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Annex 1 

1 Responding to this consultation 
How to respond 

A1.1 Ofcom invites written views and comments on the issues raised in this 
document, to be made by 5pm on 29 November 2007. 

A1.2 Ofcom strongly prefers to receive responses using the online web form at 
http://www.ofcom.org.uk/consult/condocs/liberalisation/howtorespond/form, 
as this helps us to process the responses quickly and efficiently. We would 
also be grateful if you could assist us by completing a response cover sheet 
(see Annex 3), to indicate whether or not there are confidentiality issues. 
This response coversheet is incorporated into the online web form 
questionnaire. 

A1.3 For larger consultation responses - particularly those with supporting charts, 
tables or other data - please email justin.moore@ofcom.org.uk attaching 
your response in Microsoft Word format, together with a consultation 
response coversheet. 

A1.4 Responses may alternatively be posted or faxed to the address below, 
marked with the title of the consultation. 
 
Justin Moore 
Floor 3 
Riverside House 
2A Southwark Bridge Road 
London SE1 9HA 
 
Fax: 020 7981 3990 

A1.5 Note that we do not need a hard copy in addition to an electronic version. 
Ofcom will acknowledge receipt of responses if they are submitted using the 
online web form but not otherwise. 

A1.6 It would be helpful if your response could include direct answers to the 
questions asked in this document, which are listed together at Annex 4. It 
would also help if you can explain why you hold your views and how 
Ofcom’s proposals would impact on you. 

Further information 

A1.7 If you want to discuss the issues and questions raised in this consultation, or 
need advice on the appropriate form of response, please contact Justin 
Moore on 020 7783 4176. 

Confidentiality 

A1.8 We believe it is important for everyone interested in an issue to see the 
views expressed by consultation respondents. We will therefore usually 
publish all responses on our website, www.ofcom.org.uk, ideally on receipt. 
If you think your response should be kept confidential, can you please 
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specify what part or whether all of your response should be kept confidential, 
and specify why. Please also place such parts in a separate annex.  

A1.9 If someone asks us to keep part or all of a response confidential, we will 
treat this request seriously and will try to respect this. But sometimes we will 
need to publish all responses, including those that are marked as 
confidential, in order to meet legal obligations. 

A1.10 Please also note that copyright and all other intellectual property in 
responses will be assumed to be licensed to Ofcom to use. Ofcom’s 
approach on intellectual property rights is explained further on its website at 
http://www.ofcom.org.uk/about/accoun/disclaimer/ 

Next steps 

A1.11 Following the end of the consultation period, Ofcom intends to take forward 
the issues as set out in section 14 of the consultation document. 

A1.12 Please note that you can register to receive free mail Updates alerting you to 
the publications of relevant Ofcom documents. For more details please see: 
http://www.ofcom.org.uk/static/subscribe/select_list.htm  

Ofcom's consultation processes 

A1.13 Ofcom seeks to ensure that responding to a consultation is easy as 
possible. For more information please see our consultation principles in 
Annex 2. 

A1.14 If you have any comments or suggestions on how Ofcom conducts its 
consultations, please call our consultation helpdesk on 020 7981 3003 or e-
mail us at consult@ofcom.org.uk . We would particularly welcome thoughts 
on how Ofcom could more effectively seek the views of those groups or 
individuals, such as small businesses or particular types of residential 
consumers, who are less likely to give their opinions through a formal 
consultation. 

A1.15 If you would like to discuss these issues or Ofcom's consultation processes 
more generally you can alternatively contact Vicki Nash, Director Scotland, 
who is Ofcom’s consultation champion: 

Vicki Nash 
Ofcom 
Sutherland House 
149 St. Vincent Street 
Glasgow G2 5NW 
 
Tel: 0141 229 7401 
Fax: 0141 229 7433 
 
Email vicki.nash@ofcom.org.uk 
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Annex 2 

2 Ofcom’s consultation principles 
A2.1 Ofcom has published the following seven principles that it will follow for each 

public written consultation: 

Before the consultation 

A2.2 Where possible, we will hold informal talks with people and organisations 
before announcing a big consultation to find out whether we are thinking in 
the right direction. If we do not have enough time to do this, we will hold an 
open meeting to explain our proposals shortly after announcing the 
consultation. 

During the consultation 

A2.3 We will be clear about who we are consulting, why, on what questions and 
for how long. 

A2.4 We will make the consultation document as short and simple as possible 
with a summary of no more than two pages. We will try to make it as easy as 
possible to give us a written response. If the consultation is complicated, we 
may provide a shortened version for smaller organisations or individuals who 
would otherwise not be able to spare the time to share their views. 

A2.5 We will normally allow ten weeks for responses to consultations on issues of 
general interest. 

A2.6 There will be a person within Ofcom who will be in charge of making sure we 
follow our own guidelines and reach out to the largest number of people and 
organizations interested in the outcome of our decisions. This individual 
(who we call the consultation champion) will also be the main person to 
contact with views on the way we run our consultations. 

A2.7 If we are not able to follow one of these principles, we will explain why. This 
may be because a particular issue is urgent. If we need to reduce the 
amount of time we have set aside for a consultation, we will let those 
concerned know beforehand that this is a ‘red flag consultation’ which needs 
their urgent attention. 

After the consultation 

A2.8 We will look at each response carefully and with an open mind. We will give 
reasons for our decisions and will give an account of how the views of those 
concerned helped shape those decisions. 
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Annex 3 

3 Consultation response cover sheet  
A3.1 In the interests of transparency and good regulatory practice, we will publish 

all consultation responses in full on our website, www.ofcom.org.uk. 

A3.2 We have produced a coversheet for responses (see below) and would be 
very grateful if you could send one with your response (this is incorporated 
into the online web form if you respond in this way). This will speed up our 
processing of responses, and help to maintain confidentiality where 
appropriate. 

A3.3 The quality of consultation can be enhanced by publishing responses before 
the consultation period closes. In particular, this can help those individuals 
and organisations with limited resources or familiarity with the issues to 
respond in a more informed way. Therefore Ofcom would encourage 
respondents to complete their coversheet in a way that allows Ofcom to 
publish their responses upon receipt, rather than waiting until the 
consultation period has ended. 

A3.4 We strongly prefer to receive responses via the online web form which 
incorporates the coversheet. If you are responding via email, post or fax you 
can download an electronic copy of this coversheet in Word or RTF format 
from the ‘Consultations’ section of our website at 
www.ofcom.org.uk/consult/. 

A3.5 Please put any parts of your response you consider should be kept 
confidential in a separate annex to your response and include your reasons 
why this part of your response should not be published. This can include 
information such as your personal background and experience. If you want 
your name, address, other contact details, or job title to remain confidential, 
please provide them in your cover sheet only, so that we don’t have to edit 
your response. 
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Cover sheet for response to an Ofcom consultation 

BASIC DETAILS  

Consultation title:         

To (Ofcom contact):     

Name of respondent:    

Representing (self or organisation/s):   

Address (if not received by email): 

 
CONFIDENTIALITY  

Please tick below what part of your response you consider is confidential, giving your 
reasons why   

Nothing                                               Name/contact details/job title              
 

Whole response                                 Organisation 
 

Part of the response                           If there is no separate annex, which parts? 

If you want part of your response, your name or your organisation not to be published, can 
Ofcom still publish a reference to the contents of your response (including, for any 
confidential parts, a general summary that does not disclose the specific information or 
enable you to be identified)? 

 
DECLARATION 

I confirm that the correspondence supplied with this cover sheet is a formal consultation 
response that Ofcom can publish. However, in supplying this response, I understand that 
Ofcom may need to publish all responses, including those which are marked as confidential, 
in order to meet legal obligations. If I have sent my response by email, Ofcom can disregard 
any standard e-mail text about not disclosing email contents and attachments. 

Ofcom seeks to publish responses on receipt. If your response is 
non-confidential (in whole or in part), and you would prefer us to 
publish your response only once the consultation has ended, please tick here. 

 
Name      Signed (if hard copy)  
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Annex 4 

4 Consultation questions 
Question 1.1 Do you have any other comments on this consultation document 
in addition to those made in response to the questions set out below? 
 
Question 3.1 Do you have any comments on Ofcom’s interpretation of its 
obligations under the forthcoming RSC Decision? 
 
Question 5.1 Do you agree that the 900 MHz spectrum is likely to provide a 
cost advantage over higher frequencies for the provision of mobile broadband 
services?  If so, do you believe that Ofcom’s estimates of the size of that cost 
advantage are representative of what would realised in practice? 
 
Question 5.2  Do you agree that the 1800 MHz spectrum is unlikely in 
practice  to provide a cost advantage over higher frequencies for the provision 
of mobile broadband services? 
 
Question 6.1 Do you agree that if the existing distribution of the 900 MHz 
spectrum continued post liberalisation, this would be unlikely to promote 
competition for the provision of mobile broadband services? 
 
Question 6.2 Do you agree that if the existing distribution of the 900 MHz 
spectrum continued post liberalisation, this would be unlikely to secure 
optimal use of the radio spectrum?  
 
Question 6.3 Do you agree that if the existing distribution of the 1800 MHz 
spectrum continued post liberalisation, this would be likely to promote 
competition for the provision of mobile broadband services? 
 
Question 6.4 Do you agree that if the existing distribution of the 1800 MHz 
spectrum continued post liberalisation, this would be likely to secure optimal 
use of the radio spectrum? 
 
Question  8.1 Do you agree with Ofcom’s assessment of the merits of Option 
A (Liberalisation in the hands of the incumbents) for the implementation of the 
RSC Decision in respect of the 900 MHz spectrum? 
 
Question  8.2 Do you agree with Ofcom’s assessment of the merits of Option 
A (Liberalisation in the hands of the incumbents) for the implementation of the 
RSC Decision in respect of the 1800 MHz spectrum? 
 
Question 9.1 Do you agree with Ofcom’s assessment of the merits of Option 
B (Liberalisation in the hands of the incumbents subject to a roaming 
condition) for the implementation of the RSC Decision in respect of the 900 
MHz spectrum? 
 
 Question 9.2 Do you agree with Ofcom’s assessment of the merits of Option 
B (Liberalisation in the hands of the incumbents subject to a roaming 
condition) for the implementation of the RSC Decision in respect of the 1800 
MHz spectrum? 
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Question 10.1 Do you agree that in principle some form of mandatory release 
of 900 MHz spectrum is  appropriate in order to implement the RSC 
Decision? 
 
Question 10.2 Do you agree that in principle some form of mandatory release 
of 1800 MHz spectrum is unlikely to be appropriate and that Option A is likely 
to be the most appropriate means to implement the RSC Decision in respect 
of the 1800 MHz spectrum? 
 
Question 11.1 Do you agree with Ofcom’s assessment that the version of 
Option C in which there is the simultaneous release of three  2 x 5 MHz 
blocks of 900 MHz spectrum in 2010 is likely to be the most appropriate 
means to implement the RSC Decision  in respect of the 900 MHz spectrum? 
 
Question 12.1 Do you agree with Ofcom’s proposal for the mechanism of 
release and the terms and condition for the released 900 MHz spectrum? 
 
Question 12.2 Do you agree with Ofcom’s proposal for the terms and 
conditions for the retained 900 MHz spectrum? 
 
Question 13.1 Do you agree with Ofcom’s assessment of the merits of Option 
D (Full Mandatory spectrum Release) for the implementation of the RSC 
Decision in respect of the 900 MHz spectrum? 
 
Question 14.1 Do you agree with Ofcom’s proposals for the implementation of 
the RSC Decision in relation to the 900 MHz spectrum? 
 
Question 14.2 Do you agree with Ofcom’s proposals for the implementation of 
the RSC Decision in relation to the 1800 MHz spectrum?  
 
Question 15.1  Do you think that Ofcom should make the 900 and 1800 MHz 
spectrum available for systems other than GSM and UMTS?  If so, for what 
systems, on what timescale and by what mechanism? 
 
Question 15.2: Do you believe that licences for the 900 and 1800 MHz 
spectrum should be made tradable? If so, on what timescale and should 
trading be subject to any competition restrictions ? 
 
Question 16.1 Do you believe that the licences for 2.1 GHz should be 
liberalised and if so on what timescale? 
 
Question 16.2 Do you believe that the licences for 2.1 GHz should be made 
tradable and if so on what timescale?  
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Annex 5 

5 Impact Assessment 
Introduction 

A5.1 The analysis presented in this annex represents an impact assessment, as 
defined in section 7 of the Communications Act 2003 (the Act).  

A5.2 You should send any comments on this impact assessment to us by the 
closing date for this consultation. We will consider all comments before 
deciding whether to implement our proposals.  

A5.3 Impact assessments provide a valuable way of assessing different options 
for regulation and showing why the preferred option was chosen. They form 
part of best practice policy-making. This is reflected in section 7 of the Act, 
which means that generally we have to carry out impact assessments where 
our proposals would be likely to have a significant effect on businesses or 
the general public, or when there is a major change in Ofcom’s activities. 
However, as a matter of policy Ofcom is committed to carrying out and 
publishing impact assessments in relation to the great majority of our policy 
decisions. For further information about our approach to impact 
assessments, see the guidelines, Better policy-making: Ofcom’s approach to 
impact assessment, which are on our website: 

http://www.ofcom.org.uk/consult/policy_making/guidelines.pdf 

Background 

A5.4 At present, four mobile network operators are licensed to use 900 and 1800 
MHz spectrum for providing second generation or “2G” mobile phone 
services in the UK. As a result of the Radio Spectrum Committee (RSC) 
Decision expected to be adopted by end of 2007, the UK will need to 
liberalise this ‘2G spectrum’ to allow it to be used for providing 3G services.  
The main aim of this consultation is to consider the implementation options 
for liberalisation of 2G spectrum, in line with the RSC decision and Ofcom’s 
statutory objectives. It also considers related issues of trading and 
liberalisation in the mobile sector. 

A5.5 In addition to the requirement to liberalise the 2G spectrum as a result of the 
RSC Decision, Ofcom believes there is also a strong public policy case for 
liberalising the 2G spectrum because it is likely to bring major benefits to UK 
citizens and consumers. However, the way in which liberalisation is 
implemented is likely to have a major effect on the size of those benefits, 
because of the potential impact on efficiency and competition in the mobile 
market. This market is very significant for the UK, with recent research64 
estimating that it generated economic benefits of £21.8 billion, of which 
£19 billion accrued to consumers. 

                                                 
64 “Economic impact of the use of radio spectrum in the UK”, report by Europe Economics for 
Ofcom, 2006, available at: 
http://www.ofcom.org.uk/research/radiocomms/reports/economic_spectrum_use/economic_i
mpact.pdf  
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The citizen and consumer interest 

A5.6 Implementing the RSC Decision will allow the deployment of 3G technology 
and potentially other future technologies in the 900 MHz and 1800 MHz 
spectrum bands.  This is likely to lead to significant benefits for consumers 
and citizens in terms of provision of mobile broadband services:  

• Improvements in the quality of 3G networks so for example higher data 
rate services (e.g. full mobile web browsing, gaming and music 
downloads), with good coverage inside buildings, will be deployed, 
particularly in main population areas in the UK 

• extension of such services into rural areas (areas beyond those already 
served by 3G networks, i.e. the last 10 – 20 % of the population) 

A5.7 Ofcom’s research suggests that UK citizens and consumers consider high 
speed mobile broadband across the UK, including rural areas, to be of value 
to society. For example, in the consumer research conducted for the Digital 
Dividend Review it was found that mobile broadband was valued by people 
both as consumers and as citizens: 

• “Mobile broadband was perceived as potentially having additional value to 
society, because of the range of opportunities it offers compared to other 
services tested and the value it might have to businesses. Breadth of 
service coverage was considered to be the most important feature of a 
mobile broadband service’s additional value to society, as social inclusion 
was seen as a key feature of a service that had additional value to 
society.”65 

A5.8 Without liberalisation it is possible that operators would choose not to invest 
further in 3G or only do so to a limited extent and on a much slower 
timescale.  For example, there is a significant cost saving in deploying 3G 
infrastructure at 900 MHz compared to existing “3G spectrum” at 2100 MHz.  
A reasonably conservative estimate is that cost advantage for an operator of 
900 over 2100 MHz spectrum is in order of £1 billion66 for deploying a 
network capable of supporting a moderate level mobile broadband services 
in core areas (i.e. an area covering 80% of the population). Smaller cost 
advantages also existing for extending coverage outside these areas and 
are estimated to be in the order of £0.25 billion67.  

A5.9 Liberalisation is also likely to bring other benefits to UK citizens and 
consumers such as reduced environmental cost.  Liberalisation reduces the 
number of sites that need to be built to offer high quality mobile broadband 
services.  We estimate that by deploying such services with 900 MHz this 
could reduce the total number of 3G sites needed in core areas by 
approximately 10,000 per operator compared to an operator with 2100 MHz.  

Ofcom’s policy objective 

A5.10 Ofcom is required to implement the RSC Decision liberalising the use of the 
900 MHz and 1800 MHz bands to allow 3G (UMTS) and potentially other 

                                                 
65 http://www.ofcom.org.uk/consult/condocs/ddr/mktresearch/  
66 NPV operating and capital expenditure, 20 years from 2009/10, social discount rate of 3.5% 
67 NPV operating and capital expenditure, 20 years from 2009/10, social discount rate of 3.5% 
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services. Ofcom has carried out its consideration of the feasible options for 
implementing the RSC Decision within the framework of its statutory duties 
and other obligations.  In particular Ofcom considers that the following duties 
are most relevant to its decision of how to implement the RSC Decision: 

• Ofcom’s duty to promote competition, investment and innovation; 

• Ofcom’s duty to secure the optimal and efficient management and use of 
the electro-magnetic spectrum; 

• Ofcom’s duty to act in a way that is transparent, proportionate and non-
discriminatory. 

A5.11 Since the RSC Decision requires Ofcom to liberalise 900 MHz and 1800 
MHz spectrum within a reasonable time period, the option of making no 
change has not been considered. Consequently, Ofcom examined the 
potential options for implementing the RSC Decision and identified the 
following four options which encapsulate the main alternatives:  

• Liberalisation of the 900 MHz  and 1800 MHz   frequencies in the hands of 
the incumbent licence holders, through variation of the existing 2G 
Licences. 

• Liberalisation of the 900 MHz  and 1800MHz frequencies in the hands of 
the incumbent licence holders PLUS a regulated roaming obligation. 

• Release by incumbent licence holders of parts of their 900 MHz 
/1800MHz frequencies through licence revocation and auction of the 
released frequencies. 

• Full release by incumbent licence holders of all of their current 900 MHz  
and 1800MHz frequencies through licence revocation and auction of the 
released frequencies. 

Analysis of the different options  

A5.12 In this section we summarise the analysis of the costs and benefits of the 
four options that was carried out in the main body of the report in order to 
focus the assessment of the options better. It is important to note that both 
the quantitative and qualitative analysis of the costs and benefits have to 
take into account uncertainty. Estimates of costs and benefits each have 
their own particular simplifying assumptions, and generally we have made 
greater simplifying assumptions to estimate benefits than costs. 

A5.13 Equally important are the uncertainties which affect both costs and benefits 
and chief amongst these is the uncertainty over the potential future demand 
for mobile broadband services. To aid our examination of the benefits and 
costs of various policy options we have created three demand scenarios as 
defined below.  

• Low – Mobile broadband services develop slowly and consumers’ 
sensitivity to differences in 3G quality is no more important than it is today; 
i.e. as long as quality is above a minimum acceptable level, other factors 
such as price are likely to be more important in choosing a supplier. 
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• Medium – Mobile broadband services are assumed to grow more strongly 
and those consumers who make significant use of these services are 
sensitive to quality differences in 3G. However, there are also a 
considerable number of users who use mobile broadband services much 
less frequently and are therefore less sensitive to differences in the quality 
of 3G services. Hence, even if operators do not match the quality provided 
by the market leader they will still be able to target some groups of users. 
However competition in the provision of mobile broadband services will be 
reduced.  

• High – Mobile broadband services become an important service for the 
majority of users and the quality of their provision must be good enough or 
users will switch provider. Operators must be able to match the quality 
provided by the market leader in order to retain market share. 

A5.14 Faced with these uncertainties, our approach has been to assess the 
balance of risks for each option on the basis of how the qualitative and 
quantitative assessments vary with the demand scenarios. 

A5.15 Within these three broad groups there are several useful distinctions 
between sub-groups.  For example, rural consumers in particular stand to 
benefit from liberalisation through greater access to 3G services that are not 
currently provided in their area.  Another distinction is between mobile 
operators. Different options could have different consequences for mobile 
operators, depending upon the spectrum they hold. 

A5.16 The tables below outline the principal costs and benefits for each broad 
policy option, along with an analysis of how these costs and benefits change 
in relation to whether demand for mobile broadband services is low, medium 
or high. 

  Option A: Liberalisation in the hands of incumbents 

Liberalisation achieved on the shortest possible timescale.  Benefiting 
consumers and those mobile operators which gain access to liberalised 

spectrum.
Liberalisation promotes some savings in resource cost.  Benefiting society 

and those mobile operators with access to liberalised spectrum. Our 
conservative estimate is £1.25 billion68 per operator with access to 900MHz. 

For 1800 MHz, we estimate a theoretical cost advantage of about £500 
million69. However this cost advantage is unlikely to be realised in practice 

because our research suggests that equipment may not be available for 3G 
networks at 1800 MHz and if it were, it is likely that it would be significantly 

higher in cost than for other frequencies.

Benefits  

Liberalisation achieved with minimum risk to customer disruption.  
Benefiting consumers and those mobile operators which gain access to 

liberalised spectrum. However, benefits may be limited if access to 900 
MHz remains limited to the two incumbents. Ofcom’s initial view is that there 

is a risk that wider access to 900 MHz cannot be achieved through the 
market. 

                                                 
68 Sum of cost advantage from having access to one block of 900 MHz spectrum in core and 
non-core areas (i.e. total UK). NPV operating and capital expenditure, 20 years from 2009/10, 
social discount rate of 3.5% 
69Cost advantage for core and non-core areas. NPV operating and capital expenditure, 20 
years from 2009/10, social discount rate of 3.5% 
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If access to 900 MHz is limited there is a significant risk of insufficient 
promotion of competition which will limit the benefits of liberalisation. 

An upper bound estimate of the static competition effect is to assume that 
providers without 900 MHz would exit the market. Although there would be 
three existing mobile operators without access to 900 MHz spectrum under 

this Option, the potential impact on competition is difficult to predict. However, 
as an illustration of the potential scale of the adverse effects, a reduction in 

the number of operators from five to four would reduce total welfare by 
£1.1bn70. Dynamic efficiency effects are more difficult to quantify, however we 

have estimated, based on a simplified model of innovation, that innovation 
benefits in the order of £500 million71 could be at risk. These costs fall on 

consumers, mobile operators without access to 900 MHz, potential entrants, 
and society.

If access to 900 MHz is limited, there is also a risk of increased resource 
costs and inefficient use of spectrum which will limit the benefits of 

liberalisation if mobile operators use non-900 MHz spectrum instead of 900 
MHz spectrum. Increased resource costs might be nearly £4bn, as there are 

three existing mobile operators without access to 900 MHz and our 
conservative estimate of the cost advantage is £1.25 billion per operator. This 

cost falls on society because operators without access to 900 MHz incur 
higher resource costs in extending their 3G networks (or rolling out new 

networks in the case of new entrants). Note that there is a trade-off between 
this effect and the effect above of insufficient promotion of competition, e.g. at 
the limit, where operators fully match the quality of those 900 MHz operators, 

there would be no competition effect

Costs The costs of this option are likely to be very low, since this is a very light touch 
means of implementing the RSC Decision. To the extent that GSM traffic 

needs to be cleared from 900 or 1800 MHz spectrum before it can be used for 
3G or other services, incumbent operators will incur costs in clearing 

spectrum.

Sensitivity In the low demand scenario, both the benefits and costs of liberalisation in the 
hands of the incumbents are likely to be low. However if the growth of mobile 

broadband demand is high, the cost are unlikely to change and the benefits 
(which accrue to a restricted set of operators and customers) may increase 

but are likely to be remain relatively limited and accrue to just the two holders 
of 900 MHz spectrum. However, if access to 900 MHz spectrum were wider 
than that which this option is likely to secure, benefits could be considerably 
higher in the high demand scenario. For example, in our sensitivity analysis, 

we estimate that the cost advantage of 900 MHz over 2100 MHz could 
increase to £4 billion72 per operator, assuming a high level of adoption for 

mobile broadband services.
 

Option B: Liberalisation with regulated roaming 

Liberalisation achieved on a reasonable timescale, subject to determining 
appropriate roaming agreements.  Benefiting consumers, mobile operators 

and society.

Benefits  

Liberalisation promotes savings in resource cost, due to use of lower 
frequency spectrum and any spectrum efficiencies in carrying multiple 

operator traffic on one or two incumbent networks.  Benefiting society, mobile 
operators with access to liberalised spectrum, either directly or through 

                                                 
70 NPV over 20 years, at a social discount rate of 3.5% 
71 NPV over 20 years, at a social discount rate of 3.5%. This figure is particularly sensitive to 
the input assumptions and could be significantly smaller or larger 
72 NPV operating and capital expenditure, 20 years from 2009/10, social discount rate of 3.5% 
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roaming 

Liberalisation achieved with limited risk to customer disruption.  Benefiting 
consumers and mobile operators.

Likely to promote greater competition than Option A by allowing operators 
which do not hold 900 MHz spectrum access as roaming operators.

Liberalisation benefits are unlikely to be greater than Option A for 1800 MHz 
since this is likely to lead to a competitive and efficient outcome, and we 

would also expect the market to promote efficient spectrum use either through 
trading or commercial roaming. 

 
Risk of insufficient promotion of competition primarily due to potential lack 
of network and/or end-to-end competition leading to losses in innovation and 

deployment of new services (dynamic inefficiency). Moreover, there is also 
the potential for regulatory failure in specifying roaming services and prices 

accurately. These costs fall on all consumers, mobile operators without 
access to 900 MHz, potential entrants, and society. In addition, the potential 

administrative costs for Ofcom and the operators could be relatively high. 
Our analysis suggests that the potential competitive advantages of holding 

1800 MHz is uncertain and limited at best, therefore a policy of regulated 
roaming with respect to networks at 1800 MHz is unlikely to promote further 

competition than Option A.

Costs 

Risk of inefficient use of spectrum because incumbent 900 MHz operators 
would have disincentives for network expansion - (their competitors would 

share in the benefits of network expansion). Moreover non-900 MHz 
operators might have different views on optimal network deployment and 
would have limited ability to influence the incumbents. To the extent that 

operators without access to 900 MHz used higher frequency spectrum to 
provide similar quality to incumbent 900 MHz operators, there would be 

increased resource costs. These cost fall on mobile operators without access 
to 900 MHz, including potential entrants, consumers (because coverage and 

quality might be less than otherwise) and society.

Sensitivity In the low demand scenario, the consequences of dynamic inefficiency and 
regulatory failure in specifying roaming agreements may be limited.  However, 
if demand for mobile broadband services increases to our “medium” or “high” 

scenarios then both the benefits and the costs will increase.
 

Option C: Liberalisation with partial spectrum release 

Promotes competition because other mobile operators and new entrants are 
given the opportunity to access liberalised 900 MHz spectrum and therefore 
compete effectively in the long term. This benefit accrues to all consumers, 
mobile operators without current access to 900 MHz, potential entrants and 

society.  The advantages of greater competition arise in both the static (lower 
prices and higher output) and dynamic (greater innovation) senses.
With respect to 1800 MHz, this option is unlikely to promote further 

competition compared to Option A, as our analysis suggests that access to 
1800 MHz is unlikely to bestow a competitive advantage in practice and four 

mobile operators currently have access to spectrum at 1800 MHz.

Benefits 

Promotes reduction in resource costs and efficient use of spectrum 
because released 900 MHz spectrum may be put to a more valuable use than 
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otherwise due to the cost advantages of lower frequency spectrum (with a 
conservative estimate of £1.25 billion73 per operator).  Benefits accrue to 

mobile operators without access to 900 MHz, potential entrants and society.
With respect to 1800 MHz, this option is unlikely to promote further efficiency 

than Option A, since our analysis suggests that that the cost advantage of 
1800 MHz compared to higher frequency spectrum is limited. Moreover, four 

mobile operators currently have access to spectrum at 1800 MHz therefore 
the risk that the market would fail to redistribute spectrum efficiently, were it 

necessary, appears small.
Liberalisation achieved on a reasonable timescale, though possibly not quite 

as fast as Option A.  Benefiting consumers, mobile operators and society.

Holders of 900 and 1800 MHz spectrum could incur costs in releasing 
spectrum if it is still being used to provide 2G services. For example, taking a 

high demand scenario for mobile broadband, we estimate that the cost of 
spectrum release could range from £120 million for one block to £1.4 billion 

for 4 blocks74.
Potential for short term risk of customer disruption as operators that are 

releasing spectrum re-engineer their networks. This cost would fall on mobile 
operators that currently hold 900 MHz spectrum, and their customers.

Similar risk of customer disruption for operators using 1800 MHz spectrum 
were they also to be required to release spectrum.

Costs 

Small risk of offsetting inefficient use of spectrum as wider access to 
liberalised 900 MHz could encourage the construction of more network 
infrastructure than might be socially optimal.  This cost falls on mobile 

operators without access to 900 MHz, potential entrants and society. A similar 
risk would apply to 1800MHz

Sensitivity The costs and benefits of Option C are very sensitive to the details of the 
proposals, specifically the amount of spectrum released.  Nevertheless we 

can see that in a low demand scenario the costs of this option are likely to be 
higher than those of options A & B, with the benefits remaining low.  If it 

emerges that the demand for mobile broadband services is medium, then the 
net benefits of Option C could be high, stemming largely from the promotion 

of competition, and thus being captured by consumers and society. If the 
resulting demand level is high then again the benefits could be high, and 

could potentially be either efficiency, or competition benefits. 
 

Option D: Liberalisation with full spectrum release 

Promotes competition as all mobile operators and new entrants are given 
the opportunity to access all liberalised 2G spectrum and therefore compete 

effectively in the long term. This benefit accrues to consumers, mobile 
operators without access to 900 MHz spectrum, potential entrants and 

society. Promotion of competition has advantages that are both static (lower 
prices and higher output) and dynamic (greater innovation).

With respect to 1800 MHz, this option is unlikely to promote further 
competition compared to Option A, as our analysis suggests that access to 

1800 MHz is unlikely to bestow a competitive advantage in practice and four 
mobile operators currently have access to spectrum at 1800 MHz

Benefits 

May promote reduction in resource costs and efficient use of spectrum 
because released 900 MHz spectrum may be put to a more valuable use than 

otherwise due to cost advantages or lower frequency spectrum and are 
therefore able to use it in its most preferred application. However, this is likely 

                                                 
73 Total for core and non-core areas (i.e. total UK). NPV operating and capital expenditure, 20 
years from 2009/10, social discount rate of 3.5% 
74 Upper estimates in high mobile broadband demand scenario. 20 year NPV from date of 
release discounted back to 2007/08, social discount rate of 3.5% 
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to be offset by the need for incumbents to invest in extra 2100 MHz 
infrastructure in order to release all their spectrum, whilst maintaining 2G 

services to existing and future subscribers. Benefits accrue to mobile 
operators without access to 900 MHz, potential entrants and society.

With respect to 1800 MHz, unlikely to promote further efficiency than Option 
A,  since our analysis suggests that that its cost advantages compared to 

higher frequency spectrum are limited. Moreover, four mobile operators 
currently have access to spectrum at 1800 MHz therefore the risk that the 

market would fail to redistribute spectrum efficiently, were it necessary, 
appears small.

 
Liberalisation achieved at an unacceptably high cost of release (clearing 

existing traffic on the spectrum) if full spectrum release occurs in near future, 
e.g. 2010. To the detriment of mobile operators and society.

If full spectrum release is delayed to mitigate the resource costs, the benefits 
of spectrum release will be significantly delayed and the timeframe may not 

be appropriate for implementing the RSC Decision. 
High risk to customer disruption as operators that release spectrum re-

engineer their networks. This cost would fall on mobile operators that currently 
hold either 900 or 1800 MHz spectrum, and their customers.

Costs 

Liberalisation achieved on an unacceptably long timescale, if it is delayed in 
order to reduce the cost of clearing spectrum to a low level. To the detriment 

of consumers, mobile operators and society.

Sensitivity The costs of this option are very high in all scenarios.  The benefits increase 
as the demand for mobile broadband services increases, but the benefits are 

unlikely to exceed those in some variant of Option C, which has lower 
associated costs in all scenarios than this option.

 

A5.17 The previous four tables demonstrate that liberalisation with partial spectrum 
release should be our preferred option for 900 MHz and that liberalisation in 
the hands of the incumbents should be our preferred option for 1800 MHz.  
More detailed proposals involving partial spectrum release of 900 MHz 
should are assessed below. 

Variations on Option C for 900 MHz 

A5.18 The tables below outline those variants of a partial 900 MHz spectrum 
release proposal that our analysis indicates are sub-optimal, and presents 
the boundaries of the set within which we think is the best option.   

 

Option C1: Liberalisation with release of 1 block of 900 MHz 

Limited promotion of competition, in both a static (lower prices and higher 
output) and dynamic (greater innovation) sense, as only one other mobile 

operator or new entrant gets the opportunity to access liberalised 900 MHz 
spectrum and therefore compete effectively in the long term. This benefit 
accrues to all consumers, mobile operators without current access to 900 

MHz, potential entrants, and society.  

