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1. Executive Summary 

1.1 Indoor mobile service levels are of increasing importance to 
consumers 

Reliability of service is an important issue for consumers of mobile services today.  A recent 
Ofcom survey of mobile phone usage showed that the ability to make and receive calls was 
the most important element for consumers when choosing a mobile provider - more so 
even than cost [1].  A survey from Nokia Siemens Networks (NSN) on customer retention 
highlights network coverage and voice quality as having the biggest impact on customer 
retention and increasing in importance over time [2].  A recent survey by Virgin Media also 
found that of those surveyed 22% cited a more reliable data connection and 34% 
highlighted better network coverage as reasons to switch service provider [3]. 

Indoor service and the reliability of this service is becoming an increasingly important 
component of consumer mobile service needs. Data consumption in indoor environments is 
already at significant levels with over 80% of mobile usage being inside buildings and 
predicted to increase to above 90% in the next few years [4][5].  Indoor coverage especially 
at work and home are regularly cited as the number one reason for network-related churn 
and a survey of consumer attitudes for the Small Cell Forum highlighted that consumers 
with poor mobile service at home have churn rates much higher than average [6].    

Indications are that the size of the indoor service problem is significant too.  In the past 
operators such as Vodafone have indicated that despite having coverage to 99.7% of 
population that 19% of users regularly encounter coverage problems in their home [7].  This 
is supported by a more recent consumer attitudes survey for the Small Cell Forum which 
showed 21% of consumers in the UK experiencing dropped calls at least monthly when 
making calls at home and 22% experiencing poor voice quality at least 1-3 times a month 
[6].  The Ofcom survey of mobile phone usage mentioned earlier indicates that only 76% of 
UK consumers are satisfied with their ability to make and receive calls at home and the 
situation worsens to 66% in places of work [1].  A further survey amongst business users 
supports the problem being worse in business premises with as much as 39% of UK 
businesses reported to suffer from poor in-building mobile services today [8].   

This report provides an overview for Ofcom of the options for improving indoor coverage as 
input to their consideration of the likely evolution of these options and the extent to which 
there may be scope or a need for Ofcom to assist in this process. 

1.2 Outside-in solutions are hassle free for the consumer but do not 
work for all 

Approaches to improving in-building service levels fall largely into two categories: 

 Outside-in solutions where the user receives a mobile signal from a network 
outside of the building i.e. from the existing outdoor cellular network or some 
enhancement to this 

 Dedicated in-building solutions (“inside-in”) where the user receives a mobile 
signal from some form of access point within the building which is dedicated to 
serving just that building. 
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Existing indoor cellular coverage in the UK, as provided by the outdoor macro-cellular 
network, is at a high level for both voice and data services.  Our indicative future analysis of 
coverage with anticipated network rollout up to 2016 anticipates that this will continue to 
provide a steady portion of the indoor service solution for the foreseeable future as shown 
in Figure 1.  In the case of voice services our analysis shows that the existing voice coverage 
level should be at 98% for the 50% most densely populated areas of the UK for the case 
where the consumer is not concerned about being limited to the operator with the best 
service levels in their area.  In the case when the consumer requires a choice of all 
operators, and operators without access to lower frequency spectrum are considered, this 
drops to between 90 to 96% depending on assumptions on building construction materials 
and geometry.  In the case of data services, while the existing coverage level is lower than 
voice but overall still quite high, it is anticipated that indoor coverage from “outside-in” 
solutions will improve greatly in coming years in particular as lower frequencies become 
more widely deployed for 3G and LTE services.   

 

Figure 1: Indicative indoor coverage levels in 0 to 50% most densely populated areas of 
the UK for voice (left) and 2Mbps data (right) 

Further enhancements to the macro-cellular network, such as enhancements in the radio 
access technologies used, sharing of cell sites and the wider availability of lower 
frequencies across operators, together with the introduction of outdoor small cells will also 
bring improvements to the level of indoor service seen by the majority of users in small 
buildings where it will generally not be as difficult for an outside macrocell signal to reach 
all indoor areas of a building as in larger buildings.  This includes most users in the homes 
and small offices which make up the majority of premises in the UK. 

An important feature of outside-in solutions is also that they provide a “hassle free” indoor 
coverage solution to consumers as service improvements are seen transparently by the 
user, with the operator handling all network equipment installation and upgrades in 
locations that the consumer may not even be aware exist. 

The main drawback of outside-in solutions is that, due to variations in construction 
materials and building geometries, there is no guarantee that the cellular signal from 
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outdoors will be able to penetrate inside all buildings.  Even when this does not entirely 
remove service, it significantly degrades reliability for calls and reduces data speeds, placing 
a still-greater load on already congested outdoor cells.  Trials of outdoor small cells show 
that, even when placed close to buildings, there will always be some exceptional buildings 
with difficult construction material, few windows and/or shallow angle of incidence that 
outdoor solutions will have difficulty penetrating.  Our quantitative analysis, also shows 
that trends to increase thermal shielding in building regulations (for both new domestic and 
commercial premises) and increased user expectation levels for mobile services over time 
will have a significant impact on coverage levels from outside-in solutions, which could 
worsen in the medium term without taking additional steps   

Of the factors examined that are likely to reduce indoor coverage from outside-in solutions 
we found that changes in user expectations of data rates are likely to have the biggest 
impact and that, assuming UK networks at a 2016 deployment level, potentially 7.5m 
dedicated in-building solutions might be needed across the UK to provide a baseline 2Mbps 
data service to all indoor users (see Table 1).  This assumes that the consumer is not 
concerned about being limited in choice to the operator with the best coverage in their 
area and roughly doubles if a choice across all operators, including those without access to 
lower frequency spectrum, is required. 

Service being 
targeted 

Number of users 
requiring solutions 
if operator choice 
not an issue 

Number of users 
requiring solutions if 
choice across all 
operators needed 

Comments 

Voice 2m for all of UK 5.5m for all of UK Even for the most basic service 
a significant volume of users 
are impacted. 

2.5 times as many in-building 
solutions needed if operator 
choice essential. 

2Mbps 2m for 50% most 
densely populated 

7.5m for all parts of 
the UK 

5m for 50% most 
densely populated 

14m for all parts of 
the UK 

2 times as many in-building 
solutions needed if operator 
choice essential. 

Reaching the first half of the 
population accounts for a third 
or less of the solutions needed 
in both cases. 

10Mbps 15m for 50% most 
densely populated 

30m for 90% most 
densely populated 

35m for all parts of 
the UK 

20m for 50% most 
densely populated 

35m for 90% most 
densely populated 

40m for all parts of 
the UK 

No change in the number of 
solutions needed between the 
two scenarios for the more 
difficult to reach percentages 
of population as even in the 
limited choice of operator case 
close to a solution per 
household is needed for these 
difficult to reach users. 

Table 1: Summary of the potential volume of users requiring in-building solutions 
assuming networks at 2016 deployment levels for different service expectations and 
requirements on choice across operators 

Therefore while outside-in solutions provide and will continue to provide a useful baseline 
level of indoor coverage there will increasingly be a role for dedicated in-building solutions 
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to play in improving indoor service levels. While hundreds of thousands of dedicated in-
building systems have been deployed in homes, offices and public buildings in the UK to 
date, our indicative analysis of the scale of the in-building problem suggests that the overall 
need will grow significantly in the coming years: to 5.5m users needing a solution for voice 
services and 14m needing a solution for mobile data services, assuming that consumers 
insist on having a choice amongst all operators, including those without access to lower 
frequency spectrum. 

1.3 The most appropriate dedicated in-building solution to indoor 
mobile service issues is complicated by the range of buildings and 
users to be covered 

The source of poor indoor service can be due to one of three major factors: 

 The user being a long distance from their operator’s existing sites and so 
receiving a poor signal level. 

 The user being inside a building which has particularly challenging construction 
materials or geometry so that despite having a good outdoor cellular service their 
cellular service indoors is poor. 

 The user being on a high rise building suffering from interference from multiple 
serving cells. 

The range of in-building solutions that are likely to work well for a consumer will be 
influenced by the cause of the poor existing indoor wireless service levels.  For example, 
some in-building solutions rely on a good outdoor cellular signal level at the building to be 
served and so are not appropriate for those a long way from existing sites with no outdoor 
or indoor signal. Similarly the appropriate indoor solution will be influenced by factors in 
their particular building, such as whether they have (or wish to have) a fixed broadband line 
and the service of other family members. 

This study has considered how a range of in-building solutions best fit across different 
combinations of users and buildings as follows:   

 The home user (including those in a range of homes from detached premises to 
apartments) 

 Small office / SME users 

 Large multi-storey office users 

 Users in public buildings and campus areas 

Figure 2 illustrates the in-building landscape today. The  range of products options has 
broadened significantly in recent years for smaller buildings.  There is, however, something 
of a gap in solutions for medium and larger scale office buildings: while appropriate 
technologies exist, they are either seen as too expensive for operators to deploy widely or 
not yet mature enough for operators to allow enterprises to deploy their own solutions. 

Wi-Fi as installed by the end consumer is a popular option for improving indoor mobile 
services but has been limited to providing data services unless the user is happy to make 
use of Over The Top (OTT) alternatives to cellular voice and messaging such as Skype.  
Carrier Wi-Fi is a new category of Wi-Fi where mobile operators are involved in the 
deployment and management of the network and includes features for roaming between 
their cellular and carrier Wi-Fi network.  Full cellular voice and SMS services with handover 
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between cellular and Wi-Fi networks is not yet supported in carrier Wi-Fi but is being 
worked on and eventually will be included.  Operator launches of applications to deliver 
voice and SMS services via Wi-Fi is evidence of progress in this area.  

Traditional consumer repeaters or signal “boosters” are available to buy in the UK but 
crucially are illegal to deploy without operator permission, as they potentially cause 
harmful interference which limits their deployment.  Operator deployed repeaters are still 
widely used for large buildings and are sometimes combined with a DAS system if a 
coverage only solution is required.  A new group of repeater emerging is the intelligent 
repeater which includes some improvements over traditional consumer repeaters to tackle 
interference issues.  These are gaining interest amongst operators but currently are not 
widely available in the UK.  Crucially repeaters of all types rely on a good outdoor signal to 
boost into the target building and so are not useful in areas a long way from existing sites 
with no outdoor or indoor signal.  

Femtocells are low cost cellular basestations that can be installed by the end user by 
plugging it into power and their broadband connection similarly to a Wi-Fi access point.  
They have been deployed commercially by all UK mobile operators, targeted on particular 
groups of consumers. An important benefit is that these provide all cellular services 
including voice and SMS, but these are usually provided as part of the user’s mobile 
subscription.   

Picocells are similar to femtocells but cover larger areas and target bigger SME buildings 
and can be used in a network to cover some larger enterprise buildings. They promise to 
provide a solution to the gap in solutions for mid and large scale enterprises as technical, 
cost and deployment challenges are addressed.  

