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Annex 9

Technical and commercial evidence

Introduction

A9.1 This annex contains further material on technical and commercial evidence which
supports our assessment in Sections 1 and 2 on future spectrum availability and in
Section 3 on estimating lump-sum values. It covers:

a) Possibility of greater certainty around spectrum availability;

b) Technical and commercial evidence relating to the relative values of 800 MHz
and 900 MHz spectrum;

¢) Technical and commercial evidence relating to the value of 1800 MHz spectrum;
and

d) Network cost modelling.

A9.2  We outlined our provisional views on the first and fourth of these issues in Annex 9
of our August 2014 consultation, and on the third issue in Annex 7 of the August
2014 consultation. Stakeholders provided a numbers of comments on these views.*
Additionally, H3G and Vodafone made arguments relating to the second issue of
the technical and commercial value of 900 MHz spectrum relative to 800 MHz. In
the following sections we summarise stakeholders’ comments before setting out our
view for each issue, taking into account the responses received.

Possibility of greater certainty around spectrum availability

Position in the August 2014 consultation

A9.3 In the August 2014 consultation we recognised the possibility that the market value
of ALF spectrum may have changed since the 4G auction.? In particular, we
considered that there might be greater certainty over the availability of potential
substitute bands for mobile spectrum use (700 MHz, 2.3 GHz, 3.4 GHz and 1452-
1492 MHz), and that this might serve to reduce the forward-looking market value of
current mobile bands such as 900 MHz and 1800 MHz. This was one of the
reasons we considered we should adopt a conservative approach when interpreting
the available evidence on market values.

Stakeholder responses

A9.4 In response to our August 2014 consultation, Vodafone® argued that “the extent of
the certainty of future spectrum availability has increased significantly, and is much
stronger an effect than merely the possibility expressed by Ofcom”. It said that such
certainty takes two forms:

! We considered stakeholder arguments about the relative value of 900 MHz and 800 MHz spectrum
in Annex 6 of our October 2013 consultation, paragraphs A6.29 to A6.34.

2 Paragraphs 1.39-1.41, http://stakeholders.ofcom.org.uk/binaries/consultations/annual-licence-fees-
900-MHz-1800-MHz/summary/condoc.pdf

® Vodafone response, Annex 3.3, page 1



http://stakeholders.ofcom.org.uk/binaries/consultations/annual-licence-fees-900-MHz-1800-MHz/summary/condoc.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/annual-licence-fees-900-MHz-1800-MHz/summary/condoc.pdf

Annual licence fees for 900 MHz and 1800 MHz spectrum

A9.5

a)

b)

“A certainty that 2.4 GHz, 3.4 GHz, 1452-1492 MHz and 700 MHz spectrum will
be released for mobile broadband use within a reasonable timeframe”.? Vodafone
noted that these bands have been suggested for mobile use for some time, but
said that it would not have been appropriate for bidders in the 4G auction to have
discounted their immediate need for usable LTE spectrum on the grounds that
some other possibly usable spectrum might become available at some relatively

ill-defined future date;® and

“A certainty that it is Ofcom'’s intention to release substantial additional spectrum
for mobile use, as and when it is needed to satisfy mobile data demand, in order
to maximise the consumer benefit from mobile data services”.® Vodafone cited
our May 2014 Mobile Data Strategy (MDS) statement as a “clear exposition of
Ofcom’s policy that if needed, additional spectrum will...be made available”.” It
agreed that many potential bands can only be released some time into the future,
but said that we are estimating a 20-year spectrum valuation for which the basis
lies in total avoided costs over the whole period.? It also said that, due to carrier
aggregation and the steady increase in additional harmonised bands, it is of less
criticality than in the past which particular spectrum band will be used to provide
any additional capacity, meaning that any increase in the certainty of supply of
future additional spectrum will inevitably have a downward impact on the value of
the non-core LTE spectrum.®

Vodafone said that taking account of the downward pressure on ALFs arising from
these factors indicates that an appropriate spectrum value is lower than the lump-
sum values for 900 MHz and 1800 MHz that were proposed in the August 2014
consultation® (although it provided no quantification of the effect).

Our assessment

Spectrum release in the short to medium term

A9.6

In our August 2014 consultation (paragraph 1.40), we said that the 2.3 GHz, 3.4
GHz, 700 MHz and 1452-1492 MHz bands were all recognised at the time of the 4G
auction as likely to become available for mobile use. However, we also said that
there had been further developments in relation to each band since then which
might have served to reduce the value of current mobile spectrum. Some further
developments have occurred since the publication of our August 2014 consultation:

a)

The 700 MHz band: Of the prospective bands for future release, 700 MHz is likely
to be the closest substitute for ALF spectrum, as it is paired low-frequency
spectrum. In the November 2012 UHF strategy statement (published before the
4G auction) we said that we would seek to enable a harmonised release of the
700 MHz band for mobile broadband use, and noted that this could potentially
occur as early as 2018.* In November 2014, we published a statement

* Vodafone response, Annex 3.3, page 1

> Vodafone response, Annex 3.3, pages 6-7

® Vodafone response, Annex 3.3, page 1

" Vodafone response, Annex 3.3, page 7

® Vodafone responses, Annex 3.3, p. 20

% Vodafone response, Annex 3.3, page 7

1% vodafone response, Annex 3.3, page 4

1 Paragraph 1.8, and paragraph 1.27 http://stakeholders.ofcom.org.uk/binaries/consultations/uhf-
strategy/statement/UHF _statement.pdf
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confirming our decision to make the 700 MHz band available for mobile use.*?
We also set out our intention to do so by the start of 2022, and sooner if possible,
while noting (paragraph 1.19) that there is too much uncertainty about some
aspects of the process for us to commit to a specific implementation timetable;

b) The 2.3 GHz / 3.4 GHz bands: In November 2014, we published a consultation
outlining our proposals for auctioning spectrum in these bands in late 2015 or
early 2016." This re-stated our earlier intention to complete the award in the
financial year 2015/16, although when the spectrum release was first proposed in
December 2012 the Ministry of Defence announced that preparations were
expected to start at the end of 2013, with the auction completed by the summer
of 2014**; and

c) The 1452 — 1492 MHz band: In September 2014 we published a consultation
proposing to vary the technical conditions in this licence to better enable its use
for Supplemental Downlink (SDL).*® This could be a substitute for additional ALF
spectrum (in terms of downlink spectrum). However, as mentioned in the August
2014 consultation (footnote 12), it is also possible that this band may be a
complement to ALF bands rather than a substitute, because to be used as SDL it
may be bonded to the paired spectrum deployments in the ALF bands. If so,
increased certainty of availability of this band could increase, not reduce, the
market value of the ALF bands.

A9.7 For each of the above bands, developments since the 4G auction, including those
between August 2014 and today, could have further increased the degree of
confidence in their future availability. We continue to take account of the possibility
that forward-looking market values today are lower than at the time of the 4G
auction in 2013 due to greater certainty of availability of mobile spectrum in the
future, compared to expectations at the time of the auction.

A9.8 However, as mentioned in the August 2014 consultation (paragraph A9.6), the
suggestion that these bands could be used for mobile broadband pre-dates bidding
in the 4G auction. As a result, the impact of developments since the 4G auction on
expectations should not be overstated. In addition, in terms of timing of release, we
note that in the case of 700 MHz the November 2014 statement does not specify an
implementation timetable. We therefore do not agree with Vodafone’s view that the
certainty of future spectrum availability since the time of the 4G auction is much
stronger than we considered it to be in our August 2014 consultation.

Additional spectrum release for mobile use

A9.9 Next we consider Vodafone’s argument that our MDS statement is a “clear
exposition of Ofcom'’s policy” that, if needed, additional spectrum will be made
available for mobile use over a longer time period.

12 hitp://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-mhz-statement.pdf
13 hitp://stakeholders.ofcom.org.uk/binaries/consultations/2.3-3.4-ghz-auction-

design/summary/2 3 and 3 4 GHz award.pdf

% hitps://www.gov.uk/government/news/mod-to-auction-off-radio-spectrum

15 hitp://stakeholders.ofcom.org.uk/binaries/consultations/licence-variation-1.4ghz/summary/1.4ghz-

consultation.pdf



http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-mhz-statement.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/2.3-3.4-ghz-auction-design/summary/2_3_and_3_4_GHz_award.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/2.3-3.4-ghz-auction-design/summary/2_3_and_3_4_GHz_award.pdf
https://www.gov.uk/government/news/mod-to-auction-off-radio-spectrum
http://stakeholders.ofcom.org.uk/binaries/consultations/licence-variation-1.4ghz/summary/1.4ghz-consultation.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/licence-variation-1.4ghz/summary/1.4ghz-consultation.pdf

Annual licence fees for 900 MHz and 1800 MHz spectrum

A9.10 In the MDS statement® we said that addressing demand for mobile data is a priority
for us in the coming years. We noted that there was a range of potential solutions to
meeting the likely growth in demand, but making additional spectrum available was
likely to be part of the solution. We said it was possible that there would be limited
benefit in making more spectrum available for mobile data services (in addition to
the 2.3 GHz, 3.4 GHz and 700 MHz bands) if demand could be met at lower cost
through technology and network improvements. However, we noted that “if further
major changes to spectrum use do turn out to be beneficial, they can require
several years of preparation”, so it was important for us to start preparatory work in
order to maintain options for the future.

A9.11 We identified a number of potential bands and ranked them from high priority (for
which we aim to take specific action to create the option for a change in use) to low
priority (for which we do not plan any pro-active action). However, we also
highlighted (in paragraph 2.11) the substantial challenges associated with releasing
more and more spectrum for mobile.*’

A9.12 In view of this:

a) We do not consider that the MDS statement represents a commitment to release
spectrum “as and when it is required for mobile services”.*® As part of our duties
we must consider incumbent (and other competing) users of any spectrum bands
which have been identified for possible mobile use. Although our MDS statement
notes that use of additional spectrum is likely to be part of the solution to
addressing mobile data growth, it recognises that the scope for further spectrum
releases may be constrained by the challenges associated with international
harmonisation and / or coexistence.*

b) We also note that no sub-1 GHz bands were identified as high priority spectrum
in the MDS statement. In relation to the 470-694 MHz band specifically, we said
that we would only expect any switch-off of DTT to occur post 2030%° and that we
would anticipate opposing a co-primary mobile allocation (along with
broadcasting) in this band.?* Vodafone pointed out that we are estimating a 20-
year spectrum valuation for which the basis lies in total avoided costs over the
whole period. However, the timing of release is still an important consideration
because the present value of ALF spectrum will be more sensitive to substitute
bands which are made available earlier in time.

1% See paragraphs 1.2 to 1.5 of Ofcom, Mobile Data Strategy, May 2014,
http://stakeholders.ofcom.org.uk/binaries/consultations/mobile-data-strategy/statement/statement.pdf
" We also said in the MDS statement (paragraph 4.11) that we would undertake further work on
bands above 6 GHz. A Call for Inputs in relation to spectrum above 6 GHz was published in January
2015. This highlighted a number of challenges associated with identifying spectrum above 6 GHz for
mobile. It did not set out a policy position with regard to the use of this spectrum. Also, the extent to
which this high-frequency spectrum would be a substitute for either of the ALF bands is unclear.

'8 Vodafone response, Annex 3.3, p. 5

!9 For example, we noted in the case of the 1350-1375 MHz and 1375-1400 MHz bands (paragraph
4.30) that there was less international support for harmonisation and that existing users in these
bands may make release of the spectrum challenging, as well as costly.

20 Paragraph 4.11, Ofcom, Mobile Data Strategy, May 2014,
http://stakeholders.ofcom.org.uk/binaries/consultations/mobile-data-strategy/statement/statement.pdf
= Paragraph 1.5, Ofcom, Update on the UK preparations for the World Radiocommunication
Conference 2015 (WRC-15), January 2015,
http://stakeholders.ofcom.org.uk/binaries/consultations/wrc15/Update _on WRC-15.pdf
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A9.13 On this basis, we do not consider that our MDS statement supports Vodafone’'s
view that certainty of future spectrum availability since the time of the 4G auction is
much stronger than we considered it to be in our August 2014 consultation..

