18/60.

General views on matters discussed in Document 18/60

Eir, while welcoming ComReg'’s proposals on the spectrum bands for inclusion,
added that there are other important issues to resolve, including what the
primary purpose or purposes of the award process or processes would be. Eir
submits that there appear to be at least three primary purposes: (i) the making
available of spectrum for 4G; (ii) releasing new spectrum for 5G; and (iii) dealing
with the liberalisation and/or expiry of 3G licences in the 2.1 GHz Band.

Ericsson welcomed ComReg’s proposals noting that these will help realise the
full potential of 5G network deployments and enable 5G use cases that will
benefit service providers, industries and consumers. Ericsson also observed
that, in many use cases, 4G can be deployed today with operators moving to
LTE Advanced and 5G New Radio (NR) in the future.

Dense Air submitted that the evolution towards 5G services concepts depend
on “massive densification” of mobile networks and that small cells®® provide the
planned mechanism to provide this densification. Dense Air adds that small
cells require dedicated licensed spectrum and that the high spectrum re-use of
small cells means that only one channel (e.g. 20 MHz) is typically required to
be available in an area for all networks in the mobile ecosystems to benefit.

59 Dense Air explain that “small cells operate over a limited area coverage at lower powers an enable
high spectrum reuse.”
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3.18

3.19

Dense Air also supported ComReg'’s proposals to release spectrum in a multiple
band spectrum award (MBSA) as opposed to holding multiple single band
awards. In particular, it urged ComReg to award all of the proposed sub 6 GHz
bands at the same time because “...large spectrum award processes enable
players like Dense Air to acquire spectrum alongside other MNOs and
interested parties”. It also added that:

“‘when spectrum is auctioned piece meal, in smaller allocations, prices
increase which ultimately [sic] eliminate new entrants and reduce
competition and innovation.” and

“Airspan Spectrum Holdings (ASH) entered the Ireland market primarily
because the 3.6 GHz spectrum award released 350 MHz simultaneously
[sic], and this enabled the existing Irish MNOs, Fixed Wireless and ASH
(Dense Air) to all obtain spectrum. In the UK the award of only 190 MHz
at 2.3 GHz and 3.4 GHz meant that the four UK MNOs overpaid and
inflated the cost of spectrum, which meant a new entrant like ASH (Dense
Air) was unable to acquire spectrum at commercially viable cost level.”

As identified in the band-specific comments below, other respondents also
supported the multi-band approach. While Vodafone indicates that its favoured
approach is for ComReg to plan for and schedule more than one spectrum
award, it also submits that a first award should include the 2.6 GHz Band, the
700 MHz Band and as many other bands as are sufficiently aligned at the
European level and are relatively straightforward to implement in Ireland.

3.3.2 The 700 MHz Band

3.20

For the 700 MHz Band, the views of respondents are presented firstly for the
700 MHz Duplex band, and subsequently for the 700 MHz Duplex Gap and 700
MHz Guard Bands.

700 MHz Duplex

3.21

3.22

The seven respondents who commented on this band (Dense Air, Eir, ESBN,
Imagine, JRC, Three, Vodafone) all agreed with ComReg’s preliminary view to
include the 700 MHz Duplex in the Proposed Award.

Two respondents (Vodafone and Eir) provided additional comments as
summarised below:

e Vodafone asks that the 700 MHz Duplex be awarded significantly in
advance of its availability date of 4 March 2020 in order to allow for
planning and preparation. It also stated that if the 700 Duplex is delayed
for any reason, then the 2.6 GHz Band should proceed in advance; and

Page 43 of 590



Response to consultation and further consultation ComReg 19/59R

e Eir, in light of what it characterises as the current situation on 3.6 GHz’",
asks ComReg to clearly set out what steps it is taking to ensure the
availability of the 700 MHz band by 4 March 2020. It states that ensuring
availability of appropriate bands and capacity to support 5G is of particular
importance to the lIrish industry, and that operators require certainty
regarding the terms of access to spectrum.

700 MHz Duplex Gap and 700 MHz Guard Bands

3.23

3.24

3.25

3.3.3

3.26

Five respondents commented specifically on the 700 MHz Duplex Gap and 700
MHz Guard Bands.

Four of these respondents (ESBN, JRC, Three, Vodafone) agreed with
ComReg’s preliminary view to exclude these bands from the Proposed Award
for reasons including that:

e the current status of standardisation of these bands makes them
unsuitable for the Proposed Award (Vodafone);

o the diversity of uses for these bands, including use for PPDR services,
warrants further detailed analysis to establish the appropriate combination
of services for these bands (JRC); and

¢ these bands have the potential to be used for PPDR (ESBN).

One respondent (Eir) did not agree with ComReg’s proposal to exclude these
bands and believes that the 700 MHz Duplex Gap and the 1.4 GHz Centre Band
(see below) should be made available for Supplemental Down-Link (SDL)
simultaneously with the 700 MHz Duplex. It considers that steps should be
taken now in that regard as part of the ongoing process. Further, it suggests
that ComReg offered no tangible reason to justify its proposal to “park SDL
spectrum” despite its availability.

The 1.4 GHz Band

Seven respondents commented on ComReg’s proposal to exclude the 1.4 GHz
Band (both the 1.4 GHz Centre Band and 1.4 GHz Extension Bands) from the
Proposed Award:

o four respondents agreed with ComReg’s proposal to exclude the 1.4 GHz
Band from the Proposed Award (ESBN, Imagine, JRC, Three);

0 In its response to Document 18/60, Eir comments on the transition process for the 3.6 GHz band,
stating that it is still waiting, one year from licence issue, for access to the spectrum to be
commenced. See section 3.5.5 of this document for further detail and ComReg’s assessment of

same.
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¢ two respondents (Eir, Vodafone) agreed with part of ComReg’s proposal,
namely to exclude the 1.4 GHz Extension Bands, but disagreed with the
proposal to exclude the 1.4 GHz Centre Band; and

e one respondent disagreed with ComReg’s proposal but did not provide
any supporting views (Dense Air).

3.27 The views of respondents agreeing with ComReg’s proposal to exclude the 1.4
GHz Band (both the 1.4 GHz Centre Band and 1.4 GHz Extension Bands)
included that:

e it is preferable to wait until more clarity is available regarding take-up and
standardisation of the expanded band (Three);

¢ the 1.4 GHz Centre Band will not be able to provide additional capacity for
mobile networks in the near term and should therefore only be released in
the medium term (ESBN)’"; and

o there is a lack of compelling demand for SDL capability in the 1.4 GHz
Centre Band and this band is not complementary to the multi-band award
(JRC). JRC added that while this band has been ‘given over to SDL
services in some Member States, services have not being forthcoming and
the number of 1.4 GHz SDL devices is low; and

" In support of its view, ESBN added that:

o although there are approximately 41 devices operable in band 32 according to GSA, this
number is too few for the ecosystem;

o itis not aware of any major equipment manufacturer which plans to include the 1.4 GHz
Centre Band in CPE devices in the near future and it believes that there may be issues
regarding manufacturing suitable antennas for devices to include 1.4 GHz in addition to
other spectrum bands;

o itis not aware of any meaningful existing deployment or planned deployments in the band,
despite this spectrum being licensed in the UK, Germany and Italy; and

o it believes that demand for spectrum in the 1.4 GHz Centre Band is a function of the
outcome of the Proposed Award, as it is only then that licensees are in a position to
understand their demand.
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¢ the incumbent use of fixed links in the 1.4 GHz Extension Bands provide
services critical to the operational performance of the National Electricity
Grid in Ireland and should be protected (ESBN and JRC).”?

3.28 Vodafone and Eir disagreed with the proposal to exclude the 1.4 GHz Centre
Band (while agreeing with the proposal to exclude the 1.4 GHz Extension
Bands) and provided the following views:

e Vodafone, while observing that “this band is not a high priority” and
recognising that assigning the 1.4 GHz Band in two stages would carry the
risk of inefficient assignment due to possible fragmentation, believes there
is a larger risk of inefficiency in leaving the 1.4 GHz Centre Band
unassigned for an extended period. In support of its view, Vodafone
submitted that:

o there is sufficient standardization of the 1.4 GHz Centre Band to
make it useful for adding network capacity; and

o it would likely take a very considerable time to clear the 1.4 GHz
Extension Bands for reassignment given its current incumbent
use for a wide variety of users, including the Fire Services etc.;
and

¢ Eirdid not provide supporting views, apart from affirming its view that steps
should be taken as part of the current process to make the 1.4 GHz Centre
Band and 700 MHz Duplex Gap available for SDL.

3.3.4 2.1 GHz Band

3.29 Six respondents commented on ComReg’s proposal to include the 2.1 GHz
Band, and potentially an “early liberalisation option” for existing rights in this
band, in the Proposed Award:

2 In support of these views:

o ESBN noted that losing access to this spectrum, without a ComReg proposal on where such
users would be accommodated, would cause it significant concerns. It asked ComReg to
make clear its long term plans for this band in its spectrum strategy document, giving as
much visibility as possible to users as well as providing suitable low frequency alternative(s).
Further it suggested that, where users of 1.4 GHz fixed links cannot reuse their equipment in
alternative bands being made available, a fund should be made available to reimburse
affected users;

o JRC submitted that any future consideration of the migration of services from the 1.4 GHz
Extension Bands should be subject demonstrable evidence that the 1.4 GHz Centre Band
(and other SDL bands) are insufficient to service market demand.
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e three respondents (ESBN, Imagine, Vodafone)’® agreed with ComReg’s
proposal, although Vodafone’s support is contingent on certain matters as
outlined below; and

¢ three respondents did not agree with ComReg’s proposals (Eir, Three, and
Nera). In summary, Eir and Nera submitted that this band should be
renewed for the existing licensees, and Three submitted that this band
should be addressed separately from the Proposed Award.

3.30 Vodafone supported the inclusion of the 2.1 GHz Band, provided that its

3.31

3.32

perceived “complexity issues” could be resolved without causing an overall
delay to the Proposed Award, and especially for the award of the 700 MHz
Duplex and 2.6 GHz bands. In particular, Vodafone submitted:

¢ that some complexity stems from existing 3G rights in the 2.1 GHz Band
which presently have four expiry dates ranging from July 2022 to March
2027; and

¢ thatits main concern is that any time slice element of the Proposed Award
may contribute to complexity in the design of same and delay the process.
Vodafone referenced the 2012 MBSA and submitted that accommodating
time slices added considerable complexity to that award and delayed its
implementation.

In relation to the liberalisation of existing licences, Vodafone suggested that it
would be possible to construct an “early liberalisation option” to allow some or
all the existing licensees the option to convert respective existing rights of use
into new “liberalised” rights of use. It submitted that an “early liberalisation
option” should aim to have a common start point for all operators with a new
assignment in 2022.

Eir submitted that the 2.1 GHz Band is a band to which licence renewal
considerations applied and that a different approach may be required given,
among other things, investment considerations. In that regard, Eir:

o stated that “near term investment in the band would be deterred if future
use of this spectrum is determined by an auction, and an existing
operator’s investments to date would be written off if it is driven out of the
spectrum’;

e suggested that it may be appropriate to “move away from CCA formats to
another format reflective of the more mature market setting” that

73 ESBN and Imagine did not submit further supporting views, aside from indicating their support for
ComReg’s proposal.
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3.33

3.34

3.35

recognises the need to channel scarce financial resources to achieve
societally beneficial outcomes’; and

e noted, for example, the circumstances in France, where the French
regulator agreed to extend the spectrum licences of the mobile operators
in return for commitments to accelerate mobile coverage and enhance
coverage quality.”®

Regarding ComReg’s rationale for proposing the inclusion of the 2.1 GHz Band,
Eir submitted that:

e ComReg’s approach should be based on current and prospective
circumstances and not on the availability of a previously used auction tool
with mechanisms for time slices and liberalisation; and

e ComReg’s consideration of substitutability and complementarity of bands
overlooks the practical matter that the 2.1 GHz Band is already fully
deployed using 3G technology, and this may impact on the ability of an
operator to use the band compared to the other spectrum bands (700
MHz, 1.4 GHz, 2.3 GHz or 2.6 GHz) proposed for inclusion.

Eir further submitted that the approach taken towards the existing 3G licences
in the 2.1 GHz Band must address a number of considerations as summarised
below.

The “inherent unfairness” towards Eir

Noting the difference (circa 5 years) in 3G licence expiry dates compared to
Vodafone and Three, Eir submitted that it would be placed at a disadvantage if
fees, determined by an auction, are to be paid upfront at the end of the auction
some 8 years (assuming a 2019 award) in advance of actual expiry. It added
that its ability to participate in an auction in 2019 is further disadvantaged
because it will still be paying off the current 3G licence fee in sizeable annual
instalments until 2020 which it maintains places it in a relatively weaker financial
position relative to other bidders who have completed their payments.

The rebalancing of Three's “excessive spectrum holdings” following its
acquisition of O2

4 Eir's societally beneficial outcomes include investment in new technologies and services and
investment in improved coverage delivering quality of service and competitive benefits.
> Eir stated that “the [French] Government will organise a call for tender to assign the 900 MHz,

1800 MHz and 2 GHz licences for a 10-year period without going through an auction process, thus
giving up future income. France’s mobile telephone operators will spend more than 3 billion euros
rolling out a 4G network to ensure there are no coverage gaps by 2020. Each of the major operators
will install 5,000 masts and antennas and jointly ensure network coverage along 30,000 km (19,000
miles) of rail tracks.”
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3.36

3.37

3.38

3.39

Eir submitted that, following the acquisition of O2 by H3G, there is a substantial
spectrum imbalance between Three and the other MNOs which, if left
unaddressed, significantly distorts the competitive landscape. In the context of
an administrative assignment of the 2.1 GHz band, Eir submitted that ComReg
must ensure that spectrum holdings in the 2.1 GHz band are equalised so that
no operator is allowed to maintain an unfair advantage in access to spectrum
that will distort competition. Eir also submitted further comments in relation to
this view which are considered later in the context of spectrum caps (see
Chapter 7).

Ensuring any price paid for liberalisation of Eir's spectrum is fair

Eir submitted that should it wish to exercise an option to liberalise its 3G licence
then any adjustment to licence fees must be determined solely in respect of
liberalisation’®, and should not be linked to the behaviour of other entities in an
auction process who are seeking to liberalise and renew licences in the same
time period that Eir is solely seeking to liberalise an existing licence. It submitted
that liberalisation should not be addressed through an auction process.

Three submitted that matters relating to the liberalisation of existing 2.1 GHz
licences and the renewal of the expiring licences should be addressed
separately from the award of the new spectrum bands.

Three did not agree with ComReg’s proposal to include the 2.1 GHz Band in
the Proposed Award because in its view this (i) would make the award
unnecessarily complex, and (ii) would also give an unfair advantage to Eir that
would distort competition. In support of this view Three:

e noted that the existing 2.1 GHz licences expire on four different dates,
none of which coincides with the availability of the 700 MHz band or the
earliest availability of 2.6 GHz or 2.3 GHz spectrum. It submitted that that
this could lead to multiple time slices in the Proposed Award (5 or 6) which,
in its view, would be unworkable; and

e submitted that Eir has an advantage over other bidders in bidding for 2.1
GHz spectrum because its existing licence does not expire until 2027 - 5
years after the expiry date of the other licences.’” It further submitted that
the presence of these lots (i.e. 3 lots of 2x5 MHz) could also reduce the
transparency of the auction, for example, if eligibility points could be
“hidden” in bidder-specific lots.

76 Eir noted that ‘it is arguable that liberalisation of an existing licence should not be subject to any
increase in licence fees given the benefits it will bring to society through enhanced competition.”

" Three states that “the value placed on lots that can be used in the short term is always going to be
higher than the value to buy lots that cannot be utilised for a period of 7 years into the future.”
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3.40

3.41

Nera, noting legacy issues, submitted that it may be more efficient to assign the
band outside of the auction, and further stated that it would likely be better to
liberalise the 2.1 GHz band separately from the Proposed Award.

While Nera outlines a number of spectrum packaging approaches’® for the 2.1
GHz band if assigned in an auction, and notes its perceived complications with
these, Nera also stated that, in its view, a direct assignment has multiple
upsides, because it would:

e remove the risks associated with a competitive process, such as the
network disruption associated with an operator not securing spectrum for
3G continuity, or failing to win sufficient spectrum to justify investing in the
band to deliver 4G/5G;

e remove undesirable complexity from the multi-band award, potentially
facilitating a simpler design for the residual spectrum; and

¢ be highly likely to be the most efficient outcome (or otherwise at least close
to the most efficient outcome) given the obvious need for all operators to
maintain some 2.1 GHz spectrum rights through the medium term.

3.3.5 Unpaired 2.1 GHz Band

3.42

Two respondents commented on the Unpaired 2.1 GHz Band (Imagine,
Vodafone), both of whom agreed with ComReg’s proposal to exclude this band
from the Proposed Award, with Vodafone noting the lack of standardisation in
particular.

3.3.6 2.3 GHz Band

3.43

3.44

Six respondents commented on this band. Five respondents (Dense Air, ESBN,
Imagine, Three, Vodafone) agreed with ComReg'’s proposal to include this band
in the Proposed Award and one respondent (Eir) did not agree with ComReg’s
proposal.

Views provided in support of the inclusion of the 2.3 GHz band include that:

e the band has been awarded in the UK and there have been substantial
deployments of the band in other countries (including India, China and

78 Nera discussed:

Short-term and Long-term licences. ComReg could sell “short-term” licences of 5 years
covering the 2x45 MHz available from 2022-27. It could then sell long-term licences (e.g. 20-
year duration) for all 60 MHz starting 2027; and

Two categories of long-term licence. Alternatively, ComReg could define two categories of
long-term licences, e.g. a 25-year duration starting 2022 for 2x45 MHz and a 20-year
duration starting 2027 for 2x15 MHz.
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Indonesia) resulting in a broad and extensive ecosystem for the band
which facilitates low cost services for both mobile and fixed wireless
(Dense Air);

e for bands like 2.3 GHz and 2.6 GHz, the release of additional TDD
spectrum would promote the rapid deployment of pervasive 4G LTE and
support mass deployment of both standalone and non-standalone 5G
networks. This would allow innovative operators using technologies like
Neutral Host’”” to deliver cost-effective ways to extend and densify existing
mobile and fixed wireless networks (Dense Air);

¢ this band would facilitate operators in economically adding capacity and
extending coverage to their own network (Dense Air);

¢ this band is a sufficiently close substitute to the 2.6 GHz Band and is also
sufficiently complementary to the 700 MHz Duplex such that it has value
for inclusion in the Proposed Award (Vodafone).

3.45 Eir did not support the proposed inclusion of the 2.3 GHz Band given the current
harmonisation status of the band and submitted that consideration should be
given to putting the band ‘on hold’ until a European Commission implementing
decision on technical harmonisation had been adopted.

3.3.7 2.6 GHz Band

3.46 All six respondents who commented on this band (Dense Air, Eir, ESBN,
Imagine, Three, Vodafone) agreed with ComReg'’s proposal to include this band
in the Proposed Award.

3.47 Views provided in support of its inclusion include that:

e the 2.6 GHz Band is very well-established throughout Europe for MFCN
and ECS and has been awarded in the majority of EU Member States
(Vodafone);

e customer demand for additional capacity will ensure that this band is
efficiently used (Vodafone);

e TDD deployments in 3GPP Band 38 (i.e. 2.6 GHz Duplex Gap) is already
happening at scale in other countries, especially North America and
Japan. Over 250,000 indoor small cells have been deployed in the USA

79 Neutral host infrastructure comprises a single, shared network solution provided on an open access
basis to all MNOs and is used to resolve poor wireless coverage and capacity inside large venues or
other busy locations. Neutral host networks are usually deployed, maintained and operated by a third-
party provider and are designed to support the full range of MNO technologies.
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and over 20,000 outdoor small cells on poles and/or cable strands (Dense
air); and

there is a mature and well-developed ecosystem for this band (Eir).

3.3.8 26 GHz Band

3.48 Six respondents submitted comments on this band (Dense Air, Eir, ESBN,
Imagine, JRC, Three) all of whom agreed with ComReg’s proposal to exclude
this band from the Proposed Award. No respondents disagreed with ComReg’s
proposal.

3.49 Views submitted in support of ComReg’s proposal include that:

greater clarity is required on the potential uses and users of the band,
equipment development for the band, and its role relative to other
mmWave bands (JRC);

as the 26 GHz Band is a key band for 5G NR (New Radio)®’, the release
of this band should be aligned to its release in Europe and beyond (Dense
Air);

there is no benéefit in including this band in the same award as sub-6 GHz
“non-line-of-sight” bands and it should be released in a separate award
instead (Dense Air);

additional spectrum for 5G capacity above 6 GHz may not be required in
the near term (Eir);

the band will be an important band in the medium term to support new 5G
services (Vodafone);

the current status of standardisation (Vodafone); and

this band and other ‘high bands’ are targeted at the densification of 5G
networks (Imagine).

80 5G New Radio (NR) is the global standard for a unified, more capable 5G wireless air interface. It
is intended to deliver significantly faster and more responsive mobile broadband experiences and
extend mobile technology to connect and redefine many industrial uses.
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3.4 Matters discussed in Document 18/60 - ComReg’s
assessment of respondents’ views

3.4.1 General views on spectrum bands in Document 18/60
3.50 In relation to the general views expressed, ComReg:

e agrees with Eir that ComReg intends, by way of the Proposed Award to,
among other things, make spectrum available for 4G and 5G, and to
address both the liberalisation of existing rights of use in the 2.1 GHz Band
and their expiry;

¢ notes the comments of Ericsson that the Proposed Award will help realise
the full potential of 5G network deployments and enable 5G use cases;

¢ notes the comments of Dense Air in relation to the potential use of small
cells in the “massive densification” required for the evolution towards 5G;
and

¢ notes the comments in support of a MBSA, including the Dense Air's view
that “large spectrum award processes enable players like Dense Air to
acquire spectrum alongside other MNOs and interested parties”.

Updated spectrum band information
3.51 Annex 4 of this document sets out information on equipment availability, award
status in Europe, harmonisation status and spectrum availability for each of the
spectrum bands considered in this document.

3.52 In assessing each of the spectrum bands below, ComReg first sets out below
significant developments for the spectrum bands since the publication of
Document 18/60.

3.4.2 The 700 MHz Duplex

Updated information — 700 MHz Duplex
3.53 ComReg observes that for the 700 MHz Duplex:

e more 4G and 5G equipment is now available (1,624 4G devices and one
(1) 5G device) compared to the 1,211 4G devices reported previously in
Document 18/60; and

¢ this band has now been successfully awarded in a number of additional
countries, namely ltaly, Switzerland, Sweden, Norway, and Denmark.
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ComReg’s assessment of respondents’ views — 700 MHz Duplex
3.54 Noting this updated information, and the views of respondents who all agreed
with ComReg’s proposal in Document 18/60 to include this band, ComReg
remains of the view that it is appropriate to include the 700 MHz Duplex in the
Proposed Award. This is considered further in the draft RIA on spectrum bands
set out in Chapter 4.

3.55 Regarding the specific comments made on the 700 MHz Duplex, ComReg
notes that:

¢ the clearance of the 700 MHz Band is proceeding to plan and ComReg
has no reason to believe that DTT will not be migrated from the 700 MHz
Band on schedule; and

e the proposals set out in this document aim to release the 700 MHz Duplex
and other spectrum bands in as timely a manner as practicable.