Benefits 

Limited reduction in resource costs and promotion of efficient use of 
spectrum as only one mobile operator (in addition to the current holders) has 

access to liberalised 900 MHz spectrum. This limits the amount of 900 MHz 
spectrum that might be put to a more efficient use as a result of spectrum 
release.  This benefit accrues to either a mobile operator without current 

access to 900 MHz, a potential entrant, or society.
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Liberalisation achieved on a reasonable timescale.  Benefiting consumers, 
mobile operators and society.

Liberalisation achieved at a reasonable cost of release estimated at in the 
range £80-120 million75 (in a high demand scenario), and falling on mobile 

operators and society. There is a small risk that this resource cost could be 
higher than predicted if 2G to 3G migration does not happen as quickly as 

expected.
Limited potential for short term risk to customer disruption as operators that 

are releasing spectrum re-engineer their networks. This cost would fall on 
mobile operators that currently hold 900 MHz spectrum, and their customers.

Costs 

Very small risk of offsetting inefficient use of spectrum as wider access to 
liberalised 900 MHz could encourage the construction of more network 

infrastructure than might be socially optimal. This risk is small because only 
three networks using 900 MHz would be enabled under this variation. This 

cost falls on mobile operators without access to 900 MHz, potential entrants 
and society.

 

Option C2: Liberalisation with release of 4 blocks of 900 MHz 

Strong promotion of competition as other mobile operators and new 
entrants are given the opportunity to access liberalised 900 MHz spectrum 

and therefore compete effectively in the long term. This benefit accrues to all 
consumers, mobile operators without access to 900 MHz, potential entrants 

and society.  Competition would be promoted in both the both static (lower 
prices and higher output) and the dynamic (greater innovation) sense.

Benefits 

Strong promotion of reductions in resource costs and efficient use of 
spectrum as more mobile operators have access to liberalised 900 MHz 

spectrum and therefore may be able to put the spectrum to a more efficient 
use than otherwise. This benefit accrues to mobile operators without current 

access to 900 MHz, potential entrants and society.
 

Liberalisation achieved at an unacceptably high cost of release estimated in 
the range £0.8-1.4 billion76 (in a high demand scenario) because of the likely 

costs of releasing four blocks.  To the detriment of mobile operators and 
society. There is also a material risk that this resource cost could be higher 

than expected, because the uncertainty over the costs of releases increases 
with the amount of spectrum required to be released.

High risk of customer disruption as operators that release spectrum re-
engineer their networks. This cost would fall on mobile operators that currently 

hold 900 MHz spectrum and their customers.

Costs 

Significant risk of offsetting inefficient use of spectrum because wider 
access to liberalised 900 MHz could encourage the construction of more 

network infrastructure than might be socially optimal. This cost falls on mobile 
operators without access to 900 MHz, potential entrants and society.

 

 

Option C3: Liberalisation with release of 2 or 3 blocks in 2010  
 

Benefits Strong promotion of competition as other mobile operators and new 
entrants are given the opportunity to access liberalised 900 MHz spectrum 

                                                 
75 20 year NPV from date of release discounted back to 2007/08, social discount rate of 3.5% 
76 20 year NPV from date of release discounted back to 2007/08, social discount rate of 3.5% 
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and therefore compete effectively in the long term. This benefit accrues to all 
consumers, mobile operators without current access to 900 MHz, potential 

entrants, and society. Competition would be promoted in both the static (lower 
prices and higher output) and the dynamic (greater innovation) sense.

Strong promotion of reductions in resource costs and efficient use of 
spectrum as more mobile operators have access to liberalised 900 MHz 

spectrum and therefore may be able to put the spectrum to a more efficient 
use than otherwise. This benefit accrues to mobile operators without current 

access to 900 MHz, potential entrants and society. 
Liberalisation achieved on a reasonable timescale. Benefiting consumers, 

mobile operators and society.
 

Liberalisation achieved at the reasonable cost of release, estimated in the 
range £130 -170 million for 2 blocks and £480-770 million for 3 blocks77 (in 

both cases in a high demand scenario).  Benefiting society and mobile 
operators. There is a risk that this resource cost could be higher than 

predicted if 2G to 3G migration does not happen as quickly as expected.
Potential for short term risk to customer disruption as operators that are 

releasing spectrum re-engineer their networks. This cost would fall on mobile 
operators that currently hold 900 MHz spectrum, and their customers.

Costs 

Small risk of offsetting inefficient use of spectrum because wider access to 
liberalised 900 MHz could encourage the construction of more network 

infrastructure than might be socially optimal. This cost falls on mobile 
operators without access to 900 MHz, potential entrants and society.

 

A5.19 Our initial analysis suggests that the best of the three variations on Option C 
considered above is Option C3, i.e. the release of two or three blocks of 900 
MHz in 2010.  While Option C1, the release of one block of 900 MHz 
spectrum has a positive net benefit, Option C3 (release of two or three 
blocks) seems significantly better.  

A5.20 In particular, under Option C3, the additional benefits from releasing two 
blocks seem highly likely to outweigh the additional costs. There is a risk 
that mobile broadband demand does not materialise, but the potential costs 
that could be incurred appear small compared to the potential benefits that 
could be gained if demand does materialise. The analysis for three blocks is 
more finely balanced and there is greater uncertainty over costs. However, 
releasing three blocks may be justified if the potential gain in competitive 
intensity over releasing two blocks is large enough. Releasing three blocks 
would also allow the current level of competition to be maintained. 

A5.21 Option C2 could bring further benefits, but the additional benefits are likely to 
be smaller than in the other options and the additional costs could be very 
significant. Ofcom believes, therefore, that the additional benefits of Option 
C2 are very unlikely to exceed the additional costs. 

                                                 
77 20 year NPV from date of release discounted back to 2007/08, social discount rate of 3.5% 
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Annex 6 

6 Modelling the effects of frequency on 
provision of 3G services 
Scope 

A6.1 This Annex and the subsequent two Annexes consider the technical issues 
involved in providing mobile broadband services using 3G technology at 
various frequency bands and explain how we have captured the impact of 
these technical issues upon the cost of deploying 3G networks.  

A6.2 In order to understand better the practical effects of different frequency 
bands, Ofcom has undertaken a detailed study of the technical impact of 
deploying networks in the 900, 1800 and 2100 MHz bands to provide 
equivalent mobile broadband services in these frequency bands using 
macrocells78, and has assessed the resulting impact of these technical 
differences on network costs.  

A6.3 The analysis separately considered the technical impact of frequency in both 
‘densely populated’ and ‘less densely populated’ areas, since the 
motivations and requirements for coverage in these areas are different.  

A6.4 2100 MHz 3G operators have an obligation under their current licences to 
cover 80% of the population. Compliance with this obligation is judged 
based on a definition of basic outdoor coverage79. In this analysis 3G 
operators are assumed to have provided at least this level of coverage using 
their 2100 MHz spectrum before liberalisation takes place. From this starting 
point, operators may choose to increase the extent of coverage (in less 
densely populated areas) and/or increase the depth of their existing 
coverage (in more densely populated areas). 

A6.5 In less densely populated areas of the country, the primary aim of further 
investment is assumed to be increasing the extent of basic outdoor 
coverage. The costs associated with extending the population covered by 
3G networks beyond 80% are examined in Annex 7. 

A6.6 In densely populated areas further network deployments would serve to 
deepen coverage, increasing the penetration into buildings. They would also 
increase the capacity of the network to provide mobile broadband services 
to a large population of users. These areas represent the ‘core’ of operator 
coverage. The associated costs of this type of network deployment are 
examined in Annex 8.  

A6.7 These core areas are already covered to some level by 3G networks 
operating in the 2100 MHz band, but there are currently limits on the depth 
of coverage (the extent to which the networks provide reliable coverage 
inside buildings) and on the capacity (the ability to provide high-quality 

                                                 
78 Macrocells are base stations operating on sites with antennas at or above the prevailing 
height of nearby buildings. They are the main means via which mobile operators provide wide 
area coverage. 
79 http://www.ofcom.org.uk/consult/condocs/3g_rollout 
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mobile broadband services to large populations of users). For example, in 
the case of coverage inside buildings, existing (2100 MHz) 3G voice 
coverage is currently poorer than 2G voice coverage. 

A6.8 Annex 8 also contains a discussion of the extent to which infrastructure 
topologies other than macrocells may be used in densely populated areas 
and the potential impact on the cost differences indicated in the technical 
study.  

A6.9 This Annex is structured as follows: 

6.9.1 A discussion of the nature of radio frequency characteristics. 

6.9.2 A discussion of the nature of 3G technology and how it responds to 
the differing radio frequency characteristics experienced at various 
frequency bands, contrasted with the equivalent effects for 2G. This 
includes a largely theoretical discussion of the expected effects of 
frequency on provision of 3G services. 

6.9.3 A description of the general study methodology adopted in Annex 7 
and Annex 8. 

6.9.4 A description of assumptions made which are common between 
both pieces of analysis. 

Nature of radio frequency characteristics 

A6.10 This section and the next indicate the technical background and reasoning 
behind the findings described in chapter five, relating to the expected 
differences between the suitability of different frequency bands for providing 
mobile broadband services. 

A6.11 When a signal is transmitted towards a receiver it will experience attenuation 
as it propagates along the path between them. This attenuation, or path 
loss, typically increases as the frequency increases. If the signal 
experiences too much loss it will become too low for the receiver to detect it 
and the system will fail to provide a reliable service. 
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A6.12 To determine a system’s performance, two parameters need to be 
calculated 

• Transmission power: the power radiated from the transmitting antenna 

•  Receiver sensitivity: the minimum power that the receiver can detect and 
still reliably decode the transmitted signal.   

The standard engineering approach to calculating the required level of output 
power and the receiver sensitivity is to use a link budget. Link budgets list the 
different system parameters that are required and calculates the maximum 
acceptable path loss by subtracting the receiver sensitivity from the 
maximum transmit power as indicated in Error! Reference source not 
found.. 

 

 
Figure 14: Pictorial representation of path loss 
 
A6.13 Table 15 shows an example 3G link budget. This particular example leads to 

a maximum acceptable path loss of 149 dB for the downlink (from the base 
station to the mobile) and 142 dB for the uplink (from the mobile to the base 
station). The system range is limited by the smaller of these two values 
since two-way operation is needed, and 142 dB is the relevant value in this 
case. 

 
Table 15: Illustrative 3G link budget 

Service UMTS 900 12.2 kbps Voice 
Universal Parameters Parameter  Value   Units 

Environment   Vehicular     
Mobile Velocity   120   km/h 

Service   Speech   12.2kbps 
Carrier Frequency F 900.0   MHz 

Noise Bandwidth B 3.84   MHz 
  

  

Maximum acceptable path loss 

Transmission power 

Receiver sensitivity 
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Value   
Transmitter Parameters  MS BS Units 

Equivalent Isotropic Radiated Power EIRP 48.01 19.47 dBm 

 
Eb/No Calculation 

Signal To Noise Ratio Eb/No 9.21 7.2 dB 

 
Receiver Limits 

Receiver Noise Figure NF 7.0 4.0 dB 
SNR Eb/No 9.2 7.2 dB 

Receiver Thermal Sensitivity Srx -116.9 -121.9 dBm 

  
Receiver Parameters 

Body Loss BL 1.50   dB 

Minimum Required Isotropic Power IPrx -115.4 -136.9 dBm 
 
Interference Calculation 

Load Factor Ioth 50.00 50.00 % 

Total Noise Rise NR 3.01 3.01 dB  
 

Variability Calculation 
Building Penetration Losses BPL 6.00   dB 

Total Variability V 9.24   dB 
          

Link Loss Calculation  
Soft Handover Gain SHO 3.00 3.00 dB 

Vehicle Penetration Loss BPL 3.00 3.00 dB 
Location Variability V 9.24 9.24 dB 

Coverage Target Cov 90.00 90.00 % 
Maximum Acceptable Path Loss for 

Cell Range PL 148.58 141.55 dB 
Pilot Planning Level PPLev -93.54   dB 

 
A6.14 Once the maximum acceptable path loss is known the maximum 

propagation distance between the transmitter and receiver, and hence the 
maximum cell range, can be predicted using a propagation model, chosen to 
be appropriate to the environment between the transmitter and receiver.  

A6.15 Using the same format as the link budget in Table 15 but changing the 
variables for the different technologies and services, a broad estimate of the 
effects of the technology and frequency on cell range can be estimated. 
Assuming a uniform environment, the ratio of the number of sites can also 
be estimated from the cell range as shown in Table 16. These results use 
the ITU-R P.1546 propagation model for rural areas. 
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Table 16: Link budget estimates of the effect of frequency, technology and 
service on the cell range in rural areas 

 

Technology  
 

Service (uplink/downlink) 

 

Cell Range in rural 
environments, km 

Ratio of sites 
required for 
coverage to 

sites required 
for speech 

service at 900 
MHz 

GSM 900  Speech 7.88 1.00 

UMTS 900 Speech 10.40 0.57 

UMTS 900 Data (144 kbps / 384 kbps) 7.01 1.26 

UMTS 2100 Speech 6.74 1.37 

UMTS 2100 Data (144 kbps / 384 kbps) 5.52 2.04 

 

A6.16 The estimates here are purely indicative of the general effects encountered. 
These will receive more detailed attention in later sections. 
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The Nature of 3G Technology 

A6.17 In this discussion, ‘2G’ means specifically GSM technology and ‘3G’ means 
UMTS technology. UMTS is the mobile broadband technology most likely to 
be deployed in the 900 and 1800 MHz frequency bands, which are 
considered for liberalisation in this consultation.  

A6.18 The discussion in this section concerns generic issues of 3G technology 
which will apply to both densely populated and less densely populated 
areas. However, the extent of the effects will vary, with differences between 
the technologies being more acute in the densely populated areas. 

A6.19 The issues affecting coverage and capacity in 3G systems are very different 
from those in 2G. In 2G systems, which use Time Division Multiple Access 
(TDMA) techniques to share spectrum, users are allocated to different 
frequency and time slots which are not reused in immediately adjacent cells. 
As a result, the interference between 2G users is small.  

A6.20 2G coverage is set by the transmit power, propagation losses, and receiver 
performance. These parameters are adjusted by system designers to ensure 
that the uplink and downlink are approximately balanced, achieving a similar 
maximum acceptable path loss and hence a similar range. 

A6.21 2G capacity is set by the numbers of transceivers installed on each site and 
by the impact of interference from surrounding sites. Given sufficient 
spectrum, interference can be largely avoided by appropriate frequency 
planning, distributing channels between cells so as to separate co-channel 
cells by the largest possible path loss. 

A6.22 Thus, the coverage range of a 2G site is essentially constant with the traffic 
it carries and does not change significantly as the network evolves. There 
are some limited exceptions to this independence, including the impact of 
power control and frequency hopping where implemented. However, such 
features are limited in impact and do not affect the general differences 
between 2G and 3G behaviour.  

A6.23 Consequently, 2G coverage and capacity are mostly independent. Initial 
network roll-out costs, providing adequate coverage for service launch, can 
be largely separated from the costs of subsequent capacity upgrades and 
expansion in order to meet rising demand. 

A6.24 3G systems, by contrast, use Code Division Multiple Access (CDMA) 
techniques to allow multiple users within the coverage of a single site to 
share the same radio channel. The signals from multiple users are 
separated in the receivers by appropriate choice of spreading codes, but this 
separation is imperfect due to propagation effects and causes interference 
between users in the same cell. Interference is also present between 
adjacent cells, since operators each have very few distinct frequencies (2 or 
3 in the case of the 2100 MHz FDD band) and need to reuse these on every 
site to achieve full capacity. 

A6.25 As a consequence, increasing the number of users or the data rates from 
each user increases the interference level and consequently reduces the cell 
range. 3G coverage and capacity are therefore inextricably linked, leading to 
a phenomenon known as cell breathing, where the range of a cell varies with 
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time according to the amount of traffic it carries and to the amount carried on 
surrounding cells. Heavily loaded cells and their near neighbours will thus 
develop gaps in coverage which are not apparent at initial network roll-out. 
These gaps are most pronounced inside buildings and in regions of high 
building density, since these are subject to the highest path losses. 

A6.26 In the uplink from the mobile to the base station, the dependence of range 
on the carried traffic (and hence on the required capacity) is relatively small. 
Additional users create extra interference, but they also supply extra 
transmit power to overcome the effects of noise and interference. For light 
traffic loading, typically encountered in the early stages of network roll-out, 
the transmit power of the mobile relative to the noise at the base station sets 
the cell range. This is a coverage-limited condition and is exemplified by the 
left-hand side of Figure 15. 

A6.27 In the downlink from the base station to the mobile, users are each allocated 
a share of a fixed maximum transmit power from the base station.  Users 
encountering a larger path loss (typically further from the base station or 
indoors) are allocated a proportionately higher share of the available power, 
so delivering roughly equal service quality to all users. Thus increasing the 
total number of users, or increasing the proportion of users inside buildings 
suffering high path losses, decreases the maximum range available.  

A6.28 In addition, the downlink signals from each user cause some interference to 
other users in the same cell because multipath propagation effects degrade 
the properties of the spreading codes used.  

A6.29 The combination of limited transmit power and interference between users 
produces a downlink range which diminishes rapidly with increasing load. 
Once the downlink range is lower than the uplink range, the cell is in a 
capacity-limited condition. The cell radius continues to shrink as the load is 
increased towards an ultimate capacity limit, known as the pole capacity, as 
exemplified by the right-hand side of Figure 15. 



Application of spectrum liberalisation and trading to the mobile sector 

176 

Users per cell

C
ov

er
ag

e 
ra

di
us

 p
er

 c
el

l s
ite

Pole 
capacity

Capacity Limited
(set by downlink)

Coverage Limited 
(set by uplink)

3G downlink

3G uplink

Effect of increasing 
maximum uplink 

data rate
Effect of increasing 
maximum downlink 

data rate

2G uplink and downlink

Systems must operate 
in the region below 
the relevant uplink 

and downlink curves

 

Figure 15: Illustrative Coverage and Capacity Trade-offs for 3G compared with 
2G 

 
A6.30 The downlink-limited range is strongly affected by the amount of spectrum 

available, since spreading the users across multiple carriers reduces the 
interference between users and increases the total available power for 
serving those users. The uplink range, by contrast, is only weakly affected 
by the amount of spectrum available. The balance between these two cases 
depends in detail on the scenario studied and is investigated in Annex 8. 

A6.31 When the load on a cell is close to the pole capacity, the system is very 
sensitive to variations in capacity demands and may lead to unstable 
operation. As a result the network is typically operated at a maximum load 
which is no greater than around 80% of pole capacity. 

A6.32 High data rates require a large proportion of code resources and 
consequently require extra power to deliver acceptable signal quality. Even 
without heavy loading, higher data rates are typically available over a more 
limited range because they provide a reduced spreading gain, the ratio of 
the bit rate to the (fixed) signal bandwidth available. This is illustrated by the 
small arrows in Figure 15. 

A6.33 Thus, as the number of users or the data rates offered increase, more sites 
must be built to fill the coverage gaps produced by cell breathing and to 
spread the traffic loading amongst enough cells to avoid exceeding the pole 
capacity. 

A6.34 The effects described are encountered at any frequency. However, higher 
frequencies generally encounter greater radio wave propagation losses than 
lower frequencies, and this difference is greatest in built-up areas. The 
power required to serve users at a given distance and service level is 
therefore greatest at highest frequencies. Practical limits on transmit powers, 
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including battery life, radiofrequency exposure limits and heat dissipation, 
mean that the power cannot simply be increased to overcome these losses, 
and extra base station sites are required. Similarly, increasing the amount of 
spectrum available at a given frequency does not remove the frequency 
dependency, particularly in the uplink where the coverage is limited by the 
mobile transmit power.  

A6.35 For very high levels of traffic loading, the number of sites required to serve 
an area will eventually become dominated by the maximum capacity 
available from a given site rather than by its coverage. The differences 
between frequency bands will then diminish. However, this is only expected 
to occur once complete coverage is provided to all required areas, such as 
very deep inside buildings, and may require an impractically high density of 
cell sites.  

A6.36 A high-frequency operator may be able to reduce the impact of downlink 
loading by access to a large quantity of spectrum, but this will not remove 
the limitations on uplink range or on the maximum range available for a 
given data rate at low loading. Thus 900 MHz spectrum cannot be directly 
substituted by spectrum at significantly higher frequencies, even with 
unequal quantities available. 

A6.37 Overall, then, there are three interrelated dimensions of service provision for 
3G systems: 

• The density of users requiring service 

• The type of service, particularly the maximum data rate which is offered 

• The propagation losses 

An increase in any of these three dimensions limits the availability of the 
others for a given number of sites. If operators with access to higher 
frequencies wish to provide the same services to the same density of users 
as those at lower frequencies, they will require more sites in order to 
compensate for the increased propagation losses. Alternatively, for the 
same number of sites, higher frequency operators will be limited to providing 
services to a smaller number of users, or services at lower data rates.  

A6.38 In this section we have considered 3G technologies specifically. However, it 
is expected that other modern mobile broadband technologies will exhibit 
behaviour which is more similar to 3G than to 2G. Such systems have in 
common the use of advanced adaptive techniques to maximise spectrum 
efficiency. They adjust their parameters to the propagation conditions 
encountered by individual users at a given moment, rather than across the 
system as a whole in average conditions. Such technologies all exhibit an 
increased sensitivity to variations in the propagation conditions, and produce 
a trade-off between coverage and capacity. This behaviour includes, but is 
not limited to, systems such as Mobile WiMAX, which use adaptive 
techniques such as smart antennas and adaptive modulation and coding. 

Approach to Technical Studies 

A6.39 The previous section has indicated in qualitative terms the expected 
differences between different frequency bands when used for 3G (and 
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similar) technologies. However, the extent and significance of these effects 
depends on a complex mix of factors. In order to quantify the cost 
differences between operators at different frequency bands, a detailed 
modelling study has been undertaken with the following objectives: 

6.39.1 To determine macrocell infrastructure cost differences (including 
capital and operational expenditure) for constant 3G service quality 
for operators with access to each of the 900, 1800 and 2100 MHz 
frequency bands. 

6.39.2 To provide a credible basis for cost analysis via the level of planning 
detail which might be applied by a mobile operator in practice. 

A6.40 The general approach adopted for the study is illustrated in Figure 16. 
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Figure 16: Overview of study methodology 
A6.41 The steps in the study process were as follows: 

6.41.1 A model of the cost of sites was created, in order to assign a long-
term value to the capital and operational expenditure incurred per 
site for a 3G operator.  

6.41.2 The technical parameters of the services considered are selected. 
These include the values of the various link budget parameters 
illustrated in Table 15 and an appropriate propagation model for the 
environments considered. 

6.41.3 The technical parameters are then used as inputs to a series of 
detailed studies of some sample areas, chosen to illustrate the 
relevant environments. The output of these studies is an estimate of 
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the number of sites needed to provide a constant level of service 
quality (coverage, capacity and data rate) as the operating 
frequency varies. 

6.41.4 In completing this work, three distinct analysis techniques are used, 
as appropriate to the scenario examined: 

o A link budget analysis, similar to that illustrated in Table 15. 

o A radio planning exercise, in which detailed data representing the 
environmental characteristics is used to select sites to adequately 
cover the area while keeping path loss sufficiently low. This is similar to 
the process used generally by operators to plan their networks, but 
does not explicitly consider the system capacity. It is used as the main 
basis for comparisons in the less densely populated areas. 

o A detailed simulation of the operation of the 3G system, complemented 
by an automated optimisation process to design a network which 
meets the required level of service quality while minimising cost. This is 
used as the basis for the comparisons in the densely populated areas. 

6.41.5 The number of sites required to provide service in the selected 
sample areas is then scaled to the whole of the UK with regard to 
the types of environment and population density, producing an 
estimate of the total sites needed to provide the desired service 
areas across the UK.  

6.41.6 The required site numbers are then multiplied by the applicable site 
costs to produce an overall cost estimate. The difference between 
these estimates for different frequencies indicates the additional 
value inherent in differing spectrum with respect to the provision of 
mobile broadband services, subject to the stated assumptions. 

Common Assumptions 

A6.42 Some assumptions which are generic to the analysis of both densely and 
less densely populated areas are described here. The specific assumptions 
are contained in Annex 7 and Annex 8. 

A6.43 In both Annex 7 and Annex 8 the differing propagation characteristics of 
radio waves in different environments are represented via a series of 
geotypes (also known as clutter types). These include environment types 
such as urban, suburban, rural etc. Geotypes are also used to represent 
population or traffic density. Details of the geotypes used are contained 
within Annexes 7 and 8.  

A6.44 At all frequencies the amount of available spectrum was assumed to be two 
UMTS FDD carriers per operator (i.e. 2 x 2 x 5 MHz). This allows 
comparison of the impact of frequency alone. In the case of an operator with 
only one carrier at a low frequency and others at higher frequencies, broadly 
similar results would be expected, since the lower frequency could be used 
for wide area coverage and the higher for local peaks of traffic. However, the 
availability of more spectrum will reduce the cell loading. The sensitivity of 
the outcomes to this assumption in densely populated areas is examined in 
Annex 8.  
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A6.45 Operators were assumed to create a network which provided continuous 
coverage using the lowest frequency spectrum they hold. Thus, existing 
2100 MHz roll-out does not contribute to the required network except in the 
case of an operator with access to 2100 MHz only. This approach is 
considered reasonable as a basis for managing traffic with one layer 
providing a base layer for continuous coverage, although there may be an 
interim period where operators use a combination of networks to provide 
coverage continuity before upgrades are completed.   

A6.46 The ‘per site’ costs were assumed not to vary with the number of sites 
required or with the frequency band deployed.  Sites are further assumed to 
each support three sectors with two FDD carriers each. The costs 
considered included the costs of acquiring and constructing the site, base 
station equipment, backhaul equipment and the operation and maintenance 
of the site.  

A6.47 In arriving at our estimates for the cost of adding sites to a network we have 
been provided information by the operators.  This information gives us a 
range of capex estimates for new sites and upgrades.  The operators were 
only able to provide quite limited information on opex levels, hence in order 
to arrive an estimate of total unit cost we have applied an assumed 10% 
opex proportion which we think is reasonable based on the information 
operators have been able to provide and further information provided by 
external experts.  

A6.48 The site cost numbers used in the analysis are based on low, mid and high 
points of the range indicated by the operators estimates, with the mid point 
used as our base case.  This mid point consists of an initial capital cost of a 
new site of £105,000 and £45,000 for an upgraded site. 

A6.49 In order to derive 20 year lifetime cost estimates we have applied cost 
trends of 2.5% and -7.5% for labour driven and equipment driven costs 
respectively.  Where the 2.5% trend reflects trends in real economic growth 
and the -7.5% is a broad indication of the fall in equipment prices overtime.  

A6.50 We have validated that our range of site costs numbers are reasonable by 
cross-checking them with work completed by external experts, which has 
taken a more bottom-up approach to estimating site costs and forecasting 
these forward over a 20 year period. This evidence supports the range of 
cost estimates derived using the operator information.80 

A6.51 The results are reproduced using a discount rate for society of 3.5%81 and a 
commercial discount rate for operators of 11.5% as shown in  Table 17: 

                                                 
80 Another potential source of this information is that contained in the Mobile Call Termination 
(MCT) model.  However, this information is less well-suited because the MCT model was built 
to examine a much broader set of network assets for the purpose of setting a charge for call 
termination.  Whilst the MCT model has been calibrated using operator accounting data at the 
level of total network costs, it has not been calibrated at an individual asset level.  Therefore, 
cost information in the MCT model is robust at the total network level, but is less suited to 
analysis at increased levels of disaggregation, such as estimating site costs.  Ofcom believes 
that it is more appropriate to use the specific site cost information provided by operators and 
external consultants. 
81 http://greenbook.treasury.gov.uk/annex06.htm 
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Table 17:  Site Costs for each deployment date, discounted to 2007/0882  

Discount Rate Initial deployment date of 
site: 

2009-10 2010-11 2011-12 2012-13 2013-14 

NPV for new sites built in 
year (£000) 240 230 220 210 200 

Social  

NPV for sites upgraded 
in year (£000) 75 65 60 55 50 

NPV for new sites built in 
year (£000) 140 125 110 100 90 

Commercial 

NPV for sites upgraded 
in year (£000) 50 40 35 25 25 

 

A6.52 For the purpose of cost analysis, Annex 7 assumes that sites are deployed 
over a three year period, starting in 2009 or 2011, while Annex 8 assumes 
sites are deployed over three, four or five years, according to the level of 
service adoption. The different deployment scenarios used in the two 
annexes are shown in Table 18. In addition, the deployment scenarios used 
in Annex 8 are illustrated in Figure 17. 

                                                 
82 In this table, new site costs are rounded to the nearest £10,000 and upgrade costs are 
rounded to the nearest £5,000. 
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Table 18:  Site deployment profiles 

Percentage of sites deployed in each year 2009-10 2010-11 2011-12 2012-13 2013-14 

Low Adoption in Densely Populated  Areas  

 & Less Densely Populated Areas (base case) 

30% 50% 20% - - 

Less Densely Populated  Areas (late 
deployment case) 

- - 30% 50% 20% 

Medium Adoption in Densely Populated Areas 22% 33% 35% 10% - 

High Adoption in Densely Populated Areas 18% 22% 30% 18% 12% 

 

 

Figure 17: Site deployment profiles 
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Annex 7 

7 Effects of frequency on provision of 3G 
services in less densely populated 
areas 
Study Objectives 

A7.1 This annex examines the relative costs of providing 3G services at different 
frequencies in less densely populated areas. It does so by describing the 
results of a technical study undertaken by Ofcom. 

A7.2 This annex is structured as follows. First we present the scope and 
objectives of the study. We then discuss the methodology and assumptions 
involved. The results of the study are presented by way of a number of 
sensitivities. Finally we summarise and conclude. 

Study objectives and scope 

A7.3 The aim of the study was to gain a greater understanding of the practical 
effects of frequency on the costs of providing 3G services in less densely 
populated areas. 

A7.4 The process of planning and designing a network at any particular frequency 
is complex and time consuming. We have therefore made a number of 
assumptions and simplifications in order to arrive at our results. 
Consequently, the results of the study should be regarded as indicative of 
the direction and likely magnitude of the effects rather than as definitive 
quantifications.  

A7.5 The technical study undertaken had the following objectives: 

• To determine the number of macrocell base stations required to provide 
3G services at 900, 1800 and 2100 MHz. 

• To interpret these differences in number of base stations into a difference 
in cost. 

Study Methodology 

A7.6 The high-level structure of the modelling is illustrated in Figure 18. This 
diagram is presented for 900MHz, although the same process was followed 
for 1800MHz and 2100MHz. The more technical detail is discussed in the 
following paragraphs. 
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Figure 18: Flow diagram for less dense model 
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Methodology overview 

A7.7 Two basic methods can be used to estimate the number of additional base 
stations needed for an operator to extend their 3G network in less densely 
populated areas using 900MHz, 1800MHz or 2100MHz spectrum. 

Method 1: Link budget estimate 

A7.8 The number of base stations needed to cover the area can be calculated by 
dividing the total target coverage area by the effective service area of one 
base station derived from a link budget applicable to each frequency band.   

Method 2: Radio planning estimate 

A7.9 The base station requirement for each frequency band can be estimated by 
conducting radio planning using standard network planning tools in selected 
areas and extending the results to the required population. 

A7.10 This approach can be taken as a starting point for an operator who wishes to 
rollout a network in reality and would give the most accurate estimation. 
However, the time and resources required to carry out such an exercise for 
our purposes on a large scale would be prohibitive. 

Hybrid method 

A7.11 We chose to combine the approaches of Method 1 and 2.   

A7.12 First we used the radio planning approach to investigate the base station 
densities that networks would deploy in different environment types that are 
representative of less densely populated areas (presented later). The 
resulting densities were then multiplied by the relevant areas, in a manner 
similar to that described in the link budget methodology.  
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A7.13 This generates the number of base stations required to serve a given area.  
The relevant costs can be calculated by assuming an upgrade proportion 
and multiplying by the appropriate new build or upgrade cost per site. 

A7.14 In our opinion this approach has allowed us to examine the effects of 
variable propagation characteristics with realistic site placements, whilst 
avoiding the need to conduct a full scale planning exercise. 

A7.15 Inevitably a number of assumptions are made when using this approach. 
The most significant assumption is that the areas to which the planning tools 
are applied are representative of the areas to which we then extrapolate the 
results. 

Defining the area to be served 

A7.16 The 3G Rollout license obligation for the 2100MHz band requires the 
licensees to cover 80% of the UK population by not later than 31 December 
2007. This level was chosen as the lower bound to define the less densely 
populated service area. 

A7.17 Figure 19 shows that 80% of the UK population live in an area of 31,000 km2 
and between 80 to 99% (a further 19%) of the population live in an additional 
area of 137,000km2. This is based on the information given in Table 19. 

 Figure 19: Cumulative population percentage versus UK landmass 
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Table 19: Variation in area by population coverage. 