Technical and commercial evidence relating to the relative values
of 800 MHz and 900 MHz spectrum

A9.14 In order to provide helpful context for this issue, we first summarise our position in
the October 2013 and August 2014 consultations, and stakeholder responses to
these documents.

Position in the October 2013 and August 2014 consultations

A9.15 In our October 2013 consultation (paragraph 4.42) we noted that among our
international benchmarks 800 MHz spectrum had tended to command a higher
price than 900 MHz spectrum. We also noted that the technical evidence was not
sufficiently clear-cut or robust to derive a reliable inference about the relative value
of 900 MHz and 800 MHz. On this basis we considered on balance that 900 MHz
was unlikely to have a higher value than 800 MHz spectrum in the UK.

A9.16 In our August 2014 consultation (paragraphs A7.79 to A7.82), we further considered
technical and commercial evidence on this point, and particularly whether the
development of an LTE ecosystem for the 900 MHz band over recent years might
have increased its value, such that older auction results might understate the
current value of these bands in the UK. We noted that:

a) The 900 MHz band was not currently a core LTE band, and was still commonly
used for GSM and UMTS services; we were aware of only a limited number of
examples of deployments of LTE900 networks from operators in Sweden and the
Czech Republic towards the end of 2013. However we noted this might have
been due, in part, to operators finding it difficult to free enough 900 MHz
spectrum from legacy services for use with new technologies, although we said
this consideration was less relevant from the perspective of the valuation of the
spectrum by a marginal excluded bidder.

b) The number of LTE devices on this band had been increasing since 2012, and
we noted this in a February 2013 consultation?* which was published during the
UK 4G auction and so was likely to be reflective of expectations at that time.

c) While the increasingly developed ecosystem might make LTE use for 900 MHz
networks more common in the future, the timing of this was currently uncertain
due to the issues in re-farming spectrum. We considered that there was limited
evidence of a change in LTE900 expectations over the period of auctions we
were considering, and we did not take this factor into account in our interpretation
of benchmarks in the August 2014 consultation.

Stakeholder responses

A9.17 Inits response to our October 2013 consultation, Vodafone argued that the value of
900 MHz spectrum should be at most 60% of the value of 800 MHz spectrum.? It

2 Table 1, Ofcom, Variation of 900 MHz, 1800 MHz and 2.1 MHz mobile licences, February 2013,
http://stakeholders.ofcom.org.uk/binaries/consultations/variation-900-1800-2100/summary/condoc.pdf
% Annex 8 of Vodafone’s response to the October 2013 consultation, page 2.
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A9.18

A9.19

A9.20

A9.21

argued that the 900 MHz band has no practical usability for LTE for some years to
come, whereas 800 MHz is immediately free and capable of being used for LTE.
Vodafone said that “There were two elements to Ofcom’s reasoning in the 2012
auction statement on 900 MHz: 900 MHz is not suitable for 4G as yet from an
ecosystem viewpoint, and 900 MHz is also occupied by legacy technologies...”.*
In response to our August 2014 consultation, EE said that an implied UK ratio of
900 MHz to 800 MHz of 65% is conservative, given the similar propagation and
other technical characteristics of the two bands.?

H3G argued that “a comparison of technical characteristics and commercial
opportunities of 800 MHz and 900 MHz shows that they are of almost identical
value”.?® It noted that the 900 MHz band has similar propagation characteristics to
800 MHz and enjoys a higher transmission power limit, leading to incrementally
better coverage and capacity. In terms of commercial value, it noted that the 900
MHz band is currently used to serve 3G customers (the largest part of the customer
base) and remaining 2G customers, and is also liberalised for 4G, allowing MNOs
to refarm the band when appropriate.

H3G also considered that the higher observed prices for 800 MHz over 900 MHz in
some European auctions can be explained by specific auction characteristics, such
as spectrum caps or the amount of spectrum being auctioned, rather than
differences in the long-term value of these bands.?’

In its response to our August 2014 consultation, and in the context of considering
the Austrian auction, Vodafone®® commented that:

“No matter what Ofcom makes of the evidence above, the simple fact remains
that the 900 MHz LRP in Austria was, in Ofcom’s analysis, above the value
for 800 MHz. But Ofcom has previously stated that in its view, 900 MHz is
unlikely to be more valuable in the UK than 800 MHz [First Consultation at
4.42] and therefore its value sets an upper limit for 900 MHz. Thus, Ofcom
cannot treat the relative value of 900/800 spectrum from the Austrian auction
as more important (first tier) evidence for deriving a UK market value while
being internally consistent.”

Our assessment

A9.22

Although 900 MHz licences have been liberalised for LTE since July 2013, none of
the UK operators are currently using this band for LTE. As we noted in the August
2014 consultation, LTE900 network deployments have to date been limited:

a) Tele2 and Telenor have been operating an LTE network in Sweden since 2010
under the Net4Mobility joint venture, and using shared 900 MHz spectrum they
have achieved 97% coverage population by March 2013.%°

4 Annex 8 of Vodafone’s response to the October 2013 consultation, page 6.

> EE’s response to the August 2014 consultation, p. 31.

% H3G's response to the August 2014 consultation, p. 33.

T H3G response, pp. 35-36.

*8 odafone’s response to the August 2014 consultation, page 26.

# https://www.telegeography.com/products/commsupdate/articles/2013/03/19/tele2-sweden-reaches-

99-4g-coverage/
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b) In November 2013 Vodafone announced plans to roll out LTE using 900 MHz
spectrum to 50% of the Czech Republic by March 2014, with full national
coverage by the end of 2014.%

c) In September 2014 (i.e. a development since our August 2014 consultation) T-
Mobile announced that it will use its 900 MHz spectrum to boost 4G coverage in
the Netherlands, and set a target of the end of 2015 to reach full national
coverage.*

A9.23 We consider, as Vodafone noted above, that the limited deployment of LTE900 to
date is likely to be due to a combination of two factors — a relatively limited
ecosystem of compatible devices in use, and 900 MHz licence holders’ use of this
band to provide legacy services.

A9.24  As regards device availability, our February 2013 consultation (on Variation of 900
MHz, 1800 MHz and 2.1 MHz mobile licences) noted that LTE90O0 equipment was
currently available on the market. This was a change from the assessment in our
earlier August 2012 1800 MHz licence variation decision.* GSA data shows that
there were 58 LTE90O0 devices available by March 2013, rising to 205 in January
2014 and 425 in October 2014 (19% of total devices). The proportion of devices
which are LTE800 and LTE900 respectively is shown in Figure A9.1 below. The
Samsung Galaxy S4 (released April 2013), iPhone 5s (released in September
2013) and iPhone 6 (released in September 2014) all support LTE90O, as do
leading handsets from other major vendors.

A9.25 As to the second factor noted by Vodafone, i.e. the need to provide legacy services,
we do not consider this is necessarily relevant in determining the forward-looking
marginal opportunity cost of 900 MHz spectrum compared to 800 MHz spectrum,
which depends on the value to the marginal operator who is not already using the
spectrum. However, the need to provide legacy services may be a reason for the
limited deployment of LTE90O in Europe to date.

A9.26 In this context, we consider whether operators who have acquired new or additional
900 MHz spectrum in 4G auctions (and who might be less likely than incumbent
holders of 900 MHz licences to use this band for legacy services) are currently
planning to deploy LTE900. We note that:

a) There have been no recent instances of an MNO acquiring 2x10 MHz of new
900 MHz spectrum. Operators in Romania (RCS & RDS), Ireland (H3G), the
Netherlands (T-Mobile), Austria (Hi3G) and Norway (Telco Data) have acquired
new 2x5 MHz blocks of 900 MHz spectrum in 4G auctions (in the case of Austria,
Hi3G did so having sold a similar-sized block prior to the auction of 900 MHZz).

b) Of these five countries where operators acquired 2x5 MHz of 900 MHz spectrum:

%0 https://lwww.telegeography.com/products/commsupdate/articles/2013/11/06/vodafone-cr-sets-out-
stall-to-blanket-over-50-of-country-with-3glte-by-1q14/

= https://www.telegeography.com/products/commsupdate/articles/2014/09/10/t-mobile-netherlands-
will-use-900mhz-spectrum-to-improve-4g-coverage/

* Table 2, Ofcom, Decision to vary Everything Everywhere’s 1800 MHz spectrum licences to allow
use of LTE and WiMax technologies, August 2012,
http://stakeholders.ofcom.org.uk/binaries/consultations/variation-900-1800mhz-lte-
wimax/statement/statement.pdf
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i) There are currently no indications of imminent LTE900 network rollout in
Ireland or Austria.

i) However, in Romania and Norway, GSA reports that the acquiring operators
of new 900 MHz spectrum (RCS & RDS / Telco Data) have plans to use it for
LTE services.

iii) In the Netherlands, T-Mobile has already announced LTE900 network rollout
for 2015 (as discussed in paragraph A9.22 above).

c) In Slovenia, GSA reports LTE900 network rollout plans by Telekom Slovenije.
This MNO had increased 900 MHz holdings from 2x12.5 MHz to 2x15 MHz in the
April 2014 auction.

Figure A9.1 Proportion of mobile devices with LTE800, LTE900

% of total LTE devices enabled by band
(global)
0%

25% /.-——
20%

159 / /
10% —

5%

0%
GP O O B D D 0 B O W b q\h Q:\h R

3 3 3

P W oy ?ﬁ‘%ﬁgﬂ'%@o&t’}@ PR ?.Q"@@ F Y PR

=—| TEGQQ as a % of total devices =—| TES00 as a % of total devices

Source: GSA

A9.27 The above analysis suggests that wider use of the 900 MHz band for LTE services
is becoming a realistic possibility (although larger bandwidth deployments are still
likely to be constrained by existing 2G and 3G use for some time).

A9.28 We also consider whether the auction evidence suggests a trend over time in the
relative value of the 900 MHz and 800 MHz bands. This information is set out in
Table A9.1, ordered by the date of the 900 MHz award.*

A9.29 We note that:

a) For three of the four first-tier and second-tier evidence points, 900 MHz sold at a
significant discount to 800 MHz.

% Consistent with Table 3.3, the ratios are expressed relative to the UK value of 800 MHz that is
gross of expected DTT co-existence costs and without coverage obligation (£33m per MHz).
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b) The values of 900 MHz, relative to 800 MHz, in auctions in 2011 lie between the

highest and lowest relative values from more recent auctions in 2012 and 2013.

c) The results do not follow a clear trend. For example, evidence from the

November 2012 Irish auction (the second most recent 900 MHz award) indicates
that 900 MHz was only 55% of the value of 800 MHz.

d) The result that 900 MHz sold for more than 800 MHz in the most recent auction

(Austria) is consistent with H3G’s argument above. However, this is a single
evidence point.

Table A9.1: Relative values of 900MHz to 800 MHz in recent European auctions

900 MHz 900 MHz / At or near ratio | Tier of benchmark
awarded in: | 800 MHz value | of reserve prices evidence
No 3

Sept 2010 17%

Nov 2011 87% Yes 3
Nov 2011 64% Yes 2
Nov 2011 67% No 2
Sept 2012 93% Yes 3
Nov 2012 55% No 1
Oct 2013 115% No 1

Source: Ofcom

A9.30

A9.31

A9.32

We also note that operators may have anticipated the development of the 900 MHz
LTE ecosystem, and factored this into their auction bidding strategies accordingly.

On balance, based on the available evidence it is not clear whether the value of
900 MHZz, relative to the value of 800 MHz, has risen over the period since late
2010. In view of this, we do not consider it appropriate to take the date of award into
account in our choice of tier for 900 MHz benchmarks. However, we take account of
the evidence of a recent increase in commercial opportunities for LTE deployment
in the 900 MHz band in our assessment of the risk of understatement of the
relevant 900 MHz benchmarks. The way in which we do this is explained in
paragraph A7.142 in Annex 7.

In relation to Vodafone’s argument in response to our August 2014 consultation
(paragraph A9.21 above), our view in the October 2013 consultation that 900 MHz
was unlikely to be more valuable than 800 MHz in the UK was based on the
benchmark evidence, and this is made clear in the relevant paragraphs in the
October 2013 consultation®. We do not, therefore, consider it relevant to our choice
of tier for the Austria 900 MHz relative value benchmark.