3.4.3 700 MHz Duplex Gap and 700 MHz Guard Bands

Updated information - 700 MHz Duplex Gap and 700 MHz Guard Bands
3.56 ComReg observes that for the 700 MHz Duplex Gap and 700 MHz Guard
Bands:

¢ there continues to be no equipment available for these bands; and

¢ while SDL spectrum rights of use in these bands have been assigned in
awards in Denmark (20 MHz) and Switzerland (10 MHz), SDL spectrum
was also unassigned in the awards of Italy (15 MHz), Sweden (20 MHz)
and Switzerland (5 MHz).

ComReg’s Assessment of respondents’ views - 700 MHz Duplex Gap and
700 MHz Guard Bands
3.57 Of the four respondents who agreed with ComReg’s proposal to exclude these
bands from the Proposed Award, ComReg notes that their views®' largely
aligned with the information set out in Document 18/60, and that these
observations still remain relevant. In this regard, ComReg observes that:

e there continues to be no equipment currently available (see updated
spectrum band information above); and

81 In summary, these are that these bands (i) have unfavourable standardisation and (ii) have the
potential to be used for other uses, such as BB-PPDR.
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e the LS Telcom Report (Document 19/59¢) indicates that these bands are
viable spectrum options for the future deployment of BB-PPDR should it
be decided to proceed with a hybrid or dedicated model in Ireland.

3.58 Regarding Eir's view that the 700 MHz Duplex Gap should be included because
it can be combined with the 1.4 GHz Centre Band for SDL, ComReg notes that:

e Eir's submission does not provide any views to counter ComReg’s
reasoning in Document 18/60 for excluding this band. Among other things,
ComReg’s view was informed by the unfavourable equipment availability
for the band and its potential to be used for BB-PPDR in the future. As
noted above, these considerations remain pertinent and have also been
supported by other respondents; and

¢ the results of recent awards in Europe suggests that demand for SDL
rights in the 700 MHz Duplex Gap is weak or at best uncertain. For
example, while 20 MHz of SDL spectrum was assigned in Denmark, some
or all of this SDL spectrum went unassigned in the Swiss, Swedish and
Italian awards.

3.59 Inlight of the above, ComReg remains of the preliminary view that the 700 MHz
Duplex Gap and Guard Bands should not be included in the Proposed Award.

3.44 The 1.4 GHz Band

3.60 The 1.4 GHz Band consists of both the 1.4 GHz Centre Band and the 1.4 GHz
Extension Bands.

Updated information — the 1.4 GHz Band
3.61 ComReg observes that:

e the 1.4 GHz Centre Band and the 1.4 GHz Extension Bands continue to
have different spectrum availability:

o inlreland, the 1.4 GHz Extension Bands continue to be used for
fixed links and remain unavailable for inclusion in the Proposed
Award. As of May 2018, there were 104 existing point-to-point
licences in this band - an increase of 1 licence since the
publication of Document 18/60; and

o the 1.4 GHz Centre Band remains unassigned and available for
inclusion in this Proposed Award;

e equipment availability varies between the 1.4 GHz Centre Band and the
1.4 GHz Extension Bands:
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o 1.4 GHz Centre Band - equipment availability has increased to 83

devices, up from 41 devices as reported in Document 18/60,
including handsets from manufacturers such as Apple, Samsung
and Huawei; and

1.4 GHz Extension Bands - there continues to be no equipment
available;

¢ there remains limited deployment of networks with SDL services using the
1.4 GHz Centre Band:

o currently there are only three network deployments (Three UK,

Vodafone UK and TIM ltaly) for SDL in the 1.4 GHz Centre
Band®’;

SDL network deployments have yet to be launched by other
operators in Italy and Germany with spectrum rights in this band
(i.e. Vodafone lItaly, Vodafone Germany and Telekom Germany
— who have all held such rights since 2015%°); and

¢ only one country, Switzerland, has awarded spectrum in this band since
the publication of Document 18/60. Out of the 90 MHz of spectrum
available in its award (i.e. the full 1.4 GHz Band), 75 MHz of spectrum was
assigned with 15 MHz remaining unassigned.

3.62 Considering the 3GPP standardisation of spectrum bands for LTE®* and 5G
New Radio (5G NR)®>, ComReg observes that spectrum in the 1.4 GHz Band is
also standardised on a FDD or TDD basis as outlined below:

e FDD:

e TDD:

e SDL:

3GPP Band 74 (LTE) and Band n74 (5G NR) in the
1427-1470 MHz / 1475-1518 MHz spectrum band;

3GPP bands 51 and 50 (LTE) and bands n51 and n50 (5G NR)
in the 1427-1432 MHz and 1432-1517 MHz spectrum band; and

3GPP bands 32, 75 and 76 (LTE) and bands n75 and n76 (5G
NR) in the 1427-1432 MHz and 1432-1517 MHz spectrum band.

82 Information from the NTS (Networks, Technologies & Spectrum) database on the GSA website
Source: https://gsacom.com/gambod-nts-search/

83 Source “Regulation of the 1427 -1517 MHz band” on Cullen International
Source: www.cullen-international.com

8 Tables 5.5-1 "E-UTRA Operating Bands" of the 3GPP TS 36.101
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationld=241

1
8 3GPP TS 38.101

https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationld=328

3
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3.63

Regarding the use of SDL and while noting that this is in the context of the 2.6
GHz Band, CEPT, when issuing a consultation on its draft revision of ECC
Decision (05)05% for the 2.6 GHz Band, requested information®’ on the
implementation of “Alternative 2: Supplemental Downlink blocks” in national
authorisations. This was in order to determine if the SDL alternative should be
kept in future revisions of ECC Decision (05)05.

ComReg’s assessment of respondents’ views — the 1.4 GHz Band

3.64

3.65

3.66

3.67

ComReg’s assessment set out below considers in turn the 1.4 GHz Extension
Bands and then the 1.4 GHz Centre Band. In line with supporting views from a
number of respondents, a consideration of the 1.4 GHz Band as a whole forms
part of the 1.4 GHz Centre Band assessment.

1.4 GHz Extension Bands

In relation to the 1.4 GHz Extension Bands, and drawing on the updated
spectrum band information provided above, ComReg firstly notes that the 1.4
GHz Extension Bands continue to be used for fixed links in Ireland, and that this
usage has increased somewhat since the publication of Document 18/60. This
fixed links usage facilitates low-bandwidth links used predominantly by radio
broadcasters and utilities, as well as being used for radio link connections in the
national electricity grid in Ireland.

Considering the provisions of the 1.4 GHz EC Decision®®, ComReg observes
that this provides that Member States should have national flexibility to use
portions of the 1.4 GHz Extension Bands to cater for international military
agreements or to respond in a time-limited manner to specific national needs
for the continued operation of terrestrial fixed wireless services. The 1.4 GHz
EC Decision also emphasises that the technical work undertaken in developing
the harmonisation decision has shown that co-frequency operation of mobile
and fixed services is not feasible. Where a Member State designates and makes
available only a portion of the 1.4 GHz Extension Bands to ECS, Article 2(3)(c)
of the 1.4 GHz EC Decision clarifies that, following 1 January 2023, this is
subject to the Member State identifying no national demand for wireless
broadband ECS.

Considering the responses submitted to Document 18/60 and the updated
spectrum band information above, ComReg observes that there is currently no
demonstrated demand for spectrum in the 1.4 GHz Extension Bands. Among
other things, ComReg observes that:

86 See Draft revision of ECC Decision (05)05
87 See Cover letter to draft revision of ECC/DEC/(05)05
88 Decision (EU) 2015/750 as amended by Decision (EU) 2018/661 of 26 April 2018.
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3.68

3.69

3.70

3.71

3.72

e from the seven respondents who submitted comments on this band, six
agree with ComReg’s proposal to exclude this band, while the one
respondent (Dense Air) who favours its inclusion did not provide any
material in support of its view;

¢ there is no equipment available for this band; and

e there is limited international deployment of SDL networks despite
spectrum having been assigned as long ago as in 2015, in some cases.

In light of the above, ComReg remains of the preliminary view that the 1.4 GHz
Extension Bands should not be included in the Proposed Award.

In relation to the future use of the 1.4 GHz Extension Bands, ComReg is of the
view that any future change of use to this band would need to be carefully
assessed and managed. This has also been recognised by a number of
respondents to this consultation.

In this regard, ComReg identified in its Radio Spectrum Management Strategy
Statement (Document 18/118) that it will include a work item in the 2019 to 2021
period to continue to monitor developments in the 1.4 GHz band for MFCN and
to consider the current and future use of the band in Ireland.

1.4 GHz Centre Band

In relation to the 1.4 GHz Centre Band, ComReg firstly observes that this band
differs from the 1.4 GHz Extension Bands in that the former is currently available
for assignment and there is equipment available, including handsets from major
manufacturers including Apple, Samsung and Huawei.

Further, the responses received to Document 18/60 also indicate that there is
some support for the inclusion of this band in the Proposed Award with three
respondents favouring this. From these however, ComReg notes that only one
respondent, Vodafone, provided arguments in support of its view and that these
are based on:

¢ the potential for the 1.4 GHz Centre Band to provide additional network
capacity;

e that it would likely take a very considerable time to clear the 1.4 GHz
Extension Bands for reassignment given its current incumbent use for a
wide variety of users, including the Fire Services etc.; and

e that it would be more efficient to include the 1.4 GHz Centre Band in the
Proposed Award, rather than waiting for the 1.4 GHz Extension Bands to
become available and award the 1.4 GHz Band as a whole. At the same
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time, Vodafone also observes that assigning the 1.4 GHz Band in two
stages carries the risk of inefficient assignment due to possible
fragmentation.

3.73 On the other hand, ComReg also observes that four respondents (ESBN,
Imagine, JRC and Three) did not support the inclusion of the 1.4 GHz Centre
Band in the Proposed Award for reasons including that:

e there is a lack of compelling demand for SDL capability in the 1.4 GHz
Centre Band. Factors noted by respondents include the low number of
devices available, the potential difficulties manufacturing suitable device
antennas for 1.4 GHz and other spectrum bands, and the lack of
meaningful network deployments internationally despite spectrum being
licensed in the UK, Germany and lItaly for some time; and

¢ it is preferable to wait until more clarity is available regarding the take-up
and standardisation of the extended band.

3.74 ComReg observes that there is some validity to both of the above viewpoints.

3.75 On the one hand there are factors that suggest that this band could be used in
the near future and therefore included in the Proposed Award. These include
that:

e spectrum is available in the 1.4 GHz Centre Band;

e equipment (although limited compared to other bands under
consideration) is available for the 1.4 GHz Centre Band, and one would
expect further availability in the future;

e inter band carrier aggregation is supported between the 1.4 GHz Centre
Band and other spectrum bands depending upon the 3GPP release
version implemented®. While ComReg understands that the devices
currently available for the 1.4 GHz Centre Band are limited to operating
alongside the 800 MHz band only,° this is likely to improve in the future;
and

89 ETSI TS 136 101 release 12 identified that inter band carrier aggregation is supported between
the 800 MHz Band (Band 20) and the 1.4 GHz Centre Band (Band 32). In more recent releases
other bands that can be carrier aggregated with the 1.4 GHz Centre Band have been added:
Release 14: 1800 MHz band (band 3), 2.6 GHz Band (Band 7), Release 15: 2.1 GHz (Band 1), 900
MHz (Band 8), and 3.6 GHz Band (Bands 42 and 43).

9% For example the Samsung S9 is a LTE Category 18 device that has the capabilities to operate in
accordance with the 3GPP Standard Release 13, i.e. where carrier aggregation is possible between
1.4GHz centre band and the 800 MHz Band but not with the other bands identified in the more
recent releases.
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¢ this band is harmonised at a European level.

3.76 However, on the other hand, there are factors that suggest that this band may
not be used in the near future and that there may, therefore, be little adverse
impact to deferring its award at this time. These include:

¢ the limited nature of SDL network deployments internationally to date,
noting that three operators in Italy and Germany ltaly (Vodafone ltaly,
Vodafone Germany and Telekom Germany) have yet to deploy networks
with 1.4 GHz capability despite spectrum being assigned to them since
2015;

e the lower availability of network antennas with 1.4 GHz Band capability, "
and ComReg’s understanding that the antennas currently deployed in the
Irish mobile networks are not 1.4 GHz Band capable; and

e the award of other spectrum bands in this Proposed Award. Given that
ComReg proposes to award 470 MHz of spectrum, of which 350 MHz is
greenfield spectrum, mobile network operators may first focus on
deployments in those bands given the higher availability of devices and
network antennas. Further, ComReg notes that Vodafone, who supported
the inclusion the 1.4 GHz Centre Band, also stated that “this band is not a
high priority”.

3.77 Further, not including the 1.4 GHz Centre Band in the Proposed Award could
also bring additional benefits in terms of:

¢ avoiding the risk of inefficiencies associated with assigning the 1.4 GHz
Band in two stages; and

e allowing time for further standardisation, equipment and network
developments to emerge, noting among other things the wider 3GPP
international standardisation for 1.4 GHz Band as outlined above, which
also provides for FDD and TDD use.

3.78 In light of the above, the 1.4 GHz Centre Band is put forward for further
consideration in the draft RIA on spectrum bands as set out in Chapter 4.

91 See for example, the low availability of 1.4 GHz (or L-Band) outdoor antenna for mobile
communications on the Kathrein website compared to other spectrum bands.
https://www.kathrein.com/en/solutions/mobile-communication/products/antennas-
accessories/outdoor-antennas/
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3.4.5 2.1 GHz Band

Updated information —-2.1 GHz Band
3.79 ComReg observes that for the 2.1 GHz Band:

on 8 March 2019, CEPT updated ECC Decision (06)01° to enable the use
of 5G and Active Antenna Systems (AAS) in this band;

in March 2019, CEPT issued a consultation on CEPT Draft Report 72°,
which forms Report A of its draft response to the EC’s mandate to review
the harmonised technical conditions for certain EU-harmonised frequency
bands (including the 2.1 GHz Band) and to develop least restrictive
harmonised technical conditions (LRTCs) suitable for next-generation
(5G) terrestrial wireless systems;

LTE equipment availability has increased to 7,706 devices, up from 6,282
devices as reported in Document 18/60; and

spectrum in this band has been successfully awarded in Norway®* (2x15
MHz) and Germany (2x60 MHz) °.

ComReg’s assessment of respondents’ views —2.1 GHz Band
3.80 ComReg firstly notes that from the six respondents who commented on this
band, three respondents (ESBN, Imagine, Vodafone) agreed with ComReg'’s
proposal to include this band in the Proposed Award (although Vodafone’s
support is contingent on certain matters as outlined in section 3.3.4 above), and
three respondents (Eir, Three, and Nera who prepared a report for Three) did
not agree with ComReg’s proposals.

3.81

ComReg observes that the arguments put forward by respondents can be
grouped under the following themes:

1.

Perceived complexity concerns of including the band in the Proposed
Award;

Other concerns of including the band in the Proposed Award;
Licence renewal; and

Liberalisation of existing 3G Licences.

92 ECC/DEC/(06)01 ECC Decision of 24 March 2006 on the harmonised utilisation of the

bands1920-1980 MHz and 2110-2170 MHz for mobile/fixed communications networks (MFCN)
including terrestrial IMT, amended on 2 November 2012 and amended on 8 March 2019
93 Draft CEPT Report 72

9 https://eng.nkom.no/topical-issues/news/the-first-5g-auction-in-norway-has-ended

9https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2019/20190612 Frequenz

auktion.htmI?nn=265778
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3.82

3.83

3.84

3.85

3.86

1. Perceived complexity concerns of including the band in the proposed
award

Two respondents (Three and Vodafone) submitted that the inclusion of this
band may make the Proposed Award unnecessarily complex given that it may
lead to the use of multiple time slices (e.g. up to 5 or 6 time slices as suggested
by Three).

In that regard, ComReg observes that:

e DotEcon’s recommendations for the 2.1 GHz band (see Chapter 3 of the
DotEcon Award Design Report) include aligning the expiry dates of those
3G licence expiring 2022 to that of Vodafone’s 3G licence expiry (i.e. 15
October 2022) by grant of interim rights of use to Three to facilitate this co-
termination. This would mean that only two time slices would be required
and DotEcon considers that the use of two time slices is not “overly
complex and should address Three’s concerns.”; and

¢ DotEcon also notes that “the proposed approach is less complex than the
2012 MBSA award which also included the use of ‘Party-Specific Lots’ to
facilitate the early liberalisation of the current 900 MHz and 1800 MHz
rights of use.”

As discussed in Chapter 5 of this document (and further detailed in Annex 5),
ComReg proposes to adopt DotEcon’s recommendation for the 2.1 GHz Band
including proposed grant of interim 2.1 GHz rights to Three to enable co-
termination of 3G licences expiring in 2022 and thereby enabling the use of only
two time slices. ComReg therefore considers that the concerns of Vodafone and
Three would be addressed by these proposals and the inclusion of the 2.1 GHz
Band would not make the Proposed Award unduly complex.

2. Other concerns of including the band in the Proposed Award

A number of other concerns were put forward by Eir and Three in relation to the
proposed inclusion of the 2.1 GHz Band and these are addressed in turn below.

i. Eir's view that ComReqg’s approach should be based on relevant
circumstances as opposed to the availability of an auction tool

In relation to Eirs view, ComReg confirms that it considers each award
(including which band(s) to include in an award) on its merits having regard to
its statutory powers, functions, objectives and duties as well other relevant
information. See, among other things, Chapter 5 which sets out further
considerations relation to the proposed inclusion of the 2.1 GHz Band.

Page 62 of 590



Response to consultation and further consultation ComReg 19/59R

3.87

3.88

i. Eirs view that ComReg’s consideration of substitutability and
complementarity of bands overlooks the practical matter that the 2.1 GHz
band is already fully deployed using 3G technology, and may thus impact
the ability of an operator to use this band compared to other greenfield
spectrum bands

ComReg’s assessment of the substitutability and/or complementarity of
spectrum bands is a forward looking assessment that considers a number of
factors including harmonisation status and potential uses, equipment
availability, propagation characteristics, and the likely duration of the rights
being assigned (i.e. short-term going into medium/long term). In this regard,
ComReg observes that the characteristics of 2.1 GHz Band are similar to the
other bands in the Proposed Award, including that:

e it is a European harmonised band for WBB services which facilitates the
future provision of 3G, 4G and 5G services. Further while the existing
licences are licensed for 3G services only, the early liberalisation
proposals in this document (see Chapter 5) would also provide for such
potential uses in advance of the expiry of existing licences;

e it has considerable 4G equipment availability that is of a similar scale to
that in the 2.6 GHz Band and in excess of that for the 2.3 GHz Band;

e it's propagation characteristics are similar to that of the 2.3 GHz and 2.6
GHz bands; and

o the expected duration of rights in the 2.1 GHz Band (see Chapter 6) is of
a similar duration to that of the other bands. In that regard, ComReg
observes that the overall duration of new licences is likely to be
considerably longer than the envisaged duration of any transition issues
that may arise due to the existing usage of spectrum rights in the 2.1 GHz
Band.

Chapter 9 of this document sets out ComReg’s consideration of the transition
scenarios for this award. While the complexity and potential transition times
required for any transition in the 2.1 GHz Band would only become fully known
following the outcome of the Proposed Award, ComReg observes that this
transition is likely to be simpler and potentially quicker than the transition for the
2012 MBSA as the potential for service disruption in this transition is
considerably less.
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3.89 Annex 11 sets out information on the transition mechanisms used in the 2012

MBSA. This explains that there were two transitions carried out following that
award, one in 2013 and the other in 2015, and that both of these were carried
out expediently with the 2013 transition being carried out in less than six
months.

iii. Eir's view that the 2.1 GHz Band approach needs to address the inherent
unfairness to Eir where it believes that it would be placed at a disadvantage
if fees, determined by an auction, are to be paid upfront at the end of the
auction some 8 years (assuming a 2019 award) in advance of actual expiry
of its 3G licence, while still paying 3G licence fees.

iv. Three’s view that the 2.1 GHz Band approach would give an unfair
advantage to Eir over other bidders, as three lots of 2x5 MHz held by Eir
do not expire until 2027, and the presence of these lots could also reduce
the transparency of the auction in an uneven way.

3.90 ComRegfirst observes that Eir and Three hold opposing views on the perceived

3.91

advantages or disadvantages to Eir from its existing spectrum rights of use in
its 3G licence which run until 2027.

In relation to Eir’s claim that it would be disadvantaged by having to pay for new
spectrum rights of use commencing in 2027 (i.e. in time slice 2 as discussed in
Chapter 5 of this document) which is 8 years in advance (assuming a 2019
award) while still paying licence fees, ComReg notes DotEcon’s assessment of
same (as set out in Chapter 3 of the DotEcon Award Design Report) including
that:

e Eir would not be paying for a licence renewal per se, but for new rights of
use that would be manifested in a new licence (albeit potentially for the
same frequencies) and there is no reason that payments for new spectrum
rights in time slice 2 (running beyond the expiry of Eir's current licence)
should be treated differently depending on which other spectrum licences
they may currently hold. In time slice 2 all bidders are in similar positions
with all of the available 2.1 GHz Band spectrum available for award; and

e the payment terms faced by Eir in this situation would be similar to any
other operator that was to win 2.1 GHz Band spectrum in both time slices
(whether awarded as two separate licences or one continuous licence).
l.e. those bidders would also be required to pay in advance for access to
the spectrum rights over the period of time slice 2 and at the same time as
paying for access over the first time slice.
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3.92

3.93

In relation to Three’s view that Eir would have an unfair advantage because it
has three lots of 2x5 MHz which do not expire until 2027, ComReg notes
DotEcon’s assessment of same (also considered this view in Chapter 3 of the
DotEcon Award Design Report®®) including that:

e itis unclear as to why Three considers Eir to have a particular advantage

in bidding for the 2.1 GHz spectrum;

The lots licensed to Eir up to 2027 would not be available to others until
they expired in any case, so Eir does not have an “advantage” with respect
to those lots over any other that goes beyond its rights acquired under the
current licence and for which it is paying a fee; and

If Three is instead concerned about the lots associated with Eir's current
spectrum when it becomes available from 2027, then again it is unclear
why Eir would have an unfair advantage bidding for those lots in the
Proposed Award. That is, all bidders would have the opportunity to bid for
those lots and, if Eir were to have the highest value for same, there is no
reason to believe this would represent an inefficiency or unfairness
through distorted valuations.

In relation to Three’s submission that Eir’s lots could reduce the transparency
of the Proposed Award in an uneven way, DotEcon observes that Three may
be referring to the use of party-specific lots (as used in the 2012 MBSA). If so,
DotEcon notes that:

e under its current recommendations, there would not be any party-specific

lots in the Proposed Award; and

e even in the case that party-specific lots were to be used (which is not

proposed), there would be a very low risk of gaming behaviour, especially
in auction formats such as the CCA where all bids made at any point in
the auction are binding.