Distributed Antenna Systems (DAS) are an infrastructure of cables, amplifiers and antennas 
installed within a building to distribute mobile signals in analogue form throughout it 
typically from a dedicated high-capacity base station, but sometimes from a repeater or 
small cells.  This is costly to plan and install and so only suitable for large high capacity 
buildings or corporate buildings where the value of the overall account to an operator can 
justify the high capital investment in the infrastructure, but allow relatively straightforward 
support for multiple operators.  Distributed basestation solutions are an evolution of DAS 
which distribute signals digitally and include more intelligence to dynamically adjust 
capacity to the areas of a building that need it at any time.  Again these are high end 
installations for big high capacity venues. 

Hybrid solutions also promise to make a major impact, with for example femtocells, 
picocells and Wi-Fi promising to provide complementary capabilities, and an increasing 
degree of integration between these technologies is evident in the marketplace. 
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Figure 2: The present landscape of dedicated in-building solutions 

1.4 Common concern areas found by this study and recommendations 
to Ofcom 

As part of the requirements for this study Ofcom asked us to assess each in-building 
solution in terms of: 

 Current status, take up and availability 

 Openness 

 Authentication and handover 

 Security  

 Impact on macro 

 Uplink and downlink constraints 

 Current and future spectrum  

 Environmental impact 

 Scalability 

 Upgradeability 

From this assessment the common concern areas across in-building solutions for Ofcom to 
monitor include: 

Home users
Small office / 

SME users
Large multi 

storey office user
Public buildings 

and areas

Self provided Wi-Fi

Carrier Wi-Fi

Consumer repeaters

Intelligent repeaters

Femtocells

Picocells

DAS

Distributed 

basestations

High cost, high capacity solution

High cost, high capacity solution

Individual 
deployments suited 
to SMEs

Network of picocells for 
larger buildings but 
capacity limited.

Low cost, low capacity solutions for 
small buildings with broadband

Fits small buildings with good 
outdoor signal and no broadband

Available where ever operator choses to deploy and can range from 
consumer access points to networks of access points in public areas

Limited to data services only in small 
areas.  Broadband needed.

Self-install consumer devices available but 
illegal and  risk network disruption: but NB 
US situation

Repeater solutions deployed by operators 
in large buildings and may be integrated 
with a DAS
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 The full integration of small cell solutions into existing operator networks.  In 
particular seamless in-call handover with small cells (likely to come with time but 
not widely available yet).  If not addressed this could lead to frustrated 
consumers experiencing dropped calls when using these products and having to 
remain within the home when on a call for fear of dropping a call when moving 
outdoors. 

 Ensuring best practice is established and followed with respect to security 
standards in consumer accessible small cells.  Many stakeholders highlighted that 
security standards were no guarantee of robust implementations of these 
standards.  If this is not addressed then security breaches could be seen by the 
consumer in a number of ways such as increases on their bill due to hackers 
streaming extra traffic via their small cell, their personal details or calls being 
intercepted or just nuisance issues such as the operator’s network being 
unavailable at times due to disruption from a hacker. 

 Multi operator support is difficult in low cost consumer products (as highlighted 
by many of our stakeholder discussions) but as all UK operators provide femtocell 
solutions and there are a wide range of Wi-Fi access points to choose from this is 
not considered a major barrier to switching operators.  A bigger potential issue 
for openness of solutions is the lack of a centralised security certificates authority 
to authenticate the identity of small cells which could lead to a limited supply of 
vendors and access point products for consumers to choose from.  This point was 
highlighted by some of our stakeholders.  However, this is also an issue in LTE 
networks generally where the base station holds more functionality than and 
potentially a different backhaul connection type to a base station in UMTS and 
requires authentication with the network in a similar way to small cells.   

 Many in-building solutions are still reasonably immature and limited in their 
availability.  The in-building market is evolving and many products have limited 
availability and have not been fully integrated into operators’ networks as yet.  
This issue will likely resolve itself over time but there may be things that Ofcom 
could do to accelerate this. 

Based on these findings of common concern areas in in-building solutions and the general 
requirement to help consumers navigate the in-building solution space better, our 
recommendations for Ofcom emerging from this study include: 

 Providing information and assistance to consumers to identify the in-building 
solution most appropriate to their situation and how to approach their operator 
for help. 

 Considering making low power shared access licenced spectrum available for 
indoor deployments to help accelerate the deployment of in-building solutions.  
Although spectrum has not been found to be a fundamental barrier to the 
deployment of the in-building options considered, there is potential for it to 
accelerate deployments to suit some categories of consumer and building and 
the availability of low frequency spectrum is still important to ensuring a good 
baseline coverage level is achieved from “outside-in” solutions. 

 Considering monitoring and reporting in-building coverage levels across 
operators as part of their market reports. 

 Monitoring openness of in-building solutions in particular in the area of a central 
certificates authority for the authentication of small cells and considering if 
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operators need extra encouragement to collaborate on large costly in-building 
deployments. 

 Assisting in the formation of best practice guidelines for the implementation of 
security standards in UK in-building solutions. 

 Analysing the US situation with regard to consumer repeaters and considering if 
this might be appropriate for the UK. 
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2. Introduction 

2.1 Indoor not-spots are an increasingly important issue for 
consumers 

Reliability of service is clearly an important issue for consumers of mobile services today.  
In a recent Ofcom survey of mobile phone usage unsurprisingly the ability to make and 
receive calls was the most important element for consumers when choosing a mobile 
provider, even more so than cost [1].  An earlier survey from Nokia Siemens Networks 
(NSN) on customer retention also highlights network coverage and voice quality as having 
the biggest  impact on customer retention and being of increasing importance [2].  Also a 
recent survey by Virgin Media looking at factors that would convince consumers to switch 
operators found that  of those surveyed 22% cited a more reliable data connection and 
34% highlighted better network coverage as reasons to switch service provider [3]. 

Within this desire amongst consumers for better mobile service levels, indoor service is 
increasingly becoming important. Data consumption in indoor environments is already at 
significant levels with currently over 80% of mobile usage being inside buildings and 
predicted to increase to above 90% in the next few years [4] [5].  Indoor coverage 
especially at work and home are regularly cited as the number one reason for network-
related churn and a survey of consumer attitudes for the Small Cell Forum has highlighted 
that consumers with poor mobile service at home have churn rates much higher than 
average [6] .    

Indications are that the size of the indoor service problem is significant too.  In the past 
Vodafone has indicated that despite having coverage to 99.7% of population that 19% of 
users regularly encounter coverage problems in their home [7].  This is supported by the 
more recent consumer attitudes survey for the Small Cell Forum which showed 21% of 
consumers in the UK experiencing dropped calls at least monthly when making calls at 
home and 22% experiencing poor voice quality at least 1-3 times a month [6].  The Ofcom 
survey of mobile phone usage mentioned earlier indicates that only 76% of UK consumers 
are satisfied with their ability to make and receive calls at home and the situation worsens 
to 66% in places of work [1].  A further survey amongst business users supports the 
problem being worse in business premises with as much as 39% of UK businesses 
reported to suffer from poor in-building mobile services today [8].   

This report provides an overview for Ofcom of the options for improving indoor coverage 
as input to their consideration of the likely evolution of these options and the extent to 
which there may be scope or a need for Ofcom to assist in this process.   

2.2 Indoor coverage could worsen if not planned for appropriately 

There are factors which could worsen indoor coverage over the next few years such as: 

 Stricter building regulations including thermal shielding which has the side-
effect of increasing radio wave propagation losses 

 Use of higher frequency bands when high capacity is needed, with generally 
poorer reach and in-building penetration 

 Poorer device sensitivity in multi-band smartphones 
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 User expectations increasing – e.g. consistency of coverage for voice and data 
fixed line alternatives, increasing minimum data expectations  

Encouragingly operators appear to be tackling these issues and have announced plans to 
extend indoor coverage recently.  These include announcements from Vodafone and O2 
that they will achieve 98% indoor data coverage by end 2015 [9]. 

In the main, Ofcom’s activities such as its “not-spots” programme and the related Mobile 
Infrastructure Project have primarily targeted outdoor mobile coverage problems to date 
but there are initiatives to address this increasing need for improved indoor service levels 
such as, for example, the 800 MHz coverage obligation.  However, while the 800MHz 
coverage obligation does target indoor coverage at a certain level, the actual levels 
achieved in practice will depend on building characteristics.  Also the timescales of this 
obligation and the expectation that this will be LTE only leaves a latent need for at least 
voice and 3G data unaddressed.   

The limitation of both operator and Ofcom initiatives announced so far in this area is that 
they are most likely to be based on plans to enhance existing macrocell networks.  The 
problem here is that macrocell-only solutions are limited in extent and become 
increasingly costly to fill last remaining indoor service gaps.   

Operators already offer some dedicated indoor solutions but it is not immediately clear 
how this landscape will evolve and to what extent action by Ofcom may be needed to 
ensure emerging in-building solutions fill the indoor service need to the benefit of citizen-
consumers and consistent with spectrum efficiency and other Ofcom duties.  This report 
aims to assess the landscape of both so called traditional “outside-in” and dedicated in-
building solutions and how they might fill the emerging gap in indoor services. 

2.3 Many solutions to indoor not-spots leads to confusion on the 
most appropriate solution 

Understanding the solution to indoor service problems is more complicated than in the 
outdoors environment as the range of both the environments to be served and the 
technical options is much wider for the indoor case.   

To date, most dedicated cellular in-building systems have been based on distributed 
antenna systems, which are typically too costly for smaller offices and buildings, especially 
on the basis of the high skill level required for design and deployment.  

The options have broadened recently and are set to continue to do so in the future. For 
example, it is likely that Wi-Fi will continue to play a major role in the provision of at least 
data services indoors and is increasingly starting to offer voice and SMS alternatives (i.e. 
Skype).  A recent Deloitte survey [10] showed for the UK that Wi-Fi is the main Internet 
connection for 60% of smartphones and that 90% of smartphone and tablet users connect 
to the Internet using Wi-Fi from home. Operators are also increasingly incorporating Wi-Fi 
within their service offering via a range of “Carrier Wi-Fi” initiatives as highlighted by O2’s 
recent launch of their TU Go service [11]. 

This is alongside the launch of small cells operating in licenced spectrum from the cellular 
industry including femtocells which have also seen high levels of interest.  For example, 
again in the consumer attitudes survey for the Small Cell Forum, 60% of respondents 
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expressed an interest in femtocells with 80% these being amongst regular Wi-Fi users [6].  
Notably all four UK operators have now launched femtocells, although targeting different 
groups of consumers (e.g. EE providing home femtocells but only for business customers 
and Three only supplying femtocells to customers with coverage problems). 

Other solutions are also available such as Nextivity’s intelligent repeater solution and 
personal self-install repeaters (these are not licensed for use in UK, but are widely used in 
US). 

An added dimension to the problem indoors is that different solutions fit the capacity and 
coverage requirements of different building types.  For example, enterprises are 
increasingly being targeted by picocell vendors whereas large public buildings are usually 
more suited to coverage by a distributed antenna system. 