% See paragraphs 4.42-4.43 and A6.33-6.34.
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Technical and commercial evidence relating to the value of
1800 MHz spectrum

Position in the August 2014 consultation

A9.33 In the August 2014 consultation we considered the following evidence relating to
the development of LTE1800:

a) Network deployments:

i) An LTE1800 network was first deployed in Europe by CenterNet and
Mobyland (Poland) in September 2010.

i) In March 2011, T-Mobile announced its intention to deploy an LTE1800
network in Germany®®; this was launched four months later in July 2011.

i) In November 2011, we received an application from EE to use its 1800 MHz
licences for LTE services. We consulted on this issue, saying we were minded
to vary EE’s licence to allow LTE use, in March 2012, * before approving the
request in an August 2012 statement.

iv) By September 2012, 33% of LTE networks had been launched on the 1800
MHz band.*’

b) Device compatibility:

i) There were a number of LTE1800-enabled devices available at the beginning
of 2011.

ii) The LTE1800 ecosystem developed rapidly during the first half of 2012, and
in the March 2012 consultation mentioned above we stated that LTE1800
equipment was commercially available.

iii) By April 2012 there were more LTE devices compatible with 1800 MHz than
with 800 MHz®, and this trend was reinforced in September 2012 by the
launch of the iPhone 5 supporting LTE1800 but not LTE80O.

A9.34 Based on this evidence, we considered that increased interest in Europe in 1800
MHz for LTE can reasonably be dated between late 2011 and early 2012. As noted
above, in March 2012 we published a notice setting out our intention to vary EE’s
1800 MHz licences to enable it to provide services using LTE technology in those
frequencies, as it requested in November 2011. Leading consumer devices with
LTE1800 also appeared in 2012. On this basis we considered there to be a risk that
1800 MHz awards which took place before 2012 may be understating the more
recent market value of 1800 MHz relative to 800 MHz and 2.6 GHz bands.

% http://www.gsma.com/spectrum/wp-
content/uploads/2012/03/gsaalanhadden1800mhzworkshop250311.pdf

% Table 2, Ofcom, Notice of proposed variation of Everything Everywhere’s 1800 MHz spectrum
licences to allow use of LTE and WiMax technologies, March 2012,
http://stakeholders.ofcom.org.uk/binaries/consultations/variation-900-1800mhz-lte-
wimax/summary/condoc.pdf

" GSA report, http://www.gsacom.com/news/gsa_360.php

* This is based on data from GSMA.
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Stakeholder responses

A9.35 In its response to the August 2014 consultation, AM&A* questioned our view that
the timing of 1800 MHz awards makes the relative values less reflective of market
value today. It said that:

a)

b)

c)

It is not clear that the value of having GSM capacity prior to 2011 was lower than
the value of having LTE today. The ecosystem in different spectrum bands is
constantly evolving, and beyond the short term it is the frequency and
propagation characteristics of the spectrum (for harmonised bands) which is most
important;

Ofcom assumes that operators were unable to anticipate this change in use for
the band — but this may not have been the case; and

There are many factors that influence the relative value of spectrum between
bands over time — of which the technology used in each band is just one.

Our assessment

A9.36 In relation to AM&A’s arguments, we consider that:

a)

b)

Given that the GSM customer base is declining, we would expect operators
bidding in auctions to have limited need for additional GSM capacity. We
consider it likely that the market value of 1800 MHz spectrum would be higher if
operators were bidding with a view to deploying an LTE network.

In paragraph A7.84 of the August 2014 consultation, we considered whether or
not operators would have anticipated the development of the 1800 MHz LTE
ecosystem. We said that, while this may have been the case for auctions in 2011,
there was much less certainty about this development for auctions before 2011.
AME&A has not presented any evidence to the contrary. Our view remains that this
is the case. We also note that two or more bidders would need to anticipate the
change in use of the band in order for pre-2011 auction prices to have reflected
the value of 1800 MHz spectrum for LTE.

Finally, we agree that there are other factors that influence relative spectrum
value. Where there is sufficient evidence to establish the likely impact of a
particular factor on relative values, we have considered it as part of our
benchmarking exercise. We have not considered other factors when we believe
that there is not a clear hypothesis or empirical evidence supporting a possible
relationship between that factor and auction prices.

A9.37 In light of this, we have continued to take account of the date of award in our
interpretation of the relevant 1800 MHz benchmarks. The way in which we do this is
explained in paragraphs A7.143-A7.145 in Annex 7.

¥ AM&A response to the August 2014 consultation, page 13
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Network cost modelling

Position in the August 2014 consultation

A9.38 In Annex 9 of the August 2014 consultation we set out our views on using network
cost modelling to estimate the value of ALF spectrum. We said that any such cost
model will be subject to significant uncertainty about appropriate parameter
assumptions, leading to valuation estimates that vary over a wide range.* To
illustrate this position we attempted to assess the value of 900 MHz spectrum by
adapting the Analysys Mason model which we used in a separate project as part of
our cost-benefit analysis on changing the use of the 700 MHz band. We considered
that the resulting outputs were not informative for the purposes of deriving our
proposals on ALF.

Stakeholder responses and our assessment

A9.39 Vodafone provided a detailed response to our treatment of network cost
modelling**, arguing that:

a) A purpose-built cost model for 900 MHz would produce a narrower range of
outputs than those from the 700 MHz model, and that some of the assumptions in
our cost modelling exercise were incorrect;

b) The relative intensity of use of 800 MHz and 900 MHz spectrum in our model
confirms that the latter has a lower value;

c) Ofcom’s policy rules out modelling scenarios with high data demand and limited
release of spectrum;

d) Declining consumer willingness to pay places downward pressure on spectrum
valuation from cost modelling.

A9.40 We consider each of these points in turn, setting out Vodafone’s argument and our
assessment for each point.

Likely outputs from a purpose-built model

A9.41 Vodafone argued that some of the assumptions that we used in our 700 MHz cost
modelling exercise inflated our indicative estimates of the value of 900 MHz
spectrum. It considered that a purpose-built cost model would produce a narrower
(and lower) range of outputs.*?

Our assessment

A9.42 We remain of the view that a purpose-built 900 MHz model would be subject to
significant uncertainty about the specification of the model and appropriate
parameter assumptions, and would be unlikely to be helpful in deriving a point
estimate lump-sum value for the ALF bands. Therefore, we do not place significant
weight on modelling results in informing our estimates.

40 Paragraph A9.26, August 2014 consultation
*! Vodafone response, Annex 3.3, Section 2
*2 Vodafone response, Annex 3.3, pages 23-25
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A9.43 Notwithstanding this point, we address Vodafone’s specific arguments about our
cost modelling exercise below:

a)

b)

c)

d)

e)

Vodafone disagreed with the assumption that 900 MHz can be used for LTE in
2015. In the model we assumed that 900 MHz would be available on all devices
immediately from 2015. As discussed in paragraph A9.24, there is evidence of
recent development in the LTE900 ecosystem, with leading consumer devices
supporting LTE900 and some deployment of LTE900 networks. Although 900
MHz is not supported as an LTE band on all devices, this suggests that operators
would be able to serve a significant proportion of traffic with 900 MHz spectrum
from 2015.

Vodafone argued that it was unrealistic to assume that 18-22% of traffic must be
carried on sub-1 GHz spectrum. In the August 2014 consultation we noted that
both EE and H3G offer mobile broadband services today using little or no sub-1
GHz spectrum, suggesting that operators can adapt their commercial strategies
to mitigate this problem. This might imply that the estimated benefits of 900 MHz
were overstated. However, we also noted that the model might be failing to
capture additional benefits if it allowed these operators to improve their
competitive position by extending coverage and, in doing so, serving more traffic.
As a result, we explained there was a significant risk that the structure of the
model, which was designed for a different purpose, was not well-suited to
modelling the value of 900 MHz to specific individual operators.

Vodafone disagreed with the assumption that EE would be allowed to extend its
spectrum holdings before additional spectrum is released. However, this is
consistent with our analysis in Section 2 to treat the overall cap in the 4G auction
as non-binding on a forward-looking basis.*

Vodafone argued that the use of a 2x5 MHz increment is inconsistent with our
marginal bidder analysis. As discussed in Section 2, we now consider a 2x5 MHz
increment as well as a 2x10 MHz increment in the derivation of our UK market
value for 800 MHz.

Vodafone argued that it is not clear whether the latest MTR modelling
assumptions have been used. The 700 MHz model was developed to inform our
May 2014 Consultation on future use of the 700 MHz band, and the latest MCT**
assumptions were not available at the time this work was undertaken. As a result,
some assumptions were taken from the 2011 MCT model. However, as an
illustration we have assessed the impact on the modelling exercise of updating
three major 2011 MCT model assumptions which are used:

i) Geotypes: The assumed traffic split by geotype is unchanged in the 2015
MCT model compared with 2011.

3 In addition, we note that in our modelling exercise we estimated the network cost savings from 2x5
MHz of additional 900 MHz spectrum for H3G as well as EE, and the benefits (assuming a 25% traffic
share) were actually greater when H3G was modelled as the acquiring operator. It could be argued
that this is inconsistent with the evidence considered in Section 2 that additional sub-1 GHz spectrum
is of greater value to EE than to H3G. However, we consider that this further points to the limitations
in network cost modelling of this type in deriving robust results, especially for individual operators.

** The model to which Vodafone refers for setting MTRs is known as the MCT cost model, hence we
use the term “MCT model” hereafter.
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A9.44

i) Demand: The data volume forecasts used in the 2015 MCT model are
different from the forecasts used in the 700 MHz model. However, as
explained in paragraphs A7.198 to A7.201 of the 2015 MCT Draft Statement,
we consider that there are good reasons why we would not expect the data
volume forecasts to be the same.*

iif) Site costs: The overall cost of a site is similar in the latest MCT model,
although additional carrier costs are higher in the 2015 MCT model than the
corresponding costs used in the 700 MHz model. An increase in the cost of
adding a new carrier to a site would have an ambiguous effect in the model on
the network cost savings associated with 900 MHz spectrum. This is because
these higher cost estimates would apply to the 900 MHz band, reducing the
net benefit associated with 900 MHz spectrum, but also to other bands which
would be deployed in its absence (increasing the benefit associated with 900
MHz). The overall effect depends on the specific carrier deployment profile
assumed for 900 MHz.

We have not fully repeated the adapted 700 MHz cost modelling exercise based on
all the latest MCT assumptions. But based on the analysis reported above, we do
not have evidence to suggest that it would significantly affect the conclusions that
we draw from the exercise.

Relative use of 800 MHz and 900 MHz

A9.45

Vodafone argued that the relative intensity of use of 800 MHz and 900 MHz
spectrum in our cost modelling exercise confirms that 900 MHz spectrum has a
lower relative value than 800 MHz.*® Specifically, it said that 800 MHz spectrum is
being deployed and loaded with traffic much earlier and more extensively than

900 MHz spectrum, which is used later in time, less intensively, and only at a sub-
national level. Vodafone acknowledged that “quantification of any relative value
from the cost model has not been attempted and would be difficult to carry out” but
said that, given the very obvious lower use made in the model of 900 MHz relative
to 800 MHz, it would be expected that a relative value of 62% is on the high side of
what a suitably developed cost model might provide.

Our assessment

A9.46

We explained in paragraphs A9.23-A9.24 of our August 2014 consultation that our
adapted 700 MHz model does not distinguish between 800 MHz and 900 MHz
spectrum in terms of the technical and commercial characteristics of these bands.
As Vodafone noted, it does assume that 900 MHz spectrum is used less intensively
than 800 MHz. However, this is an artefact of the model’s original purpose, which
was designed for estimating the benefits of 700 MHz spectrum release. We do not
consider that this assumption regarding intensity of use is relevant in the context of
estimating the market value of 900 MHz spectrum, as it would not necessarily apply
to an operator without an existing LTE network, or an operator who might use both
800 MHz and 900 MHz spectrum as incremental spectrum to provide additional
coverage for its established LTE network.