9% DotEcon summarises Three’s Claim as follows:

Three claims that the different expiry dates of the current 2.1 GHz licences would “distort the
attractiveness of some of the lots across the range of possible bidders in the long term”. This is
because “an existing licence holder might have an advantage over other bidders for the lots that they
hold if the lots do not become available for some time after the award process”. Three highlights that
Eir would have a particular advantage because its licences expire seven years after the date of the
award, and “the value placed on lots that can be used in the short term is always going to be higher
than the value to buy lots that cannot be utilised for a period of 7 years into the future".
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3.94

3.95

3.96

3.97

3.98

3.99

ComReg notes and agrees with DotEcon’s assessment of the diametrically
opposing concerns expressed by Eir and Three, as summarised above.
ComReg therefore does not propose to consider them further in this document.

3. Licence renewal/direct assignment

Two respondents, Eir and Nera (on behalf of Three), submitted that, for the 2.1
GHz Band, licence renewal or a direct award to existing 3G licensees would be
a preferable approach for the various reasons as outlined in section 3.3.4
above.

For the reasons identified in ComReg’s draft RIA on the assignment options for
the award (see Chapter 4), ComReg does not consider that an administrative
assignment process to be appropriate for this award.

4. Liberalisation of existing 3G licences

Three respondents (Eir, Nera (on behalf of Three) and Vodafone)), provided
views on the liberalisation of existing 3G licences which, in summary, are as
follows:

¢ it would be feasible to include a liberalisation option in the Proposed Award
with the aim of having a common start point for all operators with new
assignments in 2022 (Vodafone); and

¢ liberalisation should be addressed separately to the award (Eir and Nera);
and

e any price to be paid for liberalisation of Eir's spectrum rights must be fair
(Eir).

ComReg’s consideration of, and proposals for, the liberalisation of existing 3G
licences (including consideration of the above views) is detailed in Chapter 5 of
this document and in Chapter 3 of the DotEcon Award Design Report.

In terms of process, ComReg would highlight for now the following matters:

¢ as the liberalisation proposals both inform and are informed by the award
proposals, it is appropriate to address both matters in the context of the
overall consultation process for, and ultimate substantive decisions, on the
Proposed Award; and

¢ at the same time, it should be noted that any liberalisation of existing 3G
licences would be given effect to by way of ComReg’s power to amend the
rights, conditions and procedures concerning rights of use for radio
frequencies (see, in particular, Regulation 15 of the Authorisation
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Regulations). In that context, any application process for the liberalisation
of existing 3G licences would be separate to the application process for
the Proposed Award and, under ComReg’s proposals, all three existing
3G licensees would be provided the option to apply for liberalisation from
a common date.

ComReq’s view on the inclusion of the 2.1 GHz Band

3.100 In light of the above, and having particular regard to DotEcon’s analysis (as
detailed in its Award Design Report) and ComReg’s proposals detailed in
Chapter 5 (and Annex 5), ComReg remains of the preliminary view that it is
appropriate to include the 2.1 GHz Band in the Proposed Award.

3.101 The proposed inclusion of this band is also considered further in the draft RIA
on spectrum bands set out in Chapter 4.

3.4.6 Unpaired 2.1 GHz Band

3.102 Two respondents (Imagine, Vodafone) provided comments regarding the
Unpaired 2.1 GHz Band and both respondents agreed with ComReg'’s proposal
to exclude the Unpaired 2.1 GHz Band from the Proposed Award (with
Vodafone in particular highlighting the lack of standardisation).

3.103 ComReg remains of the preliminary view that the Unpaired 2.1 GHz Band
should not be included in the Proposed Award.

3.4.7 2.3 GHz Band

Updated information — 2.3 GHz Band
3.104 ComReg observes that for the 2.3 GHz Band:

e the Plum 2.3 GHz Co-existence Report analyses the potential co-
existence obligations that may need to be attached to any rights of use
assigned in the 2.3 GHz Band to facilitate co-channel co-existence with
Eir's Rurtel network, and adjacent band co-existence with wireless local
area networks (WLANS) in the 2.4 GHz band (i.e. Wi-Fi);

e LTE equipment availability has increased to 4,757 devices, up from 3,779
devices as reported in Document 18/60; and

¢ this band has been awarded in Denmark. Of the 100 MHz available in that
award, 60 MHz was assigned and 40 MHz remains unassigned.
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ComReg’s assessment of respondents’ views — 2.3 GHz Band
3.105 Of the six respondents who commented on this band, five respondents (Dense
Air, ESBN, Imagine, Three, Vodafone) agreed with ComReg’'s proposal to
include this band in the Proposed Award. ComReg observes that the views
submitted by these respondents align with the analysis set out by ComReg in
Document 18/60.

3.106 Noting the views of respondents, and the updated information set out above,
factors which support the inclusion of the 2.3 GHz Band in the Proposed Award
include that this band:

¢ has a substantial ecosystem of devices;

e has been harmonised at CEPT level and has been awarded in the UK,
and most recently in Denmark, albeit that 40 MHz remains unassigned
following that award;

¢ is harmonised for mobile broadband use in the Asia Pacific Telecommunity
(APT) and there are substantial deployments in other countries including
India, China and Indonesia resulting in a broad and extensive ecosystem;
and

¢ islikely to be considered a sufficiently close substitute to the 2.6 GHz Band
and sufficiently complementary to the 700 MHz Duplex such that it is
suitable for inclusion in the Proposed Award.”’

3.107 On the other hand, Eir did not agree with ComReg’s proposal and submitted
that there is insufficient harmonisation of this band in Europe because the EC
has yet to issue an implementing decision on technical harmonisation. While
this factor is acknowledged, ComReg does not consider it sufficient to exclude
the band from the Proposed Award because:

¢ this band has nevertheless been harmonised at a CEPT level;

e the characteristics of this band, as outlined above, mean that it is
particularly attractive for the deployment of mobile wireless broadband
services given its 3PPP standardisation, its deployment in the Asia Pacific
region, and its high availability of equipment; and

¢ this band has now been awarded in two other EU Member States (the UK
and Denmark) and it is proposed for award in Sweden.

97 See Vodafone’s submission to Document 18/60 outlined in section 3.3.6 of this document, section
4.4 of Document 18/60 and section 3.2.1 of Document 14/101.
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3.108 In light of the above, ComReg remains of the preliminary view that it is
appropriate to propose the inclusion of the 2.3 GHz Band in the Proposed
Award. This is considered further in the draft RIA on spectrum bands set out in
Chapter 4.

3.4.8 2.6 GHz Band

Updated information — 2.6 GHz Band
3.109 ComReg observes that for the 2.6 GHz Band:

on 11 March 2019, CEPT issued a public consultation on its updates to
ECC Decision (05)05% to enable the use of 5G and AAS in this band;

on same date, CEPT also issued a public consultation on Draft Report
72°°, which forms Report A of its draft response to the EC’s mandate to
review the harmonised technical conditions for certain EU-harmonised
frequency bands (including the 2.6 GHz Band) and to develop LRTCs
suitable for next-generation (5G) terrestrial wireless systems;

the Plum 2.6 GHz Co-existence Report provides advice on potential co-
existence obligations that might be necessary to attach to any rights of use
assigned in the 2.6 GHz Band in order to facilitate adjacent band co-
existence with aeronautical radars;

in Switzerland, 2x5 MHz of unsold spectrum in this band from a previous
was included in its recent auction, but remains unassigned; and

equipment availability has increased across all 3GPP bands for this band,
as detailed in Table 3 below.

Table 3: 4G and 5G equipment availability in the 2.6 GHz band

4G Devices 4G Devices 5G Devices
May 2018 (18/60) March 2019 March 2019

6,974 8,329 1

(B7, FDD) (B7, FDD) (n7, FDD)

2,906 3,666 1

(B38, TDD) (B38, TDD) (n38, TDD

2,755 3,538 4

(B41, TDD) (B41, TDD) (n41, TDD)

(3GPP 4G and 5G NR bands in parenthesis) (source GSA)

98 Draft revision of ECC Decision (05)05 Harmonised utilization of spectrum for Mobile/Fixed

Communications Networks (MFCN) operating within the band 2500-2690 MHz
% Draft CEPT Report 72
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ComReg’s assessment of respondents’ views — 2.6 GHz Band
3.110 The six respondents who submitted comments on this band (Dense Air, eir,
ESBN, Imagine, Three and Vodafone) all agreed with ComReg’s proposal to
include this band in the Proposed Award.

3.111 ComReg observes that the views put forward by respondents align with
ComReg’s analysis set out in Document 18/60, including in particular that the
2.6 GHz Band is a harmonised band with a large ecosystem of available
equipment which is particularly suited to the provision WBB services.

3.112 In light of the above, ComReg remains of the preliminary view that it is
appropriate to include the 2.6 GHz Band in the Proposed Award. This is
considered further in the draft RIA on spectrum bands set out in Chapter 4.

3.4.9 26 GHz Band

Updated spectrum band information - 26 GHz Band
3.113 ComReg observes that for the 26 GHz Band:

e in July 2018, CEPT adopted ECC Decision (18)06'°° which sets the
harmonised conditions for the introduction of 5G in the 26 GHz band;

e also in July 2018, CEPT submitted Report 68 on 26 GHz band'’' to the
EC to form the basis of ongoing considerations within the Radio Spectrum
Committee (RSC) for the development of relevant EC implementing
decisions.

e in December 2018, the EECC was adopted and Article 54 of same sets
out a specific obligation in relation to 26 GHz Band:

Article 54: Coordinated timing of assignments for specific 5G
bands

1. By 31 December 2020, for terrestrial systems capable of
providing wireless broadband services, Member States shall,
where necessary in order to facilitate the roll-out of 5G, take all
appropriate measures to:

100 ECC Decision (18)06 ECC Decision of 6 July 2018 on the harmonised technical conditions for
Mobile/Fixed Communications Networks (MFCN) in the band 24.25-27.5 GHz, corrected 26 October
2018

101 CEPT Report 68 on 26 GHz
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(b) allow the use of at least 1 GHz of the 24,25-27,5 GHz band,
provided that there is clear evidence of market demand and of the
absence of significant constraints for migration of existing users
or band clearance.

e on 14 May 2019, the EC adopted Implementing Decision of (EU) 2019/784
on harmonisation of the 24.25-27.5 GHz frequency band for terrestrial
systems capable of providing wireless broadband electronic
communications services in the Union'%? ;

e in October 2018, Italy awarded 1 GHz of spectrum in this band to 5
operators. No other Member State has awarded this band; and

¢ there is now some 5G equipment available in this band - as of March 2019,
information from the GSA indicates that there are 5 such devices.

ComReg’s assessment of respondents’ views — 26 GHz Band
3.114 Six respondents provided comments on this band (Dense Air, Eir, ESBN,
Imagine, JRC, Three) and all agreed with ComReg'’s proposal to exclude this
band from the Proposed Award.

3.115 Noting the updated information above, and the supporting views of respondents
as summarised in section 3.3 above, ComReg considers that its preliminary
analysis for this band (as set out in section 4.6 of Document 18/60) remains
valid. This includes that:

¢ there remains a lack of clarity on the potential use and the business case
for the 26 GHz Band, as well as the appropriate framework for assigning
spectrum rights in this band. In this regard, ComReg notes that further
clarity is likely to become available over time as other jurisdictions advance
their respective 26 GHz award plans, and studies are carried out by
BEREC, CEPT and other bodies'%;

¢ while the standardisation process for the 26 GHz Band has become more
developed, there remains very low availability of 5G devices;

¢ there remains a lack of demand for spectrum rights in this band for 5G
purposes. While respondents were generally of the view that this will be
an important band in the future, ComReg observes that 5G networks are
likely to be first deployed using spectrum in the sub-6 GHz bands and

102 Decision (EU) 2019/784 of 14 May 2019.
103 For example, ComReg observes that BEREC has a number of 5G work items on its 2019 work
programme https://berec.europa.eu/eng/about _berec/annual_work programme/
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spectrum rights in the 26 GHz band and other ‘high bands’ would likely be
used for the subsequent densification of 5G networks;

the sub-6 GHz bands proposed in this award are not a close substitute to
the 26 GHz band.'** Instead, close substitutes for the 26 GHz Band, by
which to provide 5G services, are more likely to be other mmWave
bands'®. In that regard, ComReg observes that some respondents
submitted that spectrum in the 26 GHz Band and other ‘high bands’ could
be used to target the densification of 5G networks; and

complementarities between rights of use in the 26 GHz Band and the sub-
6 GHz bands proposed in this award are unlikely to be sufficiently
strong’’®, because the value of the latter is unlikely to be enhanced by
winning spectrum rights in 26 GHz Band. In particular, the sub-6 GHz
bands have particular WBB services and business models/use cases in
mind, and the joint award of the 26 GHz Band with sub-6 GHz bands is
unlikely to result in the provision of those services either more effectively
or at lower cost given the likely different use cases.

3.116 ComReg therefore remains of the view that it is not appropriate to include the

3.117

26 GHz Band in the Proposed Award. Instead, ComReg considers that this band
should be assigned under a separate, subsequent award process, the timing
and other particulars of which would be determined via separate consultation in
light of relevant developments.

In preparation for any such consultation, ComReg will continue to monitor 26
GHz Band developments and also intends to carry out a 5G deployment study
in the coming ComReg working year (i.e. during Q3 2019 to Q2 2020). While
the scope of that study has yet to be finalised, ComReg currently envisages that
this study would consider, among other things:

e the current status of the 26 GHz Band in terms of standardisation,

equipment availability, assignments in other jurisdictions, etc.;

¢ the potential use cases and business case considerations for deployments

in the 26 GHz Band; and

¢ the appropriate licensing framework or frameworks for assigning spectrum

in this band in Ireland.

104 See section 4.6 of Document 18/60.
105 For example, the 42 GHz and 66-71 GHz bands identified by the RSPG in its second opinion on

5G.

106 See section 4.6 of Document 18/60.
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3.4.10 Summary of ComReg’s preliminary view on spectrum bands
3.118 For the reasons outlined above, ComReg is of the preliminary view that:

e the 700 MHz Duplex Gap and 700 MHz Guard Bands, the 1.4 GHz
Extension Bands, the Unpaired 2.1 GHz Band and the 26 GHz Band
should not be included in the Proposed Award; and

e the 700 MHz Duplex, the 1.4 GHz Centre Band, the 2.1 GHz Band, the 2.3
GHz Band and the 2.6 GHz Band could be included the Proposed Award.
These bands are considered further in the draft RIA on spectrum bands
set out in Chapter 4.

3.5 Other matters raised

3.119 ComReg notes that respondents raised other matters which were not discussed
in Document 18/60.

3.120 The following matters raised by respondents are discussed and addressed in
the relevant chapters of this document:

¢ licence duration (see Chapter 6);
e award design and format (see Chapter 7);
e packaging of lots within an auction (see Chapter 7);
e spectrum fees (see Chapter 7);
e spectrum competition caps (see Chapter 7); and
e coverage (see Chapter 8).
3.121 The following matters are discussed below:
¢ level of spectrum assignments for mobile services in Ireland;
e assignment considerations for award design;
¢ technical matters;
e pricing for chained or meshed multi-hop links (60 GHz); and

e 3.6 GHz Transition.
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3.5.1 Level of spectrum assignments for mobile services in Ireland

3.122 Two respondents (Nera (on behalf of Three) and Vodafone) provided comments

on the level of spectrum assignments for mobile services in Ireland.

3.123 Vodafone submitted that Ireland continues to lag behind its European

3.124

neighbours with regard to the quantity of spectrum assigned for mobile services.
It suggested that having a smaller available spectrum pool has real negative
effects for customers in Ireland leading to claims of poorer quality of service as
well as higher costs. For these reasons, it submitted that moving quickly to align

the quantity of spectrum assigned must be a key consideration in the design of
the Proposed Award.

Nera, on the other hand, submitted that following the Proposed Award there
would be plenty of spectrum available in Ireland and presented a figure,
reproduced below, comparing the timeline for release of spectrum in Ireland to
that of Germany and the UK. Arising from the 2017 release of the 3.6 GHz
Award and the Proposed Award, Nera notes that Ireland is advancing towards
a relative abundance of mobile spectrum.
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Figure 1: Spectrum allocation timeline in Ireland, United Kingdom, and

Germany (source Nera)
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3.125 While noting that during the 4G era, Ireland was behind many other European
countries in mobile spectrum assignment owing to legacy issues in the release
of the 2.6 GHz band'’’, Nera submitted that this was arguably less of an issue
in Ireland than it would have been in Germany or the United Kingdom, as Ireland
has notably fewer dense urban locations, and thus fewer cell sites exposed to
early congestion as data use expanded.

3.126 Nera also submitted that ComReg has a well-developed roadmap for release of
spectrum over the next five years and, in this regard, it noted the potential future
release of spectrum at 1.4 GHz and 26 GHz as identified in ComReg Document
18/60.

ComReg’s assessment
3.127 ComReg notes the diverging views of Nera and Vodafone. ComReg agrees that
the release of harmonised spectrum in a timely manner is important for Ireland
given the significant challenges (including population distribution) for providing
mobile connectivity. This is particularly recognised in ComReg’s radio spectrum
management strategy’%.

3.128 While heretofore it has not been possible to release the 2.6 GHz Band given its
legacy use for Multipoint Microwave Distribution Systems (MMDS), the
Proposed Award would release 350 MHz of additional spectrum which, as
highlighted by Nera, would place Ireland at least on a par with other European
countries such as the UK and Germany.

3.5.2 Assignment considerations for award design

Consider award on basis of current circumstance
3.129 Eir submitted that all matters related to this award must be considered on the
basis of what it terms “current circumstances and medium term perspectives”,
taking into account relevant national policy objectives and best practice
approaches to addressing such circumstances. In this regard, Eir noted, for
example:

¢ the views of the RSPG that there is no one size fits all in terms of spectrum
award designs and that it is important to first establish the objectives for
the award (see section 4 of the RSPG Report'*?); and

07 In Ireland the 2.6 GHz Band was licensed for Multipoint Microwave Distribution Systems (MMDS)
services, an ECS service as provided for under EC Decision 2008/477/EC, and was used
extensively for the retransmission of television services.

108 ComReg Document 18/118

109 RSPG16-004 FINAL: RSPG Report on Efficient Awards and Efficient Use of Spectrum, 24
February 2016
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¢ that BEREC has indicated that it will publish two best practices reports on
spectrum authorisation/award procedures and coverage obligations with a
view to considering their suitability for 5G during 2018'"°, which Eir
suggested will also be very relevant to the consideration and
establishment of the objectives and design parameters for a potential
MBSA.

Reservation of spectrum for FWA use or for new entrants

3.130 Two respondents commented on matters relating to the reservation or ‘ring-
fencing’ of spectrum:

e Vodafone submitted that while the 700 MHz and 2.6 GHz combination may
be attractive, any reservation of spectrum for a new entrant would likely
lead to inefficiency; and

¢ Imagine, on the other hand, submitted that it is important that TDD
assignments of mid-band spectrum (i.e. 1GHz — 6 GHz)) are ‘ring-fenced’
for FWA deployment because, in its view, this is where the FWA
ecosystem is targeted. Imagine also suggested that this would be
important to ensuring that no ‘digital divide’ develops in 5G deployments
and that non-mobile operators have sufficient spectrum to deliver on all
5G use cases and deployment scenarios. Imagine submitted that failure
to ‘ring-fence’ spectrum in the mid-band for FWA use-only could result in
hoarding of spectrum by mobile operators and lead to a long-term inability
to deliver non-mobile use-cases for 5G.

ComReg’s assessment
3.131 In relation to Eir's view that the award needs to be considered on current
circumstances, ComReg re-iterates that it considers each award on a case-by-
case basis having regard to its statutory powers, functions, objectives and
duties, national policy, relevant information and the particular circumstances
arising. Throughout this document ComReg provides extensive references to
multiple information sources which have informed its proposals, including from:

¢ international bodies such as the RSPG, BEREC and CEPT;

¢ international experience, for example relevant spectrum awards as noted
in the consideration of spectrum bands above;

110 Since published, see BoR (18) 235, 6 December 2018, BEREC report on practices on spectrum
authorization, award procedures and coverage obligations with a view to considering their suitability
to 5G
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¢ national policy- for example, the work of the Mobile Phone and Broadband
Taskforce in the context of appropriate coverage obligations; and

e ComReg’s expert external advisors, DotEcon, Plum and LS Telcom.

3.132 In relation to the other views set out above, namely the reservation of spectrum
for FWA use or new entrants, ComReg notes the respondents’ views and refers
the reader to the consideration of options in the draft “Assignment Process” RIA
as set out Chapter 4 which follows, for ComReg’s consideration of these
matters.

3.5.3 Technical matters

3.133 Five respondents (Dense Air, Imagine, Nera, Three and Vodafone) commented
on a variety of technical matters as summarised below:

¢ 2.6 GHz Band Plan: While Vodafone noted that the 2.6 GHz EC Decision
allows national discretion on the band plan, it favoured the primary band
plan (see Figure 2 below) given what it terms ‘pent-up’ demand and that
handsets are available in the Irish market.

FDD-UL TDD FDD-DL

15 24

2500 MHz 2570 MHz 2620 MHz 2690 MHz

Figure 2: The 2.6 GHz Band showing the primary band plan

¢ Guard bands TDD and FDD: Three requested more information on the
guard band requirements between the FDD and TDD blocks in the 2.6
GHz Band.

¢ Rurtel in 2.3 GHz Band: While supporting the inclusion of this band,
Three submitted that the industry requires more information on how the
matter of Rurtel licences would be addressed.

e Contiguous spectrum: Imagine submitted that, where possible, all
spectrum should be assigned contiguously to individual operators as
fracturing of the spectrum block only leads to inefficient use and sub-
optimal deployments.

¢ UK technical conditions for 2.3 GHz and 2.6 GHz TDD bands: Dense
Air submitted that, because of the land border between Ireland and the
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UK, ComReg should adopt the same TDD technical licence conditions for
both the 2.3 GHz and 2.6 GHz Bands that the UK employs.

e TDD synchronisation: Nera submitted that within the TDD bands, it may
be advantageous to specify a default downlink/uplink ratio (e.g. 3:1) to
ensure adjacent users are synchronised as otherwise users must acquire
sufficient spectrum rights of use to create their own guard bands.

ComReg’s assessment
3.134 ComReg notes the respondents views and refers readers to:

e Chapter 6 for a consideration of matters related the 2.6 GHz band plan
and guard bands between FDD and TDD;

e Chapters 6, 7 and 9 for a consideration of RurTel in the 2.3 GHz band;

e Chapter 7 for a consideration of matters related to the packaging of
spectrum in terms of lot categories and the assignment of contiguous
spectrum where feasible; and

e Annex 12 (technical conditions) for a consideration of matters related to
technical conditions, restricted blocks in the 2.6 GHz Band and TDD
synchronisation.

3.5.4 Pricing for chained or meshed multi-hop links (60 GHz)

3.135 Dense Air submitted that chained or meshed multi-hop links''" at 60 MHz (and
all spectrum above 39 GHz) should be priced as a single link, as the current
pricing regime of €150 per annum per link dominates the total operating costs
of mmWave mesh solutions.

ComReg’s assessment
3.136 ComReg refers its proposed spectrum action plan for fixed links during the
period 2019 to 2021 where it indicated that it will:""?

“Following a call for inputs on the future use of the V-band (57-71 GHz),
consider implementing, if required, an appropriate licensing regime to
facilitate the future use of this band;”

11 Dense Air believes that the designators would be the start and end of the chain where traffic
enters and exits the mesh. GPS coordinates would confirm the links were meshed and not
individual.