2.4 Ofcom want to understand the range of technical options for 
addressing indoor not-spots and the merits of each 

This project aims to understand the range of technical options for improving in-building 
service.  For each technical option examined Ofcom have asked that it be assessed against 
the following areas: 

1. Current status of the different technical options available (eg. femtocells, small 
cells, Wi-Fi, repeaters) including; how they work & interconnect to existing 
infrastructure, effectiveness of the solutions, take-up by consumers and 
businesses and associated costs;  

2. The openness of any systems with regard to allowing access to different network 
operators including; system & device suppliers, how devices are controlled, 
installed & managed and what alternative solutions are, or are likely to become, 
available;  

3. The authentication and handover challenges associated with multiple radio 
network nodes together providing ubiquitous coverage;  

4. The security of any systems including maintenance of the existing model, level of 
security available to mobile users, back up capabilities and maintaining 999/112 
access;  

5. Any impact that systems providing in building coverage might have on macro 
coverage such as mitigating congestion, increasing data throughput, signalling 
load or network infrastructure elements;  

6. Description and overview of uplink and downlink constraints in mobile networks 
that limit coverage and impact of new techniques such as base station receiver 
diversity, MIMO, active antenna and sectorisation and their potential to improve 
indoor coverage.  

7. The current and future spectrum requirements for these solutions;  

8.  Environmental impact of in building coverage & systems including overall power 
consumption, end of life device recycling, power levels and ICNIRP compliance;  
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9. The future technical and commercial evolution of these systems – i.e. will they 
scale to meet the growth in demand for mobile capacity.  

This study seeks to understand how in building coverage can be enhanced relative to that 
provided by the existing (predominantly macrocell-based) networks at both a technical 
and commercial level. There are numerous challenges to be addressed and the Ofcom 
study requirements present these as a set of objectives to determine the options available 
for improving in building mobile coverage. For example one particular challenge to be 
addressed is openness of any systems and we ask the question: ‘What do we mean by 
‘allowing access to different operators’? The following points attempt to provide some 
possible solutions: 

 One solution can simultaneously handle users with different operators 

 Solutions are cheap, unobtrusive and simple enough to permit multiple of them 
in one location if needed 

 It could work for any operator and can be changed between operators at the 
user’s choice (but only phones from one operator at a time) 

 It is easy and cheap to switch operators even if one ‘box’ cannot handle 
multiple operators 

 Allow consumer to take action themselves rather than ‘begging’ an operator 
e.g. 3 currently limit femtocells to those who they consider have a valid 
coverage problem  

 How does this compare and contrast with being able to move your phone 
between providers, move contracts between providers, move gateways/home 
hubs between providers 

In particular Ofcom have requested that this study examine how the in-building 
technology options available fit with the requirements of different indoor consumer 
types, including both domestic and business use, and wish to ensure that the study has a 
clear focus throughout on how the solutions fit with the needs of consumers, while 
understanding the realistic benefits and potential barriers which the mobile industry may 
face in widespread deployment of these solutions. 

2.5 Structure of this report 

This report presents the findings of this project as follows: 

 Chapter 3 describes why indoor wireless services are of increasing importance 
to consumers, the level of indoor wireless services provided by today’s outdoor 
cellular networks and the factors which affect the size of the remaining problem 
of indoor “not-spots” to be filled by other in-building service solutions. 

 Chapter 4 examines what different consumer groups mean by in-building 
wireless service and their priorities when considering an in-building solution.  It 
then summarises how the various categories of technology options for 
improving in-building service examined in this study score against these 
consumer requirements and best fit deployment scenarios. 

 Chapter 5 gives a detailed discussion of developments in so called “outside in” 
solutions where indoor service is provided by a basestation or access point 
outside of the building. This presents the service level provided by existing 
macrocellular networks in the UK and how this may change over time due to 
negative factors (such as changes to building regulations) and improvements in 
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networks (such as more cellular sites, use of outdoor small cells and 
enhancements to the macrocellular network).   

 Chapter 6 examines the range of dedicated in-building solutions currently 
available.  These are presented first in terms of the consumer proposition and 
how they score against consumer requirements.  Secondly we describe each 
option in technical detail and assess them against Ofcom’s study drivers 
outlined in section 2.4. 

 Chapter 7 summarises key findings and discusses potential regulatory and 
policy considerations emerging from these.   

In addition to this report main body document there are a series of appendices as follows: 

 Appendix A discusses the requirements of different users of indoor services in 
different building types.  These requirements are summarised in section 3 and 
have been has been used throughout this study to map indoor service solutions 
to the most appropriate user groups and building types. 

 Appendix B describes the indicative quantitative analysis undertaken in this 
study to estimate current likely indoor coverage levels in the UK, how this might 
change over time with increased network roll out and spectrum and the 
sensitivity of indoor service levels to various factors such as changes in building 
regulations. 

 Appendix C gives a detailed description of outside-in solutions to addressing 
poor in-building service levels such as macrocell enhancements, new site builds 
and the deployment of outdoor small cells.   

 Appendices D, E and F give a detailed description of the dedicated in-building 
solutions available to improve in-building service levels today with each option 
discussed against Ofcom’s study objectives highlighted in section 2.4.  We have 
categorised these dedicated in-building solutions into: 
o Appendix D - Wi-Fi related solutions covering self-provided Wi-Fi, carrier 

Wi-Fi and UMA 
o Appendix E - Cellular small cell solutions covering femtocells and 

picocells 
o Traditional dedicated in-building solutions and their evolutions covering 

consumer repeaters (both traditional and new intelligent repeaters), 
operator deployed repeaters, distributed antenna systems and 
distributed basestation solutions. 

 Appendix G  details the stakeholder engagement process undertaken in this 
study and the key views captured from this 

2.6 Stakeholder engagement as part of this study 

As part of this study we have held a series of telephone interview and had a series of 
written responses to questionnaires from vendors across the range of technical options 
for improving in-building services available today.  This aimed to give a clear view for each 
option for improving in-building coverage of: 

 The current state the technology 

 The main areas for concern and barriers for the deployment  

 Likely future developments 
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We have also had discussions with operators to obtain their views on the scale and 
importance of the indoor coverage problem in the UK and the most promising options 
they see for tackling it. 

We would like to thank and acknowledge the following companies and specifically the 
people from those companies that took time out to discuss the issues of improving in- 
building coverage with us which included under the following categories of stakeholders: 

 Outdoor small cells: 
o Airspan 

 Wi-Fi 
o Cisco 
o Ruckus Wireless 

 Picocells and femtocells 
o ip.Access 
o SpiderCloud 

 Repeaters 
o Nextivity 

 Distributed antenna systems / distributed basestations 
o Commscope 
o iBWave 
o NSN 

 Security 
o Stoke 

 Operators 
o H3G 
o Telefónica O2 
o Optus 
o Telstra 

While stakeholder views are included throughout this report to highlight points being 
made, a detailed description of this stakeholder process and summary of the key points 
raised is given in appendix G of the appendices supporting this report.  The major points 
raised by stakeholders included: 

 Indoor service is an increasing priority for operators but it appears that 
macrocells are still the best understood and preferred option for expanding 
these services. 

 Despite significant progress in Wi-Fi related standards, Wi-Fi solutions that are 
fully integrated in to cellular networks and can provide all cellular services 
including voice and SMS and handover between cells are still some way off.  
However, it was highlighted that the large scale deployment of LTE will likely 
need to facilitate voice and SMS over IP.  This support for cellular voice and SMS 
over IP may unlock the potential for carrier Wi-Fi to provide full cellular services 
rather than being restricted to data. However, the rollout of IMS has been slow 
and perceived as expensive to date.  The flat IP based architecture of LTE may 
also aid better Wi-Fi integration into cellular networks.  

 It was highlighted that the ability of Wi-Fi to provide a competitive in-building 
solution to cellular small cells might be aided by an increase in the maximum 
transmission levels allowed in the licence exempt bands. 
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 Having security standards for access points and small cells does not ensure that 
these will be implemented fully in practice and so certification may be needed.  
In this way Wi-Fi may be ahead of small cells with the introduction of Passpoint 
certification. 

 3GPP standards for Multi Operator Core Network (MOCN) site sharing could be 
used to support multiple operators on the same small cell site or product now 
but this relies on regulation allowing spectrum sharing of carriers amongst 
operators.  Multi carrier small cells to support multi operator small cell products 
without spectrum sharing in the right form factor are still thought to be some 5 
years off.  Therefore small cells are likely to remain single operator products for 
some time to come. 

 Intelligent repeater products could make very heavy use of licence exempt 
spectrum as they require a continuous wide bandwidth link between the two 
units involved in this type of solution (the donor unit on the window ledge and 
the repeater unit inside the building). 

 In Australia there is a Forum where operators regularly share plans for 
improving in-building services in various buildings so that other operators are 
offered the chance to join these deployment plans where appropriate.  There 
may be lessons to learn from this proactive approach for the UK. 

 No stakeholders saw UMA as a sustainable solution.  Also some concerns were 
raised on the ability of DAS to support MIMO which may limit the future 
viability of DAS if not addressed. 
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3. Indoor service is of increasing importance to consumers but 
cellular service from macrocells alone falls short 

This section sets the scene for the indoor service problem.  It highlights  why consumers 
care about indoor coverage, how far today’s cellular networks go towards addressing the 
problem, why cellular operators have traditionally found indoor service challenging to 
achieve reliably and examines the sensitivity of the size of the indoor service problem to 
various factors. 

3.1 Why indoor service matters to consumers 

While providing a mobile service outdoors from outdoor networks was the traditional 
focus of cellular operators, an examination of the places where consumers actually make 
calls and use mobile data services shows a big bias towards indoor environments.  Figure 
3 shows the results from a survey carried out by Informa [4] indicating the percentage of 
mobile traffic consumed in different environments over time.  This highlights that over 
80% of mobile traffic is currently consumed indoors (from a combination of traffic from 
home and office locations).  This rising importance of mobile service levels in indoor 
environments is further supported by the following data points from other industry 
analysis: 

 Traffic forecasts for 2010 to 2015 from Analysys Mason show indoor mobile 
traffic by volume growing from approximately 70% to 90% in this time period  
[12] 

 Telefónica predict that in the next few years around 90% of mobile usage will 
take place indoors [5] be it at home, in the office or in public buildings, with the 
majority of that being in an individual user’s home and main office locations. 

 According to Ofcom’s Communications Market report for 2012 [13]: 
o A third of people aged 16 to 24 and 26% of 25 to 34 year olds in the UK 

live in homes where mobile is the sole form of telephony   
o 39% of UK adults use their mobile phone at home as a method for 

accessing the Internet which is showing a steady increase 
o On average each UK home now owns three Internet-enabled devices 
o In 2011 the volume of voice calls originating on mobile networks overtook 

the volume of voice calls originating on fixed networks  

 

Figure 3: Percentage of mobile traffic contributed by different environments with an 
increasing trend towards indoor traffic. Source:  Informa [4] 
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Although mobile services reach the vast majority of the population and existing policy 
initiatives such as the 800 MHz coverage obligation and the Mobile Infrastructure Project 
seek to further extend both voice and data services, many mobile customers experience 
inadequate coverage indoors.   