5 Paragraphs A7.198-A7.201, Ofcom, Mobile call termination market review 2015-18, Draft
Statement, February 2015, http://stakeholders.ofcom.org.uk/binaries/consultations/mobile-call-
termination-14/statement/Annexes 7-13.pdf

*® Vodafone response, Annex 3.3, page 26
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A purpose-built 900 MHz cost model, which incorporated additional assumptions to
attempt to capture differences in device ecosystems and other factors, might be
able to generate a relative value estimate. However, as highlighted in paragraph
A9.42 above, there is significant uncertainty about the relevant assumptions to
make and the results would be highly sensitive to these assumptions. For example,
as the discussion earlier in this annex indicates, any modelling assumption about
the relative strength of the 900 MHz and 800 MHz ecosystems would be subject to
significant uncertainty.

As a result, it would only be able to produce a wide range of possible relative
values, rather than a specific point estimate. We do not believe that this would be
particularly useful in adjusting or refining our estimate of the 900 MHz / 800 MHz
paired ratio that we have derived through international benchmarking.

Spectrum volume and data demand scenarios

A9.49

A9.50

Vodafone argued that the effect of “Ofcom’s stated policy of positioning itself to
release additional spectrum” for mobile broadband is to rule out cost modelling
scenarios which combine high data demand forecasts with low or medium spectrum
release forecasts.*’ As these scenarios generally produce higher spectrum
valuation estimates, Vodafone said that this policy effectively places an upper
bound on the spectrum values that can be obtained through cost modelling.

Vodafone also argued that high volume data forecasts (or more strictly data
forecasts in general) cannot be adopted in any cost modelling scenario without
consideration of consumer willingness to pay for mobile services.”® It said that a low
willingness to pay for additional data caps the level of profitable investment in
capacity that can be made by operators, which in turn restricts the level of demand
for data traffic that is actually possible.*®

Our assessment

A9.51

A9.52

We have described our position on future spectrum availability in paragraphs A9.6-
A9.13 above. We do not agree that our position constitutes a ‘cap’ on spectrum
values that can be obtained through cost modelling as it does not eliminate the
possibility that high future growth in mobile data demand could be accompanied by
limited spectrum release.

In light of this, we consider that the “central high” scenario in our adapted 700 MHz
cost model (which combined a high traffic forecast and a medium spectrum release
forecast including the 1.4 GHz and 3.6 to 3.8 GHz bands) is based on reasonable
and consistent assumptions. This produced values (up to £121m per MHz) well in
excess of our proposed lump-sum value.*® We note that the 700 MHz model
produces very similar results to this under the alternative assumption of a high
supra-1 GHz spectrum release.**

*" Vodafone response, Annex 3.3, page 22

“® Vodafone response, Annex 3.3, page 2

* Vodafone response, Annex 3.3, page 32

*° Table A9.2, August 2014 consultation

* Scenario 3, Figure 3.13, Analysys Mason, Assessment of the benefits of a change in use of the 700
MHz band to mobile, October 2014,
http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/annexes/benefits 700MHz.pdf.

Network cost savings are significantly lower under the highest spectrum release scenario which

15


http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/annexes/benefits_700MHz.pdf

Annual licence fees for 900 MHz and 1800 MHz spectrum

A9.53

We agree with Vodafone that consumer willingness to pay is relevant in principle in
the context of data demand forecasts. However, in our November 2014 statement
on future use of the 700 MHz band we said that, while in principle a more detailed
model could explicitly estimate consumers’ willingness to pay, we considered that
such an elaboration of the demand model would increase its complexity without
necessarily increasing confidence in the resulting forecasts.

includes 470 — 694 MHz spectrum, but as explained in paragraph A9.12 (b) we do not envisage this
band being released for mobile before 2030.

52 Paragraph 4.11, http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-
mhz-statement.pdf
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Annex 10

Annualisation: supporting material

A10.1 This annex provides details of the underlying evidence and reasoning which
supports the analysis set out in Section 4. Specifically, this annex sets out the
assessment underlying our views on:

a) The relevant discount rate in the lower polar case, i.e. where the risk of the ALF
(meaning the degree of exposure to changes in market value of spectrum over
time) were completely unrelated to the risk of the underlying cash flows.

b) The analysis underlying our estimate of the appropriate degree of risk sharing to
incorporate within our discount rate.

c) Terminal value.

What would be the relevant discount rate if the risk of the ALF was

unrelated to the risk of the underlying cash flows?

Al10.2 We set out in Section 4 that we consider the relevant lower polar rate, where the
level of the ALF was unrelated to the risk of the underlying cash flows, would be the
cost of debt. In this section, we consider:

a) Whether this cost of debt should be estimated based on our traditional approach
to estimating the cost of debt rather than observed market debt rates, i.e. Option
A vs Option B (in the terminology of the August 2014 consultation);

b) Whether this cost of debt should be based on an estimate of the rate for an
average efficient operator rather than most efficient operator; and

c) Whether we should make any further adjustment to the cost of debt to allow for:
i) Duration
i) Security
i) Inflation risk
iv) Liquidity risk

Al10.3 We then set out the data we have used in coming to our point estimate of the
appropriate cost of debt.

Option A vs. Option B

Our position in the August 2014 consultation

A10.4 In the August 2014 consultation, we set out two possible ways to derive the debt
rate:

a) consider the spread of the debt over nominal UK government gilts, then add this
to our estimate of the risk-free rate; and
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Al10.5

A10.6

b) take the current yield to maturity (YTM) of the debt, which reflects the expected
rate of return on the debt if it was bought today and held to maturity.

We noted that the latter approach (Option B) reflected data on the actual returns
investors currently expect at this point in time, which was the return a generic MNO
would have to offer if seeking financing. By contrast, the former approach (Option
A) involved taking a longer term view as to likely changes in equilibrium market
rates. We suggested that as we were setting these fees, including the discount rate,
for an extended period of time, this made potential short-term distortions more
serious, since there were fewer prospects for these being removed in further
reviews than in the case of setting WACC for periodic market reviews. We
suggested we might therefore be more interested in the long-term equilibrium
market rate as reflected in Option A, which was likely to be less affected by short-
term distortions.

We also noted that Option A was the approach we generally take in calculating the
cost of debt for the WACC for a similar reason of consistency through time, and so
there was also a potential benefit from regulatory consistency to consider.
Moreover, we suggested this would ensure consistency between different
stakeholders and different market interventions.

Stakeholder responses

A10.7

H3G and BT did not comment on the approach used to calculate the cost of debt
(although H3G did disagree with the numbers used). Vodafone®?, EE** and
Telefénica™ all argued that we should calculate the cost of debt based on current
yields to maturity. Their arguments can be summarised as follows:

a) Only a yield to maturity approach will ensure equivalence between a lump-sum
payment and ALFs.

b) Setting a ‘one-off’ decision like ALF is fundamentally different to a charge control.
Charge controls allow for financing of new and existing debt raised over time,
meaning that a long-term average may be appropriate. In addition, regular
resetting of the cost of debt through repeated reviews (as in a charge control)
allows for investors to receive a fair bet from the use of long-term averages, as
they will get a lower return when rates are rising and a higher return when rates
are falling. Neither of these elements holds for ALF, which is akin to arranging a
one-off 20-year lease between the Government and the mobile operators today.

¢) Recent regulatory precedent for the cost of debt, from the Competition

Commission (now the Competition and Markets Authority, CMA) and other
regulators, tends to give weight to observations of actual debt yields.

Our analysis

A10.8

As we set out in the August 2014 consultation, in principle, an average efficient
MNO (on which our estimation of the discount rate is based)® and the Government
should be indifferent between payment for the spectrum in the form of a lump-sum

*3 Vodafone’s response to the August 2014 consultation, p.40-41 and Annex 4.

> EE’s response to the August 2014 consultation, p.50-53.

% Telefénica’s response to the August 2014 consultation, p.76-77 and Annex Il, p.4-10.
*® We discuss this further in paragraphs A10.15-A10.19.
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payment or ALF. We are proposing that the ALF will take effect from the Common
Effective Date and so the relevant initial comparison is between a lump sum paid on
that date and ALF payments which commence from that date. However, as this
date is some way in the future, the best information we have as to the opportunity
cost of taking on debt at that time is arguably the cost of debt recently observed in
YTM data.”

Further, in contrast to our position in the August 2014 consultation, we now
recognise that, as the MNOs highlighted, there is a valid distinction between ALF
and the charge controls for which we usually use WACC figures derived from long-
run average data.

The analogy of a financing lease is that the borrowing for ALF is hypothecated (i.e.
associated with a particular asset, in this case spectrum). By contrast, the WACC
calculated for a charge control is not concerned with the financing of a particular
asset, but the financing of all assets used by the regulated firm(s) in price controlled
markets. The majority of this financing comes from equity rather than being secured
through debt issuance. It is therefore important to consider the estimation of both
sources of funding, including their common components, in coming to an estimate
of the WACC for a charge control.

Further, while the ALF annualisation exercise starts from a notional one-off
transaction, Communications Providers (CPs) need to finance regular on-going
capex programmes (which the WACC within a charge control has to support). CPs
smooth financing decisions through time to support capex investment. The costs of
financing in the long run are therefore relevant in ensuring appropriate investment
signals are sent through the charge control.

However, it is important to note that ALF is designed to provide a price signal over
time. Therefore, the indifference between paying ALF and paying a one-off lump
sum should, in theory, hold for all ALF payments over time. For example, if
spectrum was traded, the new licensee should also be indifferent between paying a
lump sum at the point at which they take on the licence and paying ALF. More
broadly, in each year when an ALF payment falls due, the forward-looking
opportunity cost of making this payment for the following 20 years should be
equivalent to paying a 20-year lump-sum amount at that time. This would suggest
that indifference requires a different rate over time, reflecting market rates at each
point in time.

There is, however, no single rate which can achieve this indifference over time for
all current and potential future licensees. Therefore, we consider the best
alternative is to use a discount rate which reflects returns actually observed in the
market, as this will at least get close to indifference in the first period for which ALF
is set, while using a long-term average rate would only provide indifference if and
when rates return to their long-term average. There is considerable uncertainty as
to when this will occur, or over what period.

*" Note that we are not assuming MNOs would actually finance the licence payment with debt. ALF is
a debt-like obligation, and so to ensure equivalence we assume the lump-sum payment would require
a similar return to debt for investors to find it worth investing in.
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A10.14 Therefore, the starting point for the lower polar rate is a cost of debt based on
observed yields to maturity for comparator bonds.*®

Average efficient operator vs. most efficient operator

Stakeholder responses

A10.15 EE® argued we should not use an average efficient operator standard in estimating
the cost of debt, but should instead use the debt rate of the most efficient operator.
It argued using an estimate related to the average efficient operator does not
appropriately incentivise efficiency, as MNOSs that are able to raise debt more
efficiently will effectively pay a higher ALF than implied by their financing costs,
reflecting the average (higher) cost of debt due to the fact that other MNOs raise
debt less efficiently (i.e. at higher cost).

Our analysis

A10.16 Itis important to consider what is meant by ‘efficient’ in this context. A lower cost of
debt does not necessarily imply greater efficiency in delivering investment, or in
providing services. For example, a firm with an efficient level of gearing may have a
higher cost of debt than one with a very low level of gearing, but with a
commensurately lower cost of equity, such that its overall financing costs are lower
than the minimally leveraged firm. However, we also note that a lower cost of debt
could signal that the firm is well managed (in that the market views it as financially
sustainable and able to service its debts), and is thus more likely to provide services
efficiently over time.

A10.17 More importantly, we are not convinced that efficiency is better encouraged by
using the lowest observable cost of debt in the market. EE stated that it “sees no
reason why operators that are able to raise debt more efficiently should be
penalised by the financing costs of other operators”.®® However, there is equally no
reason why operators who are able to raise debt ‘less efficiently’ (on EE’s definition)
should receive a windfall gain as a result of the financing costs of other (‘more
efficient’) firms.

A10.18 EE's argument therefore logically supports the use of operator-specific discount
rates. However, we set out in the August 2014 consultation that we are setting fees
based on the whole market rather than for each individual operator. It is therefore
appropriate to use the position of an average efficient operator, not the position of
individual operators, in coming to a discount rate.