112 Paragraph 5.10 of ComReg Document 18/118, ComReg’s Radio Spectrum Management
Strategy Statement 2019 to 2021,
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3.5.5 3.6 GHz Transition

3.137

Eir commented on the transition process for the 3.6 GHz Award and submitted:

e it is still waiting, one year from licence issue, for access to the spectrum
to be commenced and that it is a significant failing on the part of ComReg
that access to the spectrum has not been forthcoming; and

e that this situation cannot persist and ComReg must ensure all transition
activity is completed without any further delay.

ComReg’s assessment

3.138

3.139

3.140

In relation to the 3.6 GHz Award transition process, ComReg firstly observes
that that the particular circumstances arising for this band are considerably
different to that of other bands suitable for mobile services, including the bands
being considered for the Proposed Award''®. In particular, the existing FWALA
licensees in the 3.6 GHz Band had local area licences (of which were there 292
before the 3.6 GHz Award) that provided fixed wireless broadband, sometimes
in areas where no alternative broadband provider exists.

Noting these specific circumstances, and the importance of ensuring the
efficient use of spectrum as well as maximising benefits to users'’*, ComReg’s
3.6 GHz Award transition process included binding transition rules (as set out
in the Information Memorandum for that award) which provided for the
continued provision of existing services while new licensees were deploying
their networks. The 3.6 GHz Band Information Memorandum also includes
provisions for refunds to new licensees (in respect of both the upfront and
ongoing fees) arising from delayed access to new rights of use because of
transition.

Since finalising the 3.6 GHz Award, ComReg has been actively engaging with
both existing licensees and new licensees for the purpose of defining local area
transition plans which encourages existing licensees to carry out network
migration activities with a focus, in particular, of facilitating the proposed roll-out
plans of new licensees.

13 ComReg’s consideration of the transition issues associated with the Proposed Award is set out in
Chapter 9 of this document.
14 ComReg established four transition principles to guide transition in the 3.6 GHz Band.

Minimise the potential for disruption to existing consumer services;

Introduce liberalised licences as soon as possible not unnecessarily delaying the delivery of
future liberalised services;

Maximise benefits to end users; and

Ensure the efficient use of spectrum during the transition period.

Page 79 of 590



Response to consultation and further consultation ComReg 19/59R

3.141 Considerable progress has been made in the orderly transition of the 3.6 GHz
Band. For instance, from the 292 Transition Service Areas (TSAs) of existing
licensees at the start of transition, data as at 22 May 2019 currently indicates
that:

e 87 TSAs (30%) have been cancelled;
e 164 TSAs (56%) have been modified (in frequency or area); and

e 41 TSAs (14%) remain unaltered.

Status of 3.6 GHz TSAs - 22 May 2019

100%
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B TSAs Cancelled B TSAs Modified TSAs Unmodified

Figure 3: Status of 3.6 GHz band TSAs

3.142 Furthermore, this progress has facilitated the commencement of spectrum
rights for all new 3.6 GHz Band licensees to varying degrees.'’® The specific
details of the spectrum rights assigned are set out on the 3.6 GHz Award
webpage, and ComReg notes that currently circa 60% of the overall spectrum
rights have now been assigned."'®

3.143 ComReg’s overall aim is to complete the 3.6 GHz Award transition process in
an orderly and timely manner, and ComReg will continue to actively engage
with both existing licensees and new licensees in this regard.

115 For example, on 1 October 2018, Eir was issued spectrum rights for each region in its 3.6 GHz
Band licence. Additional 3.6 GHz Band spectrum rights were commenced for Eir on 7 January 2019.
116 https://www.comreg.ie/industry/radio-spectrum/spectrum-awards/3-6ghz-band-spectrum-award/
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Chapter 4

4 Draft Regulatory Impact Assessments

4.1

4.1

4.2

4.3

4.2

4.4

Introduction

In Chapter 3 of this document, ComReg set out its preliminary view that he 700
MHz Duplex, 1.4 GHz Centre Band, 2.1 GHz, 2.3 GHz and 2.6 GHz bands
should be considered further in a Regulatory Impact Assessment (RIA).

This chapter sets out ComReg’s draft RIAs on:

e which, if any, of the 700 MHz Duplex, 1.4 GHz Centre Band, 2.1 GHz
Band, 2.3 GHz Band and 2.6 GHz Band should be included in the
Proposed Award; and

e in light of the preferred option arising from the Spectrum for Award
RIA, how best to assign the rights of use in the relevant band(s).

The chapter concludes with a preliminary assessment of the preferred option
arising from the two draft RIAs (the “Preferred Option”) against ComReg’s
relevant statutory functions, objectives and duties (including the application of
regulatory principles).

RIA Framework

In general terms, a RIA is an analysis of the likely effect of a proposed new
regulation or regulatory change, and, indeed, of whether regulation is necessary
at all. A RIA should help identify the most effective and least burdensome
regulatory option and should seek to establish whether a proposed regulation
or regulatory change is likely to achieve the desired objectives, having
considered relevant alternatives and the impacts on stakeholders. In conducting
a RIA, the aim is to ensure that all proposed measures are appropriate,
effective, proportionate and justified.

Structure of a RIA

4.5

As set out in ComReg’s RIA Guidelines''’, there are five steps in a RIA. These
are:

o Step 1: Identify the policy issues and identify the objectives.

117 See Document 07/56a — Guidelines on ComReg’s approach to Regulatory Impact Assessment —
August 2007.
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4.6

4.7

o Step 2: Identify and describe the regulatory options.

o Step 3: Determine the impacts on stakeholders.

o Step 4: Determine the impacts on competition.

o Step 5: Assess the impacts and choose the best option.

In the following sections, ComReg identifies the specific policy issues to be
addressed and relevant objectives for the Proposed Award (i.e. Step 1 of the
RIA process). This results in the identification of two fundamental policy issues
which are then considered in two separate RIAs following Steps 2 to 5 above of
ComReg’s RIA process.

Before moving on to Step 1 of the RIA, ComReg first makes some relevant
observations below on the stakeholders involved and on ComReg’s approach
to Steps 3 and 4.

Identification of stakeholders and approach to Steps 3 and 4

4.8

4.9

The focus of Step 3 is to assess the impact of the various regulatory options on
stakeholders. A precursor to the subsequent steps in the RIA, therefore, is to
identify the relevant stakeholders. Stakeholders consist of two main groups:

i. consumers (for the purposes of this draft RIA, consumers include
both business and residential consumers), and

ii.  industry stakeholders.

There are a number of key industry stakeholders in relation to the matters
considered in this chapter:

o existing service providers who have spectrum rights of use in the
bands being considered for inclusion in the award (2.1
Licensees''?);

o Mobile Virtual Network Operators (MVNOs);

o parties who currently provide services using other spectrum rights
(licensed or licence-exempt) for whom the spectrum being
considered for inclusion in the Proposed Award may be of particular
interest to satisfy existing and potential demand (e.g. mobile
network operators (MNOs) or other fixed wireless access providers
(FWA Providers);

118 Meteor Mobile Communications Ltd, Three Ireland Hutchison Limited, Vodafone Ireland Limited.
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4.10

4.1

412

o potential new entrants who do not currently provide any services
using spectrum in the State. This group may include companies that
are already otherwise engaged in the electronic communications
sector in the State, in other Member States or further afield (New
Entrants); and

o economic or industrial sectors who have the potential to change
business models for MNOs relative to the current marketplace,
(largely standardised services) with differentiation limited to
pricing.""®

The focus of Step 4 is to assess the impact on competition of the various
regulatory options available to ComReg. In that regard, ComReg notes that it
has various statutory functions, objectives and duties which are relevant to the
issue of competition. See Section 4.5, ‘Assessment of Preferred Option against
ComReg’s other relevant functions, objectives and duties’ below.

Of themselves, the RIA Guidelines and the RIA Ministerial Policy Direction’?°
provide little guidance on how much weight should be given to the positions and
views of each stakeholder group (Step 3), or the impact on competition (Step
4). Accordingly, ComReg has been guided by its statutory objectives which it is
obliged to seek to achieve when exercising its functions. ComReg’s primary
statutory objectives in managing the radio frequency spectrum for ECN/ECS,
as outlined in Annex 2, include:

o the promotion of competition;
o contributing to the development of the internal market; and
o the promotion of the interests of users within the Community.

In this document, ComReg has adopted the following structure in relation to
Step 3 and Step 4 — the impact on industry stakeholders is considered first,
followed by the impact on competition, followed by the impact on consumers.
This order does not reflect any assessment of the relative importance of these
issues but rather reflects a logical progression. In particular, a measure which
safeguards and promotes competition should also, in turn, impact positively on
consumers. In that regard, the assessment of the impact on consumers draws
substantially upon the assessment carried out in respect of the impact on
competition.

119 Study on Implications of 5G Deployment on Future Business Models No BEREC/2017/02/NP3 A
report by DotEcon Ltd and Axon Partners Group.
120 See Policy Direction Number 6 in Annex 2
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Identify the policy issues and identify the objectives (Step 1)
Policy issues

4.13 As noted at the beginning of this Chapter, a number of bands could reasonably
be considered for inclusion in the Proposed Award (the Candidate Bands)
including:

e Bands which are currently unused in Ireland:
o The 2.6 GHz Band is unused and available for use.'’
o The 2.3 GHz Band is largely unused and available for use'#*.
o The 1.4 GHz Centre Band is available for use.

e Bands whose rights of use are due to expire before the proposed award.

o RTE s Ireland’s public service broadcaster, and is the current
licence holder for Licences for Digital Terrestrial Television
Multiplexes using 700 MHz rights of use.

o It has now been established that the 4 March 2020 is the date
by which DTT services are to be migrated from the 700MHz
Duplex in Ireland and the date from which the 700MHz Duplex
is to be available for the provision of ECS/WBB services.

e Bands whose rights of use are due to expire after the Proposed Award.
In particular, existing rights of use in the 2.1 GHz Band begin to expire in
2022. For example,

o Three’s “A licence” expires on 24 July 2022, and its “B
Licence” expires on 1 October 2022;

o Vodafone’s rights of use expire on 15 October 2022; and
o Eir's rights of use expire on 11 March 2027.

4.14 ComReg is of the view that there are two primary policy issues to be considered
in the Proposed Award:

a) which, if any, of the above bands should be included in the Proposed
Award; and

21 Licences issued in the 2.6 GHz Band for MMDS expired in full on 18 April 2016;
122 There are currently 34 licences issued to Eir in the 2.3 GHz Band under S.I. 370 of 2009 (Radio
Links) and all licences are within the frequency range 2307-2327 MHz
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4.15

4.16

4.17

4.18

b) inlight of (a) how best to assign rights of use in the Proposed Award.

In relation to (a), for the reasons set out below, ComReg believes that there are
certain bands, namely the 2.6 GHz and 700 MHz Duplex bands, which are
clearly suitable for inclusion in the Proposed Award (and favoured by
respondents to Document 18/60) and that there is no need to considering their
inclusion separately in this draft RIA. Instead, this draft RIA only considers the
potential inclusion of the other Candidate Bands noted above alongside the 2.6
GHz and 700 MHz Duplex bands in the Proposed Award.

2.6 GHz Band

As noted in Document 18/60, ComReg believes that there are good reasons for
including the 2.6 GHz Band in the Proposed Award. In particular:

e it is harmonised at both EU and CEPT level, with the 2.6 GHz EC
Decision requiring that all Member States designate and subsequently
make available on a non-exclusive basis the 2.6 GHz Band for terrestrial
systems capable of providing ECS;

e there is a very strong device ecosystem for this band (see Annex 4);

e it is widely used in other Member States for the provision of WBB
including International Mobile Telecommunications (IMT)"??;

e itis available for immediate assignment; and

all respondents to Document 18/60 supported the inclusion of this band.

Therefore, ComReg is of the preliminary view that the 2.6 GHz Band is clearly
suitable for inclusion in the Proposed Award, particularly when combined with
the 700 MHz Duplex discussed below, and should therefore be included in all
options discussed in this draft RIA.

700 MHz Duplex

The 700 MHz Duplex is the only Candidate Band capable of providing wide area
coverage that is available for release in the proposed time period.'** It is highly
complementary to the 2.6 GHz Band (and other Candidate Bands) as its

123 The 2.6 GHz Band is the second most used spectrum band for LTE and LTE-Advanced services
worldwide (count of networks using each spectrum band to deliver commercial services).
Source: LTE Frequency Bands Worldwide — January 2019 Global mobile Suppliers Association —

GSA

24 The 1.4 GHz Centre Band offers similar propagation characteristics to sub-1 GHz spectrum,
when paired with low frequency spectrum (such as 700 MHz spectrum. This additional capacity
would supplement a basic coverage layer provided by spectrum below 1GHz. However, this band
does not provide wide area coverage in its own right.
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4.20

inclusion provides interested parties with the opportunity to obtain rights of use
to coverage and capacity spectrum in the same award which provides coverage
and capacity capabilities and greater opportunities for new entry.

At the time of publication of Document 14/101, there was still some uncertainty
around the timing of availability of the 700 MHz Duplex for inclusion in an award.
However, as noted in Chapter 3, circumstances have materially changed since
Document 14/101, in particular:

e the 700 MHz Duplex has since been harmonised for providing WBB
ECS'?;

e it has been established that 4 March 2020 is the date by which the 700
MHz Duplex will be available in Ireland;’?° and

e as of January 2019, the GSA identified 1,450 devices'?’ capable of
operating in this band'*,

Further, and subsequent to the publication of Document 14/101, ComReg
commissioned Frontier Economics to conduct a Cost Benefit Analysis (Frontier
CBA) on the release of the 700 MHz Duplex.'® This analysis concluded that
the network cost savings to all MNOs (should they secure such spectrum in an
award) to be of the order of €89 million in the base case scenario and between
€50m and €150m, respectively, in the low and high demand scenarios, arising
due to the network cost savings as a result of requiring fewer base stations.
This would also improve the performance of networks'®°, ultimately to the
benefit of consumers.

125 See Chapter 2 and also Annex 3 ComReg’s consideration of the use of the 700 MHz Duplex for
BB-PPDR.

26 In that regard, ComReg notes that the Minister for Communications, Climate Action and
Environment in a letter of entrustment to RTE to provide for the migration of Broadcasting Services
from the 700 MHz band noted that “The timely release of this spectrum is a matter of national
importance as its subsequent use for mobile broadband services will assist in delivery of improved
network coverage and speed particularly in rural areas.”
https://www.dccae.gov.ie/en-ie/communications/publications/Pages/Migration-from-700-MHz-
Spectrum-Band.aspx

127 GSA — GAMBoD - LTE devices

28 Note that this figure has increased since the publication of Document 18/60, where the GSA in
May 2018 reported that 1,211 devices where available in the 700 MHz Duplex, (Band 28).

29 Frontier Economics, ‘A cost benefit analysis of the change in use of the 700 MHz radio frequency
band in Ireland’, published June 2015.
https://www.comreg.ie/publication/a-cost-benefit-analysis-of-the-change-inuse-of-the-700-mhz-radio-

frequency-band-in-ireland/
130700 MHz Duplex spectrum could be used to increase network performance in two different ways.
e it may enable larger blocks of contiguous sub-1GHz spectrum which could be used to
significantly increase performance; and
e operators could increase performance in parts of their networks by increasing capacity, and
thereby reducing utilisation.
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The Frontier CBA also described wider economic and societal benefits that
would likely result from the assignment of the band, including consumer welfare
benefits in the form of improved and/or lower cost services and increased
demand for mobile services stimulated by greater network capacity. For
example, an Oxera Report commissioned by ComReg and published in
November 2018 notes that from mid-2020, the commercial extension of a
mobile network is likely to switch to a focus on extending higher-speed
connectivity (e.g. minimum 30Mbit/s population coverage) partly because 700
MHz Duplex rights of use become available, which will also more readily enable
three-band Carrier Aggregation’®' (a key technology that will reduce the cost of
extending high-speed connectivity).'>?'3% In effect, these gains could not be
realised absent the assignment of 700 MHz Duplex rights of use and no
additional alternative rights of are currently available to support such potential
gains.

Accordingly, ComReg is of the view that the 2.6 GHz and 700 MHz Duplex
bands are clearly suitable for inclusion in the Proposed Award and should
therefore be included in all options discussed in this draft RIA.

In light of the above, ComReg is of the view that the two primary policy issues
to be addressed are:

a) whether to include the 1.4 GHz Centre Band, 2.1 GHz Band and/or
2.3 GHz band (Candidate Bands) with the 2.6 GHz and 700 MHz
Duplex bands in the Proposed Award (the “Spectrum for Award
RIA”); and

b) inlight of (a) how best to assign rights of use in the Proposed Award
(the “Assignment Process RIA”).

These two important policy issues, while related, are sequential in nature and
are each in turn considered under Steps 2 to 5 of the RIA process below.
However, before doing so, it is relevant to note the objectives ComReg is
seeking to achieve with the Proposed Award.

Objectives

4.25

The focus of this draft RIA is to assess the impact of the proposed measure(s)
(see regulatory options below) on industry stakeholders, and on competition

131 Carrier Aggregation of 2x10MHz of 700MHz spectrum, 2x10MHz of 800MHz spectrum, and
2x10MHz of 900MHz spectrum
132 Section 5.5.1, Oxera,’Future mobile connectivity in Ireland’, Published November 2018.

https://www.comreg.ie/publication/future-mobile-connectivity-in-ireland/

133 The anticipated switch to 30Mbit/s connectivity is also a product of the fact that the costs of
providing 3Mbit/s coverage for the last few percentage points of population rises exponentially.
Given this, an MNO would be able to cover a significant proportion of the population with 30Mbit/s
for the same cost as expanding 3Mbit/s.
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4.26

4.27

4.3

4.28

and consumers. In that way, it allows ComReg to identify and implement the
most appropriate and effective means to assign spectrum rights of use, while
still allowing ComReg to achieve its objectives of:

o assigning liberalised rights of use in the 700 MHz Duplex and 2.6
GHz Band in line 700 MHz EC Decision (EU 2016/687)) and 2.6 GHz
EC Decision (2008/477/EC);

o assigning liberalised rights of use in one or more the Candidate
Bands, if appropriate, in line with relevant EC Decisions;

o promoting competition and ensuring that there would be no distortion
or restriction of competition in the electronic communications sector;

o encouraging efficient investment in infrastructure, promoting
innovation and ensuring the efficient use and effective management
of the radio frequency spectrum;

. providing further clarity on the likely availability of spectrum for
release in other relevant bands; and

o promoting the interest of economic development of the State and
electronic communications sector.

ComReg also aims to design and carry out this assignment process in
accordance with its broader statutory objectives (set out in Annex 2), including,
but not limited to, the promotion of competition in the electronic communications
sector.

ComReg’s other overarching objectives are to contribute to the development of
the internal market and to promote the interests of users within the Community.
ComReg also notes that, in achieving its objectives, its ultimate aim is to choose
regulatory measures which maximise the benefits for consumers in terms of
price, choice and quality.

The ‘Spectrum for Award’ RIA

As noted in the previous section, ComReg is of the preliminary view that the 2.6
GHz and 700 MHz Duplex bands are clearly suitable for inclusion in the
Proposed Award and should therefore be included in all options discussed in
this draft RIA. The 2.6 GHz and 700 MHz Duplex bands are therefore hereafter
referred to as the “Primary Bands”. Accordingly, this draft RIA assesses each
of the remaining Candidate Bands in terms of the impact their inclusion, or
otherwise, would have on stakeholders, competition and consumers. ComReg
then forms a preliminary view on which bands should be included in the
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Proposed Award.

Identify and describe the regulatory options (Step 2)

4.29

4.30

An assessment of the Primary Bands and each of the remaining Candidate
Bands together leads to a large number of potential individual options. However,
ComReg notes that it is unnecessary to assess each and every potential
combination of bands as a separate option for the purposes of this draft RIA,
because the arguments for and against including each Candidate Band with the
Primary Bands is essentially the same for any other potential combination of
that Candidate Band with other Candidate Bands. Therefore each option below,
following Option 1, considers the addition of a particular spectrum band and
assesses whether the inclusion of that spectrum band is appropriate in light of
the objectives referred to above. In that regard, Option 1 is assessed against
other options which provide for the inclusion of additional bands.

In light of the preceding discussion, and having regard to responses received to
Document 18/60, ComReg has identified the following regulatory options for
consideration in this draft RIA:

e Option 1 - Assign rights of use for 700 MHz Duplex and 2.6 GHz Band
only.

e Option 2 - Include the 2.3 GHz Band in any award process assigning
rights of use in the 700 MHz Duplex and 2.6 GHz Band.

e Option 3 - Include the 2.1 GHz Band in any award process assigning
rights of use in the 700 MHz Duplex and 2.6 GHz Bands.

e Option 4 - Include the 1.4 GHz Centre Band in any award process
assigning rights of use in the 700 MHz Duplex and 2.6 GHz Bands.

Impact on industry stakeholders, competition and consumers (Steps 3
and 4)

4.31

The focus of this section of the draft RIA is to assess the impact of the
aforementioned regulatory options on:

i. industry stakeholders'** (being existing stakeholders and potential
new entrants);

il. competition; and

134 Some of the comments below regarding the possible views of certain stakeholders are based on
assessment of what ComReg considers to be stakeholder’s likely views. Stakeholders are, of course
free to be more explicit on their actual views in the response to this consultation.
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4.33

4.34

4.35

4.36

iii. consumers.

Prior to carrying out this analysis, ComReg first briefly sets out some
background information concerning developments in the demand for spectrum
in Ireland. Such developments are relevant when considering the likely attitudes
of industry stakeholders and consumers to the inclusion of certain spectrum
bands in the Proposed Award. ComReg notes that it intends to further develop
this draft RIA in light of feedback from respondents to this consultation.

Demand for spectrum

Consumer demand for mobile broadband has grown significantly in recent
years. Total mobile traffic has grown nearly 13 times'*® since the 2012 Multi-
Band Spectrum Award (2012 MBSA) when 3G was expanded across the
country using UMTS 900 and 4G was launched in Ireland. Further, ComReg
recently commissioned Frontier Economics to publish a new mobile data traffic
forecast to enable better network planning by operators and assist stakeholders
to keep pace with consumer demand for services (Document 18/35)."%° Frontier
forecasts that demand for mobile data in Ireland will grow at an average of 32%
per year up to 2022 with growth rates of above 40% per year in the period up to
2020."%" Similarly, LTE fixed wireless broadband is forecast to grow by 26% per
year through to 2022."%¢

Frontier separately notes that there are many factors increasing demand for
data including that:"3°

e devices are becoming increasingly sophisticated;

e consumers are using more heterogeneous and sophisticated software
and applications on their devices;

e broadband networks are increasingly used by consumers to watch
content that would previously have been transmitted over traditional TV
networks; and

e business applications continue to drive demand.

These drivers are all described in more detail in Section 2.2 of the Frontier
Report on meeting consumers’ connectivity needs. "4

Demand for spectrum exists to satisfy requirements in both rural and urban
areas, and a mix of spectrum bands is typically required for optimal network
configuration and where possible to facilitate new entry. While mid frequency

135 ComReg Quarterly Reports — Q1 2013 — Q4 2018.

36 Implementing Action 33 of the Mobile Phone and Broadband Taskforce.

37 Document 18/35, Mobile Data Traffic Forecast in Ireland, published 27 April 2018.

138 https://www.rcrwireless.com/20180425/5g/fixed-wireless-broadband-to-grow-30-in-2018_tag41
139 Section 2.2, Document 18/103b.