In consumer surveys, mobile users frequently cite poor in-building coverage as the 
number one network-related reason to churn to other operators. According to one survey 
[14] 53% of subscribers are willing to pay more for excellent network quality. Increased 
mobile data usage has also changed customer priorities and expectations. Smartphone 
users rate the importance of messaging and internet quality 2.5 times higher than 
standard phone users. Even the average phone user rated network quality as the most 
important reason for choosing a mobile operator. 

In terms of the economic implications of a complete lack of or poor indoor mobile service 
levels in particular areas this does not just lead to operators missing out on some 
potential revenue streams but also has a negative impact on the consumer in terms of: 

 Their ability to work, play and generate economic activity – Being able to make 
and receive cellular calls and have access to a reliable wireless Internet 
connection is increasingly becoming an essential part of day to day life for many 
consumers.  Two fifths of UK adults now own a smartphone and the same 
proportion say that it is the most important device for accessing the Internet 
[13].  Tablet ownership is also on the rise and went from 2% to 11% in the UK 
between 2011 and 2012 [13].   The rise of smartphones and tablets facilitates 
frequent access to mobile data services which many groups such as Facebook 
have been quick to capitalise on and become an essential part of many 
consumers’ social lives with UK Internet users now spending the most time on 
member communities than any other Internet service and nearly two thirds of 
Internet users in the UK being Facebook users [13].  In addition many consumer 
purchase activities have now become Internet centred.  For example, the day of 
going to the Travel Agent to book flights and hotels has now passed with a 
heavy dependence on online booking services.  This is highlighted by the fact 
that in the past three years e-commerce has grown at ten time the rate of other 
retail sales [13].    

 Doing business – Having a reliable broadband connection is increasingly 
becoming essential for many businesses with email becoming the main and 
expected form of communication between most organisations.  Also there is an 
increasing expectation for voice calls that people will be available on their 
mobile phone at all times and so lack of cellular service levels in some buildings 
can lead to the frustratingly frequent problem of missing important calls.  In 
addition there is a greater move towards employees working from home where 
again having good home mobile service would be of clear benefit. 

 House prices – Increasingly when buying houses consumers are keen to know 
the level of fixed and wireless broadband connectivity available and there is 
evidence that this may even be impacting how easily a house sells  [15].  

Given these potential losses in consumer and societal benefits arising from poor in-
building services, this study aims to provide Ofcom with inputs to its thinking on the policy 
options which would create the conditions whereby in-building mobile service could be 
enhanced and the implications of these policy options to inform its longer term thinking 
on spectrum strategy and requirements. 
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3.2 Current cellular service levels from macrocells and factors 
impacting in-building service 

3.2.1 The baseline service level from the existing macrocellular 
network and factors impacting this over time 

Based on Ofcom’s 2012 Communications Infrastructure Report, it is estimated that 0.3% 
of premises are in complete GSM not-spots i.e. cannot receive service from all operators 
with 6.1% being in partial not-spots i.e. can receive service from some but not all 
operators [16].  In the case of 3G, 0.9% of premises are in complete not-spots.  However, 
these are figures for outdoor coverage and no direct equivalent statistics exist for indoor 
coverage although there are on-going initiatives such as the Coverage Obligation at 
800MHz to ensure that a 2Mbps baseline service level becomes available to 98% of 
homes.  Therefore the existing outdoor macrocellular network currently, and for the 
foreseeable future, will offer a good baseline level of in-building service to the vast 
majority of premises in the UK.   

The problem with this traditional ‘outside-in’ approach from macrocells is that it was 
originally deployed to provide voice coverage to vehicles travelling along major roads. This 
conventional architecture is now increasingly becoming limited in its ability to meet 
modern mobile users’ needs for reliable indoor mobile service because: 

 The increased volume of mobile data use puts a greater load on macrocell 
capacity to deliver a reliable service 

 User expectations of the minimum data rate which constitutes a viable service 
are continuing to increase and are dominated by the indoor locations in which 
they mostly consume services 

 Modern mobile devices have to support a wide range of frequency bands in a 
small form factor, reducing their sensitivity and hence increasing the signal 
strength needed to achieve given coverage.   

 Improved thermal insulation properties of buildings lead to an increase in the 
use of denser and more conductive external construction materials, including 
metallised windows, increasing the losses which radio waves encounter in 
penetrating a building. 

 Increased use of high-frequency bands which suffer greater losses than 
frequencies below 1 GHz and hence may introduce more radio shadow areas 
(see Figure 4).  

 Economic incentives for mobile operators to share macrocell networks, 
reducing the diversity of coverage options available to users choosing to switch 
to operators who do have macrocell coverage close to the locations they care 
most about. 
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Figure 4:  Impact of frequency on macrocell range 

Other factors, however, may be expected to enhance indoor coverage over time 
including: 

 More use of lower frequencies  

 Upgraded technologies on macrocells (LTE, MIMO) 

 More macrocells per operator (via infrastructure sharing initiatives) 

 Specific solutions for enhancing in-buildings service (Wi-Fi, femtocells, small 
cells, DAS, repeaters and others) 

 Mobile Infrastructure Programme 

Factors potentially improving service Factors potentially degrading service 

 More use of lower frequencies  

 Upgraded technologies on 
macrocells (LTE, MIMO) 

 More macrocells per operator 
(via infrastructure sharing 
initiatives) 

 Specific solutions for enhancing 
in-buildings service (Wi-Fi, 
femtocells, DAS, repeaters and 
others) 

 Mobile Infrastructure Programme 

 Building regulations (better 
thermal insulation requirements 
increase propagation losses) 

 Smartphone sensitivity worse 
than feature phones (and 
degrades as bands are added) 

 User expectation of minimum 
data rate increases with time 

 Greater usage causes greater 
contention 

Table 2:  Summary of factors improving and degrading in-building service over time 

Figure 5 illustrates how these factors may impact the in-building service level seen by 
consumers over time.  The red bands illustrate the expectation of mobile services from 
consumers over time.  If operators provide a service below the lower red line they will 
likely lose customers but if they go above the upper red line then they will be delivering a 
service beyond expectations that consumers will not be willing to pay for.  The blue line 
illustrates a potential evolution of the quality level that might actually be delivered by UK 
cellular networks over time.  We start the timeline with the introduction of 3G networks 
which leads to a big improvement in service levels.  However, over time consumer 
expectations of mobile networks increase and the quality of the mobile service delivered 
indoors gets worse due to issues such as thermal shielding in windows through building 
regulations and reduced handset sensitivity due to more bands being included.  This takes 
us to the point where UK networks currently are which is slightly below expectations of 
consumers for indoor services at least but with some operators rolling out indoor 
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solutions to differentiate from their competitors which causes the quality of service 
delivered to start rising again.  Ideally as more operators offer more indoor solutions 
indoor service levels will improve to potentially beyond consumer expectations.  At this 
point some consolidation may occur in the indoor mobile service industry until service 
levels settle to a level where most operators are meeting user expectations in a cost 
effective way. 

 

Figure 5:  One example scenario of how indoor service levels might evolve 

As part of this study we have carried out an indicative quantitative analysis of the 
coverage levels of current cellular networks and their sensitivity to some of the factors 
discussed here.  This is reported in the next section. 

3.2.2 Our analysis of likely future indoor coverage trends 

To understand the likely indoor coverage levels delivered by existing macrocellular 
networks and how these might evolve over time we have carried out a simplified 
quantitative analysis of UK network coverage levels which is described in detail in 
Appendix B.  Note that this analysis is intended to indicate the sensitivity of the results to 
various factors and the scale of the issues.  It is not a definitive assessment of absolute 
numbers, for which more detailed analysis is required.  It should be noted that the 
analysis presented here assumes that consumers are satisfied with coverage in some 
parts of their building.  This gives an optimistic view of the potential size of the in-building 
service issue compared to the levels reported by consumer surveys which will also reflect 
consumer dissatisfaction with “patchy” coverage, dropped calls or poor quality voice 
levels as well as those not able to get coverage in any part of the building. 

In this analysis we look at areas representing different levels of population density in the 
UK as summarised in Table 3.  These areas are defined, in the same way as in Ofcom’s July 
2012 statement on the combined award of 800MHz and 2.6GHz spectrum [17], on the 
basis of local authority district boundaries but they exclude Northern Ireland due to lack 
of appropriate data.  The zero to 50% area is comprised of the most densely populated 
local authority districts in England, Scotland and Wales where 50% of the population live 
(from the 2001 census).  The 50 to 80% area is comprised of the next most densely 
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populated local authority districts in England, Scotland and Wales where 30% of the 
population live and so on until the least densely populated 10% of population is reached 
in the final entry of Table 3.   

The study area below … … is referred to in graphs as 
the following 

Example areas of this 
population density include 

0 to 50%, most densely 
populated 

 

More densely populated areas Greater Manchester 

City of Edinburgh 

Caerdydd - Cardiff 

 

50 to 80%  Cheshire 

Fife 

Wrecsam - Wrexham 

 

80 to 90% Less densely populated areas Cornwall 

South Lanarkshire 

 

90 to 100%, least densely 
populated 

 Northumberland 

Highland 

Powys 

 

Table 3:  Summary of population densities examined in our indicative quantitative 
analysis of indoor coverage 

For our analysis of sensitivity of coverage to different changes in cellular networks and 
factors such as changes in building regulations we have focused on the 0 to 50% case and 
80 to 90% cases to represent the majority of users in densely populated areas and users in 
harder to reach less densely populated areas respectively.  However, when assessing the 
size of the problem across the UK as a whole in section 3.4.2 we consider all four 
population density categories given on Table 3. 

Our quantitative analysis shows that based on our understanding of existing networks and 
spectrum acquisitions and network roll out to 2016, we would expect the existing 
macrocellular network to provide a good baseline indoor coverage level.  In our analysis 
we have included a site and spectrum portfolio with and without access to sub 1GHz 
spectrum to show the potential impact of the availability of lower frequency spectrum on 
indoor coverage levels.  The results in Figure 6 show that a voice indoor service should 
currently be available in at least parts of the building in above 90% of the most densely 
populated areas of the UK across all site and spectrum portfolios examined.  Note that on 
these graphs the width of each band is due to variability in building loss and other 
technical variables.   

In cases where the consumer is not concerned about having a choice across all operators 
but is happy to use the operator with the best coverage in their area (the green band on 
the graphs), and likely the one with access to low frequency spectrum, anticipated 
coverage in parts of buildings increases to above 98%.   

Far greater gaps in 2Mbps data services are apparent, although it is anticipated that this 
will improve greatly in coming years as lower frequencies become more widely deployed 
for 3G and LTE services.  
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Figure 6: Indicative indoor coverage levels in 0 to 50% most densely populated areas of 
the UK for voice (left) and 2Mbps data (right) 

Figure 7 shows the situation when examining less densely populated areas where clearly 
the situation becomes much worse for these harder to reach users representing 10% of 
the population.  It is also worth noting that the gap between the green and red bands is 
larger in these less densely populated areas than in the most densely populated area 
results shown earlier indicating that the benefit of having access to low frequency 
spectrum becomes even greater in these environments.   