    Area km2 for percentage of UK population 
Population coverage 80% 90% 95% 99% 100% 
Densely populated area 10,203 10,203 10,203 10,203 10,203 
Less densely populated area 21,136 56,380 94,270 158,221 158,221 
Remote area - - - - 82,510 
Total area 31,345 66,589 104,479 168,430 250,940 
         

Less dense - 35,244 73,134 137,085 137,085 Incremental area 
beyond 80% Remote - - - - 82,510 

 
Conducting the radio planning analysis 

A7.18 Ofcom analysed a sample area to examine the characteristics of networks in 
a typical less densely populated area. The area chosen was around 
Horsham in West Sussex.  

A7.19 A GSM 900 network was analysed within this area by drive testing to find the 
base station footprint and user density levels over the area.  

A7.20 Using the information from the drive testing the areas were re-planned for 
3G using 900 MHz, 1800MHz and 2100MHz spectrum. The resulting base 
station densities were calculated and are reported in Table 20. 

Table 20: Base station densities in less densely populated areas 

Base stations per km2  UMTS 900 UMTS 1800 UMTS2100 
Less densely populated area 0.017 0.027 0.037 
Remote area 0.008 0.013 0.018 

 
Extrapolating to the defined service areas 

A7.21 Using the base station density results above we calculated the number of 
base stations required to cover various population intervals.   

Results and sensitivities 

A7.22 First we present the results in terms of the number of base stations required 
at each frequency. We then translate this into a cost difference between 
frequencies and perform a number of sensitivities. 

A7.23 The number of base stations required for each service area and frequency 
are shown in Figure 20. The dashed line on the figure represents the base 
case result using 900MHz spectrum for extending the 3G network using to 
99% of the UK population.  
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Figure 20: Additional 3G base stations for each service area 
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A7.24 When extending coverage from 80% to 99% the number of 3G base stations 

required using 1800MHz spectrum is 60% greater than the number needed 
for 900MHz spectrum, whilst the number of 3G base stations required using 
2100MHz spectrum is 120% greater than the number needed for 900MHz 
spectrum. This proportional pattern scales for each coverage target 
selected.  

Cost advantage results 

A7.25 In translating a difference in number of sites to a cost difference a number of 
additional assumptions must be made. These concern the time over which 
the extension occurs and the cost of additional sites. Here we discuss these 
necessary assumptions and then present the results. 

A7.26 It is assumed that a 3G operator with current population coverage levels of 
80% extends their coverage to 99% of the population over 3 years. Such an 
extension is shown in Table 21. 

Table 21: Timescale for a 3G mobile operator to extend their network coverage 

Years 
 

2007/8 2008/9 2009/10 2010/11 2011/12 

Rollout profile for Less 
Densely Populated Areas 
(Base case) 

  30% 50% 20% 

Percentage coverage 
achieved 80% 80% 85.7% 95.2% 99% 

 

A7.27 In our central estimate, we have that assumed 85% of the new 3G base 
stations needed can be found from existing sites (for example upgrading 
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GSM sites) and that the cost of new and upgraded sites are as described in 
Annex 6. The costs presented in Annex 6 are 20 year NPVs (net present 
value) that include the capital and operating costs associated with adding 
sites to a network. We also assume that the equipment costs are the same 
at each frequency band. 

A7.28 These costs have been discounted at the social discount rate of 3.5%. 

A7.29 Table 22 below shows the cost difference for an operator using different 
frequencies to extend their network coverage in less densely populated 
areas from 80 to 99% of the UK population. This is considered as the central 
case for this analysis. 83 

Table 22: Number of sites and cost for coverage extension from 80% to 99% 
population  

 Difference 
900MHz vs 
1800MHz 

Difference 
1800MHz vs 

2100MHz 

Difference 
900MHz vs 
2100MHz 

Additional 
base 
stations 
 

1,400 1,400 2,700 

Additional 
costs 
(£m) 

130 130 250 

 

Sensitivity analysis  

A7.30 This subsection varies some of the major assumptions and input parameters 
that underlie the results presented above. We examine in turn: 

• Extent of network rollout - an operator may choose a different level 
population coverage; 

• Density of network - an operator may deploy a different number of base 
stations per km; 

• Timing of network rollout - an operator may choose a different timescale 
for extending their network; 

• Cost of deploying and maintaining a network - the average costs of 
deploying and maintaining a network may vary, for example due to 
different agreements with suppliers or using different types of base station 
construction. 

                                                 
83 In some cases the totals presented in the right hand columns may not be the sum 
of the rounded totals from the other columns, that is because the roundings have 
been conducted on the unrounded totals to avoid compounding effects. 
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• Proportion of base stations to be upgraded  - an operator may not be able 
to or choose to re-use 85% of existing sites for the additional base 
stations needed to extend their network coverage. 

• The discount rate used – the discount rate used when establishing the 
NPV of costs has an impact upon the results. When assessing cost 
difference from the perspective of society as a whole it is appropriate to 
use the social discount rate of 3.5%. However, when assessing the impact 
of cost difference on decisions made by operators, it is reasonable to use 
the operator discount rate.  

Extent of network coverage 

A7.31 Four population intervals were used, the base case of 80-99%, a lesser roll-
out of 80-95%, and two intervals starting at different coverages, 85-99% and 
90-99%. All other variables were kept constant. Figure 21 shows the 
comparative costs differences between the frequencies. 

Figure 21: Effects of extending 3G coverage for different deployment scenarios 
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A7.32 In the central case of extending coverage to 99% using 900MHz conveys a 
cost saving of £130m over 1800MHz and an even larger cost saving of 
£250m over 2100MHz. 

A7.33 This follows directly from the result seen in Figure 20, where the use of 
1800MHz or 2100MHz rather than 900 MHz required an increase in site 
numbers of 60% and 120% respectively. This pattern is repeated for each 
target coverage level and the proportional differences remain constant.  

Density of network 

A7.34 There are several areas of uncertainty in our estimates of base station 
density. The key sources are: 

• The estimate of the extent of coverage from a single base station - this 
may differ because of the choice of propagation models used within the 



Application of spectrum liberalisation and trading to the mobile sector 

190 

sample areas which may differ from an operator’s choice or because of 
the particular assumptions used when creating link budgets for 3G 
systems; 

• Different assumptions made in the network planning process - the  
operators may make different assumptions in relation to the degree of 
coverage overlap / gaps created in the network planning process; 

• The process of scaling to a national network - the area selected for radio 
planning analysis may not have been representative of the areas we are 
interested in. 

A7.35 By taking into account these uncertainties and variations it is estimated that 
the number of base stations required could be ±30% of the assumed 
number for each frequency considered. This uncertainty affects each 
frequency proportionately. The range of the number of base stations needed 
considering this uncertainty is shown in Figure 22 below. 

Figure 22: Range of additional 3G base stations for service area 

 

Timing of extending the network coverage 

A7.36 The central case assumes that the networks are extended over three years, 
starting in 2009/10.  We also examined an alternative assumption where the 
operators start two years later. 

A7.37 The costs of rollout are lower the later than roll-out occurs because of 
discounting, and the assumed falling price of equipment. This results in the 
cost difference falling slightly from our central case. The difference between 
using 900MHz and 1800MHz is now £120m, whilst the difference between 
900MHz and 2100MHz is now £230m. Again, the proportional differences 
are unaffected. 
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Cost of deploying and maintaining a network 

A7.38 Figure 23 shows the cost differences using the base, low and high sets of 
costs. 

Figure 23: Results of varying the costs of deploying and maintaining a network 
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A7.39 A similar pattern is easily observed. The cost advantage of 900MHz over 
1800MHz ranges from £80m in the low cost scenario, to £180m in the high 
cost scenario. The difference between 900MHz and 2100MHz ranges from 
£160m to £350m. 

Proportion of sites that can be re-used  

A7.40 The cost of expanding 3G networks will vary due to different numbers and 
locations of sites available to re-use for the additional number of 3G base 
stations needed. Our central case assumes that 85% of the base stations 
required at 3G can be obtained by upgrading existing GSM sites. 

A7.41 Assuming lower upgrade proportions means that more of the sites will be 
new builds, which are more expensive than upgrades. Clearly this increases 
the cost differences between the bands, as shown in Table 23. 

Table 23: Cost differences for varying upgrade proportions 
Proportion of 
additional sites 
as upgrades 

900MHz vs 
1800MHz 

1800MHz vs 
2100MHz 

900MHz vs 
2100MHz 

0% 310 310 620  
50% 200 200 410  
70% 160 160 320  
85% 130 130 250  

100% 90 90 190  
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A7.42 The case where upgrade percentages are zero is a useful benchmark as 
this represents the differences in costs without consideration of any existing 
infrastructure. The four existing 2G operators have the option of upgrading 
their GSM sites to UMTS so our central case is likely to be a reasonable 
estimate of the cost differences in their case. H3G, and potential entrants to 
a greater degree, are in a different position so that the central case is likely 
to understate the cost differences in such cases.   

Discount Rate 

A7.43 The calculations performed above have used the social discount rate of 
3.5%. If we change this discount rate to 3%, or 4% the cost differences 
presented increase and decrease by approximately 4% respectively. 

A7.44 If we were to examine the cost differences from the perspective of a 
commercial operator it would be appropriate to use their discount rate.  Our 
estimate of the commercial discount rate is 11.5%. If this rate is applied then 
the central case differences between 900MHz and 1800MHz falls to £70m, 
with 1800MHz to 2100MHz also falling to £70m, giving a 900MHz to 
2100MHz difference of £150m. 

Summary  

A7.45 The results indicate that using 900MHz spectrum to provide 3G services in 
less densely populated areas entails deploying fewer base stations than 
providing similar services at 1800MHz or 2100MHz.  Our central case 
results indicate that using 900MHz 2,300 base stations are required, whilst 
networks using 1800MHz and 2100MHz require 3,700 and 5,000 
respectively.   

A7.46 This amounts to 1800MHz requiring 60% more base stations, whilst 
2100MHz requires 120% more base stations than 900MHz.  This difference 
in number of required base stations results in a lower cost of providing 3G 
services in less densely populated areas using 900MHz.   

A7.47 The magnitude of the cost saving from using 900MHz is dependent upon the 
particular assumptions and input values chosen.  In the base case the cost 
saving of using 900MHz rather than 2100MHz is £250m per operator. The 
modelling also suggests a potential cost saving for use of 1800 MHz over 
2100 MHz of £130m.  However, it should be noted, for reasons explained in 
section 5, that Ofcom does not believe it likely that this could be realised in 
practice.  

 



Application of spectrum liberalisation and trading to the mobile sector 

193 

Annex 8 

8 Effects of frequency on provision of 3G 
services in densely populated areas 
Technical Study of the Effect of Frequency on 3G Infrastructure Costs 

Study Objectives 

A8.1 In order to gain a greater understanding of the practical effects of frequency 
on the costs of providing 3G services in densely populated areas, a detailed 
technical study has been undertaken by Ofcom. In order to make that 
exercise feasible it has been necessary to make some simplifying 
assumptions. Accordingly, the results of the study are regarded as important 
evidence as to the direction and likely magnitude of the effects rather than 
as definitive quantifications.  

A8.2 The technical study had the following objectives: 

• To determine macrocell infrastructure cost differences (including capital 
and operational expenditure) for constant 3G service quality, providing 
good indoor coverage. Services considered include voice and varying 
degrees of mobile broadband services. Operators are assumed to have 
access to spectrum in only one frequency band at 900, 1800 or 2100 
MHz. 

• To provide a credible basis for cost analysis via the level of planning detail 
which might be applied by a mobile operator in practice. In particular to 
include the effects of: 

i) variable radio wave propagation characteristics across a mixture of 
geotypes  

ii) variable user and service density 

iii) mixed bundles of voice and varying levels of data services 

iv) realistic site placements and radio parameters 

v) dynamic processes within 3G, particularly power control and call 
admission control. 

A8.3 Macrocells were chosen for study as these represent the main infrastructure 
cost and the principal means of providing coverage and capacity over wide 
areas. The potential impact of alternative cell types is considered in a later 
section.  

Study Methodology 

A8.4 The study followed the general approach described in Annex 6. This 
involved conducting a detailed 3G simulation and optimisation exercise in a 
built-up area of central London. This area was chosen as it provided an 
example of an area of dense traffic and buildings where the linkage between 
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capacity and coverage in 3G could be examined, while including a wide mix 
of geotypes. Networks were optimised to identify the number of sites 
deployed in order to minimise the cost of achieving given target service 
levels. The site numbers were then scaled on the basis of geotype 
distributions to represent the whole of the operator ‘core’ coverage in the 
UK, defined by the area of 3G coverage deployed to meet the 80% 
population licence obligation at 2100 MHz. This work is thus complementary 
to the analysis in Annex 7, which addresses the costs outside of this area. 

A8.5 Three stages of calculation were used to arrive at the required site numbers: 

i) Propagation prediction using a commercial planning tool84, to establish 
the losses from all existing and potential sites across the area of interest. 
The propagation models used are typical of those which would be used by 
operators. These losses are dependent on the geotypes but independent 
of the site parameters (e.g. antenna types, powers etc.)  

ii) Simulation, using a simulation tool in use by major operators85 to replicate 
the main dynamic processes which occur in a 3G network, including: 

• The random locations and service demands of users 

• The variable power control of both base station and mobile transmitters to 
meet defined quality targets 

• The rejection of users when quality parameters do not meet the defined 
service requirements, due to an insufficiency of signal or an excess of 
interference. 

iii) Optimisation, using a tool in use in real networks86, to change the network 
parameters to deliver given performance goals at minimum cost. 
Parameters altered include base station antenna directions, base station 
pilot channel power and the selection of sites from the existing and 
candidate site databases which are used. The difference in costs between 
new sites and existing sites is taken into account by the optimiser in 
minimising the costs. 

A8.6 Cost in each case was assumed to be determined by the number of existing 
and new sites required to meet the defined performance goals, multiplied by 
a cost for each. The costs applied represented a net present value of site 
capital and operational costs over a twenty-year period.  

A8.7 Services offered to users are modelled in three distinct cases, defined to 
represent differing stages of take-up of mobile data services (see Table 28 
to Table 30 for further detail): 

• Low Adoption: predominantly voice services and initial access to data 
services, but without explicit network design for data coverage or capacity. 
70% of speech traffic occurs inside buildings. 

                                                 
84 The planning tool used is “Atoll”,  produced by Forsk (www.forsk.com).  
85 The simulation tool is “Altaro”, produced by Arieso (www.arieso.com). 
86 The optimisation tool is “Altaro”, produced by Arieso (www.arieso.com). 
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• Medium Adoption: in addition to the level of take-up under the low 
adoption case there is increasing use of mid-rate data services at an 
assumed data rate of 144 kbps in the downlink and 64 kbps in the uplink 
by 30% of users to a total of 10 Mbits per day (downlink). 80% of mid-rate 
data traffic takes place inside buildings. 

• High Adoption: in addition to the level of take-up under the medium 
adoption case, an additional 10% of users adopt mid-rate data services 
and 10% of users make use of high-rate data services at 384 kbps in the 
downlink and 144 kbps in the uplink to a total of 20 Mbits per day 
(downlink) . 90% of high-rate data traffic takes place inside buildings.  

A8.8 In all cases the network was required to provide good quality indoor and 
outdoor coverage. This was defined as: 

• providing coverage (based on a combination of signal level and signal 
quality) over at least 80% of the study area, which naturally, in an urban 
environment, included a significant amount of indoor areas;  and  

• a requirement that at least 95% of users, indoors and out, could access 
the desired voice and data services, as defined by the adoption scenario.  

Modelling Parameters and Assumptions 

A8.9 The area studied was within central/north London. The area was 
represented via a mixture of seven geotypes, varying with a resolution of 
50m. The geotypes considered were: water, open, forest, suburban, open-
in-urban, urban and dense urban. 

A8.10 Geotypes containing buildings constituted 71% of the area and the 
remainder included open and forested areas. The geotype data was used to 
represent both the propagation characteristics of the environment and the 
user density. Two zones were defined: a computation zone of 18 x 18 km 
and a focus zone of 10 x 10 km (Figure 24). Statistics were collected only 
within the focus zone. Sites in the remainder of the computation zone were 
included to ensure that the focus zone was subject to proper boundary 
conditions for interference and coverage purposes and these sites were not 
varied during the optimisation process. 
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Figure 24: Area under study87  

Computation Zone 
(18 x 18 km) 

Focus Zone 
(10 x 10 km) 

 
A8.11 The design process used 79 sites within the focus zone as a basis for 

design. Only macrocell sites were included, consistent with the objectives of 
this study. Additional site locations were defined as potential candidates 
when new sites were required by the optimisation process. In each case the 
site height was chosen to be similar to the site heights in the immediate 
vicinity.  

A8.12 Three sectors were used on each reference site, all using a tri-band (900, 
1800, 2100 MHz) antenna with variable electrical downtilt. In each 
optimisation exercise, the optimiser was permitted to alter antenna vertical 
tilt, antenna azimuth angle and pilot power percentages. The transmit power 
was 20W per carrier. The antenna boresight gain was 16.0 dBi at 900 MHz, 
17.8 dBi at 1800 MHz and 18.3 dBi at 2100 MHz and the horizontal 
beamwidth was approximately 65°. 

A8.13 The outdoor propagation model used to determine the path loss from each 
site was the COST231-Hata model88, as implemented within the planning 
tool used. This model was originally developed based on many 
measurements and has been subject to extensive peer review in the 
academic and industrial community. Mobile network operators typically use 
their own proprietary models, calibrated via measurements, whose 
parameters are not publicly available. However, the models in common use 
for macrocell planning are typically of the same general form as the 
COST231-Hata model. This therefore provides a credible basis for 
comparisons between frequencies. An increase in loss with frequency is a 
common feature of such models, and has a sound physical basis. 

                                                 
87 Map Images © Crown Copyright. All rights reserved. Licensee: Ofcom; Licence No: 
100018047; 2007 
88 COST 231 Final report, Digital Mobile Radio: COST 231 View on the Evolution Towards 
3rd Generation Systems, Commission of the European Communities and COST 
Telecommunications, Brussels, 1999. 
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A8.14 Outdoor propagation loss was also assumed to be subject to a slightly 
increasing standard deviation (location variability) with frequency. This is a 
well-established phenomenon in mobile radio wave propagation. Values 
were estimated from curves provided in Microwave Mobile Communications 
89.  

A8.15 Additional to the outdoor propagation model, in-building users were also 
subjected to a loss which is dependent on the frequency of operation. The 
in-building loss arises from several propagation mechanisms, but 
particularly: 

• Absorption through the walls and windows. The particular loss values are 
highly dependent on the properties of the building materials, but the loss 
through a uniform material with given conductivity and dielectric constant 
always increases with frequency. Plain glass windows exhibit little loss, 
while metallised windows can produce very substantial loss which 
increases rapidly with frequency. 

• Diffraction of signals through apertures such as metal window frames and 
the metal reinforcing structures within walls. Diffraction produces a loss for 
the direct signal which generally decreases with frequency on average, 
but which may also increase over particular frequency ranges due to 
multipath effects. 

The overall variation of in-building penetration loss with frequency is therefore 
a rather complex mixture of several factors. In determining appropriate 
values, the following factors need to be considered: 

• The net loss depends on the mixture of building construction types and 
materials encountered across the coverage area of the network. For 
urban areas, relatively larger proportions of buildings dominated by 
metallised outer walls and windows occur, increasing the contribution from 
absorption effects which increase with frequency. 

• For deeper in-building coverage, the total loss depends increasingly on 
absorption through the internal walls of the building rather than diffraction 
mechanisms, tending to increase the loss with frequency.  

• When diffraction mechanisms do dominate, the regions which are 
‘shadowed’ by window edges exhibit greater losses at higher frequencies. 
This causes an increased signal variability at higher frequencies, which 
has to be accounted for via an increased fade margin, even if the mean 
loss is not larger.  

Overall, the evidence suggests that higher building penetration losses should 
be assumed at higher frequencies. However, the sensitivity of the results to 
this assumption is examined in section A8.37. 

A8.16 To combine the various propagation issues described in sections A8.13 to 
A8.15, the simulations assumed that a 90% coverage confidence was 
appropriate, and that each of the large-scale propagation effects was 
statistically independent. Assuming lognormal statistics, this produces a 
confidence factor of 1.3 which is multiplied by the total variability to yield the 

                                                 
89 “Microwave Mobile Communications”, ed. W.C. Jakes, IEEE Press, 1974. 
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overall fade margin, consistent with standard practice in such 
calculations90.The result is the following: 

Table 24:  Calculation of fade margins  
Frequency Band: 900 MHz 1800 MHz 2100 MHz Unit 

Mean building penetration loss 10.0 12.0 13.0 dB 
Variability of building  penetration loss 6.0 6.0 6.0 dB 
Outdoor location variability 7.0 7.9 8.1 dB 
Total variability for indoors 9.2 9.9 10.1 dB 
Confidence factor 1.3 1.3 1.3 none 
Fade margin for indoors 21.8 24.7 25.9 dB 
Fade margin for outdoors 9.0 10.1 10.4 dB 

 

A8.17 Combining the indoor fade margins with the COST-231 Hata outdoor 
propagation loss and the base station antenna gain, 1800 MHz experiences 
11.3 dB greater loss than 900 MHz, while 2100 MHz experiences 14.2 dB 
greater loss, arising from the outdoor propagation model and the increased 
location variability. Assuming a maximum acceptable path loss of 150 dB 
minus the fade margin, this would produce a cell radius of 1.25 km at 900 
MHz, 1 km at 1800 MHz and 0.94 km at 2100 MHz. In a uniform 
environment, this would require 57% more sites at 1800 MHz and 78% more 
sites at 2100 MHz compared with 900 MHz. This initial theoretical 
calculation supports the discussion of the expected impact of frequency in 
Annex 6.  

A8.18 Available spectrum was assumed equal at two carriers per operator. This 
allows determination of the pure effect of frequency, rather than quantity, of 
spectrum. In the case of an operator with only one carrier at a low frequency 
and others at higher frequencies, broadly similar results would be expected, 
since the lower frequency could be used for wide area coverage and the 
higher for local peaks of traffic. However, the availability of more spectrum 
will reduce the cell loading. The sensitivity of the outcomes to the quantity of 
spectrum is examined in A8.33.  

A8.19 Operators were assumed to create a network which provided continuous 
coverage using the lowest frequency spectrum they hold and to use any 
higher-frequency holdings as a local capacity relief layer. Thus, existing 
2100 MHz roll-out does not contribute to the required network except in the 
case of an operator with access to 2100MHz only, whose existing sites 
contribute directly to their needs without additional cost. This approach is 
considered reasonable as a basis for managing traffic, although there may 
be an interim period where operators use a combination of networks before 
upgrades are completed.   

A8.20 All existing sites in the required 3G coverage area were assumed suitable 
for upgrade. Ofcom estimates suggest this is valid for at least 85% of sites, 
and would be a broadly similar proportion for all operators.  The sensitivity of 
the results to this assumption is examined in section A8.42. 

A8.21 All services were provided using 3G alone. Although 2G can provide some 
of the medium rate services, it was assumed not to be suitable for providing 

                                                 
90 See, for example, “Microwave Mobile Communications”, ed. W.C. Jakes, IEEE Press, 
1974. 
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these to a mass market due to capacity and latency limitations (see Chapter 
5). 

Detailed Simulation and Optimisation Process 

A8.22 To determine the network performance for a given scenario, the following 
simulation process was adopted: 

8.22.1 The pilot channel energy (Ec) was computed at every pixel across 
the simulation area. Successful pilot coverage is defined as the 
percentage of pixels for which Ec exceeds a coverage threshold, 
which depends on the highest data rate service offered and the 
presence of buildings in the pixel, according to Table 25. Users in 
the suburban, urban and dense urban geotypes were considered to 
require the indoor thresholds, while the remainder required the 
outdoor thresholds. Sufficient pilot power must be received for any 
mobile to interact with a network: without this it cannot decode any 
data or request services from a network. 

Table 25: Pilot power (Ec) coverage thresholds 

 
 

8.22.2 The pilot channel quality was assessed as the percentage of pixels 
for which the ratio Ec/Io exceeds -8 dB. Ec/Io is the ratio of the 
strongest available pilot power to the total interference power from 
other cells when operated without traffic. If this measure is not large 
enough, the user will be unable to reliably decode network pilot 
channel information even if the signal strength is high. 

8.22.3 If these measures were achieved, users were randomly placed 
across the simulation area and they attempted to access services. 
There were three classes of user, accessing differing mixes of 
services, as shown in Table 26. Each class of user was either inside 
a building or outdoors with probabilities shown in Table 27 for the 
geotypes containing buildings. The probability of a user being 
located in any pixel was proportional to a reference user density, 
which differs according to the clutter type and the scenario, as 
shown in table 28 (low adoption), table 29 (medium adoption) and 
table 30 (high adoption)91. The proportions of users in each class 
present in each of the adoption scenarios were as shown in table 
31. 

                                                 
91 These tables are rounded to the nearest 1 user / km2 
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Table 26: Service Parameters and downlink service volume 
Service Parameters DL Service Volume per user

Service Uplink data rate Downlink data rate User Class 1 User Class 2 User Class 3
Speech 12.2 12.2 kbps 20 20 20 mE busy hour traffic
Medium-rate Data 64 144 kbps 0 10 20 Mbits per day
High-rate Data 144 384 kbps 0 0 20 Mbits per day  
 

Table 27: Proportions of in-building and outdoor users 

 
 

Table 28: Reference User densities for low adoption scenarios (users / km2) 
Outdoor Outdoor Outdoor Indoor Indoor Indoor

Clutter Class User Class 1 User Class 2 User Class 3 User Class 1 User Class 2 User Class 3
1 water 5 0 0 0 0 0
2 open 5 0 0 0 0 0
3 forest 5 0 0 0 0 0
4 suburban 698 0 0 1628 0 0
5 open in urban 5 0 0 0 0 0
6 urban 1350 0 0 3150 0 0
7 dense urban 2250 0 0 5250 0 0

  
 

Table 29: Reference User Densities for medium adoption scenarios (users / 
km2) 

Outdoor Outdoor Outdoor Indoor Indoor Indoor
Clutter Class User Class 1 User Class 2 User Class 3 User Class 1 User Class 2 User Class 3
1 water 4 2 0 0 0 0
2 open 4 2 0 0 0 0
3 forest 4 2 0 0 0 0
4 suburban 488 140 0 1139 558 0
5 open in urban 4 2 0 0 0 0
6 urban 945 270 0 2205 1080 0
7 dense urban 1575 450 0 3675 1800 0  
 

Table 30: Reference User densities for high adoption scenarios (users / km2) 
Outdoor Outdoor Outdoor Indoor Indoor Indoor

Clutter Class User Class 1 User Class 2 User Class 3 User Class 1 User Class 2 User Class 3
1 water 3 2 1 0 0 0
2 open 3 2 1 0 0 0
3 forest 3 2 1 0 0 0
4 suburban 349 186 23 814 744 209
5 open in urban 3 2 1 0 0 0
6 urban 675 360 45 1575 1440 405
7 dense urban 1125 600 75 2625 2400 675  
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Table 31: Proportions of users of each class according to the adoption 
scenario 

Case User Class 1 User Class 2 User Class 3
Launch 100% 0 0
Mid-term 70% 30% 0
Long-term 50% 40% 10%

Proportion of users

 
 

8.22.4 In attempting to provide services, the network allocated downlink 
power to each user in turn, attempting to serve users with sufficient 
Ec/Io (at -15dB92) and sufficient downlink Eb/No. The Eb/No is the 
signal quality for the dedicated channel allocated to the user, and 
requires that sufficient power is available to overcome interference 
from all other cells and from thermal noise generated in the receiver. 
Additionally, the uplink power from the user required in order to 
provide sufficient uplink Eb/No was determined. If this exceeded the 
maximum transmit power of a mobile, assumed to be 21 dBm, the 
user was dropped. The reference Eb/No values for each user 
service are defined in Table 32. 

Table 32: Required signal quality levels for acceptable service 

 
8.22.5 After adjusting power for all users, the process was repeated for all 

surviving users until the powers in both directions stabilised. The 
surviving users at this stage were those determined to be served in 
the current simulation.  

8.22.6 The whole process of randomly placing users was then repeated 
many times in order to ensure that the statistics of the number of 
users served were stable. 

A8.23 The networks produced from the simulation in each case were required to 
meet both of the following conditions: 

• Coverage (in terms of both Ec and Ec/Io) over the focus area must 
exceed 80% of pixels. In geotypes containing buildings (suburban, urban 
and dense-urban) the coverage thresholds are the in-building thresholds 
from table 25, while the outdoor thresholds are applied in the remaining 
pixels. 

• At least 95% of users seeking service are successfully served. 

                                                 
92 Note that the target value is greater at this stage than in the initial assessment, because the 
network is now carrying services and the associated dedicated channel power creates 
additional interference. 
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Results from London Simulations 

A8.24 The following scenarios were simulated for the London study area: 

Table 33: Summary of Simulation scenarios 
Scenario Frequency 

Band 
Service 

Adoption 
Level 

Carriers per 
cell 

Target 
Coverage 

Area 

Target 
Service 

Availability
A 900 MHz 
B 1800 MHz 
C 2100 MHz 

 
Low 

 
2 

 
80% 

 

 
95% 

 
D 900 MHz 
E 1800 MHz 
F 2100 MHz 

 
Medium 

 
2 

 
80% 

 

 
95% 

 
G 900 MHz 
H 1800 MHz 
I 2100 MHz 

 
High 

 
2 

 
80% 

 

 
95% 

 
 

A8.25 Figure 2 provides an indicative representation of coverage achieved for the 
low adoption services (scenarios A, B and C). The coverage for the same 
service level from each site reduces substantially with frequency, 
necessitating a significant increase in the number of sites required to match 
900 MHz coverage as frequency rises. 

Figure 25: Coverage Level Results for Low Adoption Scenarios 

Poor coverage

Outdoor coverage or better

Indoor coverage or better

900 MHz Low Adoption 1800 MHz Low Adoption

2100 MHz Low Adoption
Key:

 

 
A8.26 The performance characteristics arising from optimising each of the 

networks in these scenarios are provided in Table 34, and the numbers of 
sites required are represented graphically in Figure 26.  
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Table 34: Simulation Results  
Scenario Adoption Frequency 

band 
Signal 

Level (Ec) 
Coverage 
(Area %) 

Signal 
Quality 
(Ec/Io) 

Coverage 
(%) 

User 
Acceptance 

Rate (%) 

Existing 
Sites 

New 
Sites 

A 900 MHz 93.4% 80.2% 95.5% 37 0 
B 1800 MHz 80.0% 92.7% 99.8% 63 27 
C 

 
Low 

2100 MHz 80.1% 92.7% 99.9% 66 73 
D 900 MHz 92.1% 80.4% 100.0% 45 4 
E 1800 MHz 80.1% 93.9% 99.1% 64 69 
F 

 
Medium 

2100 MHz 80.0% 96.8% 99.5% 64 130 
G 900 MHz 88.4% 80.2% 100.0% 50 12 
H 1800 MHz 80.1% 95.8% 99.9% 63 143 
I 

 
High 

2100 MHz 80.0% 97.7% 99.6% 71 280 
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Figure 26: Graphical representation of number of sites arising from simulations 
for London simulation area  
 

Extension of London Results to Nationwide Coverage 

A8.27 In order to estimate the overall implications of differences in frequency, the 
London results were used to infer the magnitude of cost differences which 
would be encountered over the whole of the United Kingdom in densely 
populated areas, defined by the area of 3G coverage deployed to meet the 
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80% population licence obligation at 2100 MHz.  The process used is 
described at a high level in Figure 27. 

Figure 27:Process used to extrapolate from London simulations to national 
core coverage area  
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A8.28 When scaling the numbers of sites from those determined in the London 
area to the nationwide situation, the baseline assumption was that 6600 
sites are required at 900 MHz to provide adequate service levels at the low 
service adoption point. This is representative of the number of sites currently 
deployed to deliver 3G services at 2100 MHz, based on Ofcom’s 
understanding of information supplied by operators. 

A8.29 The number of sites in excess of those required at 900 MHz was reduced by 
a planning efficiency of 40% to account for the practical placement of sites in 
population centres and to account for terrain variations. 

A8.30 All operators are assumed to have 6500 existing sites. Of these, 85% are 
assumed to be suitable for upgrade to 3G at 900 and 1800 MHz, while the 
2100 MHz operator reuses all existing sites to provide coverage in the cases 
examined. The resulting numbers of sites are shown in Table 35 and in 
Figure 2893. 

                                                 
93 Note that the numbers of sites presented throughout the remainder of this annex are 
rounded to the nearest 100 sites. 
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Table 35: Summary of Simulation Results 
Scenario Frequency 

Band 
Service 

Adoption Level 
Total Sites  

A 900 MHz 6600 
B 1800 MHz 10400 
C 2100 MHz 

 
Low 

13900 
D 900 MHz 7500 
E 1800 MHz 13400 
F 2100 MHz 

 
Medium 

17900 
G 900 MHz 8400 
H 1800 MHz 18700 
I 2100 MHz 

 
High 

29000 

Figure 28: Sites required to provide service to the densely populated area of 
the UK 
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A8.31 The resulting cost differences were then determined based on the site driven 
costs given in Annex 6. The result is shown in figure 27, using the social 
discount rates94.  