A10.19 Where using lower observations of the cost of debt may have some validity would
be on the argument that we should be basing the discount rate on expected yields,
rather than promised yields. In some cases, the debt rate may be very high
because the firm is offering a very high promised yield, but where the probability of
this yield being realised is very low, such that the expected yield is in fact much

% We note that, at the extreme, this could mean relying on spot rates. However, as Figure A10.4
below shows, rates vary over time and to avoid relying on an unduly short period that risks being
unrepresentative, we are minded to use an average over twelve months in coming to our estimate of
the cost of debt. We therefore refer to averages over twelve months in our analysis in paragraphs
A10.51-A10.56.

¥ EE’s response to the August 2014 consultation, p.53.

®© EE's response to the August 2014 consultation, p.53.
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lower than the observed debt rate. Lower observed debt rates are more likely to
reflect a situation where the promised and expected yields are close. We therefore
take into account whether the debt rates of the comparator bonds appear unusually
high in our assessment of the data.

Duration

Stakeholder responses

A10.20 Vodafone® and EE®? argued we should not use 20 year bonds as the comparator
debt instrument, as such bonds have a longer duration than ALF due to the
presence of a bullet payment at maturity. This means the bonds we have used as
benchmarks have their payments weighted in greater proportion towards the
maturity of the instrument and therefore experience greater term risk than the ALFs.

Our analysis

A10.21 The duration (or Macaulay duration) of a bond measures the weighted average term
to maturity of the cash flows from a bond. The more the cash flows received from
the bond are weighted towards its maturity date, the longer its duration. Thus a
constant stream of payments (an annuity stream) has a lower duration than the
same maturity bond with a bullet payment at the end. The issue to be considered is
whether our analysis of interest rates needs adjusting for this reason.

A10.22 The actual maturities of the bonds used in our analysis in the August 2014
consultation were 15, 16, 18, 20, and 36 years. Our judgement of the rate was
therefore not just based on bonds with durations of 20 years or more.

A10.23 EE modelled a series of 20 zero coupon bonds, with terms ranging from 1 year to
20 years, with the principal payment on each of the bonds matching the annual ALF
payment, using Bloomberg data to compare the yields on this series of bonds to
those of ‘normal’ bonds with bullet payments.

A10.24 Oxera on behalf of Vodafone calculated the implied average yield based on the
annual discount rate that would be applied to each year’'s payment under the ALF.
This is derived from the term structure of Vodafone’s debt, which provides an
individual discount rate for each year’s ALF payment. Oxera suggested that the
most appropriate average cost of debt for an ALF would be based on a 10-15-year
bond, with detailed analysis of the term structure indicating a rate close to 12-year
yields. The 12-year spread in Figure 3.3 of its analysis is about 110 base points
(bps), with the 10-15 year bonds ranging from ¢.100-130bps.

A10.25 We accept the findings of Oxera’s and EE’s analysis which suggested the duration
of a 20-year bond with no principal repayment would be between about 9 and 12
years.® Therefore, in deriving our debt rate we have had regard to the yields on
bonds with a maturity of around 10 years. We consider that this is a simple and

®L vodafone’s response to the August 2014 consultation, Annex 4, p.12-18.

2 EE’s response to the August 2014 consultation, p.53-56. EE also subsequently provided an
u;Jdated version of this analysis, taking into account the indexing of ALF for inflation.

®EE suggested the Macaulay duration of the bond without the principal payment (similar to ALFs) is
8.75 years (EE’s response to the August 2014 consultation, p.54); Oxera on behalf of Vodafone
suggested that the average cost of debt for the ALF payments would be very close to the yield of a
12-year bond (Vodafone’s response to the August 2014 consultation, Annex 4, p.15).
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transparent way to allow for the difference in duration from setting ALFs as a
constant stream with no bullet payment.

Security

Stakeholder responses

A10.26 As noted in Section 4, H3G® argued that at most Ofcom should allow a small

A10.27

premium on top of the risk-free rate to allow for any small perceived risk of a fallow
period and associated loss of ALF income during this period. It quantified this
should add a premium of at most 0.2% to the risk-free rate, based on a maximum
expected probability of default per year of 2.5% (weighted across all the 900MHz
and 1800MHz licences); an average expected fallow period of 18 months; and an
expected recovery rate of the value of the spectrum licences of 93%.

Telefonica® also argued that we should make some adjustment to the cost of debt
to allow for the greater security of ALF compared to unsecured corporate debt.
NERA on behalf of Telefonica acknowledged there is considerable uncertainty
around the exact magnitude of the discount but argued that it seems very unlikely,
based on the evidence presented by Ofcom, that there should be no discount at all.
It suggested a discount of 10 to 12 basis points is a reasonable estimate of the
securitisation benefit in the ALF setting.

Our analysis

A10.28

A10.29

A10.30

H3G’s argument was that the debt premium in this case should be considerably
smaller than that observed in corporate bonds. It argued there is no sharing of risk
associated with changes in spectrum value (or any such risk sharing cannot be
postulated without a clear and transparent framework for future ALF reviews, under
which the rules and procedures are clearly set out). So it claimed that the only risk
is associated with non-payment by MNOs, i.e. the risk of MNOs defaulting on their
payments (or, potentially, handing back the spectrum) and relatedly the risk of a
subsequent ‘fallow’ period thereafter. H3G's advisor Economic Insight argued that
the risk of default is “likely to be extremely minimal”®® and the Government is likely
to recover almost 100% of the value in any case.

We discuss the sharing of risk related to changes in market value separately in
Section 4 (paragraphs 4.39-4.63) and below at paragraphs A10.57-A10.81. Here
we focus on the arguments related to the discount rate in the absence of this
aspect, i.e. where we assume the ALF is completely fixed regardless of
circumstances. H3G’s argument essentially comes down to the view that MNOs are
less likely to default on ALF payments than on other forms of debt, and Government
is more likely to recoup a large proportion of the value in any case, as the ALF is
secured against a valuable asset, i.e. the spectrum.

We noted in the August 2014 consultation that ALF is more akin to a secured debt,
and that it is likely that a secured debt would attract a lower rate than an unsecured
debt. However, we suggested it was not appropriate to make an adjustment for this.

4 H3G's response to the August 2014 consultation, p.40-42 and Annex C.
® Telefonica’s response to the August 2014 consultation, Annex Il, p.14-16.
® H3G's response to the August 2014 consultation, Annex C, p.9.
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The issue with a ‘bottom up’ assessment such as that proposed by Economic
Insight is that it requires a number of assumptions for which there is little available
evidence. For example, Economic Insight asserted that “18 months would appear to
be the maximum period one might reasonable [sic] assume — and therefore this
provides an upper bound with regards to the length of any fallow period....”.%" It is
not clear on what basis Economic Insight considers 18 months would be the
maximum possible fallow period, given the complexity which would likely be
involved in ensuring any award was undertaken according to best practice and
would not distort competition, and the generally contentious nature of any auction
rules.

As to the point that Government is likely to achieve a high degree of recoupment in
the case of default, this may be the case where default arises due to the failure of
an individual business, such that the current licensee left the market and returned
the spectrum (although we note that it is not correct that unpaid ALFs would rank
higher than other debts in the event of insolvency, contrary to the arguments of a
number of MNOs®®). However, in the case where licensees return the spectrum
because its market value has fallen, the Government would only be able to re-
allocate the spectrum at a lower ALF (or equivalently lower lump sum if it were sold
through auction). In addition, there would be a fallow period before the spectrum
could be re-awarded. Telefonica acknowledged this in its response, where it set out
that the mobile operator is more likely to suspend ALF payments and return the
licence to the Government when the economic value of the licence is low, which
reduces the value of securitisation. An assumption that the Government regains
100% of the value once the fallow period ends is therefore also open to question.
This was one of the factors we highlighted in proposing that we should not make an
adjustment for security. Having considered this argument, our overall view is that
we should not disregard observed market data in favour of such a bottom up
calculation.®

NERA'’s proposed adjustment of 10-12 basis points is based on the benefit from
securitisation corresponding to a one-notch rating uplift. This comes from the
observation that Moody’s Rating Methodology for Regulated Electric and Gas
Networks sets out that structural enhancements (including securitisation, which
NERA suggested generally involves special purpose assets rather than general
assets) “can deliver up to three notches of uplift from a fundamental rating if they
are very comprehensive and effective”.” Allowing for the negative relationship
between spectrum value and the probability of hand back, NERA suggested that a
one-notch uplift is appropriate.

In Moody’s most recent Rating Methodology for Regulated Electric and Gas
Networks (p.22), " it sets out the following:

" H3G’s response to the August 2014 consultation, Annex C, p.13-14.

% See paragraph 4.39c.

% We note that Economic Insight’s evaluation of top-down evidence on spreads between secured and
unsecured debt concluded that, while the spread on secured debt tends to be lower than that for
senior unsecured debt, “differences are small and can be hard to measure — meaning that it is hard to
identify a ‘security’ adjustment factor, consistent with Ofcom’s findings” (H3G’s response to the
August 2014 consultation, Annex C, p.23).

" Quoted in Telefénica’s response to the August 2014 consultation, Annex I, p.15.

" NERA referred to the 2009 version of this document. A new version was produced in November
2014 which supersedes this.
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A10.35

A10.36

A10.37

A10.38
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“Structural enhancements that we view as very comprehensive and
effective can deliver an uplift of up to three notches within the grid.
However, across the rated universe, the current typical uplift is in the
range of zero to two notches. Due to the broad spectrum of possible
financing structures (which can contain a variety of elements in an array
of potential combinations), these enhancements are scored in
increments of half-a-notch. While debt structural features could in theory
be stronger than those we have encountered, more restrictive terms
and conditions would constrain management abilities to pursue
strategies and policies and may not be suited to certain types of
businesses, so they have typically fallen within a moderately narrow
range.”

This suggests that, while such enhancements can theoretically deliver up to three
notches, more typically they deliver only an uplift of up to two notches. Elsewhere in
the same document, Moody’s sets out a number of factors which can contribute to
these structural enhancements, and notes that it considers the whole package of
structural considerations and creditor protections to gauge its overall effectiveness.
While securitisation is not specifically mentioned, it is likely that this would be
considered such an enhancement; however, it would be only one such factor. Many
of the other factors (e.g. restrictions on business activities or raising additional debt,
factors giving creditors the right to influence the firm in taking corrective action when
its credit position deteriorates) are not relevant to ALF. Therefore, it is not clear that
securing ALF against the spectrum asset would be considered comprehensive and
effective as a form of enhancement.

This is particularly the case given the fact, as acknowledged by NERA, that the
value of the spectrum licences used for securitisation is negatively correlated with
the probability of the MNO defaulting on its ALF contract, such that the value of
securitisation is reduced.

We are therefore minded not to change our position from that set out in the August
2014 consultation on the basis of Telefonica and NERA's reasoning, as:

a) athree notch uplift is outside the typical range of adjustments, making a two

notch uplift the relevant upper bound;

b) itis not clear what uplift (if any) would be afforded for security against a specific

asset in isolation (although it seems likely to be less than the full notch suggested
by NERA); and

c) as Telefonica acknowledged, the value of any security is likely to be weaker due

to the correlation between default and spectrum value.

We are therefore minded not to adjust the cost of debt for security.
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Inflation risk

Stakeholder responses

A10.39 Telefénica’® suggested we should reduce the cost of debt to remove any inflation
risk premium, as the Government would not bear any inflation risk due to the
indexation of ALF.

Our analysis

A10.40 NERA on behalf of Telefonica’ noted that the ALF structure provides the
Government with a safeguard against unexpected changes in inflation (as it is
indexed to outturn inflation), while the reference bonds used by Ofcom do not
contain such protection but instead pay higher yields. For such a protection, a
market participant would need to pay a fee, in the form of an inflation risk premium.
NERA suggested the debt rate should be reduced by up to 20bps (in addition to the
forecast CPI inflation) from the nominal yield in order to account for the protection
against inflation risk provided by the MNO.

A10.41 This argument assumes that part of the nominal rate may be compensation for
inflation risk. This risk-premium is very hard to estimate and varies over time. NERA
presented some evidence comparing our 3.3% RPI assumption’® with breakeven
inflation from index-linked gilts to suggest that an adjustment of 10-20 bps would be
reasonable. However, it was unable to provide similar evidence based on CPI as
there are no gilts indexed to CPI inflation. NERA acknowledged that recent
forecasts of CPI inflation are broadly in line with our 2% estimate, although it noted
Consensus Economics’ previous aggregate inflation forecasts were above this.”