140

Meeting Consumers’ Connectivity Needs a report from Frontier Economics, Document 18/103b
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4.37

4.38

4.39

4.3.1

4.40

spectrum has greater capacity capabilities compared to low frequency
spectrum, the latter offers substantial coverage benefits and is more cost-
effective in providing ‘capacity in the coverage layer’ for mobile data services.
The 700 MHz Duplex is likely to be central to providing mobile coverage in rural
areas and along terrestrial routes where the capacity requirements are typically
less. Ireland is one of the most rural countries in the EU 28'%" and the 700MHz
Duplex is likely to be of most interest in Ireland in terms of providing or improving
mobile coverage, given that its strong propagation qualities support more cost-
effective approaches to the coverage of distributed and rural populations.’#

Capacity is also likely to be an issue particularly in urban and suburban areas
where populations are becoming increasingly concentrated. Population growth
is projected to be greatest in and around the major cities and Dublin in particular.
For example, since the 2012 MBSA, the population of Dublin has grown by
around 100,000'*® and is forecast to grow by 300,000 in the period up to
2040."** Further, around 90,000 persons (net) travel to work in Dublin from
outside and another 70,000 (net) travel to work into the other cities from outside
areas. The five urban areas combined accounted for 41% of all daytime
workplace destinations (excluding mobile workers)."* This increasing density
of population, particularly in urban areas, will put pressure on the capacity of
existing networks, whether mobile or fixed.

MNOs already have significant spectrum portfolios with 750 MHz currently
assigned for WBB in Ireland. However, given the data forecasts described
above, additional spectrum rights across different bands are likely to be required
in the future, and respondents to this consultation process have indicated as
much (see discussion in Chapter 3). In light of the above characteristics and
developments, demand for suitable radio spectrum in Ireland is likely to be high.

ComReg sets out below a comparative analysis of each of the four regulatory
options outlined above, in terms of their impact on stakeholders, competition
and consumers.

Impact on Industry Stakeholders

As noted above, industry stakeholders can be broadly split between those
operators that are currently active in the electronic communications sector and
potential new entrants to the electronic communications sector in the State.

141

Section 4.1.1 Document 18/35, Mobile Data Traffic Forecast in Ireland, published 27 April 2018.

42 See Section 2.4, Document 18/103c ‘Future Mobile Connectivity in Ireland a report from Oxera
Consulting LLP, with Real Wireless Ltd.’

143 Census 2016.

144 ESRI, 2018, ‘Prospects for Irish Regions and Counties: Scenarios and Implications’ Research
Series Number 70.

145 Census of Population 2016 — Profile 6 Commuting in Ireland.
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4.42

4.43

4.44

ComReg notes that each of the regulatory options below involves additional
spectrum being made available for assignment to existing operators or new
entrants. Therefore, before assessing each of the options, ComReg sets out
below the main reasons why operators, all else being equal, would prefer
options which make available additional spectrum rights of use.

Benefits of additional spectrum to stakeholders

Fixed Wireless

While the Candidate Bands above 1 GHz are often used for the provision of
capacity on mobile networks, these bands can also be used by a fixed wireless
network to deliver coverage and capacity'“®. For example, Plum notes:

"the CPE antennas used in fixed networks are also directional and are mounted
externally, typically on a rooftop or other elevated position. Once again the
antenna gain leads to an increase in the tolerable path loss, but there is also a
further benefit in that there is a much higher probability of a line of sight path
between the base station and antenna than would be the case for a mobile
network, where user terminals are often shielded by buildings, trees and other
clutter. This means that a reliable service can be provided over much larger
distances than would be the case for a mobile network, especially in an urban
or suburban environment”.'*’

In terms of the coverage range for the Candidate Bands, propagation loss
increases with the frequency. While there are propagation differences between
the 2.1 GHz Band, 2.3 GHz Band'*® and 2.6 GHz Band, these are not significant
and are typically treated the same for network planning studies.’*®

The addition of any of these bands would give additional capacity and coverage
benefits to existing Fixed Wireless Access (FWA) operators. For example,
based on its previous analysis, Plum'" recommended that 100 MHz'*" is

146 For example, DotEcon notes that frequencies above 1 GHz may be attractive for fixed wireless
providers, for which capacity and throughput can be achieved using bands with larger amounts of
contiguous spectrum. See Chapter 2, of the DotEcon Award Design Report.

47 Document 15/140d - Technical advice by Plum Consulting concerning potential rights of use in
the 3.6 GHz band Updated Report 3: Analysis of the potential spectrum requirements for NGA
services.(p53).

148 FDD assignments can cover a wider coverage area. Assuming same transmit power, the main
reason for reduced coverage is that the uplink device power is used part of the time for TDD but
continuously for FDD.

149 Report ITU-R M.2292-0 (12/2013) - Characteristics of terrestrial IMT-Advanced systems for
frequency sharing/ interference analyses — Table 3.

50 Document 15/75, A Report for ComReg, Technical advice concerning potential sub-national
rights of use in the 3.6 GHz band. Report 3: Analysis of the potential spectrum requirements for NGA
services.

51 The 100 MHz uses an infrastructure density comparable to one of today’s mobile cellular
networks, and Plum state that this amount of spectrum utilising LTE-A could serve up to 30% of all
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necessary to provide a high speed (30 Mbit/s or more) broadband service with
similar contention levels to existing cable services and a similar infrastructure
density to existing wireless services. The 2.3 GHz Band provides FWA
operators with the opportunity to increase existing holdings closer to or beyond
100 MHz and compete to a greater extent with existing fixed services.

4.45 Fixed Wireless is a consumer’s fixed broadband solution in the home and the
download requirements are significantly higher per user compared to mobile.
For example, monthly data usage per FWA is around 102 GB per month
compared to around 6 GB and 23 GB for smartphone and dongles,
respectively.’®> In February 2019, Imagine announced plans to deploy
approximately 325 sites and provide fixed wireless services across large parts
of the country. ">*Therefore, depending on FWA subscriptions in a particular
area, the need for additional spectrum for such purposes could increase in the
future.

Mobile and Fixed Wireless

4.46 Assigning available substitutable spectrum in a single award rather than in one
or more sequential awards would, among other things, better facilitate the
planning of spectrum portfolios to address growth in data traffic and, in turn,
enhanced services by successful participants in the Proposed Award.
Operators typically have three options when increasing capacity on their
networks:

1. deploy more spectrum on existing base stations;

2. add more bases stations increasing the geographic reuse of spectrum;
and/or

3. increase spectrum efficiency (i.e. increasing the throughput capacity of
each MHz of spectrum).

447 Increased spectral efficiency is generally achieved through on-going
technological advancements and operators are generally dependent on
equipment manufacturers and handset upgrades to provide for same.’** More
generally, the capacity available to provide MBB services depends on the

broadband subscribers in a typical suburban area and up to 50% of all subscribers in more rural
areas.

152 ComReg Quarterly Reports, Q4’ 2018.
153https://www.irishtimes.com/business/technology/imagine-plans-300m-wireless-broadband-
network-1.3792296?mode=sample&auth-failed=1&pw-

origin=https%3A%2F %2Fwww.irishtimes.com%2Fbusiness%2Ftechnology%2Fimagine-plans-
300m-wireless-broadband-network-1.3792296

54 As technology standards are improved and refined the effective capacity of different technologies
improves. However, even if new LTE releases are deployed in the network there may be a lag in the
user adoption of handset technology with the latest LTE releases. Therefore operators typically do
not rely on such developments to increase capacity, particularly in the short run.
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4.49

amount of spectrum assigned to an operator and the number of base stations
in its network. Once the existing capacity is fully used, operators must, in the
absence of suitable additional spectrum, add more base stations to their
network to address congestion.’*® This allows radio spectrum to be reused for
multiple simultaneous transmissions within the cell area.

However, the construction of base stations deploying more radios and antennas
as well as extending additional backhaul links to new sites is expensive and
typically costs substantially more (in the order of multiples) than adding
additional spectrum rights to existing base stations.'*® Therefore, depending of
course on the relative cost of spectrum in a competitive award, operators are
likely to prefer the release of additional spectrum in order to reduce costs of
providing additional capacity. Further, with advances in radio technology,
including the use of higher bandwidth channels (such as the 2x20 MHz
channels available with LTE) and the use of carrier aggregation, having a larger
spectrum holding allows an MNO to offer higher headline speeds and sustain
higher actual speeds.’’

The release of additional bands also provides greater opportunity for carrier
aggregation across bands which makes more efficient use of spectrum by
combining two or more bands into a single channel. Carrier aggregation can
combine spectrum both within a single band and across multiple bands. The
resulting higher peak data rates give users a richer mobile broadband
experience and improved service coverage.

Option 1 v Option 2 (inclusion of the 2.3 GHz Band with the Primary Bands)

4.50

While stakeholders are likely to be in favour of Option 1, some stakeholders
may also prefer the inclusion of the 2.3 GHz Band in light of the benefits of
additional spectrum described above. ComReg first sets out information on the
band and then assesses how that information would likely inform the views of
stakeholders:

e the inclusion of the 2.3 GHz Band (and other bands) would provide
additional spectrum and also more contestable spectrum to different

155 This is done by deploying more radio towers/antennas and shrinking the reach of each tower by
reducing the radiated power of its radio transmissions. This allows radio spectrum to be reused for
multiple simultaneous transmissions within the geographic area. Thus by subdividing cells, the
amount of traffic that a Hz of spectrum can carry within an overall geographic area (measured by
bps/km?) is increased.

156

For example, the estimate networks costs in the Oxera Report (Document 18/103c Section

A.2.4.10) indicates a difference in capex costs. For a new site the estimated capex cost is €250,000,
compared to €10,500 for upgrading a site.

157 The actual speeds depend upon a number of factors including the device capability, the network
capability, the network capacity available (and congestion) and the RF quality of the connection.
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potential users;

e the inclusion of the 2.3 GHz Band would provide the opportunity to
acquire additional TDD (unpaired) spectrum rights to address
asymmetric traffic flows and more effectively manage increased capacity
from end users.’*® For example:

o overall average traffic asymmetry ratio (Uplink (UL)/ Downlink
(DL)), which is currently dominant (from 1/4 to 1/9) in favour of DL
is expected to increase in favour of DL (from 1/7 to 1/10 or more)
due to growing demand for audio-visual content'>%; and

o the 2.3 GHz Band could be used to deliver extra capacity primarily
in the DL direction for more densely populated areas providing
better flexibility for operators.

unlike SDL'®Y bands, 2.3 GHz TDD spectrum can accommodate both uplink
and downlink, and can be used in its own right independent from other
frequencies;

of the 104 smartphones tested by ComReg as part of its handset testing'®’,
65 handsets support the 2.3 GHz Band, including the most popular Apple and
Samsung devices;

¢ the technical conditions for the 2.3 GHz Band are harmonised in Europe
by CEPT and there are significant deployments outside of Europe’®?
resulting in availability of equipment and a strong device ecosystem'®?;

beamforming is of particular interest for LTE-TDD because the same
frequency is used in the downlink and uplink, whereas FDD requires two
separate communications channels. The 2.3 GHz Band is the lowest
frequency band suitable for highest capacity 8T8R (8 Transmit 8 Receive)
beamforming'%4'%°; and

58 The use of TDD spectrum provides operators the flexibility to adjust its uplink-downlink ratio to
account for more downlink capacity once any uplink requirements are satisfied in line with traffic
asymmetry. This flexibility is not available with FDD.

159 https://www.itu.int/dms _pub/itu-r/opb/rep/R-REP-M.2370-2015-PDF-E.pdf

160 SDL (Supplemental Downlink) is a mobile broadband system, which by means of base station
transmitters in a network uses unpaired spectrum in the downlink direction to provide supplemental
downlink capacity.

161 Mobile Handset Performance — Data, Document 18/82, published 19 September 2018.

62 Including China, the Asia Pacific region, Africa and Australia.

163 As at Jan 2019 the GSA identify that the 2.3 GHz Band (Band 40) has 4,449 devices available.
Source: https://gsacom.com/

164 https://www.huawei.com/en/press-events/news/2017/10/Huawei-5G-Oriented-Full-Band-4T4R
165 Award of the 2.3 and 3.4 GHz spectrum bands Annexes to the statement, Ofcom.

Page 95 of 590


https://www.itu.int/dms_pub/itu-r/opb/rep/R-REP-M.2370-2015-PDF-E.pdf

Response to consultation and further consultation ComReg 19/59R

4.51

4.52

4.53

4.54

4.55

the EC has drafted an implementing decision based on CEPT Report 55.
However, the adoption of this decision was deferred and the matter has not
yet been revisited by the ECs Radio Spectrum Committee.

Given the above, ComReg outlines below stakeholders’ likely preferences.
MNOs

ComReg notes that, in response to Document 18/60, Three and Vodafone
supported the inclusion of the 2.3 GHz Band in the Proposed Award.'®®
However, Eir did not agree and submitted that consideration of this band should
be put on hold until an EC implementing decision on technical harmonisation
had been adopted.

In relation Eir's view, ComReg notes that the lack of an EC harmonisation
decision should not be a significant concern given deployments outside of
Europe. Indeed, the band already has a significant device presence on the Irish
market.

FWA operators

ComReg firstly notes that, in response to Document 18/60, Imagine supported
the inclusion of the 2.3 GHz Band in the Proposed Award.

FWA operators generally are likely to prefer the inclusion of the 2.3 GHz Band
because:

e it would provide 100 MHz of additional suitable LTE-TDD"®” spectrum,
which could be used in addition to 3.6 GHz LTE-TDD and/or 2.6 GHz
TDD spectrum;

e the 2.3 GHz Band would be considered an important ‘coverage band’ in
the provision of fixed wireless services which is likely to be able to provide
additional capacity benefits and end user benefits due to the suitability of
the band for beamforming in the future; and

166 \Vodafone supports the inclusion of the 2.3 GHz Band as it is a sufficiently close substitute to
rights of use in the 2.6 GHz Band and also sufficiently complementary to rights of use in the 700
MHz Duplex.

167 Of particular importance has been the development and take up of TD-LTE designed to maximise
the use of spectrum in the most efficient way to deliver higher bandwidth services. Derived from
fixed wireless protocols and standards, TD-LTE uses the same channel for downloading and
uploading data where the spectrum resources are assigned proportionally to reflect and cater for
normal broadband usage where the primary requirement is downloading data.
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e it would provide for the possibility of carrier aggregation'®® with the 3.6
GHz Band'®® and/or 2.6 GHz Band in the future'’® for MNOs and Fixed
Wireless operators.

New Entrants/Other Operators

4.56 The assignment of 700 MHz Duplex and 2.6 GHz rights of use under Option 1
would facilitate potential new entry to the mobile telecommunications market by
providing a spectrum portfolio suitable for both cost-effective wide-area
coverage and capacity in higher density areas. New entrants are also likely to
prefer the inclusion of the 2.3 GHz Band because the availability of more
substitutable spectrum in the same award increases the opportunity for a new
entrant to be assigned rights of use.’”"

4.57 Other operators would also likely prefer the inclusion. For example, Airspan
(which obtained rights in the 3.6 GHz Award) has used 2.3 GHz Band LTE-TDD
small cell and small cell backhaul solutions in conjunction with mobile
operators'’? outside Ireland, and its outdoor 4G LTE-Advanced base station
equipment all support the 2.3 GHz Band.""®

4.58 In light of the above, industry stakeholders (with the exception of Eir) would
likely prefer the inclusion of the 2.3 GHz band in the Proposed Award.

Option 1 v Option 3 (Inclusion of 2.1 GHz Band with the Primary Bands)

459 ComReg acknowledges the concerns expressed by some respondents to
Document 18/60 on the complexity of including the 2.1 GHz Band in the
Proposed Award. These are considered separately in Chapter 5 and detailed
further in Annex 5. The following analysis focuses upon more general
considerations concerning the potential inclusion of the 2.1 GHz Band and
should be read in the context of the subsequent discussion and specific
proposals for the 2.1 GHz Band in Chapter 5.

168 Carrier aggregation is a key feature of LTE-Advanced (LTE-A) which enables carriers at multiple
frequencies to be used together to provide improved data rates for users of 4G networks.

169 https://www.ericsson.com/en/news/2017/4/australian-achievement-nbn-hits-record-in-gigabit-Ite
170 More generally, operators are likely to prefer carrier aggregation of bands with similar
propagation characteristics. Carrier aggregation of bands with similar propagation characteristics
offer better and more consistent quality of service for a given level of coverage because there is less
likely to be a coverage mismatch between bands leading to inconsistent Quality of service and lower
speeds at cell edge, as the impact of one or more of higher frequency bands falls out of coverage.
Carrier aggregation of certain bands can be an effective means of overcoming poor speeds for users
located at cell edge. The 2.1 GHz Band, 2.3 GHz Band and 2.6 GHz Band are likely to be relevant in
this regard.

71 This is a point raised by Dense Air in its submission to Document 18/60.
72https://www.airspan.com/press-release/afrimax-vodafone-group-deploys-airspans-Ite-network-
architecture-in-zambia/

173 https://www.airspan.com/airharmony/
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4.60

4.61

4.62

4.63

While stakeholders are likely to support Option 1, some stakeholders
(particularly MNOs, but also FWA operators'’#) may also prefer the inclusion of
the 2.1 GHz Band in light of the benefits of additional spectrum described above.
In that regard, 2.1 GHz Band is currently used with the 800 MHz, 900 MHz and
1800 MHz bands to provide mobile services, and could be considered highly
complementary to the 700 MHz Duplex, given the similarities between the 700
MHz Duplex and the 800 MHz and 900 MHz bands.

The 2.1 GHz Band is likely to be primarily of interest to existing 2.1 GHz
licensees (i.e. MNOs).

MNOs

The 2.1 GHz Band is one of two bands (the other being UMTS in 900 MHZz)
currently used to provide 3G services. MNOs are likely to continue operating
3G services in future, before refarming to enable provision of 4G and/or 5G
services, and therefore should continue to require the band for the provision of
3G services beyond licence expiry (Vodafone’s and Three’s licences expire in
2022). For example:

a) 2G and 3G networks are still required to deliver voice calls across the
country;

b) 3G networks are required to provide data services where 4G services
are not currently provided; and

c) a large number of consumers still have 3G handsets'’®.

However, this requirement is reducing and MNOs are likely to repurpose 2.1
GHz rights to provide 4G and ultimately 5G services over the duration of any
new 2.1 GHz Band rights. For example:

e in relation to (a), the introduction of VoLTE will reduce the need for 3G
networks to provide voice and Vodafone and Three have already
announced their intention to rollout VoLTE in the next 12 - 24 months'’®;

e inrelation to (b), the continued rollout of 4G services by all operators will
reduce the reliance on 3G networks for data over time; and

74 For example, Imagine expresses support for the inclusion of the 2. 1GHz Band.

75 By the end of Q3 2018, 50.0% of mobile subscribers were categorised as 4G network users,
36.6% were using 3G networks with the remaining 13.4% of subscribers using 2G networks only.
176https://www.irishtimes.com/business/retail-and-services/revenue-slips-10-at-mobile-operator-
three-1.3176901
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4.64

4.65

4.66

e in relation to (c), while 3G still accounts for around 37% of all
subscriptions, this has fallen from nearly 70% in 2014, allowing such
customers to be migrated from 3G to 4G.

Further, 3G services are also provided using 900 MHz spectrum, thus providing
MNOs greater options in relation to providing 3G connections than in the 2.1
GHz band. It is likely that 3G spectrum will gradually be repurposed to provide
4G and 5G'"7 services as the above developments intensify, with 3G networks
potentially retiring over the duration of any new 2.1 GHz rights of use. For
example, KPN in the Netherlands recently announced its intention to shut down
3G mobile voice/data network services by January 2022'7¢. Similarly, Telenor
will start phasing out 3G networks from 2019."7° Finally, EE in the UK has
refarmed some of its 2.1 GHz spectrum to provide 5 band carrier aggregations
in certain areas.'®’

3G services will not, however, cease overnight. Rather, the reliance on such
networks will reduce over time and across different geographic areas. The
inclusion of the 2.1 GHz band in the Proposed Award would provide operators
additional flexibility to evolve their networks in line with market developments
and technology rollouts. For example, additional rights of use beyond expiry
would allow repurposing to occur at a pace consistent with market
developments (i.e. any operator that did not win additional rights of use would
have to significantly reduce the capacity of its 3G networks on expiry).

In light of the above, all MNOs agree that 2.1 GHz rights of use need to be
assigned significantly in advance of the expiry of existing licences:

e Vodafone submitted that if the issues around complexity can be resolved,
it would favour including the 2.1 GHz Band in the Proposed Award;

e Eir favours new 2.1 GHz rights of use, but considers it may be
inappropriate for the 2.1 GHz Band to be included in the Proposed
Award, particularly if it were based on an auction’®’ (see Assignment
Option 2B below); and

7T ECC has tasked ECC PT1 to review the existing ECC Decisions for the 2.1 GHz (ECC Decision
(06)01) with a view to adapt the harmonised regulatory framework in these existing frequency bands
to account for 5G. ECC PT1 has conducted technical analysis for the 2.1 GHz Band in Draft ECC
Report 298. https://cept.org/ecc/topics/spectrum-for-wireless-broadband-5g

178 https://overons.kpn/nl/nieuws/2018/kpn-gaat-in-2022-stoppen-met-3g-netwerk

179 https://www.teliacompany.com/en/news/news-articles/2g-and-3g-networks-to-retire--norway-first-

out/

180 hittps://rethinkresearch.biz/articles/five-carrier-aggregation-sees-ee-refarming-3g-spectrum-for-lte/
81 In that regard, Eir submitted that “near term investment in the band would be deterred if future
use of this spectrum is determined by an auction, and an existing operator’s investments to date
would be written off if it is driven out of the spectrum”.
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4.67

4.68

e Three favours new 2.1 GHz rights that would be assigned through an
administrative award process directly to MNOs (see Assignment Option
2B below).

More generally, other stakeholders would likely consider the 2.1 GHz Band as
substitutable to the 2.3 GHz Band and 2.6 GHz Bands as it has comparable
propagation characteristics and is capable of providing additional capacity (or
coverage).

Therefore, subject to concerns regarding award complexity being appropriately
addressed (see Chapter 5), industry stakeholders would, on balance, likely
prefer that the 2.1 GHz Band be included in the Proposed Award.

Option 1 v Option 4 (Inclusion of 1.4 GHz Centre Band with the Primary Bands)

4.69

4.70

4.71

While stakeholders are likely to be in favour of Option 1, some stakeholders
may also prefer the inclusion of the 1.4 GHz Centre Band in light of the benefits
of additional spectrum described above. ComReg first sets out information on
the band that then assesses how that information would likely inform the views
stakeholders.

Use of Band

The 1.4 GHz Centre Band is harmonised for the use of SDL which, as the name
suggests, aims to provide additional downlink capacity to networks where the
downlink resource is constrained due to asymmetry in data flows. As this band
has no uplink capabilities, it needs to be used alongside another band/s and as
such would be complementary to it.