 

Figure 7: Indicative indoor coverage levels in 80 to 90% less densely populated areas of 
the UK for voice (left) and 2Mbps data (right) 

However, as highlighted earlier, indoor coverage is increasingly challenged due to factors 
such as changes in building materials, increases in the number of bands included in smart 
phones and the use of higher frequencies amongst others. 
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Building regulations show an increasing trend towards the use of more energy efficient 
materials and in particular require windows to have a low U value (which is a measure of 
the amount of heat transferred through the material per unit area).  The latest building 
regulations for non-dwelling buildings require a U rating for windows of 2.2W/m2 K [18] 
and 2 W/ m2 K in new dwellings [19].  Double glazing with an air cavity has a U value of 
around 2.8 W/ m2 K and so to meet these new regulations double glazing with so called 
“Low E” glass is needed with a U value of around 1.8 W/ m2 K  [20].  Low E glass crucially 
contains a soft metallic coating which is problematic for radio waves to penetrate which is 
likely to make in-building mobile coverage worse.  In addition to the Building Regulation 
requirements a Window Energy Ratings (WER) labelling scheme has now been launched in 
the UK by the British Fenestration Rating Council (BFRC) which gives windows a simple A 
to G rating rather than expecting consumers to interpret U values [21].   While a C rating is 
only strictly required by Building Regulations since October 2010 this easier to interpret 
labelling may well lead to more households, in particular, insisting on more highly rated 
windows which will again further reduce the chances of an outdoor macro signal 
penetrating deep into a building.   

Measurements were taken by Vilicom in 2012 across 1,600 houses, apartments and 
offices in 5 Irish cities to determine the impact of changes in construction methods and 
materials, and in particular the effect of low-emissivity glass with metallic oxide coatings, 
on building penetration loss.  This found that traditional link budget assumptions on the 
margin to allow for building penetration losses might need to be increased to allow for 
these changes.  This included increasing the indoor margin at 2100MHz of 15dB by as 
much as 9 dB to 24dB [22].  At 1800MHz and 900MHz indoor margins of 23dB and 19dB 
respectively were recommended based on measurements.   

In addition a recent study to examine in-building service levels in offices and university 
campuses by Signals Research Group for SpiderCloud Wireless has also found that new 
construction materials, designed to be more energy efficient, were very effective at 
blocking RF signals from the outside.  Although no specific penetration loss measurements 
are reported in this study it does report a dramatic underutilisation of licenced spectrum 
(as much as 88% of licenced spectrum was under-utilised in tests of enterprise campuses) 
despite high subscriber levels due to the lack of dedicated in-building solutions and a 
reliance on mobile signals from the outdoor macrocellular network [23]. 

Finally from our stakeholder discussions on this project, we are aware that in the summer 
of 2012, the corporate offices at a £100 million development in the Midlands, when 
tested by their mobile supplier with a greenfield site less than 1km away, required an 
indoor picocell solution because of high penetration loss through the external façade. 
Measurements in this case showed a 20dB difference between the measured signal 
strength immediately outside the building and the signal strength inside a glazed façade.   

An additional problem for mobile service levels, not just indoors, is the issue that 
handsets and mobile devices increasingly need to accommodate multiple bands which 
raises design challenges particularly in the RF design of these products which can lead to 
degraded performance due to reduced receiver sensitivity levels.  Antennas constrained 
to a space significantly less than a quarter wavelength of their center frequency will be 
inefficient and sensitive to de tuning according to sources such as Varrall [24].  This is 
particularly a problem therefore for the addition of more lower frequency bands.  Studies 
of future trends in mobile devices indicate that there will be at least three if not four top 
tier bands per region for LTE that all handsets will be expected to support  [25].  However, 
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feedback from operators indicates that it is more likely that they will need to support five 
HPSA+/LTE bands by 2016 (plus Wi-Fi and usually support for GSM also).  This means that 
future mobile devices could easily be five band devices which Farrell suggests could have 
antenna gains as poor as -8dB.  Other sources give a general rule of thumb of 1dB of 
sensitivity being lost in handsets per band added due to insertion losses implicit in multi 
band designs [26].  However, Farrell does highlight that generally over time 
manufacturers find ways to improve designs and overcome these challenges so that 
device sensitivity is not degraded to such as large extent as in first generation products.   

We have investigated the impact of some of these factors in our quantitative analysis.  
Figure 8 shows the potential impact of additional losses which may be due to poor device 
sensitivity through the trend to add more frequency bands to devices and/or changes in 
building regulations which increase building penetration losses on coverage levels taking 
2016 estimates as a baseline.     

Based on the discussion of these factors above the maximum level investigated of 10dB 
could easily be realised via a combination of: 

 Premises with windows to meet the new building regulations which could have 
losses by as much as 9dB more than planned for by operators.  While,  these 
will make up a relatively small amount of the domestic population, in 
commercial buildings it is likely that frequent building revamp programmes 
would bring building losses to these levels much more rapidly. 

 The general requirement from operators to support five bands in mobile 
devices by 2016 leading to losses in the order of 5 to 8dB.     

 

Figure 8: The impact of additional losses due to increased frequency bands in devices 
and/or changes to building regulations on GSM voice coverage as anticipated for 2016 
for most densely populated areas 

Figure 8 shows that while coverage is negatively impacted this is not by a vast amount if 
consumers are willing to be limited in choice to the operators who serves them best.  
However, Figure 9 shows the situation in less densely populated areas which, as expected 
due to lower starting coverage levels, see much more of an impact. 
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Figure 9: The impact of additional losses due to increased frequency bands in devices 
and/or changes to building regulations on GSM voice coverage as anticipated for 2016 
for less densely populated areas 

Figure 10 and Figure 11 show the impact on data services of additional losses in the link 
budget for LTE data services targeting a 2Mbps service.  These show a more dramatic 
impact on data coverage, even in more densely populated areas, due to the starting 
coverage levels of being lower than in the case of GSM voice services.  The impact is even 
worse if support for legacy data devices with 3G only is considered as discussed further in 
Appendix B. 

 

Figure 10: The impact of additional losses due to increased frequency bands in devices 
and/or changes to building regulations on LTE 2Mbps coverage as anticipated for 2016 
for most densely populated areas 
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Figure 11: The impact of additional losses due to increased frequency bands in devices 
and/or changes to building regulations on LTE 2Mbps coverage as anticipated for 2016 
for less densely populated areas 

Finally, Figure 12 and Figure 13 show the impact of changing user expectations of data 
rates on anticipated coverage levels.  Of all the factors investigated these illustrate that 
the impact of user expectations on indoor service levels will likely be the most significant 
negative factor.  The upper bound of this graph of 10Mbps may appear to be an ambitious 
target but is slightly below the average fixed broadband speed reported by Ofcom for the 
UK in 2012 [16] and so is reasonable if consumers are looking to mobile indoor services to 
completely replace or as a competitive complement or fallback option for their existing 
fixed line connection. 

 

Figure 12: The impact of user data rate expectations on coverage as anticipated for 2016 
for most densely populated areas 
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Figure 13: The impact of user data rate expectations on coverage as anticipated for 2016 
for less densely populated areas 
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compared to traditional cellular planning which is based on statistically ensuring coverage 
across a wide outdoor area. Operators routinely include a planning margin in their target 
signal levels to ensure an acceptable quality of service inside buildings for most users.  
These planning margins for propagation variables such as shadowing (which is intrinsically 
difficult to predict as it is due to reflections in the specific local environment) are usually 
calculated so that statistically operators are aiming to achieve a certain coverage level.  
For example (95%, 95%) coverage which means that the operator is aiming to achieve 
coverage across 95% of the cell area with a 95% certainty level.  So even in the 95% of the 
cell area classed as covered there is only a 95% probability that coverage really will exist.  
While the percentage of buildings not served via this planning approach may be small, for 
the consumers living and working in the remaining buildings that lack of service will 
severely restrict their ability to use mobile devices with potential social and economic 
consequences. 

Macrocell economics also add to the challenge for operators as it is difficult to justify new 
builds of costly macrocells to purely target coverage into buildings.  This is because there 
is no guarantee that the new macrocell will provide reliable coverage throughout all 
target buildings and meet expectations of the customers in those buildings. In practice 
planning margins applied by operators represent a pragmatic compromise between a 
target service level and the cost of achieving it. For example, operators with different 
spectrum allocations may choose similar planning margins even though propagation 
differences would yield a significantly different service from a network of a given size. 

Our stakeholder discussions have found that while operators are definitely more aware of 
the need to try to deal with poor in-building service levels than in the past there is still a 
focus on providing service from outside-in solutions and potentially DAS in very extreme 
cases.  While operators are definitely showing increasing interest in emerging in-building 
solutions deployments of these are still at an early stage and they appear to be focusing 
on more traditional approaches to improve service indoors whilst they continue to 
develop their longer term in-building strategies.   A general comment made repeatedly in 
our stakeholder discussions was that a change of mindset is needed amongst operators to 
fully embrace the complete toolbox of in-building options available to them.  However, 
operators have also highlighted that marketing dedicated in-building solutions can be 
challenging for them as it can be viewed as admitting to having a network that is sub-
standard and requires dedicated indoor solutions.   

The overriding issue for operators is one of cost: while macrocells have technical 
challenges in addressing remaining in-building demand, they have the benefit of 
spreading the costs over large numbers of users, resulting in the former operator mantra 
“outside-in always wins”. Provision of in-building systems for every building with a need 
has hitherto been excessively expensive, in both equipment and professional services.  
New technologies do provide opportunities to significantly reduce the cost of provision, 
but significant work remains to encourage widespread roll-out of these technologies, 
including consumer understanding, commercial incentives and regulatory clarity. 

In our stakeholder discussions, even amongst Australian operators where forums exist for 
sharing plans of DAS deployments with a view to collaborating on and sharing DAS 
installation and maintenance costs amongst operators, we have seen a growing trend of 
building owners being expected to fund costly in-building projects in the majority of 
building types and in particular enterprise environments rather than the operator.  
However, the operator(s) whose network is being used by the in-building system must be 
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involved in the design of such systems and crucially permit the use of their licenced 
spectrum in these deployments.  This precludes the opportunity for enterprises alone or 
third parties to design and install their own in-building systems and potentially relieve the 
cost of managing these projects for operators.  Additionally in the case of buildings with 
multiple tenants the increasing requirement of the landlord rather than the operator 
funding the in-building solution can be an issue as there is the additional barrier of 
arranging joint cost sharing arrangements amongst multiple occupants. 

The increased use of Wi-Fi presents further challenges and issues to operators, yet it 
provides a convenient, cost effective platform for consumers. Mobile operators are 
beginning to adopt Wi-Fi as a complementary service to their licenced spectrum networks 
as an in building solution, principally to help offloading capacity constrained parts of the 
network. However, there are still some technical issues from Wi-Fi that, once overcome 
will provide a more integrated solution for mobile operators.  Interestingly the UK 
consumer is keen on using Wi-Fi in indoor locations generally.  A recent global mobile 
consumer survey audit conducted by Deloitte [10] examined use of Wi-Fi by mobile users 
and found: 

 In the UK, Wi-Fi is the main Internet connection for smartphones at nearly 60% 

 The desire for faster, more reliable connectivity is the principal driver of Wi-Fi 
usage over cellular mobile 

 Almost 90% of both smartphone and tablet users connect to the internet using 
Wi-Fi from home 

However, Wi-Fi does not yet provide a good alternative for cellular voice calls or match 
the reliability of data service provided by cellular services through licenced spectrum 
although advances are being made in these areas and in some cases users may be willing 
to make compromises such as using OTT services.   