A10.42 We consider there are two potential issues with the evidence presented by NERA in
estimating the inflation risk premium it suggested should be deducted:

a) It focuses on the wrong measure of inflation; and

b) It considers a relatively short period of time (from mid-2013 to the end of August
2014)."

A10.43 With regard to a), this arises because the lack of CPI-indexed gilts means it is not
possible to directly infer the level of CPI inflation being built into returns. NERA's
guantification is therefore based on considering the difference between RPI
breakeven inflation in index-linked gilts and our RPI assumption. This would not
necessarily be an issue if it were reasonable to believe that the risk faced by
investors from unforeseen changes in RPI were the same as the risk from
unforeseen changes in CPI. However, RPI is generally more volatile than CPI,

2 Telefonica’s response to the August 2014 consultation, p.79 and Annex II, p.16-18.

3 Telefonica’s response to the August 2014 consultation, Annex I, p.16.

" We note that, as we are now using YTM data adjusted for CPI in deriving our cost of debt, we no
longer require an estimate for RPI inflation in the context of setting ALF. We do however use an
estimate of RPI inflation of 3.3% in deriving the WACC in the MCT market review 2015-18 (see
paragraphs A10.86-A10.94 in Mobile call termination market review 2015-18, Draft Statement, 6
February 2015, http://stakeholders.ofcom.org.uk/consultations/mobile-call-termination-14/draft-
statement/).

> Telefonica’s response to the August 2014 consultation, Annex Il, p.17-18)

® NERA only considered price data since mid-2013 to avoid potential distortions related to the ONS’
review process of potential modifications to the RPI.
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showing a greater variance over the last 15 years. This is illustrated by Figure
A10.1, which shows the trend in average percentage changes in RPI and CPI since
1998. The standard deviation in CPI over this period was 1.04 percentage points;
the corresponding standard deviation in RPI was 1.39 percentage points. Therefore,
an investor could expect to be exposed to greater inflation risk if inflation is
measured via RPI compared to CPI. While information on inflation breakevens from
RPI-linked gilts is still the best information available, this should be borne in mind in
interpreting this evidence.

Figure A10.1: CPI and RPI - percentage change over 12 months
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A10.44 NERA's analysis focused on a relatively limited period of one year. Even over this
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period, the breakeven inflation figures vary widely (from 2 to 34 bps above the 3.3%
figure); over a longer period, the volatility is even wider. Figure A10.2 shows the
monthly average 20 year breakeven inflation from British government securities
between January 2005 and December 2014. This shows the breakeven inflation
implied from gilts to be as much as 56 bps below the 3.3% RPI figure, up to 74 bps
above this figure over this period. However, the average difference is only 4 bps
over this period. Clearly, our RPI assumption of 3.3% is a forward-looking figure
and so is not designed to reflect the level of inflation historically expected in gilt
rates in the past (although it does seem to be reasonably close); however, this does
demonstrate that while the inflation expectations implicit in gilt rates can vary
considerably, this variability goes in both directions and over time they may even
out to some degree.
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Figure A10.2: Monthly average breakeven inflation from 20-year zero coupon
Government securities
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A10.45 Based on the above analysis, we consider that:

a) Any adjustment should be at the lower end of any range derived from figures

b)

based on RPI inflation, given the lower variance in CPI inflation.

The argument in favour of an inflation risk adjustment would be stronger where
the evidence suggests that the inflation assumption included in the discount rate
is likely to differ significantly from average outturn inflation. It is not clear that this
is the case, given that our CPI inflation assumption is based on the BoE target
rate of inflation which the BoE has a strong incentive to keep to in the long-term

(as we discussed in the August 2014 consultation). Further, past CPI inflation has

been very close to this rate on average (around 2.1%), with periods where it has
both over- and undershot this target (see Figure A10.3).
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Figure A10.3: CPI — percentage change over 12 months

6 -

N
1

Percentage change
[3%)
1

—CPI

Bank of England
target

2A

1A

0
NI

T T T T T T T T T T T T T T T T 1

Source: ONS data

A10.46

We are minded to maintain our 2% estimate for CPI inflation in deriving ALF. We
accept that in principle there could be some merit in adjusting for inflation risk,
although in practice this adjustment is likely to be relatively small and is difficult to
estimate with certainty. We consider it appropriate to reduce the cost of debt by 10
bps, the lower figure proposed by Telefénica. We include such an adjustment of 10
bps in deriving the cost of debt below.

Liquidity risk

Stakeholder responses

A10.47 Telefénica’’ suggested we should reduce the cost of debt to remove any liquidity
premium, as this is not relevant for ALF.

Our analysis

A10.48 Liquidity risk refers to the difficulties that a creditor may encounter when trying to
sell an asset on the secondary market at market value. This can restrict the
creditor’s ability to manage risk exposure, and so creditors require a premium for
bearing liquidity risk.

A10.49 NERA on behalf of Telefénica argued that liquidity risk is not relevant to the

Government when setting ALFs as there is no (realistic) option for the Government
to sell the ALF “contract” with the MNO to a third party. Instead the Government will
hold the “contract” to maturity unless the MNO ‘defaults’. It stated that “concerns of

" Telefonica’s response to the August 2014 consultation, p.78 and Annex Il, p.11-14.
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an illiquid market are not relevant where the sale of the ALF revenue stream by the
government is not a realistic option.””®

A10.50 If the Government has no realistic option to sell on the ALF “contract” (to use
NERA's terminology), it would appear to be completely unable to mitigate its risk
exposure. It would therefore appear that liquidity risk is of even greater relevance to
ALF than other forms of debt (given it is not just a risk that it cannot sell on the
“contract”, but a certainty). We therefore do not agree with Telefénica that we
should adjust the cost of debt to remove any liquidity premium. This would, if
anything, reinforce the argument for making a risk sharing adjustment, since the
Government’s exposure to changes in market value cannot be alleviated by
reselling the ALF “contract” to a third party.

Data analysis

A10.51 We consider a sample of the sterling denominated debt of each MNO parent
company’® with a maturity date around 10 years in the future, in line with our
conclusions as to duration. Table A10.1 summarises the debt we consider
alongside the average YTM over the last 12 months. Figure A10.4 illustrates the
YTM over the last two years.

Table A10.1: YTM on long-dated debt, January 2015
Credit Latest
rating 12 month
Debt Years to month 12 month | 12 month  (January
maturity maturity average minimum | maximum 2015)

Vodafone

Telefonica

Orange

Deutsche
Telekom

Source: Bloomberg, Ofcom analysis as at 14 January 2015

"8 Telefonica’s response to the August 2014 consultation, Annex 11, p.11.

" Hutchison Whampoa, the owner of H3G, is a diversified conglomerate operating across a number
of sectors including retail, ports and telecoms. We consider that estimates for Hutchison Whampoa
are therefore unlikely to convey useful information about a UK MNO.
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Figure A10.4: YTM on UK sterling denominated debt

7 -

——VODAFONE 2025
——— TELEFONICA 2026
——— ORANGE 2025

ORANGE 2028
-===-DT 2028

%

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
13 13 13 13 13 13 13 13 13 13 13 13 14 14 14 14 14 14 14 14 14 14 14 14

Source:Bloomberg, Ofcom analysis as at 14 January 2015

A10.52 The chart shows that the yields have fallen to some extent over the past two years
with the decline particularly marked over the last six months. Yields for Vodafone
have been 3.8% on average over the last year, while Orange and Deutsche
Telekom have a slightly higher yield of around 3.9-4.3%. Telefonica’s yield has
fallen substantially over the last two years, although it remains the highest of the
MNOs shown.

A10.53 Based on this data, we consider that a reasonable range for the YTM for an
average efficient MNO is 2.9-4.7%. This range captures the average YTM over the
last 12 months for Vodafone, Deutsche Telekom and Orange (all maturities) and is
bounded by the minimum and maximum YTM for these companies over the last
year. This range also encompasses the level to which Telefonica’'s average debt
premium has converged from its historically high level. The average yield of these
bonds over the last year for the four UK MNO parent companies is 4.1%.

A10.54 In discussing the use of the average efficient operator, we noted that there may be
an argument for placing more weight on lower yields where this could reflect a
smaller difference between the promised and expected yield (see paragraph
A10.198%. This would suggest we should not use a number at the top end of this
range.

8 In our August 2014 consultation, in line with the approach taken in the MCT consultation, we
proposed to place particular weight on Vodafone, as it has a predominantly mobile oriented business.
However, we no longer take this approach in MCT, as set out in Mobile call termination market review
2015-18, Draft Statement, 6 February 2015, http://stakeholders.ofcom.org.uk/consultations/mobile-
call-termination-14/draft-statement/.
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Further, we note that in paragraph A10.25 we set out that we have had regard to
the yields on bonds with a maturity of around 10 years. The average across all four
UK MNO parent companies and maturities shown includes bonds with a slightly
longer maturity. In addition, we note that Telefonica has a slightly higher yield than
would be expected for its maturity (for example, compared to Vodafone and
Orange’s 2025 bonds). We may therefore place more weight on Vodafone and
Orange’s 10 year bonds. This would suggest a yield of 3.8-3.9%. This is also in line
with BBB rated bonds with a 10 year maturity more generally, which have had an
average yield of 3.8% over the last 12 months.®

In light of the above, we consider that a YTM of 3.8% is appropriate. This is around
the mid-point of the 2.9-4.7% range and is also around the average of the UK
MNOs 10 year bonds, and 10-year BBB bond returns more generally. Allowing for a
reduction of 10 bps to remove any inflation risk premium gives a rate of 3.7%. We
have therefore used a YTM of 3.7% (pre-tax, nominal). This gives a post-tax
nominal rate of 3.0% (with a range of 2.2-3.7%).% The equivalent post-tax real rate
is 0.9% (using our CPI inflation assumption of 2%).

Risk sharing scenarios

Al10.57

We refer in Section 4 to stylised scenarios of risk sharing we have modelled. This
section sets out these scenarios. Our interpretation and the inferences we draw are
set out in Section 4.

Stylised example: Single review after 10 years

A10.58

A10.59

A10.60

A10.61

One way of approaching this issue is to consider a simplified scenario where there
is one review in a 20 year period, set in advance to take place in year 10.

In constructing this scenario, we assume risk is shared only by the periodic
resetting of ALF. The ALF period is 20 years and the ALF is reset once after 10
years. We assume the resetting will be symmetric, with the probability of an
increase equal to the probability of an equivalent decrease in the ALF. ®* Where the
ALF is fixed, it reflects the same risk as other debt and so should be discounted at
the cost of debt. The value which determines the reset should be discounted at the
same rate as the risky operating cash flow that occurs in year 10. We ignore the
effect of taxes.

Under this scenario, for the first ten years, the ALF payments will not be reset and
so should be discounted at the debt rate. After 10 years the ALF will be reset to
reflect the value of the asset at that date. Once it is reset, given the assumption of a
single review, it will again have no risk from that point onwards (other than the risk
normally associated with debt). Therefore, for years 11-20 the payments should
also be discounted at the debt rate, when viewed from the end of year 10.

However, viewed from time zero, the actual ALF during the second decade (as
represented by the forward-looking value assessed in year 10) is risky as there is
the potential for it to be different to the licensee’s initial expectations. The licensee
should discount this forward looking value (as assessed in year 10) at the rate

& Source: Bloomberg’'s BVCSGU10 Index 13 January 2014 to 12 January 2015.

8 This is the range set out in paragraph A10.53, adjusted for inflation risk premium and after tax.

% In other words, we are considering the effect of variability in the market value of spectrum and not
an expected value effect (in which the probability of increases in spectrum value over time is different
from the probability of decreases in spectrum value over time)

31



Annual licence fees for 900 MHz and 1800 MHz spectrum

Al10.62

A10.63

A10.64

A10.65

which it uses to discount other cashflows which are subject to uncertainty. We
assume that the appropriate discount rate for this is the WACC (as used in
discounted cashflow business maodels). This is in line with our analysis in Section 4
(see paragraphs 4.27-4.31).%4

Therefore, the ALF for the first 10 years should be discounted at the debt rate. The
expected ALF from the last 10 years should be discounted back to year 10 at the
debt rate, and then back to year zero at the WACC.