The 1.4 GHz EC Decision allows the potential for the 1.4 GHz Centre Band to
obtain a similar coverage footprint as sub-1 GHz spectrum bands when paired
with low frequency spectrum such as the 700 MHz Duplex and 800 MHz'®?,
where this additional capacity would supplement a basic coverage layer
provided by spectrum below 1GHz. While specific information on the
deployments of SDL networks is limited, it appears initially that the band would
be used as a complement to coverage bands such as the 800 MHz band and
then at a later point to the 1800 MHz band'®®, 2.6 GHz Band, 2.1 GHz Band,

82 This arises because the uplink, which is the limiting factor for coverage, is only carried on the low
frequency, while the 1400 MHz frequency is only used for the downlink. The 1.4 GHz EC Decision
allows that the in block EIRP can be increased from 68 dBm/5MHz for specific deployments, for
example for the aggregated use of spectrum within the 1.4 GHz band and spectrum in lower
frequency bands..

183 Insert range if not identified before 1 710 — 1 785/ 1 805 — 1 880 MHz
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900 MHz'®* band and 3.6 GHz band'®>. ComReg understands that the devices
currently available for the 1.4 GHz Centre Band are limited to operating
alongside the 800 MHz band only.'®® As noted below, devices that even have
this capability have limited availability in their own right.

Device support of the 1.4 GHz Centre Band

4.72

4.73

4.74

4.75

There are currently 83 devices capable of operating in 1.4 GHz Centre Band."®’
These devices are not all currently available in Ireland and some of the devices
that are available are expensive, high-end devices (e.g. iPhone XR). While the
increase in new devices indicates the development of a device ecosystem,
operators are unlikely to be able to effectively use this band to any significant
degree until a critical mass of users are able to receive the frequency on their
device.

In that regard, ComReg recently tested 71 of the latest mobile handsets
available on the Irish market in order to replicate the mobile user experience by
measuring the receive performance for data and the antenna sensitivity patterns
of mobile handsets.'®® A total of 107 phones currently available on the Irish
market were tested across both voice and data tests.

A further analysis of these 107 handsets (104 smartphones) shows the
following.

e 90 handsets support the 2.6 GHz Band;
e 65 handsets support the 2.3 GHz Band; and
e 7 handsets support the 1.4 GHz Centre Band.

This assessment shows that both the 2.3 GHz Band and 2.6 GHz Band are well
supported across smartphones currently available on the market. In particular,
both bands are supported across Samsung and Apple devices which account
for around 60% of the market.'®® Devices that do not support these bands tend
to be older generation ‘pay as you go’ devices that are typically associated with

84 Insert range if not defined earlier 880 — 915 / 925 — 960 MHz

85 ETSI TS 136 101 release 12 identified that inter band carrier aggregation is supported between
the 800 MHz Band (Band 20) and the 1.4 GHz Centre Band (Band 32). In more recent releases
other bands that can be carrier aggregated with the 1.4 GHz Centre Band have been added:
Release 14: 1800 MHz band (band 3), 2.6 GHz Band (Band 7), Release 15: 2.1 GHz (Band 1), 900
MHz (Band 8), and 3.6 GHz Band (bands 42 and 43).

186 For example the Samsung S9 is a LTE Category 18 device that has the capabilities to operate in
accordance with the 3GPP Standard Release 13, i.e. where carrier aggregation is possible between
1.4GHz centre band and the 800 MHz Band but not with the other bands identified in the more
recent releases.

87 See Annex 4, sourced from https://gsacom.com/gambod/

88 Mobile Handset Performance — Data, Document 18/82, published 19 September 2018.

89 Mobile Consumer Experience, Document 17/100a, slide 32.
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low data users. However, it is clear that the availability of handsets which
support the 1.4 GHz Centre Band is much lower.

Support for 1.4 GHz Centre Band on existing base stations

4.76

4.77

4.78

4.79

ComReg understands from an assessment of the apparatus specified in MNO
licences that the base station equipment (base transceiver station and
antennas) are primarily multi-band and cover existing bands, such as the 800
MHz, 900 MHz, 1800 MHz, and 2.1 GHz bands, but also the 700 MHz Duplex,
2.6 GHz Band, and to a lesser extent the 2.3 GHz Band. However, existing base
station equipment does not appear to cover the 1.4 GHz Centre Band. If so, an
operator assigned 1.4 GHz Centre Band rights would therefore likely need to
install additional/new specialised antenna equipment in order to use such
rights.’®°

Future harmonisation of the band

While the 1.4 GHz Centre Band is harmonised for use as SDL'®" in Europe, as
outlined in Chapter 3, the 1.4 GHz Band (i.e. the Centre Band and the Extension
Bands) is also standardised on both a TDD and FDD basis for both LTE and 5G
standards'®?. Further, and while noting that this is in the context of the 2.6 GHz
Band, CEPT, when issuing a consultation on its draft revision of ECC Decision
(05)05 for the 2.6 GHz Band, requested information’®® on the implementation
of “Alternative 2: Supplemental Downlink blocks” in national authorisations. This
was in order to determine if the SDL alternative should be kept in future
revisions of ECC Decision (05)05. Noting the above, and the limited deployment
of SDL networks to date (see Chapter 3), it is possible that the harmonisation
status of this band may emerge as a topic for consideration.

Given the above, ComReg outlines below stakeholders’ likely preferences.
MNOs

First, and as identified in Chapter 3, Eir and Vodafone disagreed with ComReg’s
proposal in Document 18/60 to exclude the 1.4 GHz Centre Band, whereas
Three agreed with the proposed exclusion of this band. The reasons informing
these views, and ComReg’s assessment of same, are set out in Chapter 3 and
they are not repeated here.

190https://www.kathrein.com/en/solutions/mobile-communication/products/antennas-
accessories/outdoor-antennas/

191 SDL is a mobile broadband system, which by means of base station transmitters in the network,
uses unpaired spectrum in downlink to provide a supplemental downlink capacity to carry
comprehensive data requirements. SDL provides additional downlink capacity to networks where the
downlink resource is constrained due to the asymmetry in data

192 hitp://www.3gpp.org/

193 See Cover letter to draft revision of ECC/DEC/(05)05
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4.80

4.81

4.82

4.83

Second, while stakeholders are generally likely to prefer additional substitutable
spectrum in the same award process, there is some uncertainty on future plans
for the band and additional uncertainty as to whether any rights awarded would
be used efficiently in the years following the Proposed Award.

In relation to the latter issue, and as noted above, existing base station
equipment would not appear to cater for the 1.4 GHz Band. If so, the process
of upgrading sites to include 1.4 GHz Centre Band capability is unlikely to
happen prior to the rollout of other Candidate Bands as operators would
presumably prefer to capitalise on the more ready deployment of the other
Candidate Bands. In its Mobile Termination Rate consultations and draft model,
ComReg observed that an asset life of 8 years is used for base station
equipment. Therefore, depending on the asset life of existing base station
equipment it could be a number of years before operators would be incentivised
to upgrade such assets to take make use of 1.4 GHz Centre Band rights.

Further, some operators may wish to defer assignment of 1.4 GHz Centre Band
rights of use if they do not have an immediate need for same as this would allow
them to observe developments and make preparations for any future award.
This would allow operators to deploy using rights of use assigned in the other
bands, which are largely compatible'® with their existing networks (i.e. no
significant equipment upgrades are required), and then assess the need for 1.4
GHz Centre Band spectrum. In the meantime, in order to increase capacity on
its network, an MNO would likely use 2.3 GHz Band and 2.6 GHz Band which
can be of immediate use on a significant portion of existing base stations.

Finally, even if MNOs upgraded their networks to support the 1.4 GHz Centre
Band, it is only supported on 7 handsets, which have only recently become
available and correspond to high-end expensive handsets and can only be used
with 800 MHz. Further, while consumer handsets typically tend to be around 2-
3 years old, around 10% are over 5 years old, rising to 20% in rural areas where
the 1.4 GHz Centre Band could also be used. Assuming all new phones on the
market would have 1.4 GHz Centre Band capability it will likely take at least 3
years of handset churn until a sufficient number of subscribers have compatible
devices and over 5 until all areas, particularly rural areas, are capable of
benefiting from the band to any significant degree. It would take longer again
before all consumer handsets compatible with the 1.4 GHz Band could operate
alongside the full range of spectrum holdings (i.e. bands other than 800 MHz).
In that regard, Three agrees that it is preferable to wait until more clarity is
available regarding take-up and standardisation of the 1.4 GHz Band.

194 Depending on the particular operator and base station, existing equipment may not be compatible
with 2.3 GHz in certain areas.
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4.84

4.85

4.86

4.87

Alternatively, MNOs may prefer to include the 1.4 GHz Centre Band and/or
other SDL spectrum in the Proposed Award. At least 40 MHz of rights of use
(1.4 GHz Centre Band) is available for assignment and 83 devices are capable
of operating in 1.4 GHz Centre Band.'° Stakeholders may prefer to be assigned
rights of use as part of this award in order to guard against capacity constraints
that may arise in the future or in the event of significant delays in refarming the
1.4 GHz Extension Bands For example, Eir would prefer the inclusion of SDL
spectrum more generally by including the 1.4 GHz Centre Band and the 700
MHz Duplex Gap.

Fixed Wireless Providers

Fixed Wireless Providers are likely to be indifferent about the inclusion of the
1.4 GHz Centre Band. For example, in response to Document 18/60, Imagine
agreed with ComReg’s proposal not to include the 1.4 GHz Centre Band in the
Proposed Award.

While the 1.4 GHz Centre Band has recently been added by 3GPP to be carrier
aggregated with the 3.6 GHz band, it is likely to take time before fixed wireless
equipment becomes available. Given the current rollout plans of existing Fixed
Wireless Providers, the 1.4 GHz Centre Band is unlikely to be of any real
benefit. It does not offer any uplink possibilities which is likely to be more
important for Fixed Wireless Providers given the higher upload requirement
from fixed broadband services.

Further, the available capacity (40 MHz) is relatively small and any rights of use
assigned to a Fixed Wireless Provider would likely be small (if a band-specific
spectrum cap were applied).While the 1.4 GHz Centre Band has the potential
to offer a similar coverage footprint to a sub-1 GHz deployment'® this is only
possible when paired with low frequency spectrum, such as the 800 MHz band,
which may be less relevant to Fixed Wireless operators given the typical
network configuration for fixed wireless as described above.'®’ Pairing with 3.6
GHz would provide additional capacity within the coverage area of the 3.6 GHz
spectrum but not beyond this.

Other Operators/New entrants

195 hittps://gsacom.com/gambod/ report as per March 2019 that there are 83 devices in band 32
increasing from 41 in May 2018

196 This arises because the uplink, which is the limiting factor for coverage, is only carried on the low
frequency, while the 1400 MHz frequency is only used for the downlink. The 1.4 GHz EC Decision
allows that the in block EIRP can be increased from 68 dBm/5MHz for specific deployments, for
example for the aggregated use of spectrum within the 1.4 GHz band and spectrum in lower
frequency bands

197 While not implausible, DotEcon are of the view that there is unlikely to be demand from fixed
wireless operators for the 700 MHZ band as the limited amount of contiguous spectrum in the sub-1
GHz bands makes it less attractive for providing services that require higher capacity links.
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4.88 The 1.4 GHz Centre Band would likely be a low priority for potential new
entrants. While a new entrant would be able to rollout a new network and
provision for 1.4 GHz Centre Band from the outset, consumer handsets would
still lag significantly behind and those handsets are only compatible when the
1.4 GHz Centre Band is used in conjunction with the 800 MHz band (which is
not available to a new entrant). A potential new entrant’s first priority would be
to obtain a mixture of coverage and capacity / performance bands, noting that

the 1.4 GHz Centre Band can only be used with existing rights of use.

4.89 Other operators such as Airspan are unlikely to be interested in the 1.4 GHz
Centre Band. In response to Document 18/60, Airspan noted that it is not
focused on “macro” bands like 700 MHz and the 1.4 GHz Centre Band. For
example, the 1.4 GHz Centre Band is not operational on its outdoor '°¢ or Pico'®”
base station equipment. Notwithstanding, Airspan preferred the inclusion of the

1.4 GHz Band in the Proposed Award.

4.90 In line with the responses received to Document 18/60, stakeholders are likely
to have contrasting views on the inclusion of the 1.4 GHz Centre Band.
Notwithstanding, the inclusion or otherwise would not appear to significantly
benefit or compromise any individual operators network plans. For example,
while Vodafone would prefer to include 1.4 GHz Centre Band in this award, it
notes that the band is not a high priority and its value is less than other bands.

4.91 Therefore, ComReg is of the preliminary view that, on balance, some industry
stakeholders would prefer not to include the 1.4 GHz Centre Band in the
Proposed Award and others would prefer that this band be assigned at a later

date.

Impact on Competition

4.92 Before assessing each of the options under this heading, ComReg sets out
some relevant information below on the interaction between spectrum awards

and competition.

198 https://www.airspan.com/airharmonyy/.
199 https://www.airspan.com/wp-content/uploads/2017/02/AirSynergy-Product-Spec-Sheet.pdf
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4.93

4.94

4.95

4.96

A key objective in designing and carrying out this award process is to encourage
the efficient use and ensure the effective management of the radio frequency
spectrum in order to promote competition and maximise the benefits for
consumers in terms of price, choice and quality. In that regard, ComReg briefly
explains how the release of additional spectrum rights in the same award
typically encourages efficient assignment and use of spectrum which, in turn,
should promote competition on the relevant downstream markets to the benefit
of consumers. The impact on consumers is assessed separately after this
section.

There are important competition and efficiency reasons for including
substitutable and complementary spectrum in the same award process. Where
demand for spectrum in different bands is interdependent (substitutable and/or
complementary), a joint award for such spectrum reduces the risk of an award
participant being assigned rights of use in some but not all of its preferred
bands, and provides an opportunity for different types of award participants
(with potentially different intended uses and technologies) including potential
new entrants to participate in an award.

In particular, it increases the ability of award participants to express a full suite
of preferences, thereby enhancing the efficiency of the award outcome which,
in turn, has a positive impact on competition. If spectrum in different bands are
substitutable or complementary, the demand for spectrum in a particular band
(and the value placed on this spectrum) may be affected by the availability and
price of spectrum in other bands. For example, in an open award process,
bidders can observe the relative prices of spectrum in different bands and
change valuations and consequent demand for spectrum across those bands
in response to these emerging relative prices. Even a sealed bid award can
provide for efficient outcome if bidders express their preferences over a
sufficiently large number of packages so that all combinations of lots that might
potentially be relevant in the efficient assignment are included.

The ability of operators to compete for different packages of spectrum promotes
competition in downstream markets as they are likely to have different
requirements across the various bands and would be able to differentiate
themselves from rivals downstream, to a greater or less extent, depending on
the rights of use that are ultimately assigned. As a result, depending on whether
additional bands are included or not may affect the efficiency of the assignment
across bidders. By providing a mix of interdependent bands in the same award
it increases competition during the award as bidders with similar uses cases are
likely to compete for the same spectrum bands across different quantities.
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4.97

4.98

4.99

An appropriate mix of spectrum across different bands provides flexibility to
adapt to changes in, among other things, technologies, demand from end-users
and market developments. As noted by DotEcon, access to additional spectrum
should tend to reduce the long-run marginal costs to MNOs of expanding
network capacity, which in turn should have pro-competitive benefits that should
be passed on to consumers.?’° This has clear advantages in terms of promoting
spectrum use and related services, and in turn intensifying competition in
downstream markets. It also provides a good opportunity to acquire significant
bandwidth of contiguous spectrum and therefore promote entry and the
development of new services for consumers. This benefit is particularly
pronounced given the growth in consumer demand for wireless data services
and the consequent increased demand for wireless broadband spectrum.

In contrast, where substitutable or complementary spectrum is awarded in
separate and consecutive award processes, operators’ valuations of spectrum
in different bands will necessarily be based on the expected price of
substitutable and complementary spectrum to be awarded in subsequent
processes, rather than the actual valuation (if assigned in the same award).
However, bidders would likely be incorrect in their expected valuations as it
would be based on the expected price and availability of substitutable and
complementary spectrum to be awarded in the future. If expectations with
regard to future prices or availability are incorrect then a sequential process
may lead to an inefficient assignment of spectrum.

This is likely to have impacts on downstream competition if a bidder's
expectations about price and consequently the spectrum it would receive in a
future award are incorrect. If a bidder’s ability to compete in downstream
markets is dependent on spectrum assigned across different bands, which are
awarded sequentially, then there is a risk that bidders who would have been
able to deliver a particular set of services for a given mix of spectrum cannot
because its views on what it would have been assigned across different awards
was incorrect.

4.100 The appropriate release of harmonised spectrum bands in the past has proven

to be successful in promoting competition and facilitating the delivery of services
to end-users. It also lowers the risk of artificial scarcity in an award where
substitutable and complementary spectrum bands are available for release. As
there is demand to use this spectrum for the provision of more advanced WBB
services, leaving it to remain fallow for a period of time without clear reason
would, ostensibly at least, not be an efficient use of that spectrum and would
not therefore promote competition in the WBB sector.

200 DotEcon Report, Document XX/YY, p 38.
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4.101 Finally, the joint award of interdependent spectrum would increase the potential
for new entry on account of the mix of spectrum above and below 1GHz and g
the increased supply of contestable spectrum rights.

Option 1 v Option 2 (Inclusion of 2.3 GHz Band with the Primary Bands)

4.102 In light of the above discussion, ComReg is of the preliminary view that the
inclusion of 2.3 GHz Band would promote competition both within the Proposed
Award and in downstream broadband markets. In summary:

e all frequencies are potentially available for release (subject to further
information on Rurtel) at the time of the Proposed Award;

e the band is likely to be of interest to a wide range on interested parties
(i.e. MNOs, FWA Providers and other operators):

o it has similar propagation characteristics to the 2.6 GHz Band and
other Candidate bands and is harmonised for WBB or MFCN
services;

o it provides TDD spectrum that can be used to account for
asymmetric traffic flows;

o there is a large existing ecosystem of handsets and existing
network equipment can accommodate 2.3 GHz Band to a greater
or less extent; and

o additional TDD rights are likely to be of interest to FWA operators;

e its inclusion would provide more contestable spectrum for incumbents
and new entrants and would provide increased opportunities for bidders
to compete and switch between various spectrum bands, promoting
competition during the Proposed Award; and

e its inclusion would encourage new entry and promote competition
between operators acquiring a portfolio of spectrum.

4.103 Accordingly, ComReg is of the preliminary view that the inclusion of the 2.3 GHz
Band in the Proposed Award would have a positive impact on competition.
Further, this preliminary view is indifferent as to whether any of the other
Candidate Bands were also included in the Proposed Award.

Option 1 v Option 3 (Inclusion of 2.1 GHz Band with the Primary Bands)

4.104 In general terms, the inclusion of the 2.1 GHz band would provide similar
benefits to competition as the inclusion of the 2.3 GHz Band as described
above.
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4.105

4.106

4.107

4.108

4.109

The inclusion of the 2.1 GHz Band would also allow for the timely determination
of the future of this band beyond the expiry of existing licences. As noted above,
the 2.1 GHz Band is currently used to provide 3G services across the State. If
either Vodafone or Three were assigned no or reduced 2.1 GHz rights of use in
an award process carried out in 2020, they would have circa two years to
address any transition activities arising from same, and to consider network
upgrades to 4G more generally.

Alternatively, new rights in the 2.1 GHz Band could be assigned in a separate
award process following the Proposed Award (the former of which would also
require a detailed consultation process in advance of this separate award
process”’"). In this scenario, ComReg firstly observes that there presumably
would remain the potential for Vodafone and/or Three to be assigned no or
reduced 2.1 GHz rights. However, as the consultation process for this separate
award may not conclude until close to the expiry of existing licences in 2022,
then there would be less time before licence expiry for measures to be
undertaken by an existing licensee to adjust their network to the outcome of this
separate award (including obtaining no spectrum or less spectrum than
presently held).

In contrast, the inclusion of the 2.1 GHz Band in the Proposed Award would
allow MNOs to better plan the rollout of LTE2100 by providing earlier certainty
around what 2.1 GHz rights they would have in the long term. In that context,
any rollout of LTE 2100 prior to 2022 (Three and Vodafone) without visibility of
their long term 2.1 GHz holdings may involve significant investment uncertainty
and could result in inefficient investments.

In that regard, the inclusion of 2.1 GHz Band would promote efficient investment
and innovation in new and enhanced infrastructures by facilitating any network
refresh and rollout programme in an efficient manner by permitting it to avoid
what would otherwise be inefficient investment costs.

Accordingly, ComReg is of the preliminary view that the inclusion of the 2.1 GHz
Band in the Proposed Award would have a positive impact on competition.
Further, this preliminary view is indifferent as to whether any of the other
Candidate Bands were also included in the Proposed Award.

Option 1 v Option 4 (Inclusion of 1.4 GHz Centre Band with the Primary Bands)

4.110

The inclusion of the 1.4 GHz Centre Band would, on its face, provide similar
benefits to competition as the inclusion of the 2.3 GHz Band as described
above. However, there are a number of issues that separate the 1.4 GHz Centre

201 ComReg has statutory obligations to appropriately consult on any such award process which would
mean that any such award process would unlikely take place significantly in advance of current
licence expiry dates.
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Band from other Candidate Bands in terms of suitability for inclusion in the
Proposed Award. These have already been set out in detail above (in the
section considering the views of stakeholders on this band), but are
summarised below.

For example, it is questionable whether the 1.4 GHz Centre Band is suitable for
release at this time. In particular, there is uncertainty over a number of issues
that could result in the inefficient assignment and use of the band, thereby
reducing competition and benefits to consumers, including:

it is possible the current harmonisation status of the 1.4 GHz Centre
Band for SDL in Europe may be reviewed and modified”°?, noting the
limited deployments of SDL in the 1.4 GHz Centre Band to date, and
the 3GPP standardisation of the 1.4 GHz Band (i.e. Centre Band and
Extension Bands) which also provides for both a FDD and TDD band
plan;

It is unlikely that operators would realistically use the 1.4 GHz Centre
Band to any great extent in the years following the Proposed Award?°°.
In order for an operator to effectively use additional spectrum it requires
both base stations and end user devices to transmit and receive the
relevant frequencies:

o inthe period following 2020 there is likely to be limited base station
equipment or end user devices to facilitate the efficient use of the
1.4 GHz Centre Band;

o operators are likely to focus on the deployment of other spectrum
bands first, noting that the other Candidate Bands are widely
deployed globally by networks and are implemented across a
large number of handsets?%;

In the absence of substantial demand for this band, one could artificially
stimulate demand by making it available at a relatively low minimum
price. However, this could result in the premature award of spectrum
rights which may inefficiently displace or restrict valuable future uses.

4.112 Conversely, there would appear to be a number of reasons for delaying the

202 While noting that this is in the context of the 2.6 GHz Band, CEPT, when issuing a consultation on
its draft revision of ECC Decision (05)05 for the 2.6 GHz Band, requested information on the
implementation of “Alternative 2: Supplemental Downlink blocks” in national authorisations. This was
in order to determine if the SDL alternative should be kept in future revisions of ECC Decision (05)05
203 Further, ComReg understands that current antenna systems are not designed / optimised to
operate in the 1.4 GHz Band, as such dedicated equipment may be needed.