The changing shape of mobile networks from the traditional macro cell approach to what 
is known as heterogeneous networks or ‘HetNets’ (a mix of macro and small cell 
architectures) can both resolve issues for the operator but at the same time create 
potential policy problems for Ofcom, notably: 

 Future demand for spectrum – The indoor layer of the network starts to soak up 
the rapid increase in demand changing the requirement for future mobile 
spectrum allocations may be reduced   

 Interference management – Current policy stipulates that coordination 
between multi operators should be resolved by each party. A market driven 
change in the network architecture may impact the regulatory policy in this 
area  

 Competition between MNOs – Competition at the network level may start to be 
reduced by the growing use of multi operator collaborations on both the core 
network and on the Radio Access Network 

 Incentives for investment – There may come a time when operators reduce 
their level of investment in the macro network to focus on serving the indoor 
consumers with smaller more cost effective in building solutions.  

 Consumer switching – This is encouraged by operators marketing their new 
products and services  

Traditionally, when MNOs first deployed their mobile networks they were designed for: 



 
25 

Options for Improving In-Building Mobile Coverage 
Issue date: 18 April 2013 
Version: 1.2 

 Wide area coverage 

 Targeting mobile voice 

 Roads/carphones 

However, in today’s network topology the demand from users has dramatically shifted 
towards the consumption of data anywhere, anytime which has led to the following 
trends: 

 Usage is predominantly indoors  

 The indoor locations of relevance are predominantly just two per person (my 
home, my office) i.e. not just geographical coverage 

 Indoor coverage is often cited by operators as the number one network-related 
cause of churn  

 Smartphones have poorer sensitivity than traditional phones – and it gets worse 
as more bands are added  

 User expectation of what constitutes minimum acceptable data rate increases 
with time (as does expectation of typical rates) 

 Building regulations increasingly specify thermal insulation requirements, which 
are increasingly being met by metallised glass, significantly increasing 
attenuation 

Finally, there are three broad indoor user environments to consider for in building 
systems. These are in the home, in the office or in a public building/venue. There are 
distinct differences in terms of both achieving coverage and satisfying capacity in each of 
these environments which impact the scale of the market and the optimum technical 
solution when considering indoor solutions.   

3.4 How big is the indoor “not-spots” problem? 

3.4.1 Industry sources on size of the in-building coverage problem 

To understand the size of the indoor coverage problem in the UK, in addition to our 
quantitative analysis, we have examined industry sources on the size of the problem.  
Exact indoor coverage levels for the UK are difficult to find but the following industry 
announcements give some feel as to the scale of the problem: 

 Vodafone has in the past indicated that at the point at which they had coverage 
at 99.7% of population that 19% of users regularly encountered coverage 
problems in their home [7].  However, Vodafone and O2 have announced that 
working together they plan to provide 4G indoor and outdoor coverage to 98% 
of locations by 2015 [9]. 

 A consumer attitudes survey for the Small Cell Forum shows 21% of consumers 
in the UK experiencing dropped calls at least monthly when making calls at 
home and 22% experiencing poor voice quality at least 1-3 times a month [6].   

 A recent  Ofcom survey of mobile phone usage indicates that only 76% of UK 
consumers are satisfied with their ability to make and receive calls at home and 
the situation worsens to 66% in places of work [1].   

 A survey amongst business users estimates that as much as 39% of UK 
businesses suffer from poor in-building mobile services today [8].   
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3.4.2 Our quantitative analysis of the potential size of the in-
building problem 

Having shown in section 3.2.2 that the growth in user expectations of mobile service 
levels is likely to have the biggest future impact on indoor mobile service levels, this 
section looks at the number of in-building solutions that potentially might be needed 
across the UK for different scenarios of varying user expectation levels.   

Figure 14 shows the overall percentage of the population in the UK by 2016 likely to have 
coverage from at least one operator in parts of their building for voice and mobile data 
services of varying rates.   Here we see that if users are satisfied with voice as a minimum 
service level that coverage levels are very high, in the order of 97%, but applying a 
requirement for data services of 2Mbps in line with the government’s Digital Britain 
targets takes this dramatically down to around 85%.  In the extreme case that users look 
to substitute their fixed line connections with mobile services and require data rates of 
10Mbps then less than half of the population would be able to receive this service level 
from any operator. 

 

Figure 14: Percentage of UK population by 2016 with service in parts of their building 
from at least one operator for varying indoor service expectations 

Figure 15 then translates the coverage percentage from Figure 14 into the number of 
users potentially requiring an in-building solution of some kind because they are unable to 
get coverage in any part of their building from any operator for the target service level 
shown on the x axis.  The number of users impacted in the different areas of population 
density is shown by the different colours on the graph on a cumulative basis.  For example 
the purple area represents the number of users impacted in the most densely populated 
areas i.e. the first 50% of the population in order of the most densely populated first.  The 
yellow area then represents the number of users impacted in the next most densely 
populated areas containing a further 30% of the population i.e. from 50% to 80%.  This 
yellow area is stacked on top of the purple area to show the cumulative number of users 
if the number of users impacted in the 80% most densely populated areas of the UK was 
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of interest.  This stacking continues for next 10% of the population from 80 to 90% and 
then on to the final 10% from 90 to 100% represented by the grey area.   

Given the variations in building construction when modelling coverage, a range is shown 
for each population density area using a stacked area plot to show the lower limits and 
stacked line plot to show the upper limits on this so that: 

 The stacked area plot shows the cumulative number of indoor solutions  
assuming a low penetration loss leading to a low estimate of users impacted 

 The stacked lines indicate how the number of solutions is affected by the 
construction materials and assumes a high penetration loss leading to a high 
estimate of users impacted 

 

Figure 15:  Number of users requiring indoor solutions as unable to get indoor service 
from at least one operator in parts of their building for varying service expectations 

From this we see that if users are satisfied with just receiving voice services in 2016 then it 
is likely that approximately 2m users across the UK would require an in-building solution 
due to lack of service from any operator.  If a 2Mbps service in line with Digital Britain is 
required then approximately 2m users would require solutions if targeting the most 
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every 2 households. In order to cover the last 10% of the population in this case, another 
5m users require solutions giving 35m in total and meaning that almost every household 
in the last 10% requires an indoor solution. 

If we allow for users wanting choice across operators, Figure 16 and Figure 17 show the 
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all operators’ macrocellular networks indoors.  In this case if the user is satisfied with 
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voice services alone then 5.5m users will still need in-building solutions to achieve this 
from a choice of all operators i.e. 2.5 times that if operator choice is not crucial then 5m 
users require an in-building solution in the most densely populated areas alone, zero to 
50%, and 14m users if all areas of the UK are to be covered i.e double that if operator 
choice is not an issue.  In the extreme case of a 10Mbps service 20, 35 and 40m users 
require in-building solutions to cover 50, 90 and 100% of the population respectively.  This 
final result is not such a dramatic increase on the case where operator choice is not an 
issue as for this high data rate case most buildings require an in-building solution in either 
case.   

 

Figure 16: Percentage of UK population with service in parts of their building from all 
operators for varying indoor service expectations 

 

Figure 17: Number of users requiring indoor solutions as unable to get indoor service 
from all operators in parts of their building for varying service expectations 

83.06%

73.08%

66.37%

45.84%

89.68%

82.56%

75.90%

59.75%

31.88%30%

40%

50%

60%

70%

80%

90%

100%

2G/3G
voice

3G/LTE
384kbps

3G/LTE
2Mbps

3G/LTE
5Mbps

3G/LTE
10MbpsIn

d
o

o
r 

p
o

p
u

la
ti

o
n

 c
o

ve
ra

ge
 in

 t
h

e 
U

K

Likely range of 
variation due to 
building 
construction

Limited parts of building covered

x-axis not to scale

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

2G/3G
voice

3G/LTE
384kbps

3G/LTE
2Mbps

3G/LTE
5Mbps

3G/LTE
10Mbps

0 to 50%, more densely populated
50 to 80%

80 to 90%
90 to 100%, less densely populated

N
u

m
b

er
 o

f 
u

se
rs

 r
eq

u
ir

in
g 

an
 in

d
o

o
r 

so
lu

ti
o

n
 b

ec
au

se
 t

h
ei

r 
se

rv
ic

e 
is

 li
m

it
ed

 
to

 p
ar

ts
 o

f 
th

e 
b

u
ild

in
g,

 c
u

m
u

la
ti

ve
 in

 
ar

ea
s 

o
f 

d
if

fe
re

n
t 

p
o

p
u

la
ti

o
n

 d
en

si
ty

Number of 
indoor required 
solutions for 
urban users 
(high estimate)

Number of indoor required 
solutions for urban users 
(low estimate)



 
29 

Options for Improving In-Building Mobile Coverage 
Issue date: 18 April 2013 
Version: 1.2 

Findings across these graphs are summarised and compared in Table 4 which highlights 
that even at the lowest levels of service expectations, a significant volume – if not 
percentage – of users will require in-building solutions, even if prepared to be limited in 
their choice of mobile operator.  Note that as highlighted in earlier sections, this indicative 
analysis assumes that consumers are happy with receiving service in parts of their building 
and does not incorporate the users who feel they need an in-building solution because 
they have patchy coverage, suffer from dropped calls or generally just want to boost their 
indoor data rates.  Therefore the figures here are likely to give a low estimate of the size 
of the indoor service problem which is reflected when compared to industry sources on 
the size of the problem given in section 3.4.1. 

Service being 
targeted 

Number of users 
requiring solutions 
if operator choice 
not an issue 

Number of users 
requiring solutions if 
choice across all 
operators needed 

Comments 

Voice 2m for all of UK 5.5m for all of UK Even for the most basic service 
a significant volume of users 
are impacted. 

2.5 times as many in-building 
solutions needed if operator 
choice essential. 

2Mbps 2m for 50% most 
densely populated 

7.5m for all parts of 
the UK 

5m for 50% most 
densely populated 

14m for all parts of 
the UK 

2 times as many in-building 
solutions needed if operator 
choice essential. 

Reaching the first half of the 
population accounts for a third 
or less of the solutions needed 
in both cases. 

10Mbps 15m for 50% most 
densely populated 

30m for 90% most 
densely populated 

35m for all parts of 
the UK 

20m for 50% most 
densely populated 

35m for 90% most 
densely populated 

40m for all parts of 
the UK 

No change in the number of 
solutions needed between the 
two scenarios for the more 
difficult to reach percentages 
of population as even in the 
limited choice of operator case 
close to a solution per 
household is needed for these 
difficult to reach users. 