 

 

                                                 
94 Note that the costs presented throughout the remainder of this Annex are rounded to the 
nearest £100M. 
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Figure 29: Differences in nationwide site driven infrastructure costs (£billion) 
within core coverage area. Costs are net present values at the social discount 
rate. 
A8.32 The cost differences are given in table 36. It is apparent that 900 MHz has a 

significant cost advantage over both 2100 MHz and 1800 MHz, while the 
1800 MHz advantage over 2100 MHz is less significant. The differences 
increase substantially as the level of adoption of mobile broadband services 
increases. 

Table 36: Summary of Cost Differences 
Service Adoption Level Frequency Band 

Comparison 
Incremental 
site driven 
cost (social 

discount rate) 
£bn 

1800 MHz vs 2100 MHz 0.2 
900 MHz vs 1800 MHz 0.9 

 
Low 

900 MHz vs 2100 MHz 1.1 
1800 MHz vs 2100 MHz 0.4 
900 MHz vs 1800 MHz 1.3 

 
Medium 

900 MHz vs 2100 MHz 1.7 
1800 MHz vs 2100 MHz 1.7 
900 MHz vs 1800 MHz 2.3 

 
High 

900 MHz vs 2100 MHz 4.0 
 

Sensitivity Analysis 

A8.33 The analysis in the preceding section made several assumptions which 
could have a material impact on the results. The potential impact of 
variations in several of the key assumptions is discussed in this section. In 
some cases a simple theoretical model has been used to provide an 
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indication of the likely extent of such variations95. The variation in the 
number of sites predicted by this model is shown in Table 37. 

A8.34 Central estimate: Ofcom’s central comparison comprises the following 
assumptions: 

• Medium adoption; 

• Two carriers per operator; 

• Mean indoor penetration losses of 10 dB, 12dB and 13dB at 900, 1800 
and 2100 MHz respectively; 

• Capital cost of a new site and a site upgrade £105,000 and £45,000 
respectively, resulting in the site costs indicated in table 5 of Annex 6; 

• Social discount rate of 3.5%; 

• 85% of existing sites available for upgrade. 

Under these circumstances, the cost advantage of 900 MHz relative to 2100 
MHz is £1.7bn arising from 10300 fewer sites required. The cost of deploying 
at 1800 MHz is £0.40bn lower than 2100 MHz, arising from 4400 fewer sites 
being required.  

In each of the sensitivity cases discussed below, all of these assumptions are 
kept constant at the values above apart from the one under discussion. 

A8.35 Quality of mobile broadband services: A central assumption in this analysis 
is that operators at all frequencies would choose to deploy their networks to 
match the quality of the services which can be offered at 900 MHz, including 
the indoor coverage and the rate of successfully offering services to users. 
This models the issue of whether to match quality as an all or nothing 
choice. However, it is possible that the choice for higher frequency operators 
is not as stark as this and they could instead choose to offer a lower service 
quality to their customers, reducing the network costs to deliver the lowest 
service quality consistent with retaining sufficient customers. However, this 
would introduce substantially competitive risks for those operators 
depending on the impact of quality differences on their customers. The 
importance of broadband service quality to operators is expected to become 
larger as such services are adopted, as their users may not be very tolerant 
of service degradation where their expectations for service availability have 
been set by existing 2G services. Additionally, the importance of indoor 
coverage is expected to increase with the increasing use of mobile 
broadband data services.  Finally, if the service quality had been varied 
between frequencies in the analysis, direct comparison of the costs involved 
would not have been valid. 

                                                 
95 This model was based on the theoretical WCDMA uplink and downlink load equations 
together with the COST-231 Hata propagation model. The simple nature of this model is such 
that the absolute values should not be expected to match those in the previous analysis, but 
this serves as an appropriate point of reference. The cases where this model was applied are: 
1800 MHz and 2100 MHz with lower variation of propagation loss, 1 carrier at 900 MHz and 4 
carriers at 1800 MHz. 
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A8.36 Adoption of mobile broadband services: Three distinct cases for the 
adoption of mobile broadband services have been used in the analysis. In 
the low adoption case, service quality is substantially above that available 
from 2100 MHz 3G networks today. Nevertheless, in the low adoption case 
considered, the main determining factor of cost is the requirement to provide 
consistent in-building and built-up area coverage using 3G and the services 
offered at high capacity are predominantly voice. Even in this conservative 
case, the cost differences indicated are substantial given the preceding 
assumption of constant service quality for 900 MHz. The costs for the 2100 
MHz operator are £1.1bn greater than for the 900 MHz operator for low 
adoption of services (7300 more sites) and £4.0bn greater for high adoption 
of services (20600 more sites). The costs for the 2100 MHz operator are 
£0.2bn higher than for the 1800 MHz operator for low adoption of services 
(3500 more sites) and £1.7bn greater for high adoption of services (10300 
more sites).  

A8.37 Building penetration loss:  As noted in section A8.15, the factors affecting 
the penetration loss involved in propagation into buildings are complex and 
highly variable, depending on the details of building construction style and 
materials. Changes to the assumptions made regarding this parameter will 
affect the costs determined, although the increase of outdoor propagation 
loss with frequency in built-up areas is well-established so cost differences 
relative to 900 MHz will not be removed completely.  The sensitivity to the 
assumptions regarding the mean building penetration loss can be 
determined by assuming that the penetration loss does not change 
frequency from its 900 MHz value (10dB). In this case, 1800 MHz 
experiences 9.3dB greater loss than 900 MHz and 2100 MHz experiences 
11.2 dB greater loss. On this basis, the number of sites required is 35% and 
45% more than at 900 MHz for 1800 and 2100 MHz respectively. This can 
be compared with the central comparison assumptions using the same 
model which predicts that the number of sites required at 1800 MHz is 55% 
greater than at 900 MHz, or 80% greater at 2100 MHz. If this variation in site 
numbers is applied to the nationwide simulation assumptions, the costs for 
the 2100 MHz operator are £0.5bn greater than for the 900 MHz operator for 
low variation of propagation (4700 more sites). If, however, the building 
penetration loss at 2100 MHz were actually higher than the central case at 
15 dB rather than 13 dB, perhaps arising from increasing construction of 
buildings with metallised outer windows, then simulations indicate that the 
cost difference between 2100 and 900 MHz increases to £2.5bn (13600 
extra sites). The difference between 900 and 1800 is not affected by this 
sensitivity as the higher variation assumption affects only 2100MHz. 

A8.38 Amount of spectrum at higher frequency bands: The simulation study 
assumed that all operators used two carriers on every sector. However, the 
1800 MHz and 2100 MHz bands have a wider bandwidth than 900 MHz, so 
more spectrum could be available to these operators. As noted in Annex 6, 
increasing the available spectrum may relieve loading on the downlink path 
and increase the available range, but will have relatively little effect upon the 
uplink or upon the maximum data rate available. Increasing the available 
spectrum at 1800 MHz to four carriers with the central propagation 
assumptions leads to 40% more sites at 1800 MHz relative to that required 
at 900 MHz (see Figure 30). The result is a cost advantage for 1800 MHz 
relative to 2100 MHz of £0.8bn, arising from 6000 less sites, and increase of 
£0.4bn in the cost advantage compared to our central estimate.  Comparing 
4 carriers at 1800 MHz with 2 carriers at 900 MHz, the cost advantage is 
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reduced from £1.3bn to £1.0bn.  Most of this difference is likely due to the 
increased quantity of spectrum for spreading interference between cells, 
rather than due to the propagation differences. These advantages can to a 
large extent be replicated through additional spectrum at any frequency. 
Hence, the acquisition of additional spectrum at 2600MHz, or the use of 
2100MHz in combination with a limited amount of 900MHz spectrum for 
example, could be used to achieve much of the capacity benefit shown in 
these sensitivities. 

A8.39 Amount of spectrum at lower frequency bands: One possible remedy for the 
cost differences noted in this Annex is to provide other operators with some 
access to 900 MHz spectrum. However, since the 900 MHz band has limited 
bandwidth, it might not be possible for all operators to have access to the 
two carriers used as a basis of comparison in this Annex. Reducing the 
available spectrum to one carrier increases the required number of sites by 
20% compared to two carriers, i.e. considerably less than the gain 
associated with moving from either 1800 or 2100 MHz to 900 MHz. Under 
these circumstances, 900MHz would have a cost advantage of £1.3bn (8300 
sites) over 2100 MHz. 

A8.40 Cost increases: The costs assumed in the model are composed of 
numerous factors, including the cost of acquiring and renting, which are 
assumed to have a constant marginal cost. However, given a large 
increased demand for sites, involving several operators requiring suitable 
sites over a limited time period, it may be that the pricing of sites increases 
given the limited supply of suitable locations. Additionally, it is assumed that 
all costs are associated with the sites themselves. It may be that the process 
of monitoring, managing and optimising large numbers of sites also 
increases when considered on a per-site basis for large number of sites. 
These effects will tend to increase the cost differences between frequency 
bands compared with the assumptions made. This was examined by 
assuming that the capital costs of a new site and of a site upgrade increase 
from their central values to £140,000 and £65,000 respectively and all other 
costs increase in the same proportion. In this case the 900 MHz cost 
advantage relative to 2100 MHz increases to £2.2bn. 

A8.41 Cost decreases: On the other hand, costs could be reduced by measures 
such as network sharing and by increasing commoditisation of the labour 
and equipment components of site costs. This was examined by assuming 
that the capital costs of a new site and of a site upgrade decrease from their 
central values to £75,000 and £25,000 respectively and all other costs 
increase in the same proportion. In this case the 900 MHz cost advantage 
relative to 2100 MHz decreases to £1.4bn. 

A8.42 Proportion of sites upgraded: The number of sites which are suitable for 
upgrade depends on numerous factors, including the space available on a 
site, the appropriateness of a site for providing complementary capacity and 
coverage to other sites, agreements with the site provider and so on. If no 
existing sites are available for upgrade, the cost advantage of 900 MHz 
relative to 2100 MHz is increased to £2.3bn. The cost advantages are higher 
in this case because the absolute costs of new sites are higher than 
upgrades.  If, instead, the proportion of sites indicated by the London 
simulations is replicated on a nationwide basis, the 900 MHz advantage is 
reduced to £1.7bn. If all existing sites are upgraded, the 900 MHz advantage 
is £1.9bn.  
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A8.43 Discount rates: The cost comparisons so far have examined the advantages 
of 900 MHz as applicable to society as a whole. From the viewpoint of 
operators, however, a higher commercial discount rate may be applicable. 
Assuming a discount rate of 11.5% for operators, the cost advantage of 900 
MHz relative to 2100 MHz is reduced to £0.9bn for medium adoption, or 
£2.0bn for high adoption. 

A8.44 Summary: A comparison of the sensitivity cases examined is presented in 
Figure 30 (sites), Figure 31 (costs) and Table 38 (overall summary). The 
following points are noted: 

• It is apparent that 900 MHz has a significant advantage over 2100 MHz 
even if more conservative assumptions than the base case are adopted.  

• Differences between 1800 MHz and 2100 MHz are smaller than those 
between 900 and 1800 MHz and are further subject to a greater level of 
uncertainty due to increased propagation and planning variability. In 
particular, whether the cost advantage of 1800 MHz is significant or not is 
more sensitive to the underlying assumptions. This uncertainty is further 
exacerbated by potential additional costs in the provision of 1800 MHz 3G 
handsets relative to those at 900 MHz. 

• A large portion of the cost saving from 900 MHz arises even without 
variations in building penetration losses.  

• Access to extra spectrum at higher frequencies reduces, but does not 
remove, the cost differences.  

• A reduction in the spectrum available at 900 MHz offsets some of the cost 
reduction, but does not remove it. 
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Table 37: Sensitivity analysis based on theoretical model  

Scenario Examined Mean Indoor 
Penetration 
Loss 
(decibels) 

Number of 
paired 3G 
carriers 
available 

Number of sites 
relative to 900 
MHz central 
comparison 
(Rounded to nearest 5%) 

 900 
MHz 

1800 
MHz 

2100 
MHz 

900 
MHz

1800 
MHz 

2100 
MHz 

900 
MHz 

1800 
MHz 

2100 
MHz 

Central Comparison 10 12 13 2 2 2 100% 155% 180%

No variation of building 
penetration loss 

10 10 10 2 2 2 100% 135% 145%

Larger variation of 
building penetration loss 

10 12 15 2 2 2 100% 155% 205%

More spectrum at 1800 
MHz  

10 12 13 2 4 4 100% 140% - 

Less spectrum at 900 
MHz 

10 - - 1 - - 120% - - 

Figure 30: Results of sensitivity analysis, showing the variations in the 
required numbers of cell sites between frequency bands 
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Figure 31: Results of sensitivity analysis, showing the cost differences 
between frequency bands 
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Table 38: Summary of cost differences for sensitivity comparisons 

 

900 1800 2100 1800 vs 2100 900 vs 1800 900 vs 2100
Central Comparison 7,500 13,400 17,800 0.4 1.3 1.7

Lower variation of indoor penetration loss 7,500 11,300 12,200 -0.4 0.9 0.5

Higher variation of indoor penetration loss 7,500 13,400 21,100 1.1 1.3 2.5

High adoption 8,400 18,700 29,000 1.7 2.3 4.0

Low adoption 6,600 10,400 13,900 0.2 0.9 1.1

2 carriers at 2100 MHz, 1 carrier at 900 MHz 9,500 17,800 1.3

4 carriers at 1800 MHz, 2 carriers at 2100 MHz 11,800 17,800 0.8

Higher site cost 7,500 13,400 17,800 0.5 1.8 2.2

Lower site cost 7,500 13,400 17,800 0.4 1.0 1.4

All existing sites are upgraded 7,500 13,400 17,800 0.6 1.3 1.9

No existing sites are upgraded 7,500 13,400 17,800 1.0 1.3 2.3

Simulated proportion of existing sites are upgraded 7,500 13,400 17,800 0.6 1.1 1.7

Operator discount rate - medium adoption 7,500 13,400 17,800 0.2 0.7 0.9

Operator discount rate - high adoption 8,400 18,700 29,000 0.9 1.2 2.0

Difference in costSites

  

Alternatives to Macrocells 

Introduction 

A8.45 The previous section established that deployment of 3G networks using 
macrocells alone leads to a large difference in the costs of providing 
services in densely populated areas at high frequencies, especially at higher 
adoption levels. This section discusses other potential means of providing 
service and the impact these may have on frequency differences. 
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A8.46 In the past, mobile network operators have always begun roll-out using 
macro sites predominantly, since many buildings can be served to a basic 
level with relatively few sites, yielding a rapid return on investment.  

A8.47 When quality of service indoors is to be increased, however, a rapid 
increase in the number of macro sites is required. When the outdoor network 
is heavily loaded (many users or high data rates), the provision of coverage 
deep within buildings requires a rapid increase in the number of macrocells, 
which becomes expensive and eventually infeasible. 

A8.48 Two broad alternatives to macrocells may be distinguished: 

• The use of microcells. These are outdoor cells, similar to macrocells but 
operating at lower powers and with antennas mounted at heights which 
are low compared with the prevailing heights of buildings in the vicinity. 

• The use of dedicated in-building systems which use antennas inside 
buildings which are poorly served from outside, due to high propagation 
losses or a high density of users. 

A8.49 Microcells are similar in concept to macrocells, but are typically deployed to 
provided limited coverage to serve a locally high density of traffic and to 
penetrate deeper into buildings. They still need to overcome the penetration 
losses into the buildings, which tend to increase with frequency. It is difficult 
for microcells to share frequencies with the macrocell sites, limiting their 
spectrum efficiency. Site acquisition and backhaul costs may be comparable 
to macrocell costs but services are provided to only a limited set of users, 
limiting their cost effectiveness. As a result microcells tend to be deployed 
only in the very busiest areas. Nevertheless they do represent one partial 
alternative means for operators with access to higher frequency spectrum to 
provide improved in-building coverage. They do not, however, appear to 
offer a wide scale alternative to the costs of deploying a macrocell network.  

Dedicated In-building Systems 

A8.50 Systems for providing coverage indoors via antennas within buildings avoid 
the need to overcome the exterior wall losses of buildings. They also benefit 
from these same losses, which help to contain the coverage within the 
building, reducing interference to outdoor cells and between adjacent 
buildings. 

A8.51 Dedicated in-building cells also reduce the cell loading on the macrocell 
layer, thereby increasing the effective user density which can be served, 
while reducing the transmit power required for users at the cell edges and 
increasing the cell range in uplink limited cases. Expenditure on new 
macrocell sites can thus be deferred or avoided. 

A8.52 The costs of dedicated in-building systems rise approximately linearly with 
the number of antennas deployed and hence with the coverage area 
provided. This contrasts with the macrocell case, where the costs rise 
rapidly with increasing coverage depth.  

A8.53 Since the limits of coverage for a dedicated in-building system are mostly 
defined by number of walls and floors encountered, the number of antennas 
required does not change rapidly with frequency, so in-building systems are 



Application of spectrum liberalisation and trading to the mobile sector 

214 

expected to reduce (though not eliminate) the cost differential for providing 
3G coverage at different frequencies. 

A8.54 The use of dedicated in-building systems is forecast by some analysts to 
grow rapidly in the future. Global annual revenues from in-building cellular 
systems were forecast by a recent report96 to rise by a compound annual 
growth rate of 23% in 2006-11 on a European market worth $419m in 2006. 

A8.55 There are several current technology options for dedicated in-building 
systems, including: 

• Repeaters, which amplify the signals in both directions to overcome the 
building loss. These can be relatively low in cost, but add system uplink 
noise, eventually degrading performance and causing unpredictable 
network effects which are hard for an operator to manage. Although they 
increase coverage, they do not directly add any capacity. 

• Picocells, which are essentially smaller versions of conventional 
macrocells deployed within buildings, potentially using existing local area 
networks as backhaul. These add capacity within the building as well as 
enhancing coverage. They are typically intended to meet the capacity and 
coverage needs of medium-sized office buildings, rather than of large 
public buildings or domestic environments. 

• Distributed antenna systems (DAS) are the dominant means of providing 
dedicated indoor coverage today. They extend coverage from a base 
station over a large number of antennas situated around the building, 
thereby overcoming both external and internal propagation losses. They 
come in two main forms: passive systems which use conventional coaxial 
cabling and active systems which use fibre or copper cables together with 
amplifiers to increase the maximum cable lengths. Active systems are 
mostly deployed in large buildings with high capacity needs, such as 
airports, shopping centres and the offices of large enterprises. The initial 
costs of passive systems are often dominated by installation and 
commissioning costs, but they subsequently incur minimal operating cost. 
Active systems incur significant capital cost and some additional operating 
costs (primarily maintenance and power), but they are scaleable to many 
buildings. All forms of DAS are spectrally efficient, since there is no need 
to use different channels for each of the antennas. 

A8.56 Despite the wide range of conventional systems, no standard business 
model for in-building deployment by cellular operators on a wide scale has 
yet emerged. Dedicated in-building systems represent only a few percent of 
the total number of sites deployed. However, new technology options are 
emerging which are expected to reduce cost and improve scalability, leading 
to substantial growth to meet the increased demand arising from 3G. New 
technology options include: 

• Smart repeaters, which have intelligence to avoid capacity problems and 
provide management interfaces to allow the operator to control operation. 

• Base station hotels, which extend the DAS concept to the scale of a city, 
with many base stations located in a central location with coverage 

                                                 
96 ABI Research, In-building Wireless Systems, 2006. 
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distributed over optical fibres to buildings and low outdoor antennas. 
These concentrate backhaul with associated cost savings and trunking 
efficiencies to enhance the available capacity. They rely upon the 
availability of ‘dark’ (i.e. unused) fibre to all the required locations for 
coverage. 

• Digital variants of the DAS, which deliver digitised RF signals over high-
rate LANs to leverage the cost efficiencies of IP technology and to reduce 
the signal degradations over the cables of a conventional analogue DAS. 

• Distributed base stations, which separate the core processing and RF 
elements of a base station between a central unit and commoditised, 
multi-vendor remote units, providing a mixture of the benefits of the 
conventional DAS and picocell architectures. 

• Femtocells, which use consumer electronics to create base stations with 
costs comparable to Wi-Fi access points in large volumes, suitable for 
domestic use in large volumes using ADSL or cable as backhaul with 
minimal marginal cost. A recent analyst report97 predicts that by 2011 
there will be 102 million users of femtocell products on 32 million access 
points worldwide. 

• Another alternative for operators is to lift the challenging indoor and/or 
high-rate traffic away from their main network entirely and use alternative 
technologies. An important example is voice over wireless LAN (via 
UMA/GAN or SIP over WiFi) which can potentially provide services which 
can substitute directly for cellular services without loading the 3G network. 
The viability of this approach, as well as that of 3G at 1800 MHz, may 
however depend critically on the speed with which handsets are widely 
available relative to those supporting 3G at 900 MHz. Also, such systems 
currently rely on the use of licence-exempt spectrum, which is subject to 
unmanaged interference from other users.  

Significance of Non-macrocell Deployments 

A8.57 Network topologies other than macrocells, including microcells and 
particularly dedicated in-building cells, are expected to be used increasingly 
in the future as a means of providing high capacity mobile broadband 
services with good coverage in particular locations if such services are 
viewed as important by mobile users. 

A8.58 The costs of deploying these topologies are expected to be less dependent 
on frequency than macrocells, since every location covered requires a 
dedicated deployment at any frequency, and the extent of the infrastructure 
is more dependent on the size and layout of the building than the operating 
frequency. 

A8.59 To some extent dedicated in-building systems may thus be used by 
operators at higher frequencies to offset the increased costs compared with 
900MHz which were determined in the previous section. 

                                                 
97 “Femtocell Access Points: Fixed-Mobile Convergence for Residential, SMB, and Enterprise 
Markets”, ABI Research, August 2006. 
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A8.60 However, there are several limitations involved in using dedicated in-building 
systems on a wide scale as a substitute for extra coverage from outdoor 
cells: 

• it may be impractical to deploy and operate such systems in every 
building requiring coverage 

• dedicated-in-building cells rely on the availability of appropriate backhaul 
to each building, which may be costly in the case of leased lines and 
potentially unreliable and of limited capacity in the case of consumer-
grade broadband (ADSL and cable) 

• for residential environments, femtocells may not be taken up by 
consumers in sufficiently large volumes to avoid the need for large 
increases in the number of outdoor sites required 

A8.61 Overall, it is concluded that, while dedicated in-building systems may 
provide a partial means of offsetting some of the cost differences between 
frequency bands in providing high-quality mobile broadband services, the 
widespread deployment of such systems has not occurred to date, so there 
is a significant risk involved in assuming that such systems will provide a 
fully scalable means of operating a network to a large proportion of mobile 
users. Such systems appear at best only a partial means of addressing 
these cost differences, and are not expected to replace the need for extra 
macrocells. 

Conclusions 

A8.62 The nature of 3G technology, combined with the increasing propagation 
losses with frequency band, causes the costs of deploying macrocell 
networks to rise rapidly with frequency for a given level of coverage, user 
density and service mix. The cost advantage of 900 MHz relative to 2100 
MHz was found in the simulation study to vary from £1.1bn to £4.0bn 
depending on the level of service adoption considered. 

A8.63 The cost advantage at 900 MHz is substantial, even for low adoption of 
mobile broadband services, as a result of the requirement to provide a high 
level of indoor coverage from outdoors. 

A8.64 The detailed comparison of costs was provided for the 900, 1800 and 2100 
MHz frequency bands, but costs are expected to rise further for higher 
frequency bands such as 2.6GHz. 

A8.65 While access to greater quantities of spectrum at higher frequencies will 
reduce the costs of deployment for high capacity levels, the cost differences 
are still large because increased spectrum does not reduce the number of 
sites needed to provide adequate uplink coverage. 

A8.66 Given access to a single 900 MHz carrier in addition to higher frequency 
spectrum, operators will derive most of the cost savings associated with 900 
MHz. Requirements for high capacity are usually associated with limited 
‘hot-spot’ areas, whose loading effect can be reduced by carrying this traffic 
over the higher frequency network on just the closest cells, while the traffic 
in areas poorly served by the higher frequency network is carried at 900 
MHz.  
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A8.67 Alternative means of deploying networks, including microcells and dedicated 
in-building systems, are expected to be more widely deployed in the future. 
Such systems are less frequency dependent than macrocells and may 
therefore partially offset the cost differences found in macrocells.  

A8.68 Alternative approaches appear, however, to be a complement rather than a 
substitute for macrocell coverage, so operators with access to only higher-
frequency spectrum are still likely to be subject to substantially increased 
costs to provide mobile broadband services in densely populated areas. 
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Annex 9 

9 Costs of clearing and releasing 
900MHz spectrum 
Introduction 

A9.1 This annex looks at the cost of clearing and releasing various amounts of 
spectrum in the 900MHz band which is currently used by the existing 
holders for GSM. 

A9.2 In order to clear 900MHz spectrum, it is necessary to identify approaches to 
carrying existing and future levels of 900MHz 2G traffic with less spectrum. 
This could be achieved either by improving the efficiency with which the 
existing 2G spectrum is used (these are called “2G strategies” in our 
discussion) or by reducing the amount of traffic which is carried on the 
900MHz 2G networks (these are called “3G strategies”).  In this annex we 
discuss these two strategies for clearing spectrum and their respective 
costs. We then combine together the different strategies to identify an 
indicative estimate of the cost of clearing and releasing various amounts of 
spectrum in the 900MHz band.   

A9.3 We start this annex with short background subsection that explains the high-
level issues caused by spectrum release.  We then move on to a discussion 
of our understanding of how Vodafone and O2 currently use their GSM 
spectrum.  This includes some estimates of the cost of removing the 
interleaving of spectrum assignments in this band. 

A9.4 We then discuss the utilisation of the 900MHz band, including the results of 
a technical study, and estimate the cost of releasing the E-GSM. 

A9.5 The next subsection examines the theoretical capacity of a GSM network to 
understand how an operator’s ability to carry 2G traffic would be affected by 
reducing the amount of spectrum used for GSM.  This is followed by our 
analysis of the options for improving the spectral efficiency of GSM, 
including a more detailed illustration of one option in particular, Synthesised 
Frequency Hopping.  These options are make up the ‘2G strategy’. 

A9.6 Having examined the components of the 2G strategy we now turn our 
attention to using 3G to relieve the problems caused by clearing GSM 
spectrum.  We investigate the theoretical capacity of a UMTS carrier to 
absorb traffic displaced from the 2G network. 

A9.7 In order to implement a 3G strategy (i.e. to absorb displaced 2G traffic on 
the 3G network) two conditions must hold, there must be adequate 3G 
coverage in areas where GSM is capacity constrained, and there must be 
sufficient 3G compatible handsets in the subscriber base.  These issues are 
explored in the two penultimate subsections. 

A9.8 Finally we summarise the quantitative results and conclude with our 
estimates of the cost of clearing and releasing various amounts of 900MHz 
spectrum. 
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Background 

Clearing and releasing spectrum 

A9.9 In order to allow 900MHz to be used to provide 3G services Vodafone and 
O2 would need to clear such spectrum of GSM traffic.   

A9.10 Cleared spectrum could be ‘released’ or ‘re-farmed’.  Release is used to 
denote the process of releasing spectrum to a third party.  Re-farming is the 
process of an operator converting the use of part of their existing GSM 
spectrum holding to UMTS or other non-GSM use.  

A9.11 It is assumed that spectrum will be released or re-farmed in blocks of 2 x 
5MHz.  In the case of spectrum release this is assumed to be split equally 
between the incumbent operators, so for the release of 1 block in total 
Vodafone and O2 would need to each release 2 x 2.5 MHz. 

Strategies to cope with spectrum release 

A9.12 When spectrum is cleared, whether it is for release or re-farming, the 
amount of 900 MHz spectrum left for GSM use will be reduced.  There are a 
number of strategies that an operator could adopt in order to cope with this 
reduced amount of spectrum available for GSM.  Ofcom has not attempted 
to analyse all of the possible strategies. Rather, we have identified what 
seem to us to be two plausible approaches that individually or in 
combination would allow an operator to absorb displaced traffic. 

A9.13 Broadly the two strategies investigated are: 

• ‘2G strategy’ of using the GSM spectrum more intensively, through 
upgrading the existing GSM network.  We specifically consider the release 
of spectrum in the E-GSM band, and the implementation of Synthesised 
Frequency Hopping (SFH); and 

• ‘3G strategy’ of moving traffic to 3G networks by accelerating the take-up 
of 3G handsets and deploying additional UMTS 2100 sites outside areas 
already covered by 3G. 

Scenarios and unknowns 

A9.14 The details and costs of the strategy chosen is likely to be dependant on a 
number of factors including: the operators’ views on the future growth of 2G 
traffic; legacy engineering issues within their current network; and whether 
or not they plan to re-farm existing spectrum to 3G. 

A9.15 To capture some of these effects we have considered two scenarios when 
conducting our analysis of the cost of clearing and releasing spectrum: 

• The ‘high demand for mobile broadband’ scenario, where 2G traffic levels 
in 2010/11 are similar to those observed in 2006/07 when our technical 
measurements were made.  In this scenario it is assumed that the 
operators are interested in refarming one 2 x 5 MHz block of 900 MHz 
spectrum each for use in their own future UMTS900 networks; and 
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• The ‘low demand for mobile broadband’ scenario, where 2G traffic levels 
in 2010/11 are 20% higher than those observed in 2006/07.  This higher 
2G traffic results from lower penetration of 3G capable handsets.  Here it 
is assumed that the operators are only interested in using 900 MHz for 
GSM, hence they do not re-farm. 

A9.16 The ‘low mobile broadband demand’ and ‘high mobile broadband demand’ 
scenarios are associated with high and low 2G traffic levels respectively.  
These scenarios have been generated based on observed increases in 
voice minutes, SMS messaging and active subscribers in recent years.  
These increases are then offset by an increasing proportion of customers 
taking up 3G compatible handsets. These trends are observable in Ofcom’s 
Communications Market Report98. Further, operators have discussed with 
us their forecasts of future traffic levels and anticipated rate of take up of 3G 
compatible devices99. 

A9.17 These scenarios are stylistic and are intended to illustrate how major 
variables, such as 2G traffic levels, affect the cost of clearing spectrum.  It is 
also important to note that in the high demand for mobile broadband 
scenario, although 2G traffic is the same in 2010/11 as it was in 2006/07, 
there may have been a substantial rise and fall in 2G traffic levels between 
these two periods. 

Purpose of modelling and quantification 

A9.18 There are a number of methods which can be used to clear spectrum. Our 
approach has been to select a set of key options (such as SFH, accelerating 
handset migration, etc.) and consider how these might work on an individual 
basis. The detail of how particular methods clear spectrum is the major topic 
of this annex. The final section then consolidates this information to produce 
indicative estimates of the cost of implementing a plausible combination of 
these approaches in order to identify the magnitude of costs involved in 
clearing and releasing various amounts of 900MHz spectrum. 

A9.19 The models that address the individual methods of clearing spectrum are 
necessarily stylised. They aim to highlight major factors that influence the 
costs of implementing such changes. They do not capture all the practical 
issues that would need to be addressed in a real deployment. 

A9.20 The models’ stylised nature has meant that they have been built to operate 
on an individual basis, rather than interoperate as a suite of models to 
produce fully consistent results. Consequently the task of translating 
individual results into total costs of releasing spectrum is not straightforward.  
The approach we demonstrate in the final section of this annex is a plausible 
combination, but by no means the only method. 

A9.21 To illustrate this point with an example consider the costs of implementing 
Synthesised Frequency Hopping and removing the interleaving of spectrum 

                                                 
98 Available at http://www.ofcom.org.uk/research/cm/ 
99 Another potential source of this information is the Mobile Call Termination (MCT) model.  In 
broad terms our high and low mobile broadband demand scenarios depart from the scenarios 
used in the MCT model and lead to 2G traffic declining from peak levels at a later date than 
the scenarios in the MCT model.  This departure is based on the latest information we have 
available, including the historic trend of 3G migration and 2G traffic levels, as well as specific 
operator responses detailing their latest expectations for migration and traffic growth. 
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assignments. Both these tasks involve making site visits, to replace 
combiners for SFH and to replace TRXs for reconfiguration. It is therefore 
plausible that if these tasks were conducted in tandem, rather than as totally 
separate exercises, less labour would be required to implement both 
changes to the network. Summing the costs of the separate exercises, as 
we have done, could result in overstating the relevant costs. 

A9.22 The estimates of cost presented represent, in Ofcom’s view, reasonable 
indicative estimates of the scale of cost that would be imposed if 900MHz 
spectrum is required to be released. They should not be taken as definitive 
estimates of what cost O2 or Vodafone would specifically incur. 

Costs and quality of service 

A9.23 Our costing of these strategies is based on maintaining the long term quality, 
for example coverage, availability and speech quality, of existing services 
provided to consumers.  In other words we have avoided assuming that less 
costly methods of release would be used if these would lead to lower quality 
for consumers.  We believe that this is likely to be consistent with the 
commercial motivations of the operators. 

A9.24 We also need to recognise that for higher quantities of released spectrum 
there would be the potential for some transitional effects on quality whilst the 
necessary engineering changes are implemented.  Again, we expect that 
operators would have a commercial motivation to reduce these effects to 
reasonable levels, however, some variation in service may be unavoidable.  