Using a notional ALF payment of £1 per year, a debt rate of 0.9% and a WACC of
5.2%, the present value (PV) of the first ten years’ payments at year zero is around
£9.50.% The PV of the second ten years’ payments viewed from the end of year 10
is the same.® However, discounting this latter amount back to year zero at the
WACC gives a present value of around £5.75.%” The PV across the whole 20 years
is thus around £15.25.

A PV of £15.25 across 20 years is equivalent to an annual payment of £1
discounted at roughly 2.73%. A discount rate of 2.73% is roughly 43% between the
debt rate and WACC figures set out above, which we interpret as the amount of risk
transferred from the licensee to the Government, relative to a scenario with no
review.

Under this stylised example, the above assumptions and figures imply that the
licensee bears roughly 60% of the risk (and the Government roughly 40%) where
there is one review after 10 years.

Varying the timing and number of reviews

A10.66

Al10.67

A10.68

In practice, ALF reviews are not set events which take place at pre-arranged points
in time regardless of circumstances. Instead, as set out in Section 7, our policy is
that we would be likely to review ALFs only if there were grounds to believe that a
material misalignment had arisen between the level of these fees and the value of
the spectrum. In our view, it is reasonable to assume that these fee rates are likely
to be reviewed at some stage during a 20-year period, although we cannot predict
with any certainty at what point any such review (or reviews) might occur. For
example, we recognise that it is possible there could be grounds for a review
following an award of the 700 MHz spectrum and/or the review that we will need to
undertake of the fees for the 2.1 GHz licences, though this would still depend on
there being evidence of a material misalignment between ALF and market value
around these times.

The actual review regime is therefore more flexible than the stylised example set
out above. In practice, reviews may occur earlier or later than the 10-year point
modelled above. In addition, reviews may occur more or less often than once in 20
years.

These points have differing implications:

8 We note that the results below are not very sensitive to the WACC used in the calculations.
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% Because there is an equal probability of an increase as a decrease, the expected value of the
payments after the second review is the same as the payments in the initial period. The expected
value of payments for years 11-20 is therefore still £1 per annum.
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a) A single review during the 20-year period which is fixed for some year other than
year 10 would reduce the extent to which risk is transferred from the licensee to
Government (in effect, reducing the Government's risk share), all else equal. This
is because having a review earlier or later leaves a longer period during which
the ALF is fixed (due to the assumption that there is only one review).

b) A regime with a greater number of equally spaced reviews (e.g. two reviews
every 6.67 years; three reviews every five years etc.) can significantly increase
the transfer of risk from the licensee to Government (in effect, increasing
Government’s share of risk) compared to a regime with one review, as the period
for which the ALF is ‘fixed’ and the licensee is exposed to risk (of changes in
market value) is commensurately shorter.

A10.69 We note that these two factors could both be present in that, if a review occurs early
(e.g. after five years), the assumption that there is only one review looks less likely
(as it would imply there would then be a 15-year period during which there was no
review). A scenario with an earlier or later review may therefore be more likely to be
associated with a scenario where there is more than one review within a 20 year
period.

A10.70 To consider a specific example, if we assume two equally spaced reviews (at years
6.67 and 13.33) and use the same discount rate and ALF as above, the PV at year
0 of ALF payments in the first period before review 1 would be roughly £6.45.% For
the second period (between years 6.67 and 13.33), the payments should be
discounted to year 6.67 at the cost of debt,®® then to year 0 at the WACC.*® For the
third period (after the second review in year 13.33 to year 20), the payments should
be discounted to year 13.33 at the cost of debt then back to year 0 at the WACC.**
The PV across the whole 20 years is then around £14.30.%

A10.71 A PV of this amount is equivalent to an annual payment of £1 discounted at roughly
3.4%. A discount rate of 3.4% is roughly 59% between the debt rate and WACC
figures set out above, which we interpret as the amount of risk transferred to
Government, relative to a scenario with no review.

A10.72 Under this stylised example, the above assumptions and figures imply the licensee
bears roughly 40% of the risk (and the Government bears roughly 60%) where
there are two equally spaced reviews in a 20-year period.

Threshold review effect
A10.73 A further feature of the review regime in practice is that we would be likely to review

ALFs only if there were grounds to believe that a material misalignment had arisen
between the level of these fees and the value of the spectrum. By definition, the

Byes] L = 6.44

t=1 t
(1+0.009)
8 As above, because there is an equal probability of an increase as a decrease, the expected value
of the payments after the reviews is the same as the payments in the initial period. The expected
value of payments for the two periods following reviews is therefore still £1. Because reviews are

equally spaced, the PV of payments for the period for which they are fixed after the review are the
1

same. |.e. the PV of payments in years 6.67-13.33 is Z§§-133‘6-67=6-67m = 6.44
90 6.44 _

1'02246467 = 4.59
U =328

1.05213.33

92 £6.44+£4.590+£3.28 = £14.31
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probability of a review taking place at a particular point in time (such as 10 years)
will be less than 100%. This is because the review may be initiated only if spectrum
value appears to differ from ALF by some minimum amount, i.e. a material
misalignment. As a result, the licensee’s share of risk would be higher than in the
equivalent scenario with a certain review. How much higher depends on the
probability of the threshold for a review being passed, which in turn depends on:

a) The underlying variability in market value (how much spectrum value actually
changes) — the more spectrum values are liable to change, the greater the
probability of this change exceeding the threshold for a material misalignment;
and

b) The threshold at which the change in value relative to ALF constitutes a material
misalignment — the greater this threshold, the less likely it is a review would be
opened, all else equal.

A10.74 The general effect of having such a threshold before opening a review at a fixed

time is to reduce the amount of risk transferred from the licensee to Government (as
the likelihood of opening a review is lower). The scale of the effect of the threshold
depends upon the level of the threshold and the exact way in which the resetting of
ALF is performed under a threshold based review. However, we consider that the
overall effect of a threshold based regime would be to reduce the transfer of risk to
Government relative to the simple scenario, even if the scale of that reduction is
unclear.

Derivation of discount rate

A10.75 In line with our analysis above, we consider that the appropriate starting point for

the discount rate is the cost of debt based on observed YTM data on comparator
bonds, which gives a rate of 0.9% (real, post-tax).

A10.76 As set out in paragraphs A10.57-A10.74 and Section 4, we uplift this to reflect the

additional risk the Government bears over and above that of a ‘normal’ creditor.
This uplift can be calculated in one of two ways:

(1)
ALF discount rate
= ALF debt rate + Government share of operating risk
* (MCT WACC — MCT debt rate)
(2)

ALF discount rate
= ALF debt rate + Government share of operating risk
* (MCT WACC — ALF debt rate)

A10.77 One way to illustrate the difference between these two equations is to consider the
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upper-bound ALF discount rate that would result at a risk sharing factor of 100%.
With the second equation this upper bound would be the WACC, which we
explained above is the upper polar rate. However, with the first equation it would be
a lower discount rate, below the upper polar rate of the WACC. This is illustrated in
Figure A10.5.
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A10.5: Difference between Equations 1 and 2

0% ~
0% -
0% -

0% -

Equation 1
0% - Equation 2

0% -

O% T T T T 1
0% 25% 50% 75% 100%

Government share of risk

Ofcom analysis
The difference between these figures is essentially the difference between:

a) our long-term estimate of the risk-free rate, which is part our calculation of the
WACC (and reflects long term decisions across multiple investments); and

b) market gilt rates, which are reflected in the ALF cost of debt (based on YTM).

This difference is separate to the difference in systematic risk between the cost of
debt and the WACC (essentially the cost of equity), which is what has been
analysed in the risk sharing discussion above. If we use the cost of debt derived for
ALF in the risk sharing adjustment (i.e. the second equation), we capture more than
the increased exposure to systematic risk in the adjustment. If we use the MCT cost
of debt in the risk sharing adjustment (i.e. the first equation), then we would not
incorporate this difference between risk-free rates into the analysis, despite this
being part of the difference between the polar cases.

The appropriate approach depends on how the risk-free element of the return
changes as the risk borne by Government changes, i.e. at what point, as
Government’s share of risk increases, the investment in ALF becomes less of a
form of hypothecated debt and more of a traditional investment influenced by the
firm’s general operations. We have no information on this point, and so consider
that a reasonable approach is to pro-rate the difference in risk-free rates along with
the difference in systematic risk. This means that, at a higher risk exposure of the
Government, a larger proportion of the difference in risk-free rate is incorporated in
the ALF discount rate.

We therefore use the ALF debt rate in both parts of the discount rate derivation i.e.
Equation (2) above.
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Terminal value
Our position in the October 2013 and August 2014 consultations

A10.82 Prior to our October 2013 consultation, a licence holder said that (at least some of)
the bids in the 4G auction were based on valuations which reflected a significant
terminal value component, i.e. a value of holding the licence beyond the initial 20
year term. It suggested that, in recognition of this, we should either reduce our
estimates of the lump-sum values of ALF licences by the amount of this terminal
value, or else convert the lump-sum values into a perpetuity, rather than a twenty-
year annuity.

A10.83 In the October 2013 consultation (paragraph 5.11) we set out our provisional view
that the adjustments for terminal value which the licence holder proposed were not
appropriate when calculating ALFs. Our reasons for this view are discussed below.

A10.84 In our August 2014 consultation (paragraph 4.4), we said that we remained of the
view that we should not make an adjustment for terminal value, for the reasons set
out in the previous consultation.

Stakeholder responses
A10.85 In its response to our October 2013 consultation, EE (page 30) argued that:

“A new licence has ‘terminal value’ associated with it, i.e. a value that relates to
the period following the initial 20 year period for which the auction determines the
upfront payment. This is because at the end of the initial licence period, the
licensee will have a set of assets associated with the licence such as a network
based on those frequencies (and possibly other bands), a customer base and
brand value. A licensee who sells the licence at the end of the initial 20 year
licence period cannot expect to recover its terminal value associated with
network equipment, brand and customers without selling those too. The Direction
tasks Ofcom with finding the market value of the renewal licence, not the private
value of the incumbent licensees.”

A10.86 In response to our August 2014 consultation, EE further argued that:

a) The Government Direction requires us to set ALF reflecting the value of holding
spectrum in the year in question, and not the value of holding it at some point in
the future.

b) Our approach would force licence holders to pay multiple times for the option of
holding their licences in future:

i) EE argued that “Assuming (for the sake of argument) that Ofcom continues to
set ALFs based on 20 year licence periods, under Ofcom’s current proposals
in years 1-20 the licence holder will pay ALFs based on the marginal
operator’s expected value of using the spectrum in that period, plus its
expected (terminal/option) value of using the spectrum from year 21
onwards.”

i) EE argued that “In years 21 - 40, the licence holder would pay ALFs based on
the marginal operator’s expected value at year 20 of using the spectrum in
that period, plus its expected (terminal/option) value of using the spectrum
from years 41 and beyond. The licence holder will, however, already have
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paid for a portion of the value for using the spectrum in years 21-40 in the
initial 20 year period, meaning it must pay for that portion two times over, over
40 years.”

iii) This effect continues in years 41-60, 61-80, 81-100, and so on, for as long as
the licence remains in force.

Our analysis

A10.87

A10.88

A10.89

A10.90

Al10.91

We recognise that bids for auctioned spectrum (such as in the UK 4G auction) may
include some terminal value (using EE’s terminology) that the bidder would expect
to realise by holding spectrum beyond the initial 20-year period for the types of
reason to which EE referred. In other words, the holder of the spectrum at the end
of 20 years could have a private value of continuing to hold the spectrum, even if it
were to pay ALF after year 20 at a rate which reflected market value.

However, we do not consider that such a terminal value means that it would be
appropriate to adjust our approach to deriving ALFs, either in our derivation of a
lump-sum value or in annualising it into annual fees. In particular, as explained in
greater detail below, this is because we consider that this terminal value is part of
the opportunity cost of the spectrum in the initial 20-year period.