Table 4:  Summary of the potential volume of users requiring in-building solutions 
assuming networks at 2016 deployment levels for different service expectations and 
requirements on choice across operators 

Also note that in our analysis we modelled spectrum portfolios with and without access to 
lower frequency spectrum and that the coverage results when consumers are satisfied 
with a limited choice of operators in their area, i.e. accepting being limited to the 
operator with the best coverage level in their area, that this tends to represent a site and 
spectrum portfolio with access to lower frequency bands.  However, for the case when a 
choice across all operators is required by consumers the coverage results tend to be 
limited by the site and spectrum portfolio modelled without access to lower frequency 
bands.  Therefore from Table 4 it can be seen that in the case of voice and a 2Mbps target 
data service that availability of low frequency spectrum to all operators could roughly 
halve the number of dedicated in-building solutions needed in the UK by 2016. 
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3.4.3 There is huge variation in the scale, occupancy and impact of 
in-building solutions depending on the buildings targeted 

Our quantitative analysis discussed earlier calculates coverage based on the number of 
delivery addresses in each postcode area.  We have not examined how these addresses 
are split between residential and business premises but from Figure 18 we can see that 
the vast majority of these will be home, micro and small businesses.  As these are small 
buildings we can assume that the coverage levels given in our quantitative analysis are a 
reasonably good proxy to the level of indoor coverage that would be seen across these 
building types.  In the case of larger premises it is likely that coverage in parts of these 
buildings will not be enough to satisfy occupants and so the percentage of these larger 
buildings requiring an in-building solution will likely be much higher than our quantitative 
analysis suggests. 

 

 

Figure 18: The split of building types in the UK.  Source:  Real Wireless analysis 

While Figure 18 reflects that for in-building solution vendors the best deployments to 
target may well be homes and small offices as the volume of these is greatest, the 
opposite has traditionally been true for operators with many of them only deploying 
dedicated in-building solutions in very large venues.  This is due to two reasons: 

 The density of users and potential revenue per in-building solution deployed 
being quite high as illustrated in Figure 19 

 Options for dedicated in-building solutions being limited largely to repeaters 
and DAS systems which are only cost effective in large venues 
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Figure 19: Typical occupancy per building type.  Source:  Real Wireless analysis 
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4. How do consumers get the level of indoor wireless service 
that they want? 

This study has examined the technical options available for improving in-building service 
levels.  This chapter summarises our key findings across these technical options and aims 
to relate them to the end consumer by:  

 Understanding the priorities of different indoor consumer types 

 Mapping the indoor solutions from the study in terms of appropriateness to 
these consumer types and the types of buildings that they find themselves 
within. 

4.1 What do “indoor users” want today? 

It is difficult to define an acceptable level of indoor service that operators can aim for.  
This is because different consumers have different priorities on the level of indoor service 
that they need in terms of: 

 Reliability of service 

 Whether both voice and data services are needed 

 Download speeds for data users 

 The number of concurrent voice and/or data connections to be supported 

Even if operators initially focus on delivering mobile “coverage” to indoor users, coverage 
can again be interpreted in many different ways.  Coverage might be interpreted as 
having at least one bar of signal on your handset but as highlighted by cases such as errors 
by Apple in  the iPhone signal strength display when it was first released [27], there is no 
universal definition of a signal bar on a mobile phone.  Therefore to say that any building 
with at least one bar of signal has coverage is meaningless.  Coverage might instead be 
defined as being able to make a voice call with good enough quality to understand the 
conversation.  This is a better definition but does not address how tolerant a user might 
be to calls being dropped occasionally.  Would a dropped call once a month or once a 
week be acceptable for example?  Also this definition does not take account of data 
services and what an acceptable data rate might be for an average user.  Therefore when 
assessing indoor mobile technical solutions it is more relevant to think of them in terms of 
how they improve overall indoor service levels across a range of categories rather than 
focusing on delivering purely coverage. 

Finding an appropriate solution to indoor wireless service problems is also complicated by 
the fact that different consumer groups will have different priorities such as, for example, 
home users being very sensitive to cost and disruption during installation whereas in large 
public areas or offices there may be a willingness to trade these off against more reliable 
service levels.  This section examines the requirements and priorities of different indoor 
consumers. 

It should be noted that the source of poor indoor service can be due to one of three major 
factors: 

 The user being a long distance from their operator’s existing sites and so 
receiving a poor signal level. 
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 The user being inside a building which has particularly challenging construction 
materials or geometry so that despite having a good outdoor cellular service 
their cellular service indoors is poor. 

 The user being on a high rise building suffering from interference from multiple 
serving cells. 

 

 

 

Figure 20:  Illustration of the three typical reasons for poor in-building service levels 

The range of in-building solutions that are likely to work well for a consumer will be 
influenced by the cause of the poor existing indoor wireless service levels.  For example, 
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some in-building solutions rely on a good outdoor cellular signal level at the building to be 
served and so are not appropriate for those a long way from existing sites with no 
outdoor or indoor signal. Similarly the appropriate indoor solution will be influenced by 
factors in their particular building, such as whether they have (or wish to have) a fixed 
broadband line and the service of other family members. 

This study has considered how a range of in-building solutions best fit across different 
combinations of users and buildings as follows:   

 The home user (including those in a range of homes from detached premises to 
apartments) 

 Small office / SME users 

 Large multi-storey office users 

 Users in public buildings and campus areas 

Further detail on the requirements across these groups is given in appendix 1 but key 
differences between these user groups in terms of their requirements and priorities for in-
building solutions are summarised on Table 5. 

In the remaining sections of this chapter we summarise the key findings of this study in 
terms of the suitability of the range of in-building solutions available today to address 
each of the user groups and building types shown on Table 5. 
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Home users 

 

 

 
 

Small office / SMEs 

 

 

 

Large multi storey 
office 

 

 

Public buildings and 
campuses 

 

 

Better in-home 
coverage 

 

Improved data rates 

 

Low cost solution that 
may provide a low cost 
replacement for my 
fixed line 

 

Quick and easy to 
install and ideally just 
need power 

 

Safe around the family 

 
Ideally support multiple 
operators but not 
essential 

Largely same drivers as 
home users 

 

Likely higher capacity 
requirements than a 
home user 

 

Less likely to be 
replacing fixed line 
connection completely 
than home user 

 
May be more used to 
being locked into a 
single operator through 
company mobile 
contract than home user 

Highly reliable 
coverage across all 
of building 
essential 

 

Likely to have high 
capacity 
requirements 

 

Will be cost 
sensitive but not as 
much as home 
users and SMEs - 
likely to have a 
larger budget and 
willing to trade off 
higher price for 
quality of service 
delivered. 

 

More likely to 
tolerate a more 
complex 
installation 

 
May be used to 
being locked into a 
single operator 
through company 
mobile contract 

Reliable coverage and 
high data rates as this 
may differentiate 
them from other 
venues 

 

Multi operator 
support essential 

 

Likely to have very 
high capacity 
requirements 

 

Will be cost sensitive 
but may be willing to 
make the investment 
to stimulate business 
and keep up with 
competitors 

 
Most likely of the four 
groups to tolerate 
large installations 

 

Including some 
outdoor areas in the 
solution might be of 
interest in business 
parks or campuses  

Table 5: Key requirements and priorities across different indoor user groups considered 

4.2 Outside-in solutions are hassle free for the consumer but do not 
work for all 

Approaches to improving in-building service levels largely fall into two categories: 

 Outside-in solutions where the user receives a mobile signal from a network 
outside of the building i.e. from the existing outdoor cellular network or some 
enhancement to this 
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 Dedicated in-building solutions where the user receives a mobile signal from 
some form of access point within the building and dedicated to serving just that 
building 

In this section we summarise our findings related to the first of these; outside-in 
solutions. 

4.2.1 Outside-in solutions will continue to be a an important means 
of providing indoor service 

As highlighted in section 3.2, existing indoor cellular coverage in the UK, as provided by 
the outdoor macro-cellular network, is at a high level for both voice and data services.  
Our future analysis of coverage with anticipated network rollout up to 2016 anticipates 
that this will continue to provide a steady portion of the indoor service solution for the 
foreseeable future.   

Further enhancements to the macro-cellular network and the introduction of outdoor 
small cells will also bring improvements to the level of indoor service seen by the majority 
of users in small buildings where outside in signal penetration is not so much of an issue 
(as discussed in detail in chapter 5).  This includes the vast majority of home and small 
office users which make up the majority of the volume of premises in the UK. 

An important feature of outside-in solutions is also that they provide a “hassle free” 
indoor coverage solution to consumers as service improvements are seen transparently 
by the user with the operator handling all network equipment installation and upgrades in 
locations that the consumer may not even be aware exist. 

4.2.2 Outside in solutions do not solve all in-building service issues 

Figure 21 summarises the building types where the two types of outside-in solutions 
discussed in chapter 5, macrocell enhancements and outdoor small cells, are likely to 
make an improvement to the existing indoor service level.  The red bars are illustrative of 
the amount of buildings in each category likely to see an improvement.  The white edge of 
these bars aim to indicate that there will be some variability in this due to differences in 
construction materials and building geometries even within the same building type class.   

 

Figure 21: Overview of buildings types where outside-in solutions are likely to make a 
service improvement 

Outside in solutions are generally limited in terms of the penetration that they can 
achieve into buildings and the level of service that they can provide across multiple floors.  
This means that they are not well suited to providing reliable service in all parts of large 
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buildings as indicated by Figure 21.  They do however provide an important baseline 
indoor coverage level to the majority of smaller premises made up of homes and small 
businesses.   

While an outside-in solution can serve the needs of many buildings and hence spread cost 
across many users, there are numerous cases where a business case will be hard to 
establish for coverage alone and it is then likely that these solutions occur ‘on the back’ of 
other motivations, such as the need for greater capacity. 

The main drawback of outside-in solutions is that due to variations in construction 
materials and building geometries there is no guarantee that the cellular signal from 
outdoors will be able to penetrate inside all even small buildings.  Results from recent 
trials of outdoor small cells [31] show that even when placed close to buildings there will 
always be some exceptional buildings with difficult construction material, few windows 
and/or shallow angle of incidence that outdoor solutions will have difficulty penetrating.  
In addition to this our quantitative analysis, discussed in section 3.2, shows that trends to 
increase thermal shielding in building regulations (for both new domestic and commercial 
premises) and increased user expectation levels for mobile services over time will have a 
significant impact on coverage levels from outside-in solutions.   

Therefore while outside-in solutions provide and will continue to provide a useful baseline 
level of indoor coverage there will increasingly be a role for dedicated in-building 
solutions to play in improving indoor service levels. 

4.3 Dedicated in-building solutions must be carefully selected 
depending on what the consumer needs and building type 

Given that outside-in solutions cannot address the indoor service requirements of all 
users there is certainly a large role for dedicated in-building solutions to play in improving 
indoor service levels for many cellular users.  However, as illustrated in Figure 22, there 
are a wide range of dedicated in-building commercial products and services available to 
indoor users today.   