A9.25 This approach is based on evidence of previous technical changes.  For 
example, limited reconfiguration of the GSM spectrum occurred in 1997 
when Vodafone and Cellnet (now O2) swapped a number of GSM channels 
on a nationwide basis.  Immediately after any such reconfiguration there 
may be a deterioration in quality of service in certain areas. For instance, 
holes in coverage may appear where none existed before, or levels of self 
interference in the network may rise. However, following a period of 
optimisation after the initial reconfiguration, we would expect overall quality 
of service to be largely restored to pre-reconfiguration levels.   

Current 900 MHz spectrum holdings  

A9.26 This section discusses our understanding of how Vodafone and O2 use 
900MHz spectrum in their GSM networks. It presents how the spectrum is 
currently assigned and how those assignments are interleaved. It shows 
how such interleaving could be removed and provides illustrative estimates 
for the cost of such a task.  

Spectrum assignments 

A9.27 Spectrum in the 900 MHz band is split into two portions known as P-GSM 
and E-GSM. There is 2 x 10 MHz of spectrum in the E-GSM band (880 – 
890 MHz / 925 – 935 MHz) and 2 x 25 MHz of spectrum in the P-GSM band 
(890 – 915 MHz / 936 – 960 MHz). 
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Figure 32: Overview of E-GSM and P-GSM spectrum 
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A9.28 Historically, P-GSM spectrum was the first to be made available and the 
operators rolled out their networks before E-GSM spectrum became 
available several years later. Our understanding is that as a consequence 
900 MHz operators make use of their E-GSM spectrum in a different way to 
P-GSM. P-GSM is use as the base coverage layer whereas E-GSM is 
largely used for capacity. 

A9.29 Spectrum in the 900 MHz band is split equally between Vodafone and O2, 
however their holdings are not contiguous. There is a significant amount of 
interleaving between the holdings of O2 and Vodafone as illustrated in 
Figure 33. 

Figure 33: Overview of current assignments in the 900 MHz band 
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A9.30 UMTS, and potentially other technologies, require contiguous blocks of 2 x 5 
MHz as a minimum. It is therefore probable that in some scenarios 
Vodafone and O2 would need to remove the interleaved nature of their P-
GSM assignments. 

A9.31 The network reconfiguration process that would need to take place to 
remove this interleaving is discussed in the following paragraphs, along with 
an estimate of the likely costs. 
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Reconfiguration of 900 MHz spectrum holdings to remove interleaving 

A9.32 As shown in Figure 32 Vodafone and O2 could re-farm or release a single 
block of 2 x 5 MHz of E-GSM spectrum each without needing to significantly 
reconfigure their overall spectrum holdings in the 900 MHz. However, to 
efficiently re-farm and/or release a larger portion of the 900 MHz band, 
reconfiguration of their spectrum holding becomes either highly desirable or 
essential depending on the amount of spectrum to be cleared.  

A9.33 In order to ensure that the re-farming of additional spectrum is efficient in 
future, it would be reasonable to assume that O2 and Vodafone would wish 
to avoid re-planning their current GSM use more than once. Therefore it is 
reasonable to assume that they would remove or reduce the current 
interleaving as part of any release and/or re-farming process. Two examples 
of the possible re-configuration of the 900 MHz spectrum are provided in the 
figures below. 

Figure 34: Possible reconfiguration of P-GSM spectrum 1 
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Figure 35: Possible reconfiguration of P-GSM spectrum 2 
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A9.34 Ofcom has looked at the process involved in reconfiguring the GSM 900 
band. The following describes at a high level what might be involved in such 
a process. 
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GSM reconfiguration – process of removing interleaving of spectrum 
assignments 

A9.35 If GSM channels are simply swapped between operators, the process of 
changing to contiguous assignments is relatively straight forward.  This is 
because interference levels will still be the same throughout the network 
provided that channels are changed according to a one to one mapping.  

A9.36 For example, if GSM channel 36 is exchanged for GSM channel 94 
throughout the network, cells that are switched to GSM channel 94 will 
interfere (or not) with other cells that are also switched to GSM channel 94 in 
exactly the same way as when they were all using GSM channel 36. There 
should be no need for new drive tests and optimisation.  

A9.37 The change is essentially a database change. Base stations may need to be 
shut down briefly or re-started, but if this is done gradually over a quiet 
period (such as the small hours of the morning) then the effect on the 
customers should be minimal. 

A9.38 However, where channels are taken away from the available pool (as would 
be the case for any re-farming or release) then the frequency re-use pattern 
would need to be re-organised and it will almost certainly be necessary to 
perform a complete frequency re-plan.  

The frequency re-planning task 

A9.39 Different operators will have different procedures, but one way of carrying 
out the task would be region by region. Each regional re-plan might typically 
take three months from end to end and require the resources of several 
different people along the way. The following five tasks would need to be 
performed: 

i) Traffic plan; 

ii) Frequency plan; 

iii) Neighbour plan; 

iv) Implementation; and 

v) Optimisation. 

A9.40 For the traffic plan operators would use network records to produce a list of 
the amount of traffic carried in the busy hour on each cell to be generated. 
Given a target blocking rate this will define the number of transceivers 
required and in the case of a frequency hopping system, the number of 
frequencies to be allocated to the hopping list. 

A9.41 The frequency re-planning task entails planning the standard re-use basis 
of control channel carriers (BCCHs). Typically a re-use pattern between 9 
and 21 might be employed. BCCH channels are deployed at specific 
frequencies and do no use frequency hopping.  

A9.42 As we will discuss later, Synthesised Frequency Hopping (SFH) channels 
are likely to be planned with a 9 or 12 re-use pattern. Where base band 
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hopping is used a larger re-use pattern may be necessary (between 9 and 
21). Automated planning algorithms are likely to be employed to ensure that 
the minimum number of frequencies are used in order to minimise self 
interference in the network. 

A9.43 Cell neighbours are not likely to change because of frequency changes. 
However it may be desirable to optimise neighbour lists in the light of new 
co-channel and adjacent channel interference scenarios. 

A9.44 Once the new frequency plan is prepared, it should be relatively straight 
forward to implement. The cell allocation lists are populated with the new 
frequencies and at the time appointed for the changeover the new data is 
loaded into each Base Station. Most Base Stations will need to be restarted 
to enable them to start on the new frequencies, and electromechanical 
actuators will re-tune the filters on cavity combiners.  

A9.45 In order to minimise disruption to the network a period of very low traffic is 
likely to be chosen for this process such as the small hours the morning. 

A9.46 Frequency plans are based on propagation prediction models, or possibly 
measurement statistics from the network. These inevitably have some 
inaccuracies, and when a new frequency plan is implemented there are 
likely to be locations where interference is found that was not predicted. 
Various optimisations might be necessary, such as adjustments to the 
frequency plan, changes in antenna direction or tilt, or changes to handover 
parameters to move traffic from one cell to another. 

A9.47 The optimisation process is likely to be a major activity that takes place in 
the days and weeks following implementation of a new frequency plan. 
Longer term the network performance measurements will guide the fine 
tuning of network performance, but immediately following implementation of 
a new frequency plan, before statistics have been gathered, a major 
programme of drive testing and network tuning will likely be needed. 

Cost of removing interleaving 

A9.48 The costs involved in removing the interleaving of spectrum assignments in 
the P-GSM band are likely to be highly sensitive to the relative sophistication 
of cell site equipment. 

A9.49 More modern equipment could be retuned remotely for as little as £100 per 
site with a software upgrade.  Equipment that is much older could require a 
site visit to replace and repoint the antenna, replace the filter and replace the 
TRx.  These costs could be in the region of £15,000-£20,000.  On top of 
these costs the drive testing optimisation is estimated at up to £1m. 

A9.50 The summarised sample table below shows an example of how our 
estimates have been constructed. 

Table 39: Sample construction of cost of removing interleaving 

Network parameters:     
a Number of macro sites 8,000
b Percentage needing equipment upgrades 33%
c Percentage needing software upgrades  67%
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Cost categories:   
d Equipment & labour costs for upgrades (£) 20,000
e Costs for software upgrades (£) 100
f Optimisation costs per day (£)  650
     
Cost drivers:   
g Number of equipment replacement sites a*b 2,640
h Number of software upgrade sites a*c 5,360
i Number of optimisation days  750
     
Undiscounted costs (£m):   
j Equipment & labour costs for upgrades d*g 52.8
k Costs for software upgrades e*h 0.5
l Optimisation f*i 0.5
Total undiscounted costs (£):  53.8
       
Discounted rounded costs (£m, 2007/08):   
  Period of implementation (years) 2
  Discount rate 3.50%
  Total discounted costs (£m, 2007/08):  49.4

 

A9.51 There is some uncertainty over the appropriate level some of the variables in 
the above table should take. Our approach to this uncertainty has been to 
complete two versions of this calculation based on two different stylised 
networks, one with whose percentage of sites requiring visits and equipment 
replacement was 15%, and the other at 33%.  On this basis we estimate the 
costs to be £25m-£50m per operator, or £50m-£100m in total.100 

Summary 

A9.52 This section has established when it would be appropriate for the operators 
to remove the interleaving of the P-GSM band, and that this reconfiguration 
is feasible.  It has also costed such an exercise.  This information feeds into 
the consolidated estimates section at the end of this annex. 

Utilisation of the 900MHz band 

A9.53 2G strategies for coping with spectrum release involve using the remaining 
spectrum more efficiently in order to accommodate similar total traffic levels 
in less spectrum.  If there is considerable scope for making more efficient 
use of existing spectrum then a 2G strategy would exploit this to allow GSM 
networks to continue operating whilst also allowing some spectrum to be 
cleared for 3G use.  Consequently we are interested in the utilisation of 
spectrum in the existing networks as this will partly inform the question of 
whether there is ‘spare capacity’ to exploit.  

A9.54 This section examines the results of our work into the utilisation of the 
900MHz band.  It then estimates the costs involved in clearing the most 
lightly used part of that band, the E-GSM. 

                                                 
100 These figures are the present value of costs incurred, discounted back to 2007/08 at the 
social discount rate of 3.5%. 
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Utilisation study 

A9.55 We commissioned a study in 2006 that looked at Vodafone and O2’s 
utilisation of their spectrum at 900 MHz. The following paragraphs 
summarise the results. 

A9.56 This study consisted of an extensive drive test programme in central London 
and areas of Sussex and Surrey supplemented by walk tests at Heathrow 
Airport and Oxford Street in London to establish the utilisation of each GSM 
channel in the 900 MHz band.  

A9.57 The results of these measurements can be seen below: 

Figure 36: London utilisation (drive test) 
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Figure 37: Sussex/Surrey utilisation (drive test) 
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Figure 38: Oxford street utilisation (walk test) 
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Figure 39: Heathrow airport terminal 1 (walk test) 
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A9.58 The results indicate that at the time of this study (2006) the E-GSM portion 
of the 900 MHz band appears to be used relatively lightly by both O2 and 
Vodafone, whereas the P-GSM portion is used extensively.  

A9.59 A degree of caution is obviously needed in extrapolating these results to a 
national picture. However, Ofcom believes that a reasonable conclusion that 
can be drawn is that E-GSM contributes to no more than about 10% of the 
900 MHz traffic carrying capacity of Vodafone and O2. This is consistent 
with the view that E-GSM is largely reserved for capacity relief rather than as 
a base coverage layer.  

A9.60 In addition to their spectrum holdings in the 900 MHz band, Vodafone and 
O2 also have holdings at 1800 MHz (2 x 5.8 MHz each). We understand that 
they operate their GSM networks using a hierarchical layered structure 
similar to that in Figure 40 below. 
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Figure 40: Hierarchical layered GSM configuration 
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A9.61 As can be seen from Figure 40, E-GSM and GSM 1800 spectrum is used to 
provide a capacity layer and is not used ubiquitously across the 900 MHz 
operators’ network deployment. This is consistent with the results of the 
utilisation study described above.  

A9.62 Given the relatively light use of E-GSM spectrum it is a reasonable 
assumption that, given a free hand, this would be the first choice for 
incumbent operators to clear for re-farming or release.  The costs of clearing 
the E-GSM spectrum are estimated below. 

Cost of clearing the E-GSM band of GSM carriers 

A9.63 Ofcom has estimated the cost involved in clearing the E-GSM band of GSM 
carriers and moving displaced traffic onto either GSM 900 or GSM 1800. 
This cost estimate is based on this band being used at the level indicated in 
the analysis detailed above.  

A9.64 This cost is composed of the equipment costs of adding transceivers to 
increase site capacity and associated labour costs.  There are also some 
limited reconfiguration and optimisation costs.  The summarised table below 
shows how this estimate has been constructed. 

Table 40: Sample construction of cost of releasing EGSM 

Network parameters:    
a Number of macro sites 8,000 
b Percentage needing equipment upgrades 15% 
c Average sectors per site  3 
     
Cost categories:   
d Labour costs for replacement sites (£) 2,250 
e Labour costs for non-replacement cells (£) 100 
f Equipment costs for replacement cells (£) 1,900 
g Optimisation costs per day (£)  650 
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Cost drivers:   
h Number of replacement sites a*b 1,200 
i Number of non-replacement cells a*c*(1-b) 20,400 
j Number of replacement cells a*b*c 3,600 
k Number of optimisation days  750 
     
Undiscounted costs (£m):   
  Cost of labour for replacement sites d*h 2.7 
  Cost of labour for non-replacement cells e*i 2.0 
  Cost of equipment for replacement cells f*j 6.8 
  Optimisation g*k 0.5 
  Total undiscounted costs (£):  12.1 
       
Discounted rounded costs (£m, 2007/08)   
  Period of implementation (years) 2 
  Discount rate 3.50% 
  Total discounted costs (£m, 2007/08):  11.1 

 

A9.65 Table 40 shows an illustrative calculation.  Our estimate is between £10m to 
£15m at discounted to 2007/8, depending on particular network parameters 
and assuming that the exercise took place in the two years prior to release 
in 2010/11. This range is based on the proportion of sites requiring 
equipment upgrades, and the average number of cells per site.   

A9.66 The reason that this cost is relatively small is because the relatively light use 
of the E-GSM, as indicated in the measurements discussed above. 
However, if there is an increase in 2G traffic between the time of the 
measurements (2006/7) and the time of spectrum release (2010/11) the cost 
estimate set out above would not be appropriate. This means that in a high 
demand for mobile broadband scenario, where traffic levels in 2010/11 are 
assumed to be the same as the levels in 2006/7, the costing set out above is 
appropriate as there is only a small amount of 2G traffic to be absorbed into 
the P-GSM or GSM1800 bands. However, in our low demand scenario, 
where traffic is 20% higher in 2010/11 than in 2006/7, this approach to 
clearing spectrum is no longer available.  

Summary 

A9.67 This section has established when it would be possible for the operators to 
clear the E-GSM band.  It has also costed such an exercise.  This 
information feeds into the consolidated estimates section at the end of this 
annex. 

Capacity of a theoretical GSM network 

A9.68 The previous subsections established what would be involved in clearing a 
relatively small amount of GSM spectrum, such as the E-GSM band. They 
have also shown that for larger releases it would be necessary to remove 
the interleaving of spectrum assignments in the P-GSM band. 

A9.69 Here we turn our attention to how a GSM network might react to further 
reducing the quantity of spectrum available to carry traffic.  The following 
analysis provides a simple calculation of the theoretical capacity of a GSM 
network for various spectrum quantities. The purpose is to shed light on the 
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ability of Vodafone and O2 to continue to serve GSM customers with various 
reduced quantities of GSM spectrum. 

Frequency reuse in a theoretical network 

A9.70 The analysis is conducted on the basis that the area to be served is covered 
by a regular array of hexagonal cells (an idealised GSM network). 

A9.71 In order to utilise frequencies efficiently and to minimise self interference, the 
same set of frequencies are not used on adjacent cells, the available 
frequencies are instead spread over a cluster of cells and the cluster is 
repeated on a regular basis across the network (see Figure 41 below – this 
illustrates a network with a cluster size of seven). 

Figure 41: Illustration of network with a frequency re-use cluster size of seven 

6
7

1
2

3
4

5
6

7

1
2

3
4

5

6
7

1
2

3
4

5

6
7

1
2

3
4

5

6
7

1
2

3
4

5

6
7

1
2

3
4

5
6

7

1
2

3
4

5

 

A9.72 On the assumption that cells are planned in a regular hexagonal array, 
cluster sizes can only come in certain discrete sizes including 3, 4, 7, 12, 13, 
19, and 27. 

A9.73 In order for an individual carrier to be able to operate satisfactorily (i.e. 
provide an acceptable quality of service) in the presence of co-channel 
interference from the same channel being used in nearby cells, the ratio of 
the wanted carrier power to the total power from all co-channel interference 
sources (C/I) must be below a certain threshold. According to the GSM 
specification, a C/I threshold of at least 9 dB is needed (see GSM 05.05).  

A9.74 As well as co-channel interference there will also be interference caused by 
the out-of band emissions from nearby carriers operating in the adjacent 
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channels and other sources of interference such as spurious emissions to 
take into account. This means that in practice, when planning a network, an 
operator is likely to add a certain margin to the C/I threshold on top of the 
nominal 9 dB specification value.  

A9.75 Frequency diversity techniques to average interference across the available 
spectrum such as Synthesised Frequency Hopping (SFH) can be used to 
minimise this margin. Where SFH is used, a margin of 3 dB might be applied 
giving a C/I threshold for planning purposes of 12 dB. Without SFH a margin 
of 6 dB or more might be required giving a C/I threshold for planning 
purposes of at least 15 dB. 

A9.76 For a hexagonal array, it can be shown that the frequency re-use cluster 
size N is related to the C/I by the following relationship: 

Equation 1: Frequency re-use cluster size 
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Where:  γ = the propagation path loss exponent; 

and  β = the number of sectors per site. 

A9.77 For an urban environment, a path loss exponent of 4 would typically be 
assumed. Also the operators would typically deploy 3 sectors per site. 
Figure 42 illustrates a network with a cluster size of three with 3 sectors per 
site. 

Figure 42: Illustration of a network with a cluster size of 3 and 3 sectors per 
site 
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A9.78 Using Equation 1 with C/I = 12 dB, path loss exponent of 4 (typical of an 
urban environment) and 3 sectors per site gives N = 1.9. For a hexagonal 
array this implies that a cluster size of 3 is actually needed (because the 
actual cluster size can only come in discrete values as indicated in 
paragraph A9.21 above) and as there are three sectors per site then a 
carrier re-use factor of 9 on a per sector basis is needed for an operator to 
provide an acceptable quality of service. 

A9.79 It could be argued that for a real network which not based on an ideal 
hexagonal array fractional cluster sizes are possible.  Here we present the 
theoretical situation but in the modelling of these effects we have adjusted to 
take such deviation from theory into account. 

A9.80 If a C/I = 15 dB is needed (typically for cases where SFH is not in use – 
which is always the case for BCCH carriers) Equation 1 gives N = 2.6. For a 
hexagonal array a cluster size of 3 is still acceptable. Indeed, for a cluster 
size of 3 then the C/I margin actually provided is 7 dB (based on a path loss 
exponent of 4 and 3 sectors per site). 

A9.81 If a lower path loss exponent of say 3 is used (which might be typical of a 
more rural or suburban environment), then for a 3 sector per site 
configuration and a C/I of 12 dB Equation 1 gives N = 3.3 (requiring a cluster 
size of 4 equivalent to a carrier re-use factor of 12) and for a C/I of 15 dB it 
gives N = 5.3 (requiring a cluster size of 7 equivalent to a carrier re-use 
factor of 21). 

Capacity per site in a theoretical network 

A9.82 We can use the above relationships to estimate the capacity of an idealised 
GSM network with a given amount of spectrum on a per site basis. For 
instance the 900 MHz operators currently have approximately 2 x 17.4 MHz 
of spectrum at 900 MHz and 5.8 MHz of spectrum at 1800 MHz; this 
represents the equivalent of approximately 116 GSM carriers each (without 
taking any guard channels into account).  

A9.83 For each operator, one channel per sector needs to be used for the BCCH 
(assuming that hyper-band handover is implemented and therefore only a 
single BCCH carrier is needed).  

A9.84 There are 8 timeslots per carrier and for the BCCH carriers 7 are typically 
available for traffic, for the other channels (TCHs) typically all 8 timeslots 
should be available for traffic.  

A9.85 This means that, assuming a 9:1 frequency re-use pattern for carriers (i.e. a 
cluster size of 3 and 3 sectors per site) then each sector can theoretically 
accommodate 12 carriers (rounding down to the nearest integral number of 
carriers) one of which is a BCCH. Each sector has a maximum capacity 
equivalent to 7 + (8 x 11) timeslots = 95.  

A9.86 Using the Erlang B formula and assuming 1% blocking probability this gives 
a capacity per sector of approximately 79 Erlangs. A typical user in the 
busiest part of the network might generate 30 mErlangs of traffic in the busy 
hour. A sector could therefore accommodate a maximum of approximately 
2,633 users. 
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Implications for dense urban areas 

A9.87 To put this result into context, there are approximately 300,000 workers in 
the City of London in an area of approximately 2.5 km2. Assuming that there 
is 100% mobile penetration of which 80% is 2G and that each of the four 2G 
operators have 25% of this market then an operator covering the City of 
London must cater for 60,000 GSM users. This means that an operator 
would need 23 sectors or 8 sites in 2.5 km2 or just over 3 sites per km2, or 
an average site to site distance of approximately 630 meters.  

A9.88 This is obviously based on an idealised network using only macro-cells with 
the maximum carriers per sector deployed and with users assumed to be 
evenly distributed.  

A9.89 In a real network a deployment based on hexagonal cells and cluster sizes 
derived from Equation 1 is not practical. Users tend to be clustered (in busy 
streets, railway stations, offices, etc) and providing coverage within an urban 
environment with high-rise buildings means that smaller macro-cells with 
fewer carriers per sector than theoretically possible are usually deployed 
and that these are supplemented by micro and pico cells covering 
particularly dense traffic hotspots (see Figure 40).  

A9.90 However the above analysis does provide a benchmark for the resources 
needed to cover the peak traffic load in a network and can be used for 
comparing the implication of differing amounts of spectrum being available 
for 2G and the impact that implementing SFH would have. 

A9.91 We can illustrate this for a reduction of 900MHz spectrum of 2 blocks in a 
GSM network not using SFH.101  Here the network’s total maximum capacity 
per sector would be reduced to 1,400 users. For the City of London case 
they would need 43 sectors to cover 300,000 people or 15 sites in 2.5 km2, 
or an average site to site distance of approximately 460 meters. 

A9.92 We can compare this to a greater reduction in the available 900MHz 
spectrum (by removing 2.5 blocks).102  Now the average site to site distance 
for the City of London drops to approximately 380 meters. 

A9.93 Repeating the above analysis for different values of spectrum remaining 
after release/re-faming gives the following (per operator). 

                                                 
101 For example where an operator needs to re-farm one block of 2 x 5 MHz of 900 MHz 
spectrum for themselves and release a further block of 2 x 5 MHz (total reduction of 900 MHz 
spectrum of 2 blocks), consistent with the high demand for mobile broadband scenario. 
102 For example where an operator re-farms 1 block and is required to release a further 1.5 
blocks of spectrum, consistent with the high demand for mobile broadband scenario. 
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Table 41: Implication of release/re-farming for GSM planning (dense urban 
case) 

Total GSM 
900 

spectrum 
released/r
e-farmed 

Remaining 
900 MHz 
spectrum 
for GSM 

use (MHz) 

Total 
remainin
g GSM 

spectrum 
(MHz) 

Timeslots 
available 
for traffic 
per sector 

Erlangs 
per sector 

(1% 
blocking) 

Sub-
scribers 

per sector 

Site to 
site 

distance 
for City of 
London 

(m) 
0 2 x 17.4 2 x 23.2 95 79 2633 631

2 x   2.5 2 x 14.8 2 x 20.6 87 72 2400 595
2 x   5.0 2 x 12.4 2 x 18.2 79 64 2133 564
2 x   7.5 2 x   9.8 2 x 15.6 63 50 1667 495
2 x 10.0 2 x   7.4 2 x 13.2 55 42 1400 461
2 x 12.5 2 x   4.8  2 x 10.6 39 28 933 380
2 x 15.0 2 x   2.4 2 x   8.2 31 21 700 331

 

A9.94 With larger spectrum releases (coupled with re-farming), the practicality of 
reserving spectrum for a micro/pico cell layer becomes increasingly difficult. 
It is highly likely that at some point an operator would be forced to remove 
the micro/pico cell layer altogether and just rely on macro-cells. 

A9.95 In addition, to achieve the sort of re-use pattern indicated in the analysis 
above would require the use of SFH. It is highly unlikely a GSM network with 
anything as low as 2 x 10 MHz of spectrum would be able to deal with the 
densest traffic areas unless traffic levels fall significantly. 

Implications for suburban / rural areas 

A9.96 A similar analysis can be conducted for the sub-urban/rural case.  Here 
larger frequency reuse cluster sizes might be appropriate.  

A9.97 Table 42 below represents the case where a cluster size of 7 for the BCCH 
carrier (i.e. a carrier reuse factor of 21) and 4 for other carriers (i.e. a carrier 
reuse factor of 12) are assumed. We have assumed that the traffic 
generated per user in the busy hour for this case is 20 mErlangs.  

Table 42: Implication of release/re-farming for GSM planning (rural/sub-urban 
case) 

900 MHz 
spectrum 
migrated 
to 3G use 

(MHz) 

Remainin
g 900 MHz 
spectrum 
for GSM 

use (MHz) 

Total 
remaining 

GSM 
spectrum 

(MHz) 

Timeslots 
available 
for traffic 
per sector 

Erlangs 
per sector 

(1% 
blocking) 

Sub-
scribers 

per sector 

0 2 x 17.4 2 x 23.2 63 50 2500 
2 x   2.5 2 x 14.8 2 x 20.6 55 42 2100 
2 x   5.0 2 x 12.4 2 x 18.2 47 35 1750 
2 x   7.5 2 x   9.8 2 x 15.6 39 28 1400 
2 x 10.0 2 x   7.4 2 x 13.2 31 21 1050 
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2 x 12.5 2 x   4.8  2 x 10.6 23 14 700 
2 x 15.0 2 x   2.4 2 x   8.2 15 8 400 

 

A9.98 An analysis of the drive test data described above (but excluding E-GSM 
and GSM 1800 spectrum) gives the average carrier reuse factor of 
approximately 25 for both the London and Sussex/Surrey areas with peak 
reuse factors of around 13.  

A9.99 This implies that for the busiest parts of the network frequencies are being 
re-used very efficiently indeed but that overall there should be considerable 
scope for adding carriers to improve capacity.   

Summary 

A9.100 The analysis above has demonstrated the extent to which reducing the 
amount of spectrum available for GSM impacts upon a network’s ability to 
carry traffic.  These results will be used in subsequent discussions, in 
particular the modelling, to show how much network must be upgraded in 
order to continue carrying comparable levels of 2G traffic with less spectrum 
available.  

2G upgrade strategies – options for increasing GSM capacity 

A9.101 This section discusses the options available to operators for increasing the 
spectral efficiency of GSM.   

Features of GSM 

A9.102 There are a number of features within the GSM standard that would allow an 
operator to increase capacity in their 2G networks without resorting to the 
deployment of new cell sites. The following is a non-exhaustive list of 
potential upgrade options. 

• Intelligent multi-layer resource management 

o Allows operators to optimise traffic load across different frequency 
bands and radio access technologies (e.g. GSM and UMTS) 

• Synthesized Frequency Hopping (SFH) 

o Allows a GSM single channel to be hopped across multiple frequencies 
thus averaging interference and allowing a tighter frequency reuse 
pattern (i.e. more carriers per cell can be used).  

• Concentric Cell  

o A software feature that allows greater frequency reuse within the inner 
part of a cell by effectively allowing a base station to emulate a micro 
cell embedded within a macro cell without the need to deploy a 
physical micro base station 

• Single BCCH (hyper-band handover) 
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o Can be used in multi-band networks (900/1800 MHz) where a single 
broadcast control channel (BCCH) is used on the 900 MHz layer 
without the need for another BCCH on the 1800 MHz layer 

• GSM Half Rate 

o Effectively squeezes voice calls into using half the normal resource 
using more efficient speech coding. This degrades voice quality but 
allows twice the number of simultaneous calls to be supported. 
Requires a reasonable penetration of Half Rate capable handsets to 
work effectively but our understanding is that all current handsets are 
Half Rate capable 

• Adaptive multi-rate 

o Similar to Half Rate but uses variable speech coding depending on 
conditions. 

Discussion of options 

A9.103 Some of the upgrades listed above may require hardware upgrades to 
existing sites depending on their current configuration (e.g. SFH). Some 
would require software upgrades within the network. Others rely on support 
within the handset population, making their effectiveness dependant upon 
the penetration of handsets that have implemented the particular feature. 

A9.104 Many of these upgrades trade an effective increase in network capacity 
against the cost of reduced quality of service (usually a degrading of call 
quality during peaks in demand).  This is not the case for SFH, as SFH 
effectively works by reducing the interference to a minimum, thereby 
allowing greater frequency reuse. 

A9.105 It is likely that the operators already make use a number of the techniques 
described above especially to manage peaks in traffic demand. However, 
we believe that some, such as SFH, are not in extensive use. 

Increasing the number of cell sites 

A9.106 In addition to the potential network upgrades listed above, operators could 
also increase their number of cell sites. A number of options are available 
including: 

• Hot spot deployment  

o Micro/pico cells are deployed in capacity hotspots reusing frequencies 
from the macro layer  

• Cell splitting (of Macro cells) 

o Can be achieved either by increasing the number of sectors on an 
existing site or by installing completely new sites 

• Dedicated in-building cells 
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o Can be achieved either by installing micro/pico cells within building or 
using a distributed antenna system from a macro base station 

A9.107 Deployment of micro/pico cells might be problematic in scenarios involving 
greater spectrum release as they generally require segregated frequencies 
to operate efficiently. For a 900 MHz operator who also has a limited supply 
of 1800 MHz spectrum an option could be to use 1800 MHz for micro/pico 
cell hot spot cells. 

Conclusion on options 

A9.108 It is difficult to predict what, if any, 2G upgrade strategy or combination of 
strategies an operator might choose.  It is highly likely that the preferred 
combination of options will be different for different sizes of spectrum 
release.  Further, the different characteristics of the two 900MHz networks 
may lead the incumbent operators to take different decisions to reflect their 
particular circumstances. 

A9.109 If 2G traffic levels were low, where there is a relatively small quantity of 
spectrum release (2 x 2.5 MHz or 2 x 5.0 MHz) and the operator chooses 
not to re-farm part of their remaining spectrum holding then very little in the 
way of upgrades to their network might be required.  In this case the bulk of 
the work might be in re-planning frequency use in the network, retuning 
existing transceivers followed by a series of drive tests and optimisations as 
described in the process for releasing the E-GSM spectrum.  

A9.110 However, if 2G traffic levels were high, it is conceivable that operators may 
have to use some of the techniques discussed above, even in the absence 
of any spectrum release or re-farming.  If operators were then required to 
release spectrum the costs of doing so would be higher as they try to further 
increase the spectral efficiency of an already efficient network.  

A9.111 In this, and all re-planning and upgrading exercises, there is a risk of short 
term disruption to network quality, although (as discussed at paragraphs 
A9.23-A9.25) we would expected operators to take measures to minimise 
these risks. 

Implementing GSM Synthesised Frequency Hopping (SFH) 

A9.112 This subsection focuses on the effect of implementing SFH, and the costs 
involved.  SFH has been selected from the previous list of upgrade options 
as it appears to offer operators a cost effective method of increasing GSM 
spectral efficiency with minimal impact on network quality.  

How SFH improves spectral efficiency in a GSM network 

A9.113 It is Ofcom’s understanding that both Vodafone and O2 use Base Band (BB) 
frequency hopping.  BB is where a transceiver transmits at one frequency 
and the call is moved between different transceivers.  Consequently the 
range of frequency a call can hop to is limited to the number of transceivers 
in a sector.  

A9.114 With SFH one transceiver can transmit multiple frequency channels so a call 
will stay on one transceiver but can hop on to a maximum of 64 different 
channels. The advantage of SFH over BB hopping is that interference on a 
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single channel is less of a problem as a call only spends a very small 
amount of time on that channel, this allows tighter frequency re-use within 
the network. 

A9.115 In Ofcom’s view SFH is a plausible option for overcoming the capacity 
constraints in an operator’s remaining BB frequency hopping GSM network.  
We estimate that SFH would be an effective solution where up to 2 x 
10.0MHz per operator needs to be cleared in the high mobile broadband 
demand scenario, and either 2 x 5.0MHz or 2 x 7.5MHz in the low mobile 
broadband demand scenario. 

Process of upgrading a BB network to SFH 

A9.116 The following points need to be taken into consideration when upgrading 
from a BB network to a SFH network. 

Combiner types 

A9.117 Commonly there are two types of combiners that have been deployed in the 
GSM networks.  These are cavity combiners and hybrid combiners. 

A9.118 Cavity combiners are tuned to fixed frequencies electromechanically and are 
not capable of being retuned to allow a single transceiver to hop between 
frequencies. To allow for hopping a different combiner input is used for each 
transceiver limiting the number of frequencies that can be used for hopping 
to the number of transceivers present in each cell (i.e. a maximum of 8 or so 
transceivers).  

A9.119 Therefore SFH cannot be deployed on cells with cavity combiners and such 
combiners must be replaced. 