To be specific and to simplify the discussion below, we consider the issue in terms
of 20-year periods (as in EE’s response). Consistent with our approach elsewhere
in this document, we denote the highest-value non-holder of the spectrum licence in
question as the marginal operator. We use the term “marginal operator (year 1)” to
refer to the highest-value non-holder of the licence at the start of the first 20-year
period; and “marginal operator (year 21)” to refer to the highest-value non-holder at
the start of the second 20-year period.*

Our October 2013 consultation (paragraph 5.11) set out two reasons for considering
that it was not appropriate to reduce our estimates of the lump-sum values of ALF
licences by the amount of a terminal value. The first reason was that it was
appropriate to maintain consistency between licences awarded in the 4G auction
and ALF licences. The second reason was based on characterising market value
over a defined period of time as the difference in value between the start and end of
that period in a competitive market. The following paragraphs provide a further
explanation, focusing on the points raised by EE in its response to the August 2014
consultation.

In assessing the value of holding a 900 MHz or 1800 MHz licence over the first 20
years, we are considering the overall value that this licence would have for the
marginal operator (year 1) were it to hold the licence from the start of the first 20-
year period. This overall value can be split into two elements:

a) The first element relates to the value the marginal operator (year 1) would have in
holding the licence for only those 20 years, e.g. if there were a notional automatic
revocation at the end of year 20.

% The marginal operator (year 21) could be a different company to the marginal operator (year 1), or it
could be the same company (although it may have a different value reflecting the different point in
time and circumstances).
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A10.92

A10.93

A10.94

A10.95

A10.96

b) The second element (which EE referred to as the terminal value) is the difference

in value to the marginal operator (year 1), between:

i) holding the licence from years 21 onward on the assumption that it held the
licence in years 1-20; and

ii) acquiring the licence for the first time at the start of year 21 and holding it
thereafter.

The current licensee, by holding the licence from years 1 to 20, deprives the
marginal operator (year 1) of both of these elements of value. As a result, it is
appropriate to reflect in ALFs both of these elements of lost value to the marginal
operator (year 1), i.e. the opportunity cost.

EE argued that this approach forces licence holders to pay multiple times for the
option of holding their licences in future. However, this is incorrect. The licence
holder’'s payments in years 1-20 relate to years 21-40 only to the extent that they
reflect additional value which a marginal operator (year 1) could have achieved if it
had held the licence in years 1-20. This is not part of the value of the marginal
operator (year 21) which sets opportunity cost and market value at the start of the
second 20-year period.

By the end of year 20, the opportunity for the marginal operator to achieve any
complementarity value® between the first period (years 1-20) and the second
period (years 21-40) has been lost. The licence holder's payments in years 21-40
will reflect the value to the marginal operator of acquiring the licence at the start of
year 21 (extending the logic above, this is the value to the marginal operator (year
21) of holding the licence for years 21-40 with a notional automatic revocation at the
end of year 40, plus the complementarity value to the marginal operator (year 21)
between years 21-40 and years 41 onward).

The same logic can be applied at the start of year 41 — and then at the start of year
61 and so on. Accordingly, if there is a complementary value from holding a licence
from one period to the next, we can think of the total complementary value of
holding a licence from now for as long as the licence continues in force. Any licence
holder who holds the licence for the next 20 years deprives all rivals of the value
they would obtain from holding the licence in those 20 years only, and the
complementarity value between that 20-year period and all future periods.

Another way of understanding this result is by reference to maintaining consistency
between licences awarded in the 4G auction and the ALF licences (i.e. the first
reason in the October 2013 consultation, set out at paragraph A10.90 above). In
short, whether access rights to a particular block of spectrum are awarded through
auctioning a licence (with an initial period of 20 years) or whether they are assigned
through a licence which incurs ALF from the outset, both types of licence are the
same after year 20. In particular, they are both liable to pay ALF after year 20 (and
the same ALF if they were for spectrum in the same band). The difference before
year 20 is that, in the first case, the licensee makes an upfront auction payment (but
no ALF payments) and, in the second case, the licensee pays ALF (but makes no
upfront payment).

9 Holding a spectrum licence in one period is complementary to holding it in another period if the
value of the two together is higher than the sum of the value of holding the licence in the first period
only, and the value of holding it in the second period only.
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A10.97 Since the position is identical after year 20, the licences can be economically
equivalent only if the present value of the ALF payment stream in years 1-20 (in the
case of the ALF licence) equals the upfront auction payment (in the case of the
auctioned licence). In striking this equivalence, the upfront auction payment will
reflect the value of the spectrum to the marginal operator (year 1), including any
terminal value component (noting, for completeness, that it is this marginal operator
(year 1) that, through this equivalence, sets the market value of the spectrum on
which the ALF is based in the first 20-year period).

A10.98 The second reason in the October 2013 consultation (set out at paragraph A10.90
above) considers the change in value over the first 20-year period in a competitive
market. One way to characterise market value over a defined period of time is the
difference in present value (PV) between the start and end of that period in a
competitive market. Considering (for simplicity) the case of only two 20-year
periods, it is the difference between the PV:

a) tothe marginal operator (year 1) in a competitive market for both 20-year periods
(i.e. years 1-40), assessed at the start of the first 20-year period for the licence
(i.e. year 1); and

b) to the marginal operator (year 21) in a competitive market for the second 20-year
period (i.e. years 21-40), assessed at the start of the second 20-year period (i.e.
year 21).

A10.99 The former is analogous to the market value we assess in Section 2 based on bids
in the 4G auction.

A10.100 The latter is the value to the marginal operator (year 21) which sets the opportunity
cost in a competitive market at that point in time, i.e. at the start of the second 20-
year period.®

A10.101 Consistent with our analysis in the October 2013 consultation, in our view it is
reasonable to consider that the PV of the marginal operator (year 21) at the start of
the second 20-year period might be zero. The reason is that annual fees might be
expected to apply after 20 years and the level of annual fees might be set at the PV
for the marginal operator (year 21) in a competitive market at that time, since this
would represent full market value. On this basis the PV, net of ALF, would be zero
for the marginal operator (year 21). This description applies to the simplified case of
only two 20-year periods, but the same principle applies if we consider further 20-
year periods.

A10.102In light of the above analysis, we remain of the view that in setting ALFs to reflect
market value it is not appropriate to adjust our lump sum estimates for terminal
value.

% We note that (assessed at year 1) the value expected by the marginal operator (year 1) in the
second 20-year period could be different from the value to the marginal operator (year 21). For
example, as discussed above, it might be higher, reflecting the anticipation of a complementarity
value between the first and second 20-year periods, which EE refers to as a terminal value. However,
this is not relevant to determine market value for the second 20-year period because, as noted at
paragraph A10.94 above, this complementarity value of the marginal operator (year 1) for the second
20-year period is hypothetical as, by definition, it is the non-holder of the licence in the first 20-year
period).
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Annex 11

Glossary of terms

2G

3G

4G

4G auction

ALF

AM&A

AMPU

ASM

BT

CBA

CCA

CEPT

Communications
Act

CPI

DMSL
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Second generation of mobile standards and technology, including the
GSM technology standard.

Third generation of mobile standards and technology, including the
UMTS technology standard.

Fourth generation of mobile standards and technology. The term 4G is
generally used to refer to mobile broadband services delivered using the
next generation of mobile broadband technologies, including Long Term
Evolution (LTE) and WiMAX.

The UK 4G auction for 800 MHz and 2.6 GHz (paired and unpaired)
spectrum which concluded in March 2013.

Annual Licence Fees to be paid by the holders of the licences for
900 MHz and 1800 MHz spectrum (which are currently EE, H3G,
Telefénica, and Vodafone).

Analysys Mason and Aetha.
Average margin per user.

The Additional Spectrum Methodology is a method we use to assess the
opportunity costs of spectrum in the 4G auction.

British Telecommunications pilc.
Cost-Benefit Analysis.

A Combinatorial Clock Auction is a package or combinatorial auction
format in which bids are made for packages of spectrum (not individual
lots, as in an SMRA). If there are multiple bands available in the auction
(as, for example, in the UK 4G auction and in auctions in Austria and
Ireland), such packages may include spectrum in more than one band.

European Conference of Postal and Telecommunications
Administrations

The Communications Act 2003.

The Consumer Price Index (CPI) is a measure of inflation. It measures
changes in the price level of consumer goods and services purchased
by households. The most significant item excluded in the CPI, but
included in the RPI, is mortgage interest rate payments.

Digital Mobile Spectrum Ltd. A company established by four MNOs (EE,
H3G, Telefonica and Vodafone) with responsibility for ensuring that
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DTT

EC

FDD

GHz

Government
Direction

GSA

GSM

GSMA

IMT

1BV

ITU

LRP

LTE

consumers continue to receive clear Freeview TV signals following the
rollout of 4G mobile services in the 800 MHz spectrum band.

Digital Terrestrial Television - Broadcasting delivered by digital means.
In the UK and Europe, DTT transmissions use the DVB-T and DVB-T2
technical standards.

The European Commission.

Frequency Division Duplex — a technology used in paired spectrum that
deals with traffic asymmetry between uplink and downlink where
separate frequency bands are used for sending and receiving
operations.

Gigahertz. 1,000,000,000 (or 10°) oscillations per second.

The Wireless Telegraphy Act 2006 (Directions to Ofcom) Order 2010
(S.I. 2010/3024).

The Global mobile Suppliers Association is an association of worldwide
mobile suppliers.

Global System for Mobile Communications. A 2G standard for mobile
communications which supports services including international
roaming, SMS texting, web browsing and picture messaging.

The GSM Association is an association of mobile operators, handset
and device makers and other related companies.

International Mobile Telecommunications. The ITU term that
encompasses 3G, 4G and 5G wireless broadband systems.

Incremental Bid Value — the difference in bid value between two different
packages bid for by a bidder in a CCA, which relates to a specified
increment of spectrum (the difference in spectrum between the two
packages).

International Telecommunications Union - Part of the United Nations
with a membership of 193 countries and over 700 private-sector entities
and academic institutions. The ITU is headquartered in Geneva,
Switzerland.

Linear Reference Price. In a CCA, auction prices are derived for
packages of spectrum, not for individual lots or bands. LRPs are the
output of a mathematical algorithm which takes account of both winning
and losing bids in a CCA to generate linear prices (i.e. a single price per
MHz for each band that is the same for each bidder) that best support
the auction outcome.

Long-Term Evolution is a standard for communication of high-speed
data for mobile phones and data terminals.
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MDS

MCT

MHz

MNO

NPV

NRA

ONS

PPC

PPP

RFR

RPI

RSC

SDL

SMRA

TAF

TDD

UMTS

Ofcom’s Mobile Data Strategy.*®

Mobile Call Termination. MCT is a wholesale service provided by a
mobile communications provider to connect a call to a recipient on its
network.

Megahertz. 1,000,000 oscillations per second.

Mobile Network Operator.

Net Present Value.

National Regulatory Authority. The relevant communications regulatory
body for each country in the EU. Ofcom is the NRA for the United
Kingdom.

Office for National Statistics.

Price Point Calculator software provided by DotEcon to calculate LRPs.

Purchasing Power Parity. Exchange rates between countries that allow
for the exchange to be equivalent to each currency's relative purchasing
power.

Risk-free rate. The return an investor would expect from an absolutely
risk-free investment over a specified period of time.

The Retail Price Index (RPI) is an inflation index which is calculated by
measuring the change in the cost of a basket of retail goods and
services.

Radio Spectrum Committee of the European Commission
Supplemental Downlink.

Simultaneous multiple-round ascending auction. In this type of auction
participants bid for individual spectrum lots (not packages, as in a CCA).

Tax Adjustment Factor. An adjustment applied in deriving ALFs from
LSVs to reflect the advantageous tax treatment of ALFs compared with
a lump-sum payment.

Time Division Duplex — a technology used in unpaired spectrum that
deals with traffic asymmetry where the uplink is separated from the
downlink by the allocation of different time slots in the same frequency
band.

Universal Mobile Telecommunications Service. A 3G standard for mobile
communications which provides mobile users with interactive multimedia
capabilities at higher data rates than for 2G.

% see http://stakeholders.ofcom.org.uk/binaries/consultations/mobile-data-

strategy/statement/statement.pdf
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UHF Ultra High Frequency. The part of the spectrum between 300 MHz and 1
GHz.

WACC Weighted average cost of capital.

WRC World Radiocommunication Conference. The WRC reviews and revises

the Radio Regulations. They are held every three to four years.

YTM Yield to maturity. The rate of return anticipated on a bond if it was
bought today and held until its maturity date.
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