204 See Table Annex 4 on device availability per band
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release of this band. For example:

e greater certainty about the long term band plan would likely be available
in the years following the Proposed Award;

e operators should be in a better position to use the 1.4 GHz Centre Band
to deliver services as:

o 1.4 GHz Centre Band capability can be added to existing
networks in line with the end of the asset life of existing
equipment; and

o users device will have greater 1.4 GHz Centre Band capability
as consumers replace older devices over time;

the proposed inclusion of the 2.3 GHz Band (100 MHz) and the 2.6 GHz Band
(190 MHz) should be sufficient to satisfy any capacity constraints?°> that may
arise in the medium term, and the absence of the 1.4 GHz Centre Band would
be unlikely to create any artificial scarcity concerns that could compromise
competition in the Proposed Award;

it would be difficult to determine appropriate rollout obligations to ensure the
efficient use of the spectrum given uncertainty about when user and base
station equipment is likely to be rolled out to sufficient levels.

In light of the above, ComReg is of the view that, while the 1.4 GHz Centre Band
is available for use and a device ecosystem is beginning to develop, effective
management of the radio frequency spectrum in order to promote competition
would be better facilitated by awarding the band in a separate and subsequent
process.

Impact on Consumers

4114

4.115

It can be assumed that what is good for competition is, in general, good for
consumers because increased competition between wireless service providers
brings benefits to customers in terms of price, choice and quality of services.

As outlined previously, consumer demand for WBB has grown significantly in
recent years and is expected to continue growing over the coming years. The
spectrum bands under consideration in this draft RIA are all suitable for the
provision of such services which should increase consumer welfare. ComReg
notes that each of the bands assessed below involves additional spectrum
being made available for assignment to existing operators or potential new

205 Noting also that the assignment of the 700 MHz Duplex, while particularly suited for rural
deployments, would provide additional capacity wherever it's deployed in addition to the other bands
already providing capacity.
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entrants. In that regard, ComReg sets out below the main reasons why
consumers would likely benefit from the assignment of additional spectrum
rights of use.?

Benefits of additional spectrum to consumers

4.116

4117

The avoided costs from using additional spectrum to meet rising demand for
mobile broadband rather than investing in additional base stations should lead
to lower prices. In competitive markets, it is expected that network cost savings
would partly be passed onto consumers in the form of improved and/or lower
cost services.

The cost of improving network performance (e.g. increasing average user
speeds) without new spectrum may be so high that it is unprofitable to attempt
to do so. Hence, the speeds and quality of service that an operator offers in
practice are likely to be partly determined by how much spectrum it acquires.
The deployment of additional spectrum enables considerably higher user data
rates and supports a greater number of users, all of which will substantially
enhance the user experience. This includes faster download speeds and the
ability to support a greater number and variety of users. These benefits are
consistent across all options below that assign additional rights of use

Option 1 v Option 2 (Inclusion of 2.3 GHz Band with the Primary Bands)

4118

4.119

4120

4.121

As noted above, the inclusion of the 2.3 GHz Band in the Proposed Award
would, on balance, have a positive impact on competition, which in turn should
benefit consumers. There are other reasons why the addition of this band
should benefit consumers. For example, the benefits to consumers in terms of
higher quality and speeds as described above.

In addition to the benefits of additional capacity for MNOs, the 2.3 GHz Band
provides a large amount of contiguous spectrum suitable for providing fixed
wireless services across a large area. For example, like the 3.6 GHz band, the
2.3 GHz Band might be viewed as a ‘performance’ band for fixed wireless
services, increasing the availability of suitable spectrum for fixed wireless
operators and increasing the prospects of new entry.

The band also provides increased opportunity for operators to manage
asymmetric data flows in the future. High quality and high resolution audio-
visual services are important drivers for increased downlink data rates, whereas
user generated content, including sharing of social media and/or video calling
is the main driver for increased uplink data rates.

Smartphones are increasingly becoming ‘creation’ devices that upload or share

206 Subject to appropriate competition caps.
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content with other uses. Features such as high quality cameras for video and
photos along with sophisticated software and hardware capabilities allow digital
processing and advanced online gameplay?®’ all of which use uplink capacity.
Similarly, users are uploading information from mobile devices to cloud services
and sharing photos via social networks making upload capacity increasingly
important on a per GB basis even if the downlink/uplink ratio is increasing.
Therefore, consumers are likely to favour options which provide operators with
flexibility, where it is needed, as this would likely lead to improved performance
of applications/services which require additional uplink capacity.

In light of the above, ComReg is of the preliminary view that including the 2.3
GHz Band in the Proposed Award would, on balance, be more beneficial for
consumers than not.

Option 1 v Option 3 (Inclusion of 2.1 GHz Band with the Primary Bands)

4123

4124

As noted above, the inclusion of the 2.1 GHz Band in the Proposed Award
should, on balance, have a positive impact on competition, which in turn should
be to the benefit of consumers. Also, the inclusion of the 2.1 GHz band would,
at a minimum, likely retain the benefits already provided to consumers through
the use of the band. Importantly, as noted above, the inclusion of the 2.1 GHz
Band in the Proposed Award would, compared to a separate and subsequent
award, provide MNOs with earlier certainty about future 2.1 GHz holdings and
thus a longer period to reorganise their 3G networks in a timely manner prior to
the expiry of existing rights of use.

In addition to the benefits of including additional capacity in the Proposed
Award, the inclusion of the 2.1 GHz Band would facilitate operators liberalising
2.1 GHz rights of use earlier than would otherwise be the case giving MNOs the
choice to deploy more advanced technologies to cater to changing consumer
demands. This would provide operators with the opportunity to rollout 4G
services using the 2.1 GHz Band up to two years (Vodafone and Three) and
seven years (Eir) earlier than what would be possible under existing licence
conditions. As noted by DotEcon, “Applying an early liberalisation option on the
current 2.1 GHz licences would mean that (where efficient), the spectrum could
be used earlier for the provision of services other than UMTS. This may bring
about significant benefit for consumers and potential cost savings for operators

207 The data requirements for games can often be significant as uplink and downlink will have to be
synced with unnoticeable latency to ensure appropriate performance. The uplink requirements are
likely to increase as games become cloud based in the future. For example, Microsoft are
developing a game streaming network to unlock console gaming on any device and the service will
work across Xbox, PCs, or phones.
http://telecoms.com/490215/microsofts-cloud-gaming-ambitions-set-to-further-test-network-

capacity/
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by facilitating transition to more spectral efficient technologies.” *°®

4.125 In light of the above, ComReg is of the preliminary view that including the 2.1
GHz Band in the Proposed Award is, on balance, more beneficial for consumers
than not.

Option1 v Option 4 (Inclusion of 1.4 GHz Centre Band)

4.126 As noted previously, the inclusion of this band in the Proposed Award is unlikely
to have much if any impact on stakeholders or competition. Conversely, there
appear to be good reasons for delaying the release of this band in terms of
encouraging the efficient use and ensuring the effective management of the
radio frequency spectrum. On that basis, ComReg is of the preliminary view that
excluding the 1.4 GHz Centre Band from the Proposed Award and instead
assigning it in a separate future award process is, on balance, more beneficial
for consumers.

4.3.2 The ‘Spectrum for Award’ RIA: Preferred Option (Step 5)

4.127 In light of the above, ComReg is of the preliminary view that including the 700
MHz Duplex, 2.6 GHz Band, 2.3 GHz Band and 2.1 GHz Bands in the Proposed
Award (i.e. Options 2 and 3 together) (“Award Bands”) is the preferred option in
terms of the impact on stakeholders, competition and consumers.

4.4 The ‘Assignment Process’ RIA

4.128 As noted earlier, Step 1 of the RIA (Policy Issues and Objectives) is common to
both the ‘Spectrum for Award’ RIA and the ‘Assignment Process’ RIA.

4.129 Before setting out the specific options under review in this draft RIA, ComReg
first sets out some background information regarding different ways in which
spectrum rights can be assigned and some key characteristics of these
assignment mechanisms. ComReg does not favour any one process for
assigning new rights of use of spectrum as a matter of principle; it decides the
most appropriate process in each individual case. In this regard, there are two
main ways by which to award new rights of use.

1. Administrative Assignment: the regulator determines who obtains
spectrum, how much they obtain and the location of the frequencies
within the band, and the price paid; or

2. Competitive market mechanism: the interaction of bidders during
the award determines who wins the spectrum and the price paid,
subject to objective and transparent rules set ex ante by the regulator

208 DotEcon Award Design Report p 22.
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(e.g. an auction).

4.130 Each process will typically have its particular advantages and disadvantages
and one process may, on balance, be found to be the most suitable in light of
the particular factual matrix, including the characteristics of the spectrum to be
assigned, the types of rights of use to be awarded and the anticipated demand
for the spectrum.

4.4.1 Background Information

4.131 An administrative assignment can take many forms depending on the specific
issues that need to be addressed. For example, it could:

o involve the administrative grant of spectrum to certain operators (such as
incumbents), the reservation of spectrum for particular groups (such as
new entrants) or the reservation of spectrum for other purposes;

o involve a comparative award (or “beauty contest”) if there are particular
objectives in mind;

o also take the form of an extension or renewal of an existing licence or an
administrative assignment of spectrum to particular operators, for a
particular period of time; or

o involve simple granting of licences where uses are not incompatible, for
instance in relation to point to point links.

4.132 Administrative approaches are likely to be most beneficial where there is no
competition for a large amount of spectrum. Administrative awards, however,
rely on the regulator making decisions, with the intention of promoting the
efficient use of spectrum, where such decisions could be made with significant
information asymmetries. This approach raises concerns that regulators may
pick the incorrect technologies, services or licensees.

4.133 Spectrum auctions are designed to incentivise bidders to express their
willingness to pay for spectrum rights, and aims to assign the available rights of
use of spectrum to the bidders who value it the most. An appropriately designed
auction extracts information regarding bidders’ willingness to pay for the rights
of use of spectrum thereby enabling an assignment to the bidders who value
the spectrum most.

4.134 By ensuring that those bidders who value the spectrum the most obtain the
rights being offered, auctions should result in an efficient outcome in terms of
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4.135

4.136

4.137

assignment.”’® Using an auction to assign spectrum mitigates the risk of the
regulator making incorrect decisions, as a result of not having access to all
relevant information, which could have long standing negative effects on the
relevant market/s. Moreover, auctions provide a transparent and non-
discriminatory mechanism to allocate rights of use of spectrum relatively quickly
and this mitigates the risk of prolonged challenges to the outcome of the
allocation process.

Auction formats however are silent on the type of services that should be
provided by the winning bidders. Where spectrum for award that is currently
being used to provide certain existing services is assigned to an operator who
utilises the spectrum to provide unrelated services, there is a danger consumers
reliant on existing services would be left unserved. Where this occurs additional
measures to protect consumers may be necessary (e.g. transition measures).

ComReg has previously expressed views on the assignment of spectrum rights
by auction or administrative award?'° and has most recently articulated this in
its Electronic Communications Strategy Statement: 2017 — 2019.2""

In particular, in Document 15/140 ComReg identified a number of outcomes that
a regulator would need to determine in any spectrum award irrespective of the
assignment format adopted:.

1. Which electronic communications networks/services, using which
technologies, are going to be the ones most likely to provide the greatest
end-consumer benefits over the proposed duration of the rights being
awarded?

2. Which of all the interested providers of the ECN/ECS (and using
potentially different technologies) identified in (1) are going to be the ones
most likely to provide the greatest end-consumer benefits over the
duration of the rights being awarded and should, therefore, be issued
said rights?

3. Determination of the quantum of spectrum rights in each of the proposed
bands that should be assigned to each provider identified in (2).

209 Each bidder’s valuation of spectrum should be dependant on the value it believes it can derive
from the use of the spectrum and is therefore a good proxy for the overall economic value likely to
be generated from such use.

210 Chapter 3, Document 14/101, ComReg (2014) ‘Spectrum Award — 2.6GHz Band with possible
inclusion of 700 MHz, 1.4, 2.3 and 3.6 GHz Band; Chapter 3 of Document 15/70,ComReg (2015)
‘Consultation on Proposed 3.6 GHz Band Spectrum Award’; and Chapter 3 of Document 15/140,
ComReg (2015) ‘Response to consultation and draft decision on proposed 3.6 GHz band spectrum
award’ (page 32)

21" Document 17/31 at paragraph 5.49.
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4. Determination of which part of the band those spectrum rights identified
in (3) should be located.

4.138 The award outcomes are less relevant where demand is unlikely to exceed
supply over the duration of the rights being awarded. Administrative
assignments are likely to be appropriate in such circumstances as each of the
award outcomes can be established through the demands of interested parties.
In this situation, there is less risk of the regulator assigning the spectrum in a
manner which would result in its inefficient use, since all competing
requirements can be provided for.

4.139 However, where demand is potentially greater than supply, ComReg, in an
administrative assignment process, would have to make an administrative
determination on each of the award outcomes listed above. ComReg is of the
preliminary view that demand for the new rights of use in one or more of the
proposed bands is likely to exceed supply as described in the draft Spectrum
Award RIA (‘Demand for Spectrum’) and these award outcomes are likely to be
central to the Proposed Award.

4.140 Readers are referred to Document 15/140 for a detailed discussion on each of
the award outcomes.

4.4.2 I|dentifying the options

4.141 In light of the above, there are two broad regulatory options available to it for
the purposes of assigning rights of use in the 700 MHz Duplex, 2.6 GHz Band,
2.3 GHz Band and the 2.1 GHz Band:

e assign some or all spectrum rights of use by administrative assignment;
or

e assign some or all spectrum rights by way auction.

4.142 The responses to Document 18/60 and the subsequent Nera Report
(commissioned by Three) express the view that it is appropriate to consider both
an auction and/or an administrative assignment as an assignment process for
the Proposed Award. Further, two distinct categories of administrative
assignment were suggested.

4.143 First, Nera submits in relation to the 2.1 GHz Band that there is a strong case
for an administrative award of 2.1 GHz rights directly to MNOs with 2x20 MHz
assigned directly to each operator. ComReg considers this proposal under
Assignment Option 2B below.

4.144 Second, Eir submits that it is time to move away from CCA formats to another
format reflective of the more mature market. In that regard, it notes the
experience in France where the regulator agreed to extend spectrum licences
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(giving up future income) to MNOs for ten years in return for firm commitments
to enhance 4G coverage”'”. ComReg notes a number of pertinent points in
relation to the French award that could inform a potential option in this draft RIA:

o the award procedure was a beauty contest open to any interested market
player. The procedure was the result of an agreement between the
French government and the mobile operators in January 20182324,

e coverage obligations applied to licences that were due to expire in the
period up to 2021 and 2024°'>:

o 900 MHz (2x30 MHz)?'® — obligation to increase density of
900 MHz sites to enhance availability of voice and SMS
services;

o 1800 MHz (2x65 MHz)?'" - coverage of main roads and
regional railway connections and applicants could include
additional commitments for commuting trains; and

o 2 GHz bands (2x90 MHz)’'® - commitments to improve
indoor mobile coverage and/or to provide fixed broadband
services in remote areas;

e Only the four existing MNOs applied for licences.
4.145 ComReg also observes that:
e the French assignment process was an administrative assignment, with

provision for it to become an auction if there were was excess qualified
demand; and

212 The main obligations for the new licensees in the French award are to improve and increase
access to mobile networks: to cover areas with no or very poor coverage and to enable access to
mobile broadband everywhere. The tender document also included specific obligations to improve
mobile connectivity on main roads, from regional railway connections and indoor. Applicants could
also propose additional coverage commitments in the 1800 MHz and 2 GHz bands. Source: Cullen
International.
213 https://www.cullen-international.com/product/documents/FLTEFR20180005
214 1f more than four applicants (number of MNOs) had qualified for a band, the selection would have
been based on:

o asingle round sealed bid auction for the 900 MHz band;

o commitments for better coverage inside trains for the 1800 MHz band; and

o commitments for better indoor coverage for the 2 GHz band.
215 https://www.cullen-international.com/product/documents/FLTEFR20180005
216 Free Mobile has 2x10 MHz rights of use until 2030.
217 Free Mobile has 2x15 MHz rights of use until 2030.
218 Orange, SFR and Free all have 2x10 MHz rights of use expiring in 2030.
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auction processes previously run by ComReg (e.g. 2012 MBSA and 3.6 GHz
Award) would, if there was no excess demand, have degenerated to
administrative assignment at the reserve price.

4.146 Accordingly, it appears that there is little difference at the level of principle

between the two approaches.

4.147 ComReg notes that the only rights of use available for reassignment in Ireland

are 2.1 GHz rights of use. However, it is unlikely that Eir is referring to this band
with respect to improving 4G coverage. Alternatively, it would appear that Eir
may be suggesting that rights of use to the 700 MHz Duplex should be assigned
to the MNOs in return for certain unspecified coverage obligations. 2’ ComReg
observes that such obligations would appear to be ‘Interventionist’ and
considers this proposal under Assignment Option 2A below.

4.148 ComReg therefore considers that three regulatory options are available to it:

e Assignment Option 1: Assignment of all available spectrum using a
competitive, open, transparent auction format; or

e Assignment Option 2: Assignment of some or all available spectrum
band by administrative assignment. In particular:

o Assignment Option 2A: Assignment of 2x10 MHz of 700 MHz
Duplex rights of use to each MNO by administrative assignment
in return for interventionist coverage obligations.

o Assignment Option 2B: Assignment of 2x20 MHz of 2.1 GHz
rights of use to each MNO by administrative assignment in return
for fees that reflect the market value.

4.149 ComReg notes that each option is not mutually exclusive and that the overall

preferred option could involve one or more of the above options.??" In that
regard, ComReg assesses each Option individually and determines the overall
preferred option at the end of this draft RIA.

219 DotEcon (Document 18/103d) distinguish between precautionary and interventionist coverage
obligations:

e Precautionary coverage obligations - where the obligations do not exceed the levels of

coverage that might be expected anyway from well-functioning competition between network
operators;

¢ Interventionist coverage obligations - which can be expected to constrain the commercial

choices of network operators and force coverage in excess of competitively determined
levels

220 For example:

Assignment Option 1 only (i.e. assign all rights of use by auction);

Assignment Option 1 and Assignment Option 2B (i.e. assign rights of use to 2.1 GHz
administratively and the remaining rights of use by auction)

Assignment Options 1 and Assignment Option 2A (i.e. assign rights of use to 700 MHz Duplex
administratively and the remaining rights of use by auction)
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4.150 The following sections of the draft ‘Coverage RIA’ consider the impact of the
aforementioned regulatory options on:

industry stakeholders (being existing operators and potential new
entrants)

competition, and

consumers.

4.151 ComReg intends to further develop this draft RIA in light of feedback to this
consultation.

Determining the impact on industry stakeholders

4.152 There

are a number of key industry stakeholders in relation to the matters

considered in this chapter:

existing mobile operators (Vodafone, Three and Eir);
existing FWA operators including:

o licensees with spectrum rights of use in the 3.6 GHz band (e.g.
Imagine);

o parties which currently provide fixed wireless services using other
licensed (10.6 GHz) or unlicensed (5.8 GHz) spectrum;

other providers (small cell operators e.g. Dense Air*?");

potential new entrants (e.g. an MVNO or entirely new entrants to mobile
or fixed wireless services);

economic or industrial sectors who have the potential to change business
models for MNOs relative to the current marketplace, (largely
standardised services) with differentiation limited to pricing®** .

Impact on stakeholders

4.153 A stakeholder that submitted an award proposal is likely to prefer the option that
most closely reflects that proposal. Otherwise, stakeholders are likely to prefer
an option which would offer the greatest amount of contestable spectrum (so as
to provide the greatest chance of obtaining spectrum rights). ComReg assesses
each of the 3 regulatory options in turn.

221 Dense Air provides wireless-based solutions for both ‘network densification’ and ‘network
extension’ by providing ‘Small Cells as a Service'.

222 Study on Implications of 5G Deployment on Future Business Models No BEREC/2017/02/NP3 -
A report by DotEcon Ltd and Axon Partners Group.
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MNOs

4.154

4.155

4.156

4.157

MNOs have submitted a variety of different views in relation to the assignment
process for the Proposed Award.

Vodafone supports the use of an auction as the most appropriate assignment
process for this award. For example, it recently noted ”in principle the
assignment of spectrum though open transparent auction processes has
facilitated the roll-out of competitive mobile networks and we believe (will) be
the best solution to meet customer demand for increased capacity and new
technologies in the future.””?* Similarly, in response to Document 18/60, it
generally expressed support for an auction to assign rights of use to the bands
under assessment.

Notwithstanding, it may prefer a form of administrative assignment suggested
by Nera (commissioned by Three) and/or Eir. In particular, it may prefer the
administrative assignment of 700 MHz Duplex (Assignment Option 2A) and 2.1
GHz rights of use (Option 2B) whereby each MNO would receive 2x10 MHz and
2x20 MHz.

e In relation to Assignment Option 2B, Vodafone may prefer such an
assignment as it would increase its 2.1 GHz holdings by an additional
2x5 MHz. However, the current spectrum asymmetry would only apply
for less than two years and Vodafone may prefer to compete for all long
term rights of use across all the Award Bands. For example, in response
to Document 18/60, Vodafone noted that if all issues related to the 2.1
GHz Band can be resolved sufficiently without causing overall delay, it
would favour including the 2.1 GHz Band in the Proposed Award.

¢ In relation to Assignment Option 2A, while Vodafone may prefer to be
assigned an additional 2x10 MHz (700 MHz Duplex), such an
assignment would retain the existing asymmetry of sub-1 GHz holdings
until 2030 at the earliest. In contrast, the competition caps proposed (see
Chapter7) would provide Vodafone with the opportunity to be assigned
2x15 MHz 700 MHz Duplex compared with 2x10 MHz for Three.
Accordingly, an administrative assignment of 2x10 MHz rights of use
would deny Vodafone the opportunity to reduce the existing sub 1 GHz
spectrum asymmetry vis-a-vis Three.

Therefore, in line with its previously stated views, Vodafone is likely to prefer an
appropriately designed auction because this would provide it and other
operators with an equal opportunity to access all available spectrum rights of
use.

223 Response to Document 18/74 — Draft Spectrum Strategy Statement.
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4.158 In response to Document 18/74, Three expressed support in general for the use
of auctions. However, it cautioned that the auction mechanism and rules must
be chosen to suit the award, and that ComReg should “start from fresh” and
consider all options for the award mechanism. Similarly, in recent
correspondence submitted with its Nera Report, Three also expressed support
for the use of auctions but expressed a view that ComReg should switch to a
simpler, better adapted format (see Chapter 7 for discussion on preferred
format). ComReg notes the following:

e in relation to the 2.1 GHz Band, Three is likely to prefer Assignment
Option 2B given its support for its Nera Report;

e in relation to Assignment Option 2A, Three may prefer an administrative
assignment of 2x10 MHz of 700 MHz Duplex rights of use since this
would also be the maximum it could obtain under the proposed
competition caps (meaning it would retain its sub 1 GHz spectrum
advantage over Vodafone until 2030 at the earliest);

e however, Assignment Option 2A would also involve interventionist
obligations. In that regard, ComReg notes Three’s view that onerous
coverage obligations should be a separate and distinct stage from the
assignment of spectrum.?”* In particular, the Nera Report expressed
caution against attaching onerous obligations as this would create
artificial scarcity of “clean” spectrum and may distort bidding across the
whole auction.