A9.120 Hybrid combiners, on the other hand, are frequency agile and allow a single 
transceiver to hop over the entire 900 MHz band. SFH requires the use of 
hybrid combiners for all cells within a hopping cluster. 

Clustering of SFH cells 

A9.121 In order to implement SFH, it must be implemented in whole clusters of 
cells.  This is so that the interference diversity effects can be properly 
realised. If only 10% of cells are estimated to be capacity limited then it is 
possible that up to 20% of cells may need to be included in frequency 
hopping clusters. 

Software upgrades 

A9.122 To implement SFH a software upgrade at the base station and within the 
network would be required. It is possible that some less modern sites may 
require a site visit to upgrade this software. 

Network management system upgrades 

A9.123 Network management system upgrades would be necessary for: 

• Configuration management; 
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• Performance management; 

• Workflow management; 

• Inventory management. 

• Radio frequency planning and optimisation. 

Cost of implementing SFH – approach to modelling 

A9.124 The flowchart below illustrates at a high level our approach to quantifying the 
cost of implementing SFH for different levels of spectrum release.  The 
following paragraphs explain the calculation logic of the major steps. 

Figure 43: Flow diagram of SFH upgrade 
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A9.125 Taking the quantity of spectrum to clear as an input we establish the amount 
of spectrum remaining for the GSM network.  The calculations shown above 
in Table 41 and Table 42 are used to produce frequency reuse limits for 
standard GSM network (without SFH implemented). 

A9.126 Taking these two pieces of information the model calculates the maximum 
feasible number of carriers per site.  This bound says that all sites with more 
carriers than the upper limit will need to be upgraded to SFH.  However, 
rather than using only this purely theoretical upper bound we make an 
adjustment so that 50% of those sites with the maximum feasible number of 
carriers are upgraded, 25% of sites with one less sector than the theoretical 
limit and 75% of sites with one more carrier than the theoretical limit are also 
upgraded. 

A9.127 The model then takes a stylised distribution of carriers per site, as shown in 
Table 43.  In the low mobile broadband demand scenario an adjustment is 
made to this distribution to reflect the higher 2G traffic levels.  The 
distribution is then applied to the upgrade profile described in the previous 
paragraph.  This returns the number of sites requiring upgrade to SFH.   
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Table 43: Distribution of carriers per site - total GSM network 

  Total network 
Carriers per 
site 

Stylised 
network A 

Stylised 
network B 

1 2% 6% 
2 23% 51% 
3 27% 22% 
4 22% 17% 
5 15% 3% 
6 8% 1% 
7 3% 0% 
8 0% 0% 

 

A9.128 Adjustment is also made at this stage to account for the clustering of SFH 
cells.  This is achieved by multiplying the number of site requiring upgrades 
by a factor of 2 and specifying that a minimum of 5% of the network would 
be upgraded. 

A9.129 Given the number of sectors and sites requiring upgrades to SFH we must 
now attribute costs to these items. 

A9.130 As noted above sites that have cavity type combiners will require an 
upgrade in order to implement SFH.  We have assumed that our stylistic 
networks have either 15% or 33% of their combiners that are of this cavity 
type. 

A9.131 We have estimated the cost of replacing a combiner at approximately 
£11,000.  The cost of a software upgrade at a site is estimated at £1,000, 
and the cost of 2 man days of time to complete the installation and upgrade 
is costed at £1,000. 

A9.132 In addition there are costs associated with the frequency planning, 
optimisation and network management system upgrades.  These have been 
estimated at £3m per operator. 

A9.133 These costs are summed and discounted back to 2007/08 at the social 
discount rate of 3.5%. 

Cost of implementing SFH – results 

A9.134 The following tables provide estimates for the cost of clearing various 
quantities of spectrum in 2010/11 (20 year NPV from date of release 
discounted back to 2007/08 at the social discount rate of 3.5%).103  All 
results are presented on a per operator basis. 

                                                 
103 3.5% is HM Treasury’s current estimate of the social discount rate, see 
http://greenbook.treasury.gov.uk/annex06.htm.  Using a discount rate of 3.0% or 4.0% 
increases or decreases the costs presented in Table 44 and Table 45 by less than 4%.  
Results presented for clearances of up to and including 2 x 10 MHz in the high scenario, and 
2 x 5 MHz in the low scenario, have been rounded to the nearest £5m.  Results for 
clearances above these levels are more uncertain and have therefore been rounded to the 
nearest £25m. 
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A9.135 The upper and lower estimates are based on different assumptions about 
the configuration of their respective networks (e.g. number of GSM sites, 
relative proportions of transceivers per cell/sector, relative proportions of 
sector/site, percentage of combiners that require upgrade, etc.) 

Table 44: SFH upgrade costs – high mobile broadband demand scenario 

Synthesised Frequency 
Hopping cost per operator 

Spectrum 
cleared per 

operator Lower (£m) Upper (£m) 
2 x   2.5 MHz 10 15 
2 x   5.0 MHz 10 15 
2 x   7.5 MHz 20 25 
2 x 10.0 MHz 40 45 
2 x 12.5 MHz 75 100 
2 x 15.0 MHz 75 175 

 

Table 45: SFH upgrade costs – low mobile broadband demand scenario 

Synthesised Frequency 
Hopping cost per operator 

Spectrum 
cleared per 

operator Lower (£m) Upper (£m) 
2 x   2.5 MHz 20 25 
2 x   5.0 MHz 40 45 
2 x   7.5 MHz 75 100 
2 x 10.0 MHz 75 175 

 

A9.136 Whilst we have estimated the cost of implementing SFH across an 
increasing proportion of the network it is unlikely that an SFH upgrade alone 
would be able to absorb the displaced traffic beyond clearances of 2 x 
10MHz per operator in the high scenario, and 2 x 5.0MHz in the low 
scenario.  The ranges of results presented beyond this point are larger, 
reflecting the considerable increase in uncertainty.   

Interpreting the cost of SFH implementation 

A9.137 In the high demand for mobile broadband demand scenario operators are 
able to clear 2 x 5MHz each for approximately £10m-£15m per operator.  
This is the same as the cost presented for the lower clearance of 2 x 
2.5MHz.  The explanation for this lack of increase is that the £10m-£15m 
range represents our estimate of the minimum significant deployment of 
SFH, and that this minimum significant deployment yields 2 x 5MHz of 
cleared spectrum. 

A9.138 This characteristic is not repeated in the low mobile broadband demand 
scenario as we have assumed that the 2G traffic levels here are higher (20% 
above those observed in 2006/07).  This higher traffic level means that even 
clearing 2 x 2.5MHz requires SFH to be implemented at a greater number of 
sites than the minimum discussed above. 

A9.139 In both scenarios, increasing the amount of spectrum cleared implies 
increasing the cost of upgrading sufficient sites to SFH. 



Application of spectrum liberalisation and trading to the mobile sector 

244 

A9.140 In order to clear in excess of 2 x 10 MHz in the high demand scenario (or 2 x 
5 MHz in the low demand scenario) operators are likely to need to deploy 
another strategy in addition to, or instead of, SFH.  Consequently the costs 
presented above for such clearances are only part of the total costs. 

A9.141 We have not presented results for clearances of greater than 2 x 10 MHz in 
the low mobile broadband demand scenario.  This is because it is highly 
unlikely that a GSM network would be able to continue carrying the 
remaining 2G traffic with such a low quantity of spectrum available. 

Summary 

A9.142 This section discussed in detail how SFH could be deployed in a network 
and produced cost estimates for such an implementation.  Those estimates 
will be used in the final section of this annex, alongside the cost estimate of 
clearing the E-GSM and removing the interleaving, to illustrate the cost of 
2G based strategies and show what level of spectrum release could be 
accommodated by such methods. 

Ability of a UMTS carrier to absorb displaced GSM traffic 

A9.143 Up to this point this annex has considered only 2G strategies to solve the 
problem of absorption of 2G traffic caused by the release of 900MHz 
spectrum.  Those two strategies were: 

i) the release of E-GSM, yielding 2 x 5MHz per operator in a high demand 
for mobile broadband scenario, but not a viable option in the low demand 
for mobile broadband scenario due to the higher 2G traffic; and 

ii) the implementation of SFH. 

A9.144 We noted in the previous subsection that it is unlikely that using SFH alone 
would enable an operator to clear in excess of 2 x 10MHz in the high 
demand for mobile broadband scenario, or 2 x 5MHz in the low demand for 
mobile broadband scenario.  Note that we assume operators wish to re-farm 
one block of spectrum each for their own use in the high scenario but not in 
the low scenario.  This equates to a release of 2 blocks in either case. 

A9.145 From this point onwards we are therefore interested in whether an operator 
can use its existing UMTS2100 network to absorb 2G traffic ‘displaced’ by 
the clearing of 900MHz.  This is termed a ‘3G strategy’.  

A9.146 In order to implement a 3G strategy (i.e. to absorb displaced 2G traffic on 
the 3G network) two conditions must hold, there must be adequate 3G 
coverage in areas where GSM is capacity constrained, and there must be 
sufficient 3G compatible handsets in the subscriber base.  These are the 
topics of the two sections following this one. 

Relative theoretical capacity of UMTS carriers 

A9.147 This subsection considers the theoretical capability of a UMTS2100 network 
to absorb traffic cleared from a 2G network.  Following this subsection we 
consider the coverage of the UMTS2100 network and handset issues. 
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A9.148 An alternative/complementary approach to absorbing traffic displaced from 
released GSM 900 spectrum is to absorb it on the existing UMTS 2100 
network. 

A9.149 It is likely that a single UMTS carrier will be able to absorb a significant 
amount of traffic from released GSM 900 spectrum as indicated in the 
following simplified analysis. 

A9.150 Assuming a mixture of traffic from Static, Pedestrian (3 km/s) and Vehicular 
(120 km/s) users as follows: 

Table 46: Traffic mix 

Channel Assumed user 
speed 

Proportion of 
users 

Target Eb/No 

Static  0 km/h 20% 5.1 dB 
Pedestrian  3 km/h 60% 9.0 dB 
Vehicular 120 km/h 20% 7.2 dB 
 

A9.151 Analysis of capacity is based on the uplink direction (uplink being the limiting 
case) and are for voice only service assuming the following parameters: 

Table 47: UMTS uplink parameters 

Parameter Symbol Assumed value 
Activity factor  υ 0.67 
WCDMA chip rate W 3.84 Mc/s 
User bit rate R 12.2 kb/s 
Other cell to own cell interference i 65% 
Uplink load factor ηUL 80% 
 

Capacity of a single UMTS carrier 

 
A9.152 Using the uplink load equation104  

Equation 2: Uplink load equation 
 

ηUL = ((Eb/No) / (W/R)) * N * υ * (1 + i) 
 

A9.153 The number of simultaneous voice calls that can be carried on a single 
UMTS carrier is: 

N = 40 
 

Traffic displaced by release of 5 MHz of GSM spectrum 

A9.154 Number of 200 kHz GSM carriers available in 5 MHz = 5/0.2 = 25 

                                                 
104 WCDMA for UMTS – Holma and Toskala – Second Edition – Equation 8.13 
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A9.155 Assumed GSM frequency re-use pattern = 12:1 

A9.156 Number of traffic channels available per carrier = 8 

A9.157 Number of simultaneous voice calls that can be carried in 5 MHz of GSM 
spectrum 

N = (25 * 8) / 12 = 16.7 
 

Conclusion 

A9.158 From the simplified analysis above it can be concluded that a single 5 MHz 
UMTS carrier should be able to carry approximately the same voice traffic as 
12 MHz of GSM spectrum (or a ratio of 2.4:1).  Thus a UMTS network 
should be capable of absorbing a significant amount of displaced 2G traffic. 

A9.159 In practice the theoretical relationships relied on above may be affected by 
other factors that complicate the analysis.  For example: 

• the frequency re-use factor of GSM may be lower than 12 in all but the 
most heavily loaded parts of the network (in the absence of SFH); 

• in reality there may be a loss of trunking efficiency in reducing the 
available GSM spectrum; 

• the calculations above do not take into account the data traffic currently 
carried on the 2G networks; and 

• UMTS 2100 is unlikely to provide the same quality of service in-building 
that GSM 900 could due to the propagation characteristics of the two 
frequency bands.  

Summary 

A9.160 Given the uncertainties expressed above we have assumed that traffic 
displaced from the 2G networks can be carried on the 3G networks without 
expenditure on extra capacity.  If this were not the case then deploying a 
second (or possibly third in the case of Vodafone) UMTS 2100 carrier might 
be seen as a realistic option to absorb displaced traffic. 

Expanding UMTS 2100 coverage area 

A9.161 Whilst the analysis above indicated that a UMTS2100 network could have 
sufficient capacity to absorb a significant amount of displaced 2G traffic, the 
UMTS2100 networks currently have less coverage than the 2G networks.  
This coverage difference manifests itself in two ways. 

A9.162 Firstly each operator’s UMTS2100 network does not cover as large an area 
as its 2G network.  Secondly, the propagation characteristics of 2.1GHz 
mean that each cell covers a smaller area than an equivalent 900MHz cell 
(where the network is coverage, rather than capacity, constrained). 

A9.163 Both Vodafone and O2 have rolled out 3G services and are expected to 
have coverage at least 80% of the UK population by the end of 2007.  We 
have therefore used this 80% coverage as a starting point.  To the extent 
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that operators have greater 3G coverage then the costs presented below will 
be overestimates. 

A9.164 If operators chose to absorb displaced 2G traffic within their 3G network 
then, in areas outside current UMTS 2100 coverage, they would have to 
extend their UMTS 2100 network to locations they otherwise may not have 
chosen to. 

Extension of UMTS2100 coverage – approach to modelling 

A9.165 Ofcom has estimated the costs involved in extending UMTS 2100 coverage 
to absorb displaced traffic outside current UMTS 2100 coverage for a 
number of spectrum release/re-farming scenarios. The method by which 
these estimates have been reached is illustrated by the flowchart below and 
explained in the following paragraphs. 

Figure 44: Flowchart for estimating the cost of extending the UMTS2100 
coverage area 
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A9.166 The first part of the model is very similar to the operation of the SFH model.  
We take the quantity of spectrum to clear as an input and establish the 
amount of spectrum remaining for the GSM network.  Using this, and the 
acceptable frequency reuse limits for a GSM network with SFH 
implemented, the model calculates the maximum feasible number of carriers 
per site.   

A9.167 This bound says that all sites with more carriers than the upper limit will 
need to be upgraded to 2.1GHz so that traffic may be transferred to the 3G 
network.  Again, we make an adjustment so that this upper bound is applied 
less rigidly.  That is 50% of sites with the maximum feasible number of 
carriers are upgraded, 25% of sites with one less sector than the theoretical 
limit and 75% of sites with one more carrier than the theoretical limit are also 
upgraded.. 
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A9.168 The model then takes a stylised distribution of carriers per site outside the 
3G coverage area, shown in Table 48.  Again, a traffic level adjustment is 
made in the low mobile broadband demand scenario.  The distribution is 
then applied to the upgrade profile described in the previous paragraph.  
This returns the number of sites requiring upgrade to 2.1GHz.   

Table 48: Distribution of carriers per site - GSM network outside 3G coverage 

  Outside 3G coverage 
Carriers per 
site 

Stylised 
network A 

Stylised 
network B 

1 2% 15% 
2 37% 60% 
3 31% 12% 
4 17% 10% 
5 7% 2% 
6 3% 1% 
7 1% 0% 
8 1% 0% 

 

A9.169 We then upgrade these sites to UMTS2100 over a 2 year period and 
discount the costs back to 2007/08 at the social discount rate of 3.5%. 

A9.170 In doing so we assume that only upgrades are necessary and that no new 
sites are required.  If the cell radius of a UMTS2100 cell is substantially 
smaller than that of a GSM900 cell then in reality new sites may need to be 
constructed and our model may underestimate the true cost. 

A9.171 We do not feel that this is a major concern because there are a number of 
mitigation strategies that could be employed by the operators in such 
circumstances.  For example, traffic levels could be managed between the 
GSM900 and UMTS2100 layers to minimise the effects of cell breathing, 
and therefore maximise the coverage provided by the UMTS2100 cell. 

A9.172 It will be noted that this model is providing a similar output to the model used 
to examine cost differences between frequencies in the less densely 
populated areas. However, the question being asked of each model is in fact 
very different.   

A9.173 In the less densely populated analysis we are interested in the costs of 
covering specific population intervals, for example, between 80-99% 
population coverage.  Whilst here we are concerned with establishing how 
many 2G sites outside the 3G coverage area will be capacity constrained in 
the event of spectrum release.  Consequently the two are not directly 
comparable. 

Extension of UMTS2100 – results 

A9.174 The following tables provide estimates for the cost of extending the 
coverage of UMTS2100 associated with clearing various quantities of 
spectrum in 2010/11.105  The high and low estimates are based on different 

                                                 
105 Calculated as a 20 year NPV from date of release discounted back to 2007/08 at the social 
discount rate of 3.5%.  Figures are rounded to the nearest £10m.  Using a discount rate of 
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assumptions about the configuration of our two stylised networks (e.g., 
different numbers of GSM 900 sites they have outside their UMTS 2100 
coverage and the relative proportions of transceivers per site/sector.) 

Table 49: UMTS 2100 upgrade costs – high mobile broadband demand scenario 
UMTS2100 upgrade Spectrum cleared 

per operator Lower (£m) Upper (£m) 
2 x   2.5 MHz - - 
2 x   5.0 MHz - - 
2 x   7.5 MHz - - 
2 x 10.0 MHz - 10 
2 x 12.5 MHz 10 20 
2 x 15.0 MHz 40 60 

 

Table 50: UMTS 2100 upgrade costs – low mobile broadband demand scenario 
UMTS2100 upgrade Spectrum cleared 

per operator Lower (£m) Upper (£m) 
2 x   2.5 MHz - - 
2 x   5.0 MHz - - 
2 x   7.5 MHz - 10 
2 x 10.0 MHz 20 30 
2 x 12.5 MHz 90 100 
2 x 15.0 MHz 170 210 

 

Extension of UMTS2100 – interpretation of results 

A9.175 The precise quantity of release at which it becomes necessary to extend the 
coverage of the 2.1GHz networks is unclear.  This is reflected in both 
demand scenarios by the presence of an interval which has zero at its lower 
end and £10m per operator at its upper end. 

A9.176 The costs of extending UMTS2100 coverage are higher in the low demand 
for mobile broadband scenario as there is higher 2G traffic in this scenario.  
That means that, with equivalent reductions in spectrum, GSM cells are 
more likely to become capacity constrained and therefore require the 
addition of a UMTS2100 carrier to offload some traffic. 

A9.177 It will be noted in the summary section of this annex that the UMTS2100 
coverage extension results of the high demand for mobile broadband 
scenario imply that some limited 2.1GHz widening may need to occur even 
where there has not been any acceleration of handset migration (i.e. at 2 x 
10MHz clearance). 

A9.178 This may seem counter-intuitive, however it is important to note that in a 
network of many thousands of sites at both 2G and 3G it should not be 
surprising that there are a small percentage of very heavily utilised 2G sites 
that are not within the 3G coverage area.  These sites would have needed to 
be upgraded to SFH even for very small quantities of spectrum release so it 

                                                                                                                                         
3.0% or 4.0% increases or decreases the costs presented in Table 49 and Table 50 by less 
than 4%. 
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is reasonable to assume that they require UMTS upgrades for moderate 
levels of spectrum release. 

Summary 

A9.179 This section estimated the costs of expanding the UMTS2100 coverage 
area.  These costs will be included in the consolidated costing at the end of 
this annex as part of the 3G strategy. 

Accelerating the take up of 3G handsets 

Handset migration (GSM to UMTS2100) 

A9.180 A key consideration for an operator choosing to absorb displaced traffic from 
the GSM 900 network is the penetration of UMTS2100 handsets amongst its 
customers. 

A9.181 In the previous subsections we examined the capacity and coverage of the 
existing UMTS2100 networks.  Achieving sufficient penetration of 
UMTS2100 compatible handsets amongst its subscriber base is the final 
necessary condition that allows an operator to accommodate displaced 2G 
traffic on its 3G network. 

A9.182 Attaining such penetration may require an operator to increase the rate at 
which it migrates customers over to 3G.  If required to do so an operator 
would most probably achieve this acceleration by increasing its subsidy of 
UMTS2100 handsets.   

A9.183 This subsidy could be applied to any new, or upgrading, customer.  
Alternatively operators could target those customers who generate the most 
traffic and offer them specific subsidies (such as a totally free upgrade) to 
improve the efficacy of the subsidy. 

A9.184 This increase in subsidy may not be entirely wasted.  Providing more of their 
customers with more advanced phones may improve the revenues derived 
from those users, or assist customer retention. 

A9.185 Clearly the extent to which operators releasing spectrum would need to 
accelerate the migration of their customers to UMTS2100 is highly uncertain.  
In the high demand for mobile broadband scenario it is assumed to be the 
case that operators will have already migrated a large number of customers 
over to 3G, and that the traffic on their 2G networks in 2010/11 has reduced 
to the levels observed in 2006/07. 

A9.186 The size of the required investment in accelerating handset migration falls if 
we assume that spectrum release occurs later as most forecasts show 2G 
traffic levels falling after 2010/11.  The number of customers who would 
need to be migrated also falls as the amount of spectrum to be cleared is 
reduced. 

Accelerating handset migration – approach to modelling 

A9.187 In order to establish the likely costs involved in a strategy of accelerating 
migration we built a simple model to capture some of the variables involved 
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in the process.  The high level operation of this model is illustrated in the 
following flowchart and described in the paragraphs that follow. 

Figure 45: Flow diagram for model of accelerated handset migration 
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A9.188 The broad principle of this model is an extension of the observation that if 
operators have to clear 20% of their 2G spectrum for refarming and release 
then they will have to migrate 20% of their customers. 

A9.189 The model takes the spectrum holdings of an operator currently used for 
GSM, it subtracts from this the amount of spectrum cleared by other 
methods such as SFH.  From this baseline it takes the amount of spectrum 
to be cleared by accelerated handset migration and calculates what 
proportion this is from the baseline spectrum holding. 

A9.190  It then takes the number of current 2G customers on a stylised network, 
15m, and the growth of 2G customers expected between now and release 
(0% in the low demand for mobile broadband scenario, -20% in the high 
demand for mobile broadband scenario).  This returns the number of 2G 
customers at the time of release, absent any accelerated handset migration. 

A9.191 Multiplying the forecasted number of 2G customers at release, by the 
percentage reduction in spectrum holdings gives us the number of 
customers to be migrated to the 3G network. 

A9.192 The cost side of the model takes the size of the increase in handset subsidy 
required to achieve the desired migration (£75, £100, or £125), applies a 
trend to it (0% to -30% per annum), splits the migrated customers over a 
period (1-3 years), and discounts the resulting costs back to 2007/08 at 
3.5%. 

A9.193 In following the logic described above we make the simplifying assumptions 
that: 

• all traffic on the 2G network is generated by 2G subscribers alone; 

• prior to the point of release the 2G spectrum is efficiently used; 
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• mobile operators are unable to target users who are active in capacity 
constrained areas; and 

• mobile operators are unable to target high value users. 

A9.194 Relaxing these four assumptions will generally lower the cost of allowing 
release through accelerated migration. 

Accelerating handset migration – results  

A9.195 The following tables and charts demonstrate the impact that changing key 
variables has on the output of the model.  Those key variables are:  

• the amount of spectrum to be cleared by accelerated handset migration; 

• the amount of spectrum already cleared by other methods (e.g. SFH); 

• the cost of the handset subsidy; 

• the net change in number of 2G only handsets (absent accelerated 
migration) between now and release; 

• the discount rate applied to these costs; and 

• the period over which the accelerated migration occurs. 

A9.196 The results presented in this section are all calculated on a per operator 
basis. 

A9.197 For the high demand for mobile broadband scenario the base case around 
which we will examine these sensitivities is that of releasing spectrum in 
2010/11 by accelerating migration in the prior two years when other methods 
having already cleared 2 x 10MHz per operator, 2G handset growth is of -
20%106 and a subsidy per handset of £100 is required.  These costs are then 
discounted at the social rate of 3.5%.107  The figures presented are per 
operator and are rounded to the nearest £25m. 

Table 51: Cost of accelerating handset migration - high mobile broadband 
demand scenario, 2x10MHz cleared by other methods 

Accelerated handset migration Spectrum 
cleared per 

operator Low (£m) High (£m) 

2 x   2.5 MHz - - 
2 x   5.0 MHz - - 
2 x   7.5 MHz - - 
2 x 10.0 MHz - - 
2 x 12.5 MHz 125 225 
2 x 15.0 MHz 275 450 

 

                                                 
106 This fall in the number of 2G only subscribers is comparable to reaching a 3G penetration 
rate of 35%. 
107 Using a discount rate of 3.0% or 4.0% increases or decreases the cost estimates by 
approximately 1% respectively. 
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A9.198 For the low demand for mobile broadband scenario the figures are based on 
spectrum release in 2010/11 by accelerating migration in the prior two years, 
assuming other methods having already cleared 2 x 5MHz per operator, 2G 
handset growth of 0%108 and a subsidy per handset of £100. 

Table 52: Cost of accelerated handset migration - low mobile broadband 
demand scenario, 2 x 5MHz cleared by other methods 

Accelerated handset migration Spectrum 
cleared per 

operator Low (£m) High (£m) 

2 x   2.5 MHz - - 
2 x   5.0 MHz - - 
2 x   7.5 MHz 125 200 
2 x 10.0 MHz 225 400 
2 x 12.5 MHz 350 600 
2 x 15.0 MHz 475 775 

 

A9.199 There is greater uncertainty in the low mobile broadband demand scenario 
concerning the level of spectrum clearance at which operators would begin 
to use accelerated migration.  Consequently we have also modelled the low 
mobile broadband demand scenario where 2 x 7.5MHz has been cleared by 
other methods, as shown in Table 53. 

Table 53: Cost of accelerated handset migration - low mobile broadband 
demand scenario, 2 x 7.5MHz cleared by other methods 

Accelerated handset migration Spectrum 
cleared per 

operator Low (£m) High (£m) 

2 x   2.5 MHz - - 
2 x   5.0 MHz - - 
2 x   7.5 MHz - - 
2 x 10.0 MHz 125 225 
2 x 12.5 MHz 275 450 
2 x 15.0 MHz 400 700 

 

A9.200 The cost of accelerating migration to clear a specific quantity of spectrum, 
say an extra 2 x 2.5MHz, is higher in the high mobile broadband demand 
scenario than in the low mobile broadband demand scenario.  This is 
principally driven by the assumption of how much spectrum had been 
cleared by other methods already, and therefore how many 2G subscribers 
‘per block’ there are.   

Accelerating handset migration – interpretation and sensitivities 

A9.201 This section demonstrates the impact of changing the assumptions 
described above.  Figure 46 illustrates the impact of varying the assumed 

                                                 
108 This lack of growth of 2G only subscribers is comparable to reaching a 3G penetration rate 
of 15%. 
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handset subsidy required to achieve clearance of an extra 2 x 2.5MHz per 
operator.109   

Figure 46: Effect of varying the size of the handset subsidy 
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A9.202 There are two issues to consider in interpreting Figure 46.   

A9.203 Firstly, we are modelling the accelerated migration as working alongside 
operators’ normal handset refresh cycle.  That is, when a new customer 
comes to a network they typically receive a new phone.  If that new phone 
would have been a 2G phone then migration to 3G can be accelerated by 
instead offering a 3G phone on similar terms.  As 3G handsets are on 
average more expensive than 2G phones this implies an increase in 
subsidy. 

A9.204 It is generally thought that the price differential between otherwise 
comparable 2G and 3G phones lies in the range £75 - £125. 

A9.205 Secondly, so far we have assumed that this subsidy is the same irrespective 
of the amount of blocks to be released by accelerated migration, or other 
factors.  It is plausible however that the required subsidy increases with the 
amount of consumers to be migrated as it is inevitable that some consumers 
will be more inclined to take a 3G handset than others. 

A9.206 Figure 47 shows the effect of assuming different values of growth in the 
number of 2G handsets between now and release.  This growth is referring 
solely to the number of 2G devices, rather than growth in 2G traffic.  This is 
one of the differences between the high and low mobile broadband demand 
scenarios.  In the high mobile broadband demand scenario is assumed that 
the number of 2G handsets falls by 20% between 2007/08 and 2010/11, 
representing considerable migration to 3G.  Whereas in the low scenario it is 

                                                 
109 In the high mobile broadband demand scenario 2 x 10.0MHz has already been cleared by 
other methods, whilst in the low mobile broadband demand scenario 2 x 5.0MHz has been 
cleared prior to the use of accelerated migration. 
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assumed that there is no net change in the number of 2G handsets over the 
same period.  The effect of increasing the number of 2G handsets is to 
increase the number of consumers who must be given a subsidy in order to 
clear a given number of blocks.   

Figure 47: Effect of varying assumed growth in 2G handsets 
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A9.207 Figure 47 shows different values of growth in 2G handsets, for different 
amounts of spectrum clearance by accelerated migration.  These results 
assume that 2 x 7.5 MHz has been cleared by other methods and that the 
required additional subsidy is £100, falling by -10% per year. 

A9.208 The value of 2G handset growth is clearly affected by 2G traffic growth and 
the rate of migration to 3G that would have occurred absent any regulatory 
inspired acceleration.  A scenario where 2G traffic growth was low (or 
negative) over the period, and operators continued to migrate their 
customers to 3G handsets could reasonably be expected to result in a 
negative value for 2G handset growth. 

A9.209 The next sensitivity concerns the effect of changing the assumed discount 
rate.  We are conducting a cost benefit analysis from society’s perspective to 
inform policy-making, consequently the appropriate discount rate is the real 
social discount rate.  This has been estimated by the Treasury to be 
3.5%110.  However, this figure is an estimate and so it is instructive to 
examine how sensitive our results are to this assumption. 

A9.210 Using a discount rate of 3.0% increases our estimates for the cost of 
clearing 2 x 2.5, 5.0 and 7.5MHz by 1.2%.  Increasing the discount rate to 
4.0% decreases our central estimates by the same percentage.  We can 
conclude that these cost estimates are not sensitive to small changes in the 
assumed discount rate. 

                                                 
110 Available at http://greenbook.treasury.gov.uk/annex06.htm  
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Figure 48: Effect of varying the assumed period of migration 
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A9.211 Figure 48 checks one of the model’s principle assumptions by changing the 
period over which migration is assumed to occur.  The model’s design 
means that the only two effects on cost of changing the migration period are 
the changing level of subsidy, and the discount factor.  Migration in a one 
year period occurs in the year prior to release, whilst migration in two years 
spreads the same amount of consumers over a larger period, thus bringing 
forward some of that cost.  As in the previous graph this chart assumes that 
2 x 7.5 MHz has been cleared by other methods, that the required additional 
subsidy is £100, falling by -10% per year and that there is a 10% fall in the 
number of 2G handsets. 

A9.212 More significant however are the implied ‘churn’ numbers noted on the 
graph.  These state the percentage of 2G consumers who are to be 
migrated each year for a particular scenario.  For example, if an operator 
wished to clear 2 x 7.5MHz in 1 year it would need to migrate 50% of its 2G 
consumers in that year.  Whilst if it chose to clear that spectrum over a three 
year period it would only have to migrate 17% of its consumers in each of 
those three years. 

A9.213 We are assuming that operators migrate their customers to 3G by 
subsidising 3G handsets as they attract new customers and as current 
customers upgrade their handsets.  They are therefore constrained in their 
ability to migrate their customer base by the churn rates which they 
experience.  The evidence we have regarding churn rates is that an operator 
can expect somewhere between 20% and 40% customer churn per year111.  
Clearly it is therefore inappropriate to assume that an operator could achieve 
the clearing of 1.5 blocks over a period of one year without resorting to other 
more targeted methods of accelerating migration. 

                                                 
111 Recently reported churn rates were: O2 – 24%, Vodafone – 33.8%, T-Mobile – 39.6%.  
Available from (respectively) pages 47, 37 & 3 in the following documents.  
http://www.telefonica.es/accionistaseinversores/ing/pdf/rdos06t2-eng.pdf 
http://www.vodafone.com/etc/medialib/attachments/agm_2007.Par.62252.File.tmp/Vodafone_
RA_2007_web.pdf http://www.t-mobile-international.com/MEDIA/8937,0.pdf  
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UMTS900 3G accelerated migration 

A9.214 In a scenario in which liberalisation preceded the release of some spectrum 
(for example a staged release where two blocks were released in 2010 and 
another block released in 2012) it might be possible for operators to migrate 
2G customers to 3G with handsets that operated at both UMTS2100 and 
UMTS900.  This might appear to be an attractive option if an operator was 
planning to build a UMTS900 network as soon as liberalisation would allow.   

A9.215 The issues surrounding accelerated handset migration to UMTS900 are 
similar to those discussed above regarding UMTS2100.  Clearly if an 
operator is to make use of the capacity provided by a UMTS900 network it 
will have to ensure that a sufficient number of its customers have UMTS900 
handsets to allow the displaced GSM900 traffic to be absorbed.   

A9.216 The information available to us at present indicates that UMTS900 
compatible handsets will become available in mass-market quantities in the 
near future.  Nokia has recently launched its first UMTS900 compatible 
handset, the Nokia 6121, and other manufacturers are expected to follow 
shortly. 

A9.217 The other necessary component of a UMTS900 migration strategy is 
building a UMTS900 network of sufficient coverage and capacity to cope 
with the traffic displaced from the 2G network. 

A9.218 Both the acceleration of migration to UMTS900 compatible handsets and 
building of a UMTS900 network have with considerable implementation 
risks.  These risks increase the shorter the time interval between 
liberalisation and release. 

A9.219 From a policy perspective establishing the relevant costs of this strategy is 
particularly problematic.  That is because the specification of the 
counterfactual is very unclear.  The two extreme scenarios are as follows. 

A9.220 Firstly, if an operator were planning to build a UMTS900 network then a 
spectrum release policy may cause that operator to deploy the UMTS900 
network, and compatible handsets, earlier than would have otherwise been 
the case.  The costs relevant to a spectrum release policy would largely be 
the ‘bringing forward’ of that expenditure, and any costs associated with the 
design of the network being different from the network that would have been 
built absent spectrum release (for example, possible wider coverage / higher 
capacity).   

A9.221 Alternatively, if an operator were not planning to build a UMTS900 network 
in the near future, then a spectrum release policy may not lead an operator 
to change that decision.  Consequently the relevant costs of the policy would 
be just those that we have examined previously, namely, the cost of 
implementing SFH, widening the 2.1GHz network, and accelerating 
migration to 3G. 

A9.222 We can conclude that an operator may find accelerating migration to 
UMTS900 to be a desirable strategy if it would have built a UMTS900 
network absent spectrum release.  The costs involved in building a 
UMTS900 network solely to address spectrum release appear to be 
prohibitive.  In the case that the operator builds a UMTS900 network and 
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needs to accelerate migration to it in order to clear spectrum for release, the 
costs of accelerating migration to this network can be usefully proxied by the 
costs of achieving UMTS2100 acceleration, examined above. 

Context 

A9.223 This section established estimates for the cost of accelerating handset 
migration.  These costs will be used below in estimating the total cost of 
releasing spectrum as part of the 3G strategy. 

Estimating the costs of release  

A9.224 This annex has quantified the cost of clearing spectrum for refarming or 
release based on the separate components of two potential strategies: 

• 2G strategy composed of clearing the E-GSM spectrum or upgrading the 
existing GSM network, with specific consideration of implementing 
synthesised frequency hopping (SFH); and  

• 3G strategy composed of accelerating the take-up of 3G handsets and 
deploying additional UMTS 2100 sites outside areas already covered by 
3G. 

A9.225 This section provides estimates for the cost of releasing spectrum, 
explaining how these were derived from the estimates for the cost of 
clearing spectrum.  We examine the likely costs under the high and low 
demand for mobile broadband scenarios.  In doing so we will consider how 
the 2G and 3G strategies can fit together, and make some assumptions 
regarding the operators’ decisions. 

A9.226 We will also specifically discuss the costs involved in a staged spectrum 
release and full release of all 900MHz spectrum. 

Costs of release – low mobile broadband demand scenario 

A9.227 Table 54 shows the total costs of clearing spectrum in the low mobile 
broadband demand scenario.  A range containing an upper and lower 
rounded figure is presented for each cost component.112 

A9.228 In this scenario it is assumed that operators are not interested in re-farming 
spectrum for their own use so the cost of clearing is also the cost of 
releasing spectrum. 

                                                 
112 In some cases the totals presented in the right hand columns may not be the sum of the 
rounded totals from the other columns, that is because the roundings have been conducted 
on the unrounded totals to avoid compounding effects. 
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Table 54: Detailed summary of cost of clearing and releasing spectrum - low 
mobile broadband demand scenario 

£m, 
2007/08 Cost components - low mobile broadband demand scenario Total cost 

Total no. 
of blocks 
cleared 

Synthesised 
Frequency 
Hopping 

Reconfiguration to 
remove interleaving 

Accelerated 
handset 

migration 

2.1GHz 
widening   

  Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper 
1 40 50 - - - - - - 40 50 
2 80 90 - - - - - - 80 90 
3 150 200 50 100 - 400 - 20 200 750 
4 150 350 50 100 250 800 40 60 500 1,300 

 
A9.229 The total number of blocks cleared column now refers to the aggregate 

spectrum cleared by O2 and Vodafone, rather than the amount per operator.  
So 4 blocks in total equates to 2 x 20MHz in total, or 2 x 10MHz each. 

A9.230 The costs have a number of key characteristics: 

• releasing the third increases the costs very substantially; and 

• the cost of releasing the third block onwards are very uncertain (this 
uncertainty is reflected in the large cost range presented). 

A9.231 The following paragraphs explore the results presented in this table and 
explain these characteristics. 

1 and 2 blocks 

A9.232 In the low demand for mobile broadband scenario it is assumed that 2G 
traffic levels in 2010/11 are 20% higher than those observed in 2006/07, 
largely due to the lower take up of 3G handsets.  It is assumed that the 
operators address this increase in traffic by making greater use of the E-
GSM spectrum.  

A9.233 The first two blocks are cleared by implementing SFH in capacity 
constrained areas.  SFH works by allowing transceivers to dynamically hop 
from channel to channel across the frequency band smoothing out 
interference across sections of the network.  This allows tighter frequency 
reuse patterns to be achieved.   

A9.234 If the operators choose to release the E-GSM blocks then they will not need 
to reconfigure the networks to remove the interleaving of the P-GSM.  
Consequently the costs of the reconfiguration work (estimated to be £25-
50m per operator) are not included. 

A9.235 Using SFH to clear and release 2 x 2.5MHz each costs £20m-£25m per 
operator, depending upon the design of the operators’ networks, as shown 
in Table 45.  This equates to £40m-£50m in total for 1 block.   

A9.236 Increasing the SFH deployment to allow the clearance of a second block 
increases the SFH costs to £40m-£45m per operator, giving a total cost 
estimate of £80m-£90m in total. 
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3 blocks 

A9.237 The release of 3 blocks entails even more extensive deployment of SFH, 
costing now in the region of £75m-£100m per operator.   

A9.238 As explained at paragraph A9.32, for clearances of greater than 2 x 5.0MHz 
each it is necessary to remove the interleaving of the P-GSM spectrum.  The 
cost of this task has been estimated at between £25m-£50m per operator. 

A9.239 There is a risk that the wider implementation of SFH is not sufficient to 
relieve the capacity constraints across all the network.  This risk introduces 
uncertainty over the combination of spectrum clearance strategies which will 
be required in the low mobile broadband demand scenario to clear 3 or more 
blocks of spectrum.  If SFH were not sufficient then operators could have to 
transfer traffic to the 3G networks by accelerating handset migration and 
widening 2.1GHz coverage. 

A9.240 Our approach to capturing this uncertainty in our analysis has been to 
include in the upper estimate of the costs of releasing 3 blocks the costs of 
accelerating the migration of subscribers to 3G by providing additional 
handset subsidies.  These handset subsidies are estimated to cost between 
£125m-£200m per operator and explain the sharp increase in the range of 
cost estimates and this level of spectrum release. 

4 blocks and above 

A9.241 The clearance of 4 or more blocks involves migrating an increasing number 
customers to the 3G network.  To successfully transfer this traffic two 
conditions must be fulfilled.   

A9.242 Firstly an operator’s customer base must hold sufficient 3G compatible 
handsets in order to use the 3G network.  The costs associated with handset 
subsidies are estimated to be £125m-£400m per operator at this level of 
release. 

A9.243 Secondly there must be 3G coverage in order to relieve the constrained 2G 
network. Extending the 3G coverage area could cost up to £30m per 
operator. 

A9.244 This amounts to a total of £500-£1,300m.  

A9.245 Estimating the costs of clearing spectrum on this scale becomes very 
speculative and therefore we have not presented the costs of a release 
greater than four blocks.  The cost of releasing all 900MHz spectrum is 
examined at the end of this annex. 

Costs of release – high mobile broadband demand scenario 

A9.246 Table 55 shows the total costs of clearing spectrum in the high mobile 
broadband demand scenario. 113 

                                                 
113 In some cases the totals presented in the right hand columns may not be the sum of the 
rounded totals from the other columns, that is because the roundings have been conducted 
on the unrounded totals to avoid compounding effects. 
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Table 55: Detailed summary of cost of clearing spectrum - high mobile 
broadband demand scenario 

£m, 
2007/ 

08 
Cost components - high mobile broadband demand scenario Total cost 

Total 
no. of 
blocks 
cleared 

Cost of 
clearing 
EGSM 

Synthesised 
Frequency 
Hopping 

Reconfiguratio
n to remove 
interleaving 

Accelerated 
handset 
migration 

2.1GHz 
widening   

  Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper 
1 20 30 - - - - - - - - 20 30 
2 20 30 - - - - - - - - 20 30 
3 - - 40 50 50 100 - - - - 100 150 
4 - - 80 90 50 100 - - - 20 150 200 
5 - - 150 200 50 100 250 450 20 40 500 800 
6 - - 150 350 50 100 550 900 80 120 850 1,450 

 

A9.247 Unlike the low mobile broadband scenario, here we assume that the existing 
900MHz operators do wish to refarm 2 x 5.0 MHz each.  Consequently the 
costs incurred in a release of 1 block will be the cost of clearing 3 blocks (2 
to be refarmed, 1 to be released).  This makes the task of establishing the 
cost attributable to release not straightforward as there are a number of 
ways to allocate those costs to the refarmed and released blocks. 

A9.248 Recognising that there are a number of competing methodologies we have 
taken a conservative approach by presenting below the methodology that 
attributes the highest cost of clearing spectrum to the released blocks.  
Table 56 summarises the costs of release on that basis. 

Table 56: Summary of cost of releasing spectrum - high mobile broadband 
demand scenario 

High demand scenario Total cost of clearing 
blocks (£m, 2007/08) 

Total cost of releasing 
blocks (£m, 2007/08) 

Total number 
of blocks 
released 

Total number 
of blocks 
cleared 

Lower Upper Lower Upper 

1 3 100 150 80 120 
2 4 150 200 130 170 
3 5 500 800 480 770 
4 6 850 1,450 830 1,420 

 

A9.249 The right hand columns of Table 56 are calculated by subtracting the cost of 
clearing 2 blocks (£20-£30m) from the total cost of clearing as many blocks 
as are associated with a particular level of release.  For example, release of 
one block implies clearing 3 blocks.  The cost of releasing one block is 
therefore the cost of clearing 3 blocks, minus the cost of clearing 2 blocks. 

A9.250 The costs presented in the previous two tables have a number of key 
characteristics: 

• clearing the first two blocks can be done for relatively little cost; 
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• releasing the third and subsequent blocks involves a very substantial 
increase in cost; and 

• there is considerably greater uncertainty around the cost of releasing the 
third and subsequent blocks (this uncertainty is reflected in the large cost 
range presented). 

A9.251 The following paragraphs will explore the construction of this table and 
explain these characteristics. 

Clearing 1 and 2 blocks 

A9.252 As explained at paragraph A9.63 the cost of clearing the E-GSM spectrum is 
relatively low given its comparatively light use in the 900MHz operators’ 
networks.  This is dependent upon the assumption made in the high mobile 
broadband demand scenario that 2G traffic levels at release (2010/11) are 
comparable to those observed in 2006/07 when our technical measurements 
were made, and that the E-GSM spectrum continues to be employed 
principally as a capacity relief layer. 

A9.253 Clearing the E-GSM yields 2 x 5.0MHz per operator, we do not believe that 
partially clearing the E-GSM would not involve significantly lower costs so 
we have not presented a difference between the costs of clearing 1 and 2 
blocks in total.  The estimate of £10m-£15m per operator has been rounded 
and equates to the £20m-£30m in total presented in Table 55. 

Releasing 1 block (clearing 3 blocks) 

A9.254 If operators need to clear 3 blocks in total (in order to release 1 block) then a 
different approach is required.  Now Synthesised Frequency Hopping (SFH) 
is applied in areas where the network becomes capacity constrained.  The 
implementation of SFH makes it irrelevant which particular frequencies are 
cleared (so that P-GSM spectrum could be cleared and released just as 
easily as E-GSM).   

A9.255 Using SFH to clear 2 x 7.5MHz costs each operator £20m-£25m, depending 
upon the design of the operators’ networks, as shown in Table 44.  This 
equates to a cost of £40m-£50m in total for the clearance of 3 blocks. 

A9.256 However, these are not the only costs incurred at this point.  As explained in 
the low mobile broadband demand scenario, it is also necessary to remove 
the interleaving of the P-GSM spectrum at this point.  The total cost of this 
task has been estimated at £50m-£100m. 

A9.257 Summing and rounding the SFH and replanning cost estimates gets us to 
the total cost of clearing 3 blocks of £100m-£150m, and a corresponding 
cost of releasing 1 block of £80m-£120m. 

Releasing 2 blocks (clearing 4 blocks) 

A9.258 Releasing 2 x 20MHz will require the operators to deploy SFH more 
extensively in their networks.  The cost of this SFH deployment to clear 4 
blocks is broadly double that required to clear 3, at £40m-£45m for each 
operator. 
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A9.259 The network replanning costs to remove the interleaving must still be 
incurred, though there is the potential for them to be slightly reduced if these 
tasks are carried out in parallel with the SFH implementation. 

A9.260 There is also a risk that the coverage of the UMTS2100 network may have 
to be increased, though this is a relatively small proportion of costs at £0-
£10m per operator. 

A9.261 This gives a total cost for clearing 4 blocks of £150m-£200m, resulting in a 
cost of release for 2 blocks of £130m-£170m.  This represents an 
incremental cost of approximately £50m over the cost of releasing 1 block, 
which is less than the incremental cost of the first block.  This is because the 
network replanning costs associated with releasing 2 blocks are the same as 
those associated with releasing 1 block. 

Releasing 3 blocks (clearing 5 blocks) 

A9.262 The clearance of 5 blocks entails more extensive deployment of SFH, now in 
the region of £75m-£100m per operator.  However, the wider implementation 
of SFH is not sufficient at this level of spectrum clearance to relieve the 
capacity constraints across all the network.  Specifically, those areas where 
SFH would have been deployed in the process of clearing 3 blocks may now 
experience unacceptable levels of call blocking again. 

A9.263 Therefore, at this point the operators must now start to combine an SFH 
strategy with another approach. We have assumed that this involves moving 
to a 3G strategy which moves traffic from the 2G network to the 3G network.   

A9.264 At this level of spectrum clearance the bulk of the costs of the 3G strategy 
are those associated with subsidising the take up of 3G handsets.  We have 
estimated the cost of this at between £125m-£225m per operator.  The cost 
of extending the 3G coverage area required at this level of spectrum 
clearance is an order of magnitude lower at £10m-£20m per operator. 

Releasing 4 blocks and above (clearing 6+) 

A9.265 Clearing a 6th block requires further acceleration of 3G handsets and more 
widening of the 3G coverage area.  The costs involved with clearing such a 
large proportion of the GSM network are very uncertain and could be as high 
as £1.5bn in total. 

Summary of costs of release in the high and low demand for mobile 
broadband scenarios 

A9.266 Table 57 shows the costs of release in the high and low demand for mobile 
broadband scenarios.  As discussed above, the cost estimates for higher 
releases, particularly in the low demand scenario, are more uncertain.  This 
is largely driven by it being unclear when the operators will have to use 
accelerated migration to clear traffic from the 2G networks and is reflected in 
the wider range in the estimates of the cost of release in these situations. 
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Table 57: Comparison of total and incremental costs of release – low demand 
for mobile broadband scenario 

(£m, 2007/08) Low demand for mobile broadband scenario 
  Lower Upper 

Total number of 
blocks released Total cost Incremental 

cost Total cost Incremental 
cost 

1 40   50   
2 80 40 90 40 
3 200 120 750 660 
4 500 300 1,300 550 

 
Table 58: Comparison of total and incremental costs of release – high demand 
for mobile broadband scenario 

(£m, 2007/08) High demand for mobile broadband scenario 
  Lower Upper 

Total number of 
blocks released Total cost Incremental 

cost Total cost Incremental 
cost 

1 80   120   
2 130 50 170 50 
3 480 350 770 600 
4 830 350 1,420 650 

 

A9.267 Two points in the above tables are worthy of comment. 

A9.268 Firstly in the high demand for mobile broadband scenario the incremental 
cost of releasing the second block is greater than that of the first.  This is 
explained above at A9.256 and is driven by the need to incur a the cost 
associated with network reconfiguration to remove the interleaved nature of 
spectrum assignments.  This same cost is then incurred at every level of 
release beyond 1 block, consequently while it impacts upon the incremental 
cost of the first block, it does not affect the incremental cost of subsequent 
blocks. 

A9.269 Secondly, an examination of the incremental changes shows that in the 
upper estimate of a four block release in the low demand scenario the 
incremental cost is lower than the equivalent for a three block release.  This 
could be taken to suggest that the fourth block can be obtained for less 
additional cost than the third block.  This interpretation is not appropriate as 
the incremental cost as shown by the lower estimate increases from 3 to 4 
blocks. 

A9.270 Figure 49 clearly shows the relationship between relative costs, and the 
uncertainty that surrounds them.  The costs of release of 3 blocks or more 
increase sharply.  It also demonstrates that there is much greater 
uncertainty, in both scenarios (but particularly the low demand for mobile 
broadband scenario) regarding the costs of releasing 3 blocks or more. 
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Figure 49: Total costs of release in high and low demand for mobile broadband 
scenarios 
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Staged spectrum release 

A9.271 This consultation also considers a variant of a spectrum release policy 
where spectrum release is phased.  For example, two blocks of 900MHz 
would be released in 2010/11, and a further block two years later in 2012/13.   

A9.272 The general principle of our approach to quantifying the cost of release in 
these staged scenarios is that the relevant costs are bounded on either side 
by the costs of release in a simultaneous scenario.  That is the lower bound 
on a scenario in which 2 blocks were released initially, followed by one 
block, is the cost of a 2 block release, and the upper bound is the cost of a 3 
block release. 

A9.273 The rationale for this approach is that in the case of staged release 
operators have the option of building a UMTS900 network and migrating 
their 2G customers to that rather than UMTS2100.  This could be cheaper 
than a simultaneous release of the same quantity of spectrum because it 
may avoid unnecessary build out of UMTS2100 infrastructure, and mean 
that customers would not need to be first given a UMTS2100 handset, and 
then shortly after be given a UMTS900 handset. Therefore, the lower bound 
of the costs of the staged release is just the cost of release for the option 
that excludes the latterly released block.  This could be relevant if an 
operator wished to build, and migrate to promptly, a significant UMTS900 
network as soon as possible. 

A9.274 The cost of a simultaneous release (of same quantity) is an upper bound of 
the costs of staged release because operators still have that option, and will 
presumably use that method if they feel that it is in their interests.   

A9.275 Clearly there are a large number of uncertainties associated with 
successfully delivering a staged release.  Not least is the task of building 
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and deploying sufficient UMTS900 network infrastructure, as well as 
migrating a significant proportion of 2G customers to the new network. 

Full spectrum release 

A9.276 Quantifying the costs associated with releasing all 900MHz spectrum in 
2010/11 is very speculative.  Annex 7 indicates that the cost of expanding 
the 3G network at 2.1GHz from 80% to 99% population coverage would be 
in the region of £460m per operator.  A very rough estimate of the cost of 
migrating all 2G customers (15m per operator) to 3G by 2010/11 could be in 
the range of £1.0bn-£1.4bn per operator.   

A9.277 It should be noted however that this is likely to be an underestimate as this 
situation of mass migration could violate the assumptions made by the 
model used to cost accelerated handset migration.  In particular the 
assumption that handset upgrades occur at the normal churn points of 
customers joining and renewing their subscriptions.  

A9.278 In summary, our estimate of the total cost of releasing all 900MHz spectrum 
in 2010/11 is £3bn-£4bn, but could be significantly higher. 
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Annex 10 

10 Economic welfare implications of 
spectrum release 
Introduction 

A10.1 Section 6 discussed in qualitative terms the implications for competition and 
efficiency of a wider distribution of 900 MHz spectrum. This annex outlines 
our approach to quantifying some of these effects and presents a selection 
of key results and sensitivities. 

A10.2 There are two types of welfare effect which are considered in this annex. 
These two effects capture different impacts upon efficiency which can result 
for changes in the level of competition. These effects are: 

10.2.1 Allocative efficiency effects from a change in the competitive 
intensity. These effects are driven by changes in the level of output, 
and hence market prices, which may result from a change in the 
level of competition in the market.  

10.2.2 Dynamic efficiency effects of changes in the level of competition. 
These effects pick up the potential impact that changes in the level 
of competition may have upon on the incentives of firms in a market 
to improve the service they offer over time.  

A10.3 In the following sections of this annex we explain for each of these welfare 
effects the approach we have taken to illustrating the potential magnitude of 
the effect, the key results of our modelling, and the sensitivity of these 
results to modelling assumptions.  

A10.4 The modelling work discussed in this annex is illustrative of the order of 
magnitude of the welfare effects that could arise. The results should not be 
considered to be a precise quantification of the effects which would occur. 
Further to this, the modelling work is not designed to allow an estimate of 
the overall welfare effect of changes in the level of competition. As the 
models are illustrative, and owing to the nature of the welfare effects they 
are capturing, they necessarily make a number of simplifying assumptions 
which mean that it would be inappropriate to add together the results of the 
different models. 

Allocative efficiency and competition 

Choice of model 

A10.5 There are three ways in which competition and allocative efficiency may be 
affected if liberalisation were to occur without spectrum release. These three 
are:  

10.5.1 If spectrum holdings are asymmetric some players in the market 
may choose to offer services which differ in their level of quality. 
This could affect the level of competitive intensity in the market if 
some consumers value quality.  
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10.5.2 Assuming players in the market decide to all provide services of the 
same quality but have asymmetric spectrum holdings, this may 
result in differences in the fixed and/or marginal costs across 
players, which could impact upon the competitive outcome of the 
market;114 

10.5.3 Finally, in the extreme, if differences in the level of costs between 
players in the market are particularly large they could result in a 
change in the number of players in a market.   

A10.6 In the following paragraphs we consider how it may be possible to quantify 
the impact of each of these three potential effects.  

A10.7 The first effect to be considered is that of how competition might be affected 
by the introduction of significant quality difference between the services 
offered by players in a market. There are economic models of vertical 
differentiation which can be used to illustrate the impact of differences of 
quality across players in a market115. However the application of such 
models pose substantial difficulties.  Firstly they are usually constructed as 
two stage games where the players’ choices in the first stage are taken on 
the basis of their expected payoffs in the second stage (taking into account 
the actions of their rivals).  Secondly, some of the models do not easily 
extend to the case where more than two firms are involved.  Both these 
factors suggest that their implementation would be challenging.  Finally, 
many of the models require extensive assumptions and parameters that 
capture the magnitude of quality differences, and the extent to which 
customers are concerned about differences in quality.  Obtaining accurate 
measures of these data appears very difficult, for example service quality is 
an abstract concept which relates indirectly to a mixture of different technical 
factors. Moreover any quantification would be subject to large uncertainties, 
which would limit the potential utility of any results. 

A10.8 Given these issues Ofcom considers that modelling the welfare implications 
of competition in the context of quality differentials is unlikely to provide 
useful results. 

A10.9 The second effect is the potential for competition and welfare to be affected 
by the existence of significant marginal or fixed cost differences between 
players.  We considered implementing a Cournot model with heterogeneous 
marginal costs in order to assess the magnitude of these effects.116  This 
model has the attraction that its operation is well understood and that it is 
straightforward to extend to model markets with many firms.  We note that 
this model is sensitive to the posited difference in marginal cost between 
players, and that it is difficult to ascertain what proportion of the cost 
differences calculated earlier could be considered to be true marginal cost 
differences, and therefore relevant for pricing decisions.  We also 
considered that it was difficult to approximate the cost function of a telecoms 
network with the simple fixed and marginal cost structure employed in the 

                                                 
114 Although changes in fixed cost can have an impact on competition, it is more normal to 
assume that they do not unless specific features such as inefficient capital markets are 
present. 
115 Notably by academics such as Gabszewicz, Shaked, Sutton, and Thisse. 
116 See, for example, The Theory of Industrial Organization, Tirole, 1988, p.181, for a 
demonstration. 
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model.  As such it would be difficult to ensure that the exit condition was 
satisfied at the appropriate point, and thus that it could appropriately capture 
the effect of higher total costs.  Finally we also considered that the 
prevalence of two part tariffs (where there is a monthly fixed charge and a 
per unit charge) would make the revenue side very difficult to represent 
adequately.  As a result we decided not to pursue a quantification that 
involved cost differences. 

A10.10 The final effect considered is the potential for there to be changes to the 
number of players in the market. As the discussion above indicates, a 
modelling approach that attempts to capture the underlying competitive 
effects that occur when a subset of firms have access to a superior input, 
whilst possible in theory is particularly challenging in practice.  In order to 
arrive at indicative results which are understandable and reliable we decided 
not to model the detail of the underlying effects, but instead to model the 
welfare implications of the potential outcomes they could produce. The 
approach we have taken to this is to identify the magnitude of the welfare 
effect which may result for a substantial reduction in competition.  A 
straightforward approach to this is to identify the welfare effect which may 
result if one of the players were to exit from the market.  In many respects 
this represents an ‘upper bound’ on the effects of introducing a competitive 
distortion.  This is because even if one player were significantly 
disadvantaged as a result of the distortion, as long as that player remained 
active in the market we might expect it to exert some competitive pressure 
on its rivals.  Whereas clearly when a player exits the market the competitive 
pressure that was being exerted as a result of its presence is entirely 
eliminated. 

A10.11 The approach taken to assessing the size of this effect is set out below, 
followed by a discussion of the key results and sensitivities. 

Model specification 

A10.12 We have implemented the Cournot oligopoly model to quantify the welfare 
implications of changing the number of players in a market.  At a high level 
the model compares the producer and consumer surplus across two 
scenarios; a factual and a counterfactual.  The factual being a case where 
the current number of market participants is maintained, and the 
counterfactual being a scenario in which the market structure changes at a 
point in the future.  The purpose of the model is to establish the difference in 
welfare between these two cases.  The period modelled is 20 years from 
2007/08. 

A10.13 Figure 50 illustrates this high level structure. 
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Figure 50: Flow diagram for oligopoly competition model 
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A10.14 The price and quantity variables in the model are annual ARPU and 
subscriber volumes respectively.  The market modelled is the UK mobile 
market with subscriber volumes and ARPU values forecasted for the next 20 
years. 

A10.15 The forecast is based  on UK mobile market retail revenues, sourced from 
the preliminary estimates for the Ofcom Communications Market 2007 
publication.  The market revenue is then projected to grow at the same rate 
as a conservative long run forecast of real GDP (2%).  This therefore 
represents the mobile market maintaining its relative importance to the UK 
economy. 

A10.16 In order to identify forecasts of subscriber numbers and ARPU from the 
revenue forecast, we have taken as a starting point the number of 
subscribers in the UK in 2006/7 and have forecast this forward over 20 years 
to broadly reflect the forecast level of population growth. This approach is 
based on an assumption that the UK mobile market is close to saturation. 
ARPU is then derived to be consistent with the revenue forecast used given 
the forecast level of mobile subscribers. 

A10.17 For the two scenarios (factual and counterfactual) the model establishes a 
Cournot equilibrium in every year of the 20 year period.  The inputs for this 
computation are the number of firms in the market, the demand curve (which 
is assumed to be linear), the value for price (ARPU) and a value for quantity 
(subscribers). The output of the model is the marginal cost per subscriber.  
Using price, quantity, the demand curve, and marginal cost we can obtain 
the values of consumer and producer surplus that we are ultimately 
interested in. 

A10.18 Looking more closely at the inputs required for the equilibrium to be 
established it is clear that the number of firms in the market in any given 
year is an input and will be the only input variable that is different between 
the factual and counterfactual.117  While it might be argued that a further 
difference between the factual and the counterfactual would be due to cost 

                                                 
117 This makes the assumption that the demand conditions in the market and costs are 
independent of the number of players.  Whilst it is possible to envisage scenarios in which 
that isn’t the case (for example where the take-up of 3G services is materially affected by the 
number of players promoting those services) these effects are necessarily small given that we 
are only quantifying the exit of one or two operators. 
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differences (either fixed or marginal costs), the analysis abstracts from such 
differences in order to simplify the analysis.118   

A10.19 In the each year of the model the demand curve and marginal cost values 
are the result of a calibration.  The calibration exercise takes as inputs the 
forecasted values of price and quantity and the assumed elasticity of 
demand.  On this basis it produces the linear demand curve that satisfies 
these conditions.  It then takes the number of firms operating the market in 
this year, and calculates the implied marginal cost (of subscribers) that 
would produce an equilibrium at our forecasted values of price and quantity, 
given: (i) the demand curve; and (ii) the number of firms in the market. 

A10.20 The previous paragraph established that the demand curve and value of 
marginal cost of subscribers in the first year result from a calibration.  The 
specification of the demand curve in subsequent periods follows that implicit 
in the forecasts of price and quantity.  The marginal cost in following periods 
is determined by solving for the Cournot equilibrium.  

A10.21 Having specified all the inputs the two scenarios calculate the consumer and 
producer welfare produced in each equilibrium, and discount it back (at the 
real social discount rate of 3.5%) to 2007/08.  The difference between the 
discounted welfare values of the factual and counterfactual is then the 
welfare implication of the difference in number of players between the two 
scenarios. 

Key results and sensitivities 

A10.22 Our central case is that the welfare effect of a loss in competition should be 
modelled as the exit of one operator from the market, with the following 
parameters:  

• Exit of one operator; 

• Exit in 2010/11; 

• Elasticity of demand of -1.0; 

• A real social discount rate of 3.5%; 

• Marginal cost being determined endogenously such that the equilibrium 
values of price and quantity in the factual scenario are equal to those 
forecasted; and 

• Real price of substitutes falling by 1% from 2012 onwards. 

A10.23 This equates to a total welfare loss of £1.1bn in 2007/08 values.119  Our 
analysis shows that the exit of an operator is detrimental to consumer 
welfare,  reflected in a consumer surplus loss of £4.9bn, but beneficial to 

                                                 
118 For example, with more operators (ie the factual) industry fixed costs will be higher; 
however, this is dealt with in the next section.  By contrast, it might be argued that marginal 
costs per operator would be lower in the factual if more than the legacy 900MHz operators 
have access to this spectrum.  Clearly, the welfare consequences of these two effects would 
offset each other to some extent. 
119 Rounded to the nearest £100m. 
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the remaining operators who gain £3.8bn in producer surplus from the 
reduced competition. 

A10.24 The oligopoly model employed allows us to examine the difference in 
welfare associated with having fewer or greater numbers of players in the 
market. Figure 51 shows the welfare effects associated with two players 
exiting, one player exiting, and one new entrant.  All other variables are as 
described in our central case.  The first bar shows the change in welfare 
accruing to consumers, the second shows the impact on producer surplus, 
whilst the third shows the net effect.  This highlights the asymmetric effect of 
changes in market structure.  As the number of players in the market 
increases consumers benefit from lower prices, whilst firms make less profit.   

Figure 51: Welfare effect of changing the number of players in the market 
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A10.25 Our model allows us to show the welfare effects as a result of differing 

assumptions of demand elasticities.  This is illustrated below for one player 
exiting such that the number of operators falls from 5 to 4. 
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Figure 52: Sensitivity to elasticity of demand assumption 
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A10.26 The model can accommodate the change in market structure in any year.  

The effect on total welfare of bringing forward the assumed exit of a player in 
the counterfactual results in a net welfare increase in our central case of 
approximately £100m. 

A10.27 The final sensitivity we conduct examines the effect of changing the 
assumed discount rate. We are conducting a cost benefit analysis from 
society’s perspective to inform policy-making, consequently the appropriate 
discount rate is the real social discount rate. This has been estimated by the 
Treasury to be 3.5%120. However, this figure is an estimate and so it is 
instructive to examine how sensitive our results are to this assumption. 

A10.28 Using a discount rate of 3.0% or 4.0% increases or decreases the total 
welfare effect by £50m respectively. This represents a 5% change to our 
base case. The long period over which the welfare benefits accrue results in 
the net present value of those benefits being relatively sensitive to the 
discount rate applied. 

A10.29 This section has shown that the welfare results from modelling a negative 
impact on competition are sensitive to key inputs such as the assumed 
elasticity of demand and appropriate proxy for the competition impact (exit of 
one / two operators or entry of a sixth operator).   

A10.30 The range of results produced by these assumptions is substantial.  
Consequently we conclude that this modelling demonstrates the welfare 
implications from a reduction in competition are difficult to estimate with 
confidence. The modelling has shown that there are many scenarios in 
which an impact on competition, can lead to reductions in total welfare of 
between £500m and £3bn. The modelling has also shown that where there 
is a significant total welfare effect, the impact on consumers is very large.  
For example Figure 52 showed that the exit of one operator lead to a loss in 

                                                 
120 Available at http://greenbook.treasury.gov.uk/annex06.htm 
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total welfare of £2.6bn when the elasticity of demand was -0.5. The loss in 
consumer welfare associated with this same scenario is £11.4bn. 