4.159 Overall, it would appear that Three would prefer a combination of Assignment
Option 1 and Assignment Option 2B, whereby 2.1 GHz rights of use are
assigned administratively and all remaining rights of use are assigned by way
of auction.

4.160 Eir provided a variety of views which depend on the band in question; however,
it would appear to favour the administrative assignment of both the 700 MHz
Duplex and 2.1 GHz Band:

e in relation to the 700 MHz Duplex, Eir is likely to prefer Assignment
Option 2A as this best represents its submission to Document 18/60;

224 Three Nera Report Briefing Note to ComReg 15 January 2019,
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4.161

4.162

4.163

4.164

e in relation to Assignment Option 2B, in its response to Document 18/60,
Eir submitted that “ComReg must ensure that spectrum holdings in the
2100MHz band are equalised so that no operator is allowed to maintain
an unfair advantage in access to spectrum that will distort competition”.
Therefore, Eir is likely to prefer the administrative assignment of 2x20
MHz to each MNO.

Overall, it would appear that Eir would prefer a combination of all Assignment
Options (Assignment Option 1 and Assignment Option 2A and Assignment
Option 2B) whereby 2.1 GHz and 700 MHz Duplex rights of use are assigned
administratively, and remaining rights of use assigned by way of auction.

Fixed Wireless Providers

Assignment Options 2A and 2B are unlikely to be favoured by FWA operators
as both options would assign spectrum rights of use directly to MNOs. FWA
operators would likely prefer Assignment Option 1 over Assignment Option 2A
or 2B as it would provide for the assignment of all available spectrum rights on
a service and technology neutral basis and would give all operators an equal
opportunity to access spectrum up to and including on a national basis. The
administrative award of some, or all, of the Award Bands for mobile would
exclude other providers (e.g. FWA operators) entirely or reduce the quantum of
spectrum available to FWA operators and could cause the cost of any residual
spectrum rights of use to artificially increase.

In that regard, ComReg notes that Imagine believes that CCA is a suitable
mechanism for the auction and assignment of the proposed bands given the
recent experience of the CCA auction process for the 3.6 GHz band .?*°

Therefore, ComReg is of the preliminary view that Fixed Wireless Providers
would likely prefer Assignment Option 1 (Auction).

New Entrants/Other operators

4.165

Potential new entrants would likely prefer an assignment process which best
facilitates new entry (which could be either an administrative assignment or
auction). While new potential entrants would likely prefer a reservation of
spectrum made solely for new entrants, they may, depending on the options
available, also prefer an open, transparent competitive award format for all
available spectrum. In terms of the 3 regulatory options, new entrants are likely
to prefer Assignment Option 1, as they would be given an equal opportunity to
access spectrum according to their valuation of the spectrum, as expressed by
their willingness to pay (i.e. there would not be any direct assignments to

225 Imagine response to Document 18/60.
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existing MNOs).
Impact on competition
4.166 The impact on competition is assessed at two levels which are interconnected:

e competition during the award process, where bidders/applicants
compete with each other in order to be assigned spectrum rights; and

e downstream retail competition between winning bidders and other
market participants in affected downstream markets. The promotion of
competition at this level is a primary goal of the Proposed Award because
competition at retail level is ultimately what drives consumer benéefits,
such as in terms of price, quality and choice of the relevant services.

Competition during the award process

4.167 At a general level, subject to the award process preventing highly asymmetric
outcomes (to safeguard downstream retail competition), the more intense the
competition in an assignment process (the greater the level of participation), the
higher the likelihood that the spectrum usage rights will be awarded to those
operators that value it the most, and who are incentivised to use the spectrum
most efficiently and compete most vigorously in the downstream retail market.

Administrative assignment
4.168 ComReg assesses Assignment Options (Option 2A and 2B) below.
Assignment Option 2A and 2B

4.169 First, any form of assignment which excludes certain users from participating in
the award process reduces the level of competition within the award process.
The more extensive the restriction, in terms of the possible assignment
outcomes which it precludes, the more likely it is that the actual optimal
assignment outcome is precluded from arising. Indeed, the request for a
reservation of the band for a particular use/user in the first place suggests that
more than one type of user would have participated in the award absent such
reservation and/or there is an unwillingness to pay the fees that may have arisen
from a more open award process.

Page 124 of 590



Response to consultation and further consultation ComReg 19/59R

4.170 Options 2A and 2B would result in extensive restrictions given that rights of use
would be assigned directly to MNOs (noting that a less extensive restriction
would be to allocate to a particular use). In particular, both options would
exclude all other potential bidders for rights of use, including new entrants?*°,
FWA operators and/or small cell providers:

e under Assignment Option 2B, 2.1 GHz rights of use would be assigned
directly to the three MNOs and there would be no competition to
determine the most efficient use(s), user(s) or quantum of spectrum
between same??’. Any competition between bidders would be limited
to determining frequency positions within the band. For example,
Three is currently positioned at opposite’”® ends of the band and a
reduction in rights of use to facilitate an increase of 2x5 MHz in the
other two MNOs would likely result in preferences across the different
positions with the band; and

e under Assignment Option 2A, 700 MHz Duplex rights of use would
also be assigned directly to the three MNOs and there would also not
no competition to determine the most efficient use(s), user(s) or
quantum of spectrum between same. There could be some limited
competition for additional coverage commitments in return for
additional spectrum above a minimum requirement.?”° In terms of
frequency locations, any competition for specific positions within the
700 MHz band would likely be marginal as new rights of use in a
“greenfield” spectrum band are unlikely to generate significant
competition for positions in the band;

226 1t would be possible In the French award, if more than four applicants (number of MNOs) would
have been qualified for a band, the selection would have been based on:

e asingle round sealed bid auction for the 900 MHz band;

e commitments for better coverage inside trains for the 1800 MHz band; and

e commitments for better indoor coverage for the 2 GHz band.
227 Further, the quantum of spectrum between the MNOs would be fixed (i.e. split. equally) where (i)
symmetric holdings are not required for effective competition (see Competition Caps Section 7.7), (ii)
it may be more efficient for some MNOs to hold more or less spectrum and/or (iii) conversely,
differences in quantum may allow an operator to adopt differentiated strategies/services (e.g. a small
operator with a relatively large amount of spectrum in a band/s to provide higher speeds/capacity so
as to grow market share).
228 Three currently holds two separate licences to use radio spectrum in the 2100MHz band for the
provision of 3G services. This situation arose following the acquisition by Three Group of Telefonica
Ireland in 2014. Three is licenced to use 6 blocks in total, however they are divided into two groups
of three at opposite ends of the band, given the spectrum blocks in Three’s 2.1 GHz licence were not
contiguous with the spectrum blocks in Telefonica’s licence.
229 In the French award, applicants could include additional commitments for commuting trains using
2.1 GHz Band. Applicants could also propose during the beauty contest commitments to improve
indoor mobile coverage and/or to provide fixed broadband services in remote areas.
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4172

e In relation to other forms of administrative assignment, the lack of
transparent procedures in an administrative award limits the extent of
competition within the award. Specifically:

o applicants may be unable to respond to specific commitments
made by competing applicants and even where they can, the
potential lack of effective objective selection criteria may make it
difficult for competing applicants to determine the effectiveness
of the offers (in terms of the outcome) they make; and

o applicants may be exposed to substitution risks and be unable to
increase or decrease their requirements in response to
alternative rival requirements, particularly where some
applicants may be indifferent between one or more bands. In this
way competition between bands and during the award would be
restricted.

Further, the administrative assignment of one or more bands could reduce
competition for other bands that would be available in open competition. For
example, suppose a potential new entrant had a minimum package requirement
of 2x5 MHz - 700 MHz Duplex; 2x10 MHz - 2.1 GHz Band; 2x10 MHz - 2.6 GHz
Band; and 2x10 MHz- 2.3 GHz Band. Under Assignment Option 2A or
Assignment Option 2B, a new entrant would be unable to acquire sub 1 GHz
rights of use and may not compete for any of the remaining rights of use that
would have been subject to open competition. In effect, MNOs would benefit
from the administrative assignment of rights of use in the 700 MHz Duplex and
2.1 GHz bands in Assignment Options 2A and 2B, and the resulting reduction
in competition for spectrum in the remaining bands. Even where a new entrant
could apply under an administrative assignment process, it would be difficult for
such an entrant to meet with interventionist coverage obligations in the 700 MHz
Duplex for example absent any existing network.

In relation to fees, under Assignment Option 2A, the assignment of 700 MHz
Duplex rights of use would be provided in return for interventionist coverage
obligations. However, under Assignment Option 2B, Three suggests that the
price be set at market value. In that regard, it is difficult for ComReg to make an
accurate assessment of a market price that reflects the opportunity cost of the
spectrum rights. This is exacerbated by the fact that usage fees, if any,
prescribed under Assignment Options 2A or 2B would be unlikely to encourage
licensees to return unused or underused spectrum if they do not reasonably
reflect the opportunity cost of the reserved use. Therefore, absent a suitable fee
structure, the assignees would have little incentive to consider that the
frequencies administratively assigned to them might be more efficiently used by
other users. Accordingly, under these options long-term competition could be
restricted because there would be less of an incentive to return the spectrum
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over the duration of the licence to allow alternative users provide services.

4.173 In addition, whereas auctions rely on binding bids to elicit credible information
from bidders as to the value they attach to spectrum as a basis for an efficient
outcome, no such incentives for truthful revelation exist in the case of an
administrative award. This is because parties involved would have an incentive
to overstate the services delivered (and/or the value of same) from the use of
the spectrum. In that context, ComReg prefers winners of spectrum rights to
seek to use them efficiently based on economic incentives, rather than by
potentially having to resort to sanctions/litigation to compel compliance with
commitments made in seeking an administrative assignment.

4.174 Moreover, if spectrum rights have been assigned at below the “opportunity
cost’, there may have been some other bidders who would have been prepared
to pay more. This could be inefficient as the spectrum is not assigned at the
highest value amongst alternative uses.

4.175 Any administrative determination of fees is not straightforward, and could lead
to inefficient use and or distortions to competition since:

prices that are set too low could lead to unfair competition with others
who are paying more for their similar rights of use of spectrum; or

prices that are set too high could lead to scarce spectrum (a valuable
public resource) being unused, or under-used.

4.176 Further, the administrative determination of fees could lead to disputes where
licensees disagree with the level of fees set administratively by the regulator.
For example:

EE challenged Ofcom’s 2015 decision to set new annual licence fees in
the UK. The Court of Appeal quashed Ofcom’s decision and, as a result,
fees reverted back to a lower level which had applied for many years®*";
and

In light of the above ruling, Vodafone lodged legal proceedings against
Ofcom to reclaim the fees it considers have been overpaid. A ruling in
the High Court in May 2019 found in favour of Vodafone against Ofcom
over the issue.””’

4.177 In relation to interventionist coverage commitments associated with Assignment
Option 2B, ComReg discusses, in detail, its views in relation to appropriate

230 https://www.ft.com/content/6ab98d6a-cf85-11e7-b781-794ce08b24dc
231 https://www.ft.com/content/e4a22ff4-78be-11e9-be7d-6d846537acab
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4.180

coverage obligations in Chapter 8. ComReg observes that Assignment Option
2A would appear to involve a symmetric obligation across all three operators
given Eir's suggestion of 2x10 MHz each. However, as noted by DotEcon?®?,
applying interventionist coverage obligations symmetrically could reduce
participation and competition in spectrum awards. Among other things, there
may be operators (either existing MNOs or potential new entrants (if permitted))
unable to meet such an obligation and, if so, imposing the obligation on all
MNOs might prevent some parties participating altogether when it might have
been socially optimal for them to be awarded spectrum. Alternatively, an
administrative award with a symmetric obligation (where one operator is
provided 2x10 MHz in return for coverage commitments) might not be favoured
by certain MNOs if only one operator would be assigned rights of use directly
with the remainder assigned by auction.

Further, because there is a limited field of potential suppliers of coverage, this
would likely weaken competition and lead to sub-optimal coverage outcomes.
In particular, the administrative procurement of coverage would require the
regulator to assess the costs associated with providing coverage and there
would be significant questions about the extent to which each operator would
be capable of extending services to a determined level. Such an assessment
across competing operators would require, at a minimum, detailed information
about existing networks and expectations about how such operators would
rollout services in the future. For example, bidders may have different net costs
of providing additional coverage where smaller networks may be less able to
partially offset the costs of improved coverage or quality of service. In that
regard, some bidders may be better able to meet coverage requirements than
others, leading to reduced competition and potentially poor value for money in
the provision of better coverage.

It would therefore be very difficult for the regulator to make an accurate
assessment of what additional coverage would be required above what would
be delivered on a commercial basis and there is a risk that spectrum would be
assigned inefficiently if coverage obligations were not met. This approach also
creates perverse incentives by creating a risk of applicants exaggerating future
business cases to boost their chances of being assigned spectrum directly. In
this way, certain operators could be able to distort competition within the award
and gain additional rights of use that are not reflected in underlying efficiency
and ability to deliver additional coverage efficiently.

Assignment Option 1 (Auction)

Auctions typically take a service and technology neutral approach allowing all
credible bidders to compete for the same spectrum rights. As such, they can be

232 Coverage obligations and spectrum awards a report from DotEcon Ltd, Section 2.6.
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beneficial in terms of:

removing the burden on the regulator to make complex judgements
(based on incomplete/imperfect information) in relation to assigning the
spectrum and the suitable level of fees. In particular, auctions are better
at eliciting relevant information about the value (and efficient assignment)
of the spectrum that is likely not available to the regulator. E.g. the value
that different undertakings place on those rights of use, in light of the
potential different uses (and networks/technologies for same) and
business cases for same etc, over the lifetime of the rights of use;

incentivising bidders to reveal information about their preferences and
valuation of spectrum through their willingness to pay also enables rights
of use to be assigned to the bidders who value them most, and who are,
in turn, sufficiently incentivised to use the spectrum most efficiently and
compete vigorously in the downstream retail market/s’

ensuring that all potential acquirers of the spectrum rights can compete
on an equal basis for all available spectrum, and not artificially on the
basis of any measures designed to favour incumbency for example;

promoting competition during the award and allowing bidders to switch
back and forth across complementary and/or substitutable bands in
response to the evolution of prices and valuations of other bidders. In
that regard, it is desirable to allow bidders to switch between different
bands as the award process progresses as the choices made by bidders
are not static and likely vary depending on the choices made by other
bidders.

allowing the market to determine the specific frequency assignments for
each winning bidder, which should promote efficient assignments based
on information about bidders’ preferences that would otherwise not be
available to the regulator. In that regard, ComReg notes that in previous
similar awards, preferences existed across different parts of the bands
as evidenced by the assignment bids received in the last three spectrum
awards (26 GHz band — 2017°%°, 3.6 GHz band- 2016 and 2012
MBSA?%°).

233 Vodafone paid an additional price of €200,000 for specific frequency assignments.
https://www.comreg.ie/publication/results-of-the-26-ghz-spectrum-award-2018/
234 For example, Vodafone paid and additional price of € 230,012 for specific frequency

assignments.https://www.comreg.ie/publication/results-3-6-ghz-band-spectrum-award-2/

235 For example, Meteor, Telefonica and Vodafone paid €89,136, €300,058 and €2,109,

275 for

specific frequency assignments. https://www.comreg.ie/?dIm_download=frequency-arrangements-

and-results-of-the-multi-band-spectrum-award-process
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4.181 In relation to fees, where demand for spectrum is likely to be greater than
supply, the use of a market mechanism for assignment?*® (such as a well-
designed auction with prices set on the basis of opportunity cost?*”) can help to:

establish the efficient assignment of spectrum amongst bidders, based
on bidders’ willingness to pay (which can be expected to reflect the
economic value they are able to generate); and

establish the opportunity costs of the assignment, setting suitable
spectrum usage fees at a level that represents market value (and could
be considered fair) and encourages the winning bidder(s) to utilise the
spectrum more efficiently, including incentivising the return of unused or
underused spectrum to the regulator; and

significantly reduce the risk of subsequent challenges on the level of fees
required to provide for optimal use because the final prices also
represent the level at which winners are willing to pay for the spectrum
rights;

4.182 Separately, auctions can be designed so that, if there is an excess of spectrum
over the aggregate demand from all bidders in the first round, they degenerate
into a simple administrative assignment. This has been the case with a number
of ComReg’s previous auctions.

4.183 Coverage obligations should not exceed the levels of coverage that might be
expected anyway from well-functioning competition between network operators
and therefore should not impact competition within an auction. However, where
coverage in excess of competitively determined levels is required (as would
seem to be suggested by Eir under Option 2A)* auctions can lead to certain
unavoidable distortions, including that:

such obligations may exacerbate asymmetries between bidders, in that
some bidders may be more able to meet the obligations than others
(indeed some bidders may not be able to deliver such coverage
obligations at all);

such obligations could create an opportunity for an operator to exploit its
relatively strong position in competing for a coverage lot to leverage its

236 Wherever spectrum is scarce, this implies that there is an ‘opportunity cost’ associated with
distributing the spectrum to particular uses and users.

237 Efficient spectrum assignment generally requires rights of use to be assigned to those users able
to make the best economic use of it, and for the users of the assigned spectrum to make use of it in
the way that generates the greatest social benefit.

238 Eir refer to the French example where rights of use were assigned with an agreement to
accelerate mobile coverage without going through an auction and the State giving up future income.
The foregone auction revenue reflecting the cost to network operators of meeting the obligation to
extend coverage.
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4.184

4.185

cost advantage to obtain more spectrum; and,

e it is possible that the winner of a coverage lot gets a discount on
spectrum in return for a coverage level it would have provided anyway
(i.e. an undue benefit).

In contrast, auction formats offer flexibility and, depending on the willingness to
pay for additional coverage, DotEcon advises that there are options for how
such obligations might be provided which would ensure that distortions of the
spectrum award process are kept to a minimum. For example, DotEcon states
that “Auctions offer considerable flexibility to resolve some of these problems.
Although seldom used to date, auctions have the potential to explore award of
alternative levels and forms of coverage obligation depending on their relative
cost.””*? In particular, and depending on the particular circumstances, it may be
possible to split the award of spectrum and the procurement of a coverage
improvement into two stages within an award process or to procure a coverage
obligation in an entirely separate process from spectrum either before or after
the award of spectrum. This would usefully allow bidders to compete on the
basis of providing coverage rather than making bids in order to receive spectrum
rights of use.

Therefore, and for the reasons stated above, Assignment Option 2 (Auction)
would, in ComReg’s view, better promote competition within the award process
(even where “interventionist’-type coverage obligations are required).

Competition in downstream markets

Administrative Assignment (Options 2A and 2B)

4.186

4.187

4.188

The various EC Decisions?*’ relating to the proposed bands requires a service
and technology neutral approach be applied.

In that regard, ComReg firstly recalls that Options 2A and 2B would involve the
direct grant of equal spectrum rights of use to incumbent MNOs.

Whilst only granting spectrum rights of use to specific parties or category of
parties, such as MNOs (or other operators), could be appropriate if the supply
of spectrum is likely to exceed demand for same, doing so where there is the
potential for demand to exceed supply (such as this proposed award), runs the
risk of the assigned spectrum being used inefficiently and/or distorting

239 Coverage obligations and spectrum awards a report from DotEcon Ltd, published November

2018.

240 For example:

EC Decision 2008/477/EC of 13 June 2008 (“2.6 GHz EC Decision”);
(EU) 2016/687 of 28 April 2016 (“700 MHz EC Decision”).
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downstream competition.

4.189 In that regard, ComReg observes that over the duration of the rights of use the
basis for competition could change or shift from the data rates and prices offered
by the different platforms towards converged services and content demanded
by end-users. Additionally, in terms of technology both mobile and FWA
operators are converging in terms of transmission standards, with both sectors
moving towards adoption of LTE technology and in the future to 5G standards.
In such circumstances, Options 2A and 2B would deny rights of use to other
operators (FWA operators or small cell operators) and/or new entrants?*’. This
would place such bidders who may have the potential to provide a more efficient
and differentiated range of services at a disadvantage by reducing the overall
amount of spectrum in the award or even exclude them altogether from certain
bands. This could act as a barrier to innovation, entry and/or expansion if such
applicants were excluded from applying for some or all spectrum. Certain
applicants might use spectrum rights of use less efficiently than others would
have (had they succeeded in acquiring it), particularly in light of the convergence
of services and technologies in the future.

4.190 In addition, ComReg cannot rule out the possibility of new entry across any of
the relevant downstream markets. For example the 3.6 GHz Award resulted in
one incumbent FWA Provider (Imagine), three MNOs and a new small-cell
operator obtaining spectrum rights of use. Furthermore, ComReg notes that the
acquisition of Telefénica Ireland by Hutchison 3G?*? contains a commitment to
offer divestment spectrum?+ to the Upfront*** (or Second MVNQO?*) and any
such MVNO may wish to be assigned additional rights of use as part of the
proposed award process. Assigning rights of use to incumbents would deny
such entrants or any other new entrant the opportunity to acquire additional
rights of use in the proposed bands. Similarly, reserving spectrum rights of use
for new entrants could raise competition issues in the future if such an entrant
was the Upfront MVNO.

4.191 Second, ComReg further observes that even the administrative assignment to
incumbents has the potential to create inefficient outcomes. For example, as
Options 2A and 2B would involve the assignment of a symmetric quantum of
rights to the incumbents, they necessarily preclude asymmetric outcomes which

241 Potential new entrants who do not currently provide any services using spectrum in the State

242 Case No COMP/M.6992 HUTCHISON 3G UK/ TELEFONICA IRELAND.

243 The Divestment Spectrum available is:

(a) 2x5 MHz of 900 MHz spectrum in Time Slice 2 (13 July 2015 to 12 July 2030);

(b) 2x10 MHz of 1800 MHz spectrum in Time Slice 2 (13 July 2015 to 12 July 2030); and

(c) 2x10 MHz of 2100 MHz spectrum for the remainder of the licence period until 24 July 2022.

44 The Upfront MVNO is Virgin Mobile which currently has around [+<}jjj ] customers and
< arket share. — ComReg Quarterly Reports.

245 The Second MVNO ‘ID Mobile’ ceased offering services in April 2018 and no other MVNO has
entered the market since. https://www.comreg.ie/id-mobile-ceasing-services/
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4.192

4.193

4.194

may have been more efficient in terms of better promoting competition. As noted
in Chapter 7, ComReg observes that asymmetric outcomes may be compatible
with a diversity of operators engaging in effective downstream competition
provided the asymmetry is not too extreme.

More generally, an assignment of spectrum to less efficient operators under an
administrative assignment could lead to reduced competition and,
consequently, lower quality services being offered by less efficient operators
and higher prices from more efficient operators offering improved services. If
such an award process fails to deliver an efficient outcome there may well be a
negative impact on downstream competition. Therefore, there is a risk that
applicants seeking to provide services to consumers may be awarded less
spectrum than would be efficient, or none at all, while less efficient operators
are awarded all, or excessive rights of use.

In relation to more interventionist coverage commitments envisaged under
Option 2A, the extent to which an obligation could be delivered by each
incumbent mobile operator would likely depend on a number of factors including
existing network densification and r