Dynamic efficiency and competition 

A10.31 The purpose of this modelling is to illustrate the potential magnitude of the 
welfare effect which could result if a reduction in competition had a negative 
impact upon dynamic efficiency. In order to illustrate this we hypothesis that 
one possible outcome of a reduction in dynamic efficiency may be a delay in 
innovation, as firms in less competitive markets have less incentive to 
improve the quality of the service they provide overtime.  

A10.32 Therefore, our modelling work provides an indicative estimate of the 
potential welfare loss if the liberalisation of the 2G spectrum resulted in a 
reduction in the level of competition, which had the effect of reducing the 
pace of innovation. However, it is worth noting that modelling the flow of 
benefits from innovation is an inherently difficult task that is subject to much 
uncertainty.   

Model specification 

A10.33 Our model addresses the following question.  What would be the effect on 
dynamic efficiency and hence total welfare of liberalising the 2G spectrum in 
a way that was likely to result in less competition than other feasible 
options? 

A10.34 This model investigates the welfare implications of delay in the launch of 
major enhancements to cellular mobile services, which we believe is a good 
proxy for delays in the pace of innovation. Delays in innovation are indicative 
of the type of dynamic efficiency loss which could result from a reduction in 
the level of competitive intensity in the UK mobile market. The high level 
structure of the model is illustrated in Figure 53. 

Figure 53: Flow diagram for innovation model 
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A10.35 We model the flow of economic benefits over twenty years from 2007/08, 
with and without a one year delay in the introduction of new innovations. For 
our base case, we model a 20-year period from 2007/8, with 3G services 
having been launched four years before the start of our modelling period (in 
2003/04) and ‘4G’ services launched in 2014/2015.  In the delayed case the 
4G services are launched one year later in 2015/2016. 
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A10.36 The use of the terms ‘3G’ and ‘4G’ here is illustrative; our model is designed 
to show the general impact of a delay in the launch of these types of 
services, rather than delays to specific services. 

A10.37 Our choice of a one year delay in the launch of 4G services is a 
conservative judgement.  It is based on the observation that 3G networks 
have been rolled out earlier in European countries where there were more 
3G players.  In particular the experiences of the UK, Italy and Germany as 
contrasted with France. 

A10.38 However we assume that the difference between the take-up in the delayed 
scenario and that under the base case disappears over time.  Thus the 
penetration of 4G services in the delayed scenario ‘catches-up’ with the 
base case penetration in 3, 5 or 7 years following the 4G launch.  This 
makes the implicit assumption that the level of competition does not affect 
the take-up of mobile services as a whole in the long run. 

Key assumptions 

A10.39 We take the value of consumer and producer surplus arising from public 
cellular mobile services from the 2002 Radiocommunications Agency121 and 
2006 Europe Economics122 reports into the value of spectrum.  The model 
can be run on either set of values. 

A10.40 We assume that the total economic value of 3G services is some 
percentage over and above the economic value generated by 2G services.  
Further we assume that 4G services produce the same proportionate 
increase in economic value over and above 3G services.  The size of this 
welfare uplift per user is highly uncertain, therefore we allow a wide range of 
values.  Our lowest value of 10% assumes that each successive innovation 
produces 10% more economic value (the sum of consumer and producer 
surplus), whilst the highest value used is 50%. 

A10.41 In order to identify the impact of innovation on consumer surplus we assume 
that producer surplus is a fixed percentage of economic value, and as such 
each innovation proportionately increases producer surplus. 

A10.42 The flow of benefits over time is discounted at the real social discount rate of 
3.5%, which is the standard Treasury rate for conducting cost-benefit 
analysis from society’s perspective. 

A10.43 The base case has 4G services being launched in 2014/15.  This is not 
intended to be a prediction, merely a reflection that major innovations in 
mobile services appear to occur every 10-15 years (consider for example 
analogue, GSM, UMTS etc.)  The results are not very sensitive to this timing 
as bringing the 4G launch forward one year would result solely in a 
discounting gain.  When employing the relatively low discount rate of 3.5% 
this does not generate material changes in the results. 

                                                 
121 Economic Impact of radio, Radiocommunications Agency, 2002, 
http://www.ofcom.org.uk/static/archive/ra/topics/economic/economicisreport_final.pdf  
122 Economic Impact of the use of radio spectrum in the UK, Europe Economics, 2006, 
http://www.ofcom.org.uk/research/radiocomms/reports/economic_spectrum_use/  
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A10.44 As mentioned earlier we model three ‘catch up’ periods of 3, 5 and 7 years.  
This is the number of years, following the delay, that it takes for the 
penetration level in the delay case to rise and meet the penetration level in 
the base case. 

A10.45 The number of subscribers in the market are the same as in the competition 
modelling discussed in the previous section.  We have used three scenarios 
to capture the migration of 2G customers to 3G over time.  The figure below 
shows those rates over time. 

Figure 54: Comparison of migration profiles 
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A10.46 For both the base case and delay case, we assume that the total 
addressable market in any given year is the same.  The implicit assumption 
is that the innovation does not affect take-up of mobile services as a whole. 
This is a reasonable (or in any case conservative) assumption, given that 
mobile phone use is currently close to saturation. 

Key results and sensitivities 

A10.47 Our central case is that the welfare effect of delay in innovation, which is 
indicative of the type of dynamic efficiency loss which could result from a 
reduction in competition arising from liberalisation without requiring an 
effective spectrum release remedy, can be modelled as a one year delay in 
innovation with the following parameters: 

• 25% uplift in welfare from each successive innovation; 

• 5 year catch-up period; 

• a technology adoption profile as set out by the medium migration 
scenario; 
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• welfare per user estimates as produced in the 2006 Europe Economics 
report, updated for inflation (by indexing based on the GDP deflators 
produced by the Treasury123) to the start of 2007/08 year; and 

• a real social discount rate of 3.5%. 

A10.48 The total welfare loss from slower innovation is around £570m in 2007/08 
values.124  Our analysis shows that it is consumers who would principally 
bear this detriment with a £540m reduction in consumer surplus. 

A10.49 Our model allows for the uplift of economic value arising from each 
innovation to take a value between 10% and 50%.  The chart below 
demonstrates, with reference to our central case, the effect this has on the 
welfare estimate. 

Figure 55: Sensitivity to welfare uplift 
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A10.50 Our model allows for three different lengths of the catch-up period.  These 

are 3, 5 and 7 years.  The chart below demonstrates, with reference to our 
central case, the effect this has on the welfare estimate. 

                                                 
123 http://www.hm-
treasury.gov.uk/economic_data_and_tools/gdp_deflators/data_gdp_index.cfm  
124 Rounded to the nearest £10m. 
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Figure 56: Sensitivity to length of catch-up period 
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A10.51 Our model allows for the economic value of mobile services to be taken from 

either the 2002 Radiocommunications Agency or 2006 Europe Economics 
report into the value of spectrum use in the UK.  Both these estimates have 
been updated for inflation to produce numbers for the first year of the model 
in 2007/08.  Using the estimates produced in the 2006 report our central 
case, as reported earlier, generates a welfare impact of £570m.  Using the 
2002 estimates this falls to £510m. 

Figure 57: Sensitivity to adoption profile 
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A10.52 Our model allows for different rates of new technology adoption to be 
incorporated.  The central case is that adoption of new technology is as set 
out in the medium demand scenario in the Mobile Call Termination model.  
Figure 57 shows the results if rapid or slow adoption profiles are used 
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instead. The loss in welfare is larger, the faster the assumed adoption 
profile. 

A10.53 This section has shown that the welfare results from modelling the impact of 
competition on innovation are sensitive to key inputs such as the assumed 
economic value uplift from innovation and the length of the catch-up period.   

A10.54 It should be of no surprise that, when taken to their extreme values, altering 
these inputs can produce very large ranges. Consequently we conclude that 
this modelling demonstrates the welfare implications from a delay in 
innovation are very difficult to estimate with confidence. The modelling has 
shown that there are many scenarios in which a delay in innovation, which is 
illustrative of the type of dynamic efficiency loss which could result from 
reduced competition, can lead to reductions in total welfare of between 
£250m and £1.5bn.  The modelling has also shown that there is potential for 
the effect to be very large.  If the uplift of economic value and catch up 
periods were 50% and 7 years respectively the loss of total welfare could be 
up to £2.8bn.  Conversely it is also possible to construct scenarios where 
the impact on welfare is significantly lower.  If the uplift of economic value 
and catch up periods were 10% and 3 years respectively the loss of total 
welfare could be £100m. 
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Annex 11 

11 Summary of consultation responses 
relevant to this document 
A11.1 This annex sets out a summary of the responses made to the Spectrum 

Framework Review: Implementation Plan (SFR:IP) which are relevant to this 
consultation as well as an outline of Ofcom’s response to the points raised. 
This annex should be read in conjunction with the rest of the document, 
where many of these issues are discussed in more detail. 

A11.2 The SFR:IP received a total of 32 responses. However not all of these 
addressed the issues specifically related to the liberalisation and trading of 
2G and 3G spectrum.  In the following pages we have grouped all the 
relevant responses made by respondents to the SFR:IP consultation into a 
number of general categories. 

Issues raised Comments Ofcom’s response 

Comments on  
whether or not 2G 
spectrum should be 
liberalised. 

 

Various different views were set 
out in the responses some in 
support of liberalisation and 
others not. 

The RSC Decision has 
altered the background 
significantly since 
publication of  the SFRIP. 
We now expect to be 
obliged by EU law to make 
the 2G spectrum available 
for 3G (see Section 3 for a 
discussion of Ofcom’s 
obligations in relation to 
the RSC Decision). 

Comments made 
regarding the timing 
of liberalisation. 

Many respondents commented 
on the timing of liberalisation. A 
full range of views were 
expressed ranging from 
liberalisation taking place from 
mid 2006 to 2012 or even later. 
Other respondents did not 
specify a specific date or range 
of dates but rather suggested 
that conditions such as a scarcity 
of spectrum or a requirement that 
existing 2G services reduced 
their needs first should be used 
to determine timing.  

The flexibility Ofcom has 
regarding the timing of 
liberalisation is now limited 
by the RSC Decision.  
Ofcom’s views on the 
extent of its discretion 
over timing have been set 
out above in Section 3.  
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Issues raised Comments Ofcom’s response 

Comments on the 
structure of 
competition in 3G 
services established 
by the 3G auction.  

A few respondents raised the 
point that the potential for re-
farming 2G spectrum was known 
at the time of the 3G auction and 
was addressed at that point. 

Some respondents noted that the 
specific allocation for a new 
entrant in the 3G auction offset 
any gain that might be achieved 
from refarming by 2G MNOs.  

One respondent suggested that 
refarming must be carried out on 
a competitively neutral basis – 
specifically the ability to offer 3G 
services in 2G spectrum should 
not be implemented in a way that 
provided competitive advantage 
to some operators over others.  

The information 
memorandum published in 
connection with the 3G 
auction mentions the 
possibility of 2G refarming. 

Section 6 above sets out 
Ofcom’s analysis of the 
competition issues raised 
by liberalisation of the 2G 
spectrum and the 
implications for the choice 
of the appropriate method 
are discussed in sections 
8 – 13.  

Comments on how 
to consider the 
potential effects of 
2G liberalisation and 
potential 
competition issues.  

A range of opinions were 
expressed by respondents.  

One respondent told us that 
refarming is not considered to 
cause any significant competition 
effects.  

Another respondent suggested 
that the only consideration was 
whether or not the new entrant 
introduced in the 2000 auction 
could continue as an 
independent identity or could 
replicate the effects of refarming 
through wholesale access or 
buying spectrum in other 
auctions. 

A respondent said that the 
competitive effect on individual 
operators should be the primary 
concern over and above the 
competitive process in general 
and overall efficiency.  

A respondent suggested that the 

Ofcom’s approach to the 
decisions it needs to make 
in relation to 2G 
liberalisation are set out 
sections 3 and 4. Section 
6 above sets out Ofcom’s 
analysis of the competition 
issues raised by 
liberalisation of the 2G 
spectrum and the 
implications for the choice 
of the appropriate method 
are discussed in sections 
8 – 13.  
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Issues raised Comments Ofcom’s response 

effects would be best analysed 
by asking if liberalisation 
promotes efficient use of 
spectrum and if there would be a 
significant lessening of 
competition. 

A respondent said that allowing 
refarming without restriction 
would distort competition through 
access to additional carriers 
which allows capacity increases 
with low capital outlay. They said 
that this value was recognised in 
the 2000 auction where 
Vodafone paid nearly £2bn more 
for its extra carrier. 

One respondent said that the 
value of 2G spectrum needs to 
be determined via productive and 
allocative efficiency but as there 
is large uncertainty over future 
services this can only be 
qualitative at the moment. 

A respondent said that analysis 
must consider the release of 
other spectrum suitable for 3G – 
in particular 2.6GHz 

Some respondents mentioned 
specific factors that should be 
considered such as the market 
response to refarming, 
technologies available, licence 
fees and renewal conditions, 
economic benefits of 
international roaming for both UK 
citizens going overseas and 
visitors wishing to use 2G bands. 

One respondent considered that 
the most serious competition 
issue is the fact only two 
operators currently have access 
to the 900 spectrum as this band 
will have a substantial cost 
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Issues raised Comments Ofcom’s response 

advantage in providing 3G 
services in areas of lower 
population and metropolitan 
areas where providing deep in 
building coverage is often the 
main planning constraint.   

Another respondent suggested 
that the capacity improvement 
from liberalisation in the 900 
MHz band would be only one 
carrier because the 2G services 
have to be continued. In 1800 
MHz far more capacity 
improvement would result if 
liberalisation takes place.  

One respondent said that 
liberalising spectrum could 
provide large competitive 
advantages. Spectrum should be 
re-awarded with some being 
exclusively for non cellular 
applications with incumbents 
excluded from bidding. 

 

Respondents raised a number of 
issues around legitimate 
expectations. Two respondents 
said that termination of a 2G 
licence would require 10 years 
notice while a third said that this 
should be 12 months. 

Ofcom’s views on the 
legitimate expectations 
regarding licence tenure 
are set out in section 7. 

What are the 
legitimate 
expectations of 
incumbent holders 
of spectrum? 

 

One respondent said that Ofcom 
must take full account of 
previous regulatory decisions 
otherwise it is unlawful abuse of 
power, will undermine confidence 
in future awards and increase 
regulatory risk for companies 

Another respondent said it had a 
legitimate expectation that 
market conditions applicable at 
the 2000 auction would remain 
stable for a period 
commensurate with the 
investment risk involved.  

Ofcom does not believe 
that there are any 
legitimate expectations 
which dictate what 
approach it should take to 
implementation of the 
RSC Decision. (see 
Section 7) 
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Issues raised Comments Ofcom’s response 

Comments on the 
possibility of 
discrimination 
issues arising in 
relation to 2G 
liberalisation. 

 

Two respondents suggested that 
new licences for spectrum that 
could be used for 3G services 
should have the same coverage 
obligations as the 2000 auction. 
One also questioned whether a 
new entrant obtaining 900 
spectrum would have rollout 
obligations placed on them.  One 
respondent said that there was 
no justification for discriminating 
between bidders in auctions of 
spectrum due to the competition 
powers Ofcom has, EU law and 
tools of AIP and licence 
revocation. A respondent said 
that refarming must be carried 
out through a fair, transparent 
and open process otherwise it 
would discriminate against those 
without 2G spectrum and be a 
breach of duties under EU law. 

Ofcom’s view as set out in 
section 7 is that non-
discrimination means that 
comparable situations 
must not be treated 
differently and that 
different situations must 
not be treated in the same 
way unless such treatment 
is objectively justified.  
Ofcom believes that the 
proposals set out in this 
consultation are non-
discriminatory.   

Comments on 
option 1: Defer the 
decision  on 2G 
liberalisation  

 

Four respondents said that this 
was not an appropriate option. 

One respondent said that the 
only option is to have a clear 
auction of all refarmed spectrum 
but until spectrum becomes the 
limiting factor Ofcom must adopt 
a wait and see approach. 

One respondent said that this 
might be an appropriate option to 
select until the competitive 
situation becomes clearer. 

As explained in Section 2 
and 3 the position has 
changed since the SFRIP 
and Ofcom is unable to 
defer implementation RSC 
Decision indefinitely.  
Ofcom is considering a full 
range of options regarding 
liberalisation of 900 MHz 
and 1800 MHz spectrum 
as set out in section 7.  

  

Comments on 
option 2: Remove 
restrictions on 2G 
licences and 
possibly make this 
subject to conditions 
including delaying 
the date for 
liberalisation or 
additional payment. 

A number of respondents 
supported option 2 but generally 
did not believe that there was a 
case for increasing AIP or 
applying other conditions. 

The option of removing 
restrictions is the same as 
what is described as 
Option A in this 
consultation. Ofcom’s 
analysis of this option is 
set out in Section 8. In 
addition section 6 
considers the scope for 
AIP to address 
competition issues. 
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Issues raised Comments Ofcom’s response 

Comments on 
option 3: Use 
overlay auction to 
distribute rights. 

 

Four respondents who 
commented on this option 
strongly disagreed with it citing it 
as a windfall tax, unjustified and 
disproportionate.  One 
respondent commented that a 
clear auction of all the spectrum 
would be the most appropriate 
way forward. 

Section 10 – 13 set out 
Ofcom’s analysis of the 
need to take back 
spectrum in the case of 
900 MHz and 1800 MHz 
including the option of a 
clear auction in which all 
the spectrum is taken 
back and re-awarded.   

Are there alternative 
spectrum options? 

A respondent said that by the 
time refarming is enabled DDR 
spectrum will be available and 
this spectrum will allow others to 
access spectrum with similar 
physical characteristics to 
900MHz. 

Another said that other spectrum 
will become available so if the 
new entrant at the 3G auction is 
constrained it can purchase 
additional spectrum at auction.  

Section 6 sets out 
Ofcom’s assessment of 
the extent to which the 
availability of other 
spectrum might impact on 
the issues relating to the 
liberalisation of the 
spectrum. 

Comments on 
making 2G 
spectrum tradable? 

 

Respondents who commented 
on this said that it should be 
made tradable immediately, at 
the same time as other IMT2000 
bands are introduced to market 
or following a firm EU 
harmonisation position on the 
bands.  

Ofcom’s approach to 
making 2G spectrum 
tradable is set out in 
section 14. 

Comments on 
making 3G 
spectrum 
(2100MHz) 
liberalised and 
tradable? 

 

One respondent said that if the 
2100MHz licences do not have 
licence tenure changed then risk 
of two classes of 3G licences 
emerging which would distort 
spectrum market. 

One responded suggested that 
3G licences should be made 
tradable/liberalised in 2008. 

A number of respondents said 
that spectrum property rights 
needed to be resolved before 
trading is implemented.  

One respondent said that trading 
was easier to implement that 
liberalisation. 

Ofcom’s proposals for 
liberalising and making 
tradable 2100MHz 
spectrum are set out in 
section 15. Ofcom’s view 
is that the licences can be 
made tradable as they 
stand and should take 
place following this 
consultation. 

Ofcom believes in the 
case of these licences 
there is sufficient certainty 
regarding the rights in the 
licences for them to be 
made tradable. It also 
does not believe there is 
any evidence suggesting a 
need for ex-ante 
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Issues raised Comments Ofcom’s response 

One respondent said that Ofcom 
should consider how the 
extension of trading and 
liberalisation to the 3G spectrum 
should be considered as a 
package with the options for 
liberalising the use of the 2G 
bands, especially the GSM 900 
band 

A respondent noted that it was 
important trading and 
liberalisation does not allow 
incumbents to restrict access to 
spectrum – any action taken 
should be ex-ante as ex-post is 
too late for a new entrant.  

competition restrictions for 
these licences. 

A respondent said that windfall 
gains are not an issue as they 
have not been considered in 
other liberalised bands and are 
irrelevant due to Ofcom’s 
statements in spectrum trading 
condoc(para5.3.3) and also due 
to international experiments that 
suggest windfall gains tend to be 
negative. 

Ofcom’s has considered 
the scope for windfall 
gains or profit shocks to 
arise through liberalisation 
(see Section 8). 

Another respondent said that 
Ofcom should discuss refarming 
with the commission as it is likely 
to be regarded as state aid. 

The European position on 
liberalisation  is set out in 
the RSC Decision and 
Section 3 sets out 
Ofcom’s view of its 
resulting obligations.  

One respondent pointed out that 
refarming could benefit rural 
areas by pushing high speed 
services beyond 80% population 
coverage. 

Ofcom agrees that this 
might be one of the 
benefits of refarming 2G 
frequencies (see Annex 7 
and section 5). 

Other relevant 
comments 

 

One respondent said that it was 
not clear why 2100MHz cannot 
be used to build a viable 
business with 98% coverage as 
Orange and T-Mobile have done 
with 1800MHz. 

Ofcom’s proposals do not 
preclude this happening.  
However, Ofcom’s 
analysis (see Annex 8 and 
Section 5) suggest that 
there are cost advantages 
from using 900 MHz 
spectrum instead of 2.1 
GHz spectrum to extend 
coverage.   
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Issues raised Comments Ofcom’s response 

A respondent said that 
liberalising 2G spectrum will 
promote efficiency by allowing 
operators to make use of it for 
uses that their customers value 
most. 

Ofcom agrees that 
liberalising 2G spectrum 
will provide citizens and 
consumers with benefits. 

One respondent said that Ofcom 
should avoid trying to determine 
the market structure and size, it 
should instead be left for the 
market. Another  respondent said 
that the regulators job is not to 
micromanage the market so all 
players are exactly the same – 
rather it is to create the right 
conditions for competition. 

Ofcom’s has set out in 
Section 8 its analysis for 
why the market alone is 
unlikely to resolve all the 
issues associated with 
liberalisation and so some 
regulatory intervention is 
justified. Sections 9 – 13 
discuss various options. In 
none of them is Ofcom 
seeking to pre-determine 
the evolution of the market 
rather it is seeking to 
ensure that as the market 
evolves competition will 
not be reduced and may 
increase. 

One respondent said that there 
was no basis for drawing a 
distinction between 2G & 3G 
mobile services – they are simply 
different technologies in the 
same market.  

Ofcom believes that the 
capabilities of 2G and 3G 
technologies mean that 
data services delivered 
over 3G offer better 
performance and wider 
range of possible services 
than those on 2G 
systems. See section 5 for 
more details on this point. 
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Annex 12 

12 Draft RSC Decision 
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Annex 13 

13 Glossary 
 

2G  

“Two G”: Second generation of mobile 
telephony systems using digital 
encoding. 2G networks support voice, 
limited data communications. 

2.5G 

“Two and a half G”: Term used to 
describe the enhanced data facilities 
within 2G digital networks known as 
GPRS and EDGE.  

3G 

“Three G”: Third generation of mobile 
telephony systems, providing data 
speeds generally higher than that used 
in 2G or 2.5G which supports 
multimedia applications such as full-
motion video, video conferencing and 
Internet access. 

AIP 

Administered Incentive Pricing or 
spectrum pricing: fees charged for 
access to spectrum to reflect its value. 
AIP applies in bands for which 
significant demand exists for that 
spectrum either in its current use, or 
for an alternative radio service, and 
acts as an incentive to users to use 
their spectrum as efficiently as 
possible.  

Assignment 

Authorisation given by a licensing 
authority for a radio station to use a 
specific radio frequency or channel 
under specified conditions. 

Band 

A defined range of frequencies that 
may be allocated for a particular radio 
service, or shared between radio 
services. 

Base Station 

A radio transmitter with or without a 
receiver installed to provide a 
communications service, typically used 
in mobile or broadcasting radio 
systems. 

CDMA 

Code Division Multiple Access: A radio 
transmission method where individual 
traffic transmissions use the same 
frequency, but where user’s traffic is 
separated by means of different 
codes. 

Cell Radius 

Term used to describe the 
geographical limit of reliable 
transmissions from a particular 
focused transmission beam at a 
mobile cellular base station or Point to 
Multi point radio system. 

CEPT 

Conference of European Postal and 
Telecommunications administrations, 
comprising of over 40 European 
administrations. 

Cave Review 

Review of Radio Spectrum 
Management, by Professor Martin 
Cave, published March 2002, available 
at: 
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http://www.ofcom.org.uk/static/archive/
ra/spectrum-review/index.htm  
 
Communications Act 

Communications Act 2003, which 
came into force in 2003 and illustrates 
how Ofcom will function. 

Coordination  

This term refers to the process under 
which a new user seeks the 
agreement of existing users to share 
access to a particular range of 
frequencies but avoiding causing them 
harmful interference. 

Decibel (dB)  

Decibel (dB): is a logarithmic unit of 
measurement that expresses the 
magnitude of a physical quantity 
(usually power) relative to a specified 
or implied reference level. For the 
case of a power P the relationship is 
governed by the equation: dB = 
10Log10(P/Pref) where Pref is the 
reference power. 

DCS 1800 

Digital Cellular System: term used to 
describe GSM implementation in 
frequencies around 1800 MHz. GSM 
was initially implemented in the 900 
MHz band. DCS 1800 is now more 
commonly known as GSM 1800, see 
GSM. 

EC 

European Commission: is one of the 
five institutions that look after the 
running of the European Union (EU). It 
is the main body that handles the day-
to-day running of the EU in areas such 
as Transport and 
Telecommunications. 

ECC 

Electronic Communications 
Committee: a committee that reports 
to CEPT and overseas the work of the 

various Project Teams and Working 
Groups of CEPT 

EDGE 

Enhanced Data Rates for Global 
Evolution: is a an access technology 
that delivers broadband-like data 
speeds to mobile devices at data 
speeds faster than is possible with 
GSM/GPRS. 

EU 

European Union: Collective of 
European Member States. 

ERC 

European Radio Communications 
Committee: previous name for the 
ECC, see ECC. 

FDD 

Frequency Division Duplex: A 
transmission method where the 
downlink/downstream path and the 
uplink/upstream path are separated by 
frequency. 

GHz 

Gigahertz: a unit of frequency, 
represented in 1000 million (1 x 109) 
cycles per second, where 1 Hz is one 
cycle per second, e.g. 1 GHz = 
1,000,000,000 Hz. 

GPRS 

General Packet Radio Service a 
method to increase the data capacity 
of 2G or voice based digital networks 
to enable data services such as; 
internet browsing, e-mail, visual 
communications etc. 

GSM 

Global System for Mobile 
communications; a 2G mobile phone 
technology. This is the technology 
behind the vast majority of 2G mobile 
phones used across Europe and is 
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use by approximately 80% of 2G 
operators worldwide. Also sometimes 
referred to under its French 
interpretation of “Groupe Spécial 
Mobile". 

GSM 900 

GSM 900: term used to describe GSM 
used in the 900 MHz frequency band, 
see GSM. 

GSM 1800 

GSM 1800: term used to describe 
GSM used in the 1800 MHz frequency 
band. Sometimes also known as DCS 
1800, see GSM and DCS 1800. 

HSDPA 

High-Speed Downlink Packet Access: 
an add-on access component used to 
enhance the data speed to the end 
user on 3G/UMTS networks. 

HSUPA 

High-Speed Uplink Packet Access: an 
add-on access component used to 
enhance the data speed from the end 
user to the base station on 3G/UMTS 
networks. 

IMT-2000 

International Mobile Telephony 2000: 
a family of global standards for mobile 
phone networks proposed by the ITU 
(International Telecommunications 
Union). Also referred to as 3G (Third 
generation). 

Interference 

The effect of unwanted signals upon 
the reception of a wanted signal in a 
radio system, resulting in degradation 
of performance, misinterpretation or 
loss of information compared with that 
which would have been received in the 
absence of the unwanted signal. 

ITU 

International Telecommunications 
Union: is an international organization 
within the United Nations System 
where governments and the private 
sector coordinate, discuss and agree 
the logistically nature of global telecom 
networks and services. 

kHz 

Kilohertz: a unit of frequency, 
represented in thousands (1 x 103) of 
cycles per second, where 1 Hz is one 
cycle per second, e.g. 1 kHz = 1,000 
Hz. 

LTE 

Long Term Evolution. Project within 
the Third Generation Partnership 
Project (3GPP) to improve the UMTS 
mobile phone standard. Features 
include, for example, higher download 
and upload speeds and greater 
channel flexibility. 

MHz 

Megahertz: a unit of frequency, 
represented in millions (1 x 106) of 
cycles per second, where 1 Hz is one 
cycle per second, e.g. 1 MHz = 
1,000,000 Hz. 

MNO 

Mobile Network Operator. Generally 
used to refer to one of the five 
companies that own and operate 
mobile networks in the UK. These are 
currently Vodafone, O2, Orange, T-
Mobile, Hutchinson 3G.  

Ofcom 

Office of Communications. Ofcom has 
taken over the RA’s responsibility for 
spectrum management in the UK in 
December 2003. 
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Oftel 

Office of Telecommunications, which 
was the telecommunications regulator, 
until its functions transferred to Ofcom 
in December 2003.  

Paired spectrum  

Used by FDD systems where two 
frequency bands are used together, 
one for transmission in the forward or 
downlink direction (e.g. base station to 
handset) and another for transmission 
in the reverse or uplink direction (e.g. 
handset to base station). 

Propagation 

The transmission of radio waves. 
Propagation characteristics depend on 
frequency and are affected by the 
environmental conditions, such as 
terrain and atmospheric conditions, 
encountered on the path. 

RA 

The Radiocommunications Agency: a 
former executive agency of the 
Department of Trade and Industry, 
which was responsible for the 
management of most non-military 
spectrum in the UK and for 
representing the UK in relevant 
international bodies. The RA’s 
functions transferred to Ofcom in 
December 2003. 

RRC 

Regional Radio Conference: an ITU 
convened meeting that address the 
specific sharing arrangements, 
between countries, on the use of a 
number of recognised broadcast (TV 
and Radio) spectrum bands. 

RSC 

Radio Spectrum Committee. A 
regulatory committee of EU member 
states, chaired by the European 
Commission, which was established 

under the EU Radio Spectrum 
Decision. 

SFH 

Synthesised frequency hopping is a 
technique that can be employed in 
GSM networks to increase the 
capacity of a network. 

Spectrum Framework Review 
(SFR) 

Ofcom produced document on how 
spectrum will be managed in the 
future. 

Spectrum Mask 

The documented radiated limits of a 
transmitted carrier frequency. 

Spectrum Trading 

Process through which spectrum 
licence holders are able to transfer 
some or all of their rights to a third 
party. 

TACS 

Total Access Communication System: 
An analogue  cellular mobile telephone 
standard originally used in the UK on 
the first cellular telephony system.  
TACS operated in the 900MHz 
frequency band. 

TDD 

Time Division Duplex: A transmission 
method where the 
downlink/downstream path and the 
uplink/upstream path are separated by 
time. 

Terrestrial 

On the ground only. 

UHF 

Ultra High Frequency: Term used to 
describe frequencies in the range 300 
MHz to 3 GHz. 
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UMTS 

Universal Mobile Telecommunications 
System – a 3G mobile phone standard 
built on W-CDMA technology. See W-
CDMA. One of the IMT-2000 family of 
standards. This is the standard being 
deployed by the vast majority of 
European mobile phone operators to 
offer 3G services. 

Undue Interference 

Interference with any wireless 
telegraphy that is harmful, as provided 
by section 183 Communications Act 
2003. This includes interference that 
creates dangers or risks of dangers to 
the functioning of any 
radiocommunications service designed 
for the purposes of navigation or 
safety services, or if the interference 
degrades, obstructs or repeatedly 
interrupts authorised broadcasting or 
other wireless telegraphy. 

Un-paired spectrum 

Used by TDD systems where only one 
frequency band is used for transmitting 
in both the forward or 
downlink direction (e.g. base station to 
handset) and the reverse or uplink 
direction (e.g. handset to base 
station). 

UTRA 

UMTS Terrestrial Radio Access. This 
term specifically refers to the radio 
interface standard of UMTS. 

UTRA TDD 

UTRA TDD: a variant of the UMTS 
radio interface standard which uses 
unpaired spectrum in TDD mode, see 
TDD. 

WAPECS 

Wireless Access Policy for Electronic 
Communications Services: an initiative 
on developing a common policy for the 
authorisation of electronic 

communications services in the EU 
including establishing a minimal, least 
restrictive set of technical conditions 
for spectrum access. The bands under 
consideration by this initiative are: 

470-862 MHz; 

880-915 MHz / 925-960 MHz (900 
MHz bands); 

1710-1785 MHz / 1805-1880 MHz 
(1800 MHz bands); 

1900-1980 MHz / 2010-2025 MHz / 
2110-2170 MHz (2 GHz bands); 

2500-2690 MHz; 

3.4-3.8 GHz 

WRC 

World Radiocommunications 
Conference: an ITU convened 
conference, held approximately every 
three or four years, which makes 
decisions on the way in which radio 
spectrum is considered in a global 
context.   

W-CDMA 

Wideband – CDMA, a version of 
CDMA that has a bandwidth wider 
than that defined in the original CDMA 
consideration, see CDMA. The term 
W-CDMA is often used as an 
alternative to UMTS 

Wireless Telegraphy 

The means of sending information 
without the use of a wired system. 

WT Acts 

Wireless Telegraphy Act 1949 (as 
amended by the Wireless Telegraphy 
Act 1967) and Wireless Telegraphy 
Act 1998. These Acts are further 
amended by the Communications Act 
2003. WT Acts regulate the use of civil 
radio spectrum in the UK. 
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WT Act licences 

Licences issued under the Wireless 
Telegraphy Act 1949 (as amended).