This raises two problems for indoor users: 

 Being aware of all solutions on offer and how these vary across operators 

 Understanding which solution fits their particular building type, budget and 
needs best 

This report in its entirety aims to address the first of these by highlighting the range of 
options available for improving in-building service levels.  Figure 23 to Figure 25 attempts 
to address the second of these issues by highlighting how the landscape for dedicated in-
building solutions has changed recently, how it is likely to evolve in the future and how 
the range of dedicated in-building options examined in this study best fit to different 
buildings and user groups. 
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Figure 22:  Some of the wide range of dedicated in-building products available to indoor 
mobile broadband users today (Products shown from Netgear, Cisco, Linksys, Research 
in Motion, Wilson Electronics, Nextivity, H3G and ip.Access) 

Figure 23 illustrates how the in-building solutions landscape of the past was quite limited 
in the number of solutions on offer and the availability of these to all user groups.  In 
particular operators tended to focus on operator installed repeaters or distributed 
antenna systems (DAS) for large, high value customers.  This left the majority of home and 
SME users with poor indoor coverage largely neglected with the only option to deploy 
their own Wi-Fi network to get data services but not cellular voice or SMS or to approach 
one of the very limited number of operators offering GSM cellular services over Wi-Fi via 
UMA. 

 

Figure 23: Past patchy landscape of dedicated in-building solutions with limited 
solutions for some user groups 

Figure 24 illustrates the in-building landscape today with notably a much wider range of 
products available particularly for smaller buildings.  Wi-Fi as installed by the end 
consumer is still an option but is limited to providing data services unless the user is 
happy to make use of Over The Top (OTT) alternatives to cellular voice and messaging 
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such as Skype.  Carrier Wi-Fi is a new category of Wi-Fi where mobile operators are 
involved in the deployment and management of the network and includes features for 
roaming between their cellular and carrier Wi-Fi network.  Full cellular voice and SMS 
services with handover between cellular and Wi-Fi networks is not yet supported in 
carrier Wi-Fi but is being worked on and eventually will be included.   O2’s recent launch of 
their TU Go service which is an application to deliver voice and SMS services via Wi-Fi is 
evidence of progress in this area [11]. 

 

Figure 24: Present landscape of dedicated in-building solutions showing wider better 
choices but immature and fast evolving 

Traditional consumer repeaters or signal “boosters” are available to buy in the UK but 
crucially are illegal to deploy without operator permission as they potentially cause 
interference which limits their deployment.  Operator deployed repeaters are still widely 
used for large buildings and are sometimes combined with a DAS system if a coverage 
only solution is required.  A new group of repeater emerging is the intelligent repeater 
which includes some improvements over traditional consumer repeaters to tackle 
interference issues.  These are gaining interest amongst operators but currently are not 
widely available in the UK.  Crucially repeaters rely on a good outdoor signal to boost into 
the target building and so are not useful in areas a long way from existing sites with no 
outdoor or indoor signal.  
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Femtocells are low cost cellular basestations that can be installed by the end user by 
plugging it into power and their broadband connection similarly to a Wi-Fi access point.  
An important benefit over Wi-Fi is that these provide all cellular services including voice 
and SMS but these may not necessarily come free as in the case of Wi-Fi and instead be 
part of the user’s mobile subscription.  Picocells are similar to femtocells but cover larger 
areas and target bigger SME buildings and can be used in a network to cover some larger 
enterprise buildings. 

Distributed Antenna Systems (DAS) are an infrastructure of cables and antennas installed 
within a building to distribute mobile signals in analogue form throughout it typically from 
dedicated high-capacity base station, but sometimes from a repeater or small cells.  This is 
costly to plan and install and so only suitable for large high capacity buildings or corporate 
buildings where the value of the overall account to an operator can justify the high capital 
investment in the infrastructure, but allow relatively straightforward support for multiple 
operators.  Distributed basestation solutions are an evolution of DAS which distribute 
signals digitally and include more intelligence to dynamically adjust capacity to the areas 
of a building that need it at any time.  Again these are high end installations for big high 
capacity venues. 

Figure 25 gives one view of what the future landscape of in-building services might look 
like.  Here carrier Wi-Fi has reached maturity and can support cellular voice and SMS 
services as a seamless extension to existing cellular networks.  The future of repeater 
products is questionable particularly given the UK regulatory situation with regard to 
consumer repeaters.  They are however, unique in that they offer a solution for users 
without a broadband connection and so may still have a place in niche cases.  Also 
operator repeaters will continue to be deployed but perhaps become more limited to 
niche cases like tunnels than buildings.   
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Figure 25:  Future landscape of dedicated in-building solutions – potentially rich toolkit 
of solutions to fit every need 

Future forecasts for femtocell and picocells predict high shipment volumes.  It is likely that 
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cellular voice and SMS over carrier Wi-Fi can be resolved.  Many predict that the 
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and IMS network solutions.  Crucially Wi-Fi operates on an opportunistic basis in shared 
spectrum and so the quality of service will depend on the number of other access points 
and Wi-Fi users nearby.  In the case of femtocells and picocells these use spectrum owned 
by the mobile operator and so can provide a better reliability and quality of service. 
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to: 

 The potential for picocells and carrier Wi-Fi to erode this market 

 Questions over how well these systems will be able to support future cellular 
technologies requiring multiple antennas or multiple frequency bands to be 
aggregated 

Home users
Small office / 

SME users
Large multi 

storey office user
Public buildings 

and areas

Self provided Wi-Fi

Carrier Wi-Fi

Consumer repeaters?

Intelligent repeaters?

Femtocells

Picocells

DAS?

Distributed 

basestations?

Market potentially eroded by 
picocells and carrier Wi-Fi

Like to be complementary to and co-deployed with 
carrier Wi-Fi but will still have the advantage of 
licenced spectrum so a more reliable solution.

Likely to be complementary to and co-
deployed with carrier Wi-Fi particularly 
once LTE supports voice and SMS over IP

Future depends on operator support. 

More Passpoint certified devices, LTE supporting IP in cellular networks and 
progress in 3GPP likely to boost carrier Wi-Fi popularity across a range of locations

Likely to continue to provide “free” 
broadband distribution in small buildings 
but not full cellular

Future in doubt due to regulatory issues. 
Likely replaced by intelligent repeaters.

Operator deployed repeaters seem to 
be being deployed less and less 

Market potentially eroded by 
picocells and carrier Wi-Fi



 
42 

Options for Improving In-Building Mobile Coverage 
Issue date: 18 April 2013 
Version: 1.2 

4.4 Ofcom could help consumers navigate this choice of in-building 
solutions  

Consumers and building owners need to understand the range of dedicated in-building 
technical options available and the scenarios they best fit as discussed in the previous 
section.  Ofcom could help consumers to navigate this choice of options by providing clear 
guidelines to consumers perhaps via a series of questions about their situation on the 
likely most appropriate in-building solution for them, how they should approach their 
operator for help, the drawbacks of some options (i.e. Wi-Fi will help with data but not 
voice at the moment or femtocells and Wi-Fi are only useful if you have adequate fixed 
broadband) and what they might be able to do themselves to improve their cellular 
service levels.   

4.5 Common concern areas with in-building solutions for Ofcom to 
monitor 

As part of the requirements for this study Ofcom asked us to assess each in-building 
solution in terms of: 

 Current status, take up and availability 

 Openness 

 Authentication and handover 

 Security  

 Impact on macro 

 Uplink and downlink constraints 

 Current and future spectrum  

 Environmental impact 

 Scalability 

 Upgradeability 

Within chapters 5 and 0 we examine outside-in and dedicated in-building solutions 
respectively and give them a red, amber, green score in each of the above areas to 
highlight any areas of potential concern.  Figure 26 summarises the total number of red, 
amber and green scores accumulated across the technologies examined in each of these 
categories to show which the key areas for concern are.   
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Figure 26:  Summary of assessment of in-building technologies against study 
requirements highlighting areas and technologies of common concern 

From this assessment the common concern areas across in-building solutions for Ofcom 
to monitor include: 

 The full integration of small cell solutions into existing operator networks.  In 
particular seamless in-call handover with small cells (likely to come with time 
but not widely available yet).  If not addressed this could lead to frustrated 
consumers experiencing dropped calls when using these products and having to 
remain within the home when on a call for fear of dropping a call when moving 
outdoors. 

 Ensuring best practice is established and followed with respect to security 
standards in consumer accessible small cells.  Many stakeholders highlighted 
that security standards were no guarantee of robust implementations of these 
standards.  If this is not addressed then security breaches could be seen by the 
consumer in a number of ways such as increases on their bill due to hackers 
streaming extra traffic via their small cell, their personal details or calls being 
intercepted or just nuisance issues such as the operator’s network being 
unavailable at times due to disruption from a hacker. 

 Multi operator support is difficult in low cost consumer products (as highlighted 
by many of our stakeholder discussions) but as all UK operators provide 
femtocell solutions and there are a wide range of Wi-Fi access points to choose 
from this is not considered a major barrier to switching operators.  A bigger 
potential issue for openness of solutions is the lack of a centralised security 
certificates authority to authenticate the identity of small cells which could lead 
to a limited supply of vendors and access point products for consumers to 
choose from.  This point was highlighted by some of our stakeholders.  
However, this is also an issue in LTE networks generally where the eNode B 
holds more functionality than and potentially a different backhaul connection 
type to a Node B in UMTS and requires authentication with the network in a 
similar way to small cells.   

 Many in-building solutions are still reasonably immature and limited in their 
availability.  The in-building market is evolving and many products have limited 
availability and have not been fully integrated into operators’ networks as yet.  
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This issue will likely resolve itself over time but there may be things that Ofcom 
could do to accelerate this. 

Based on these findings of common concern areas in in-building solutions and the general 
requirement to help consumers navigate the in-building solution space better, our 
recommendations for Ofcom emerging from this study include: 

 Providing information and assistance to consumers to identify the in-building 
solution most appropriate to their situation and how to approach their operator 
for help. 

 Considering making low power shared access licenced spectrum available for 
indoor deployments to help accelerate the deployment of in-building solutions 
(although spectrum has not been found to be a barrier to the deployment of 
the in-building options considered). 

 Considering monitoring and reporting in-building coverage levels across 
operators as part of their markets report 

 Monitoring openness of in-building solutions in particular in the area of a 
central certificates authority for the authentication of small cells and 
considering if operators need extra encouragement to collaborate on large 
costly in-building deployments 

 Assisting in the formation of best practice guidelines for the implementation of 
security standards in UK in-building solutions  

 Analysing the US situation with regard to consumer repeaters and considering if 
this might be appropriate for the UK 

These recommendations and the key study findings to support them are further discussed 
in chapter 7.  
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5. Outside in solutions are significant but not the complete 
solution 

This chapter describes and assesses so called “outside-in” solutions for improving in-
building coverage levels.  These include direct improvements to the existing outdoor 
macrocellular network, including either site upgrades or new site builds, and the 
deployment of outdoor small cells to enhance the existing outdoor macrocellular 
network.  For each of these we provide:  

 An assessment against the requirements of the indoor user groups discussed in 
the previous chapter 

 An assessment against the study requirements originally set by Ofcom to 
highlight any concern areas 

This chapter is supported by a more detailed write up of the solutions discussed here in 
Appendix C accompanying this report.   

5.1 Good in-building coverage levels are delivered by today’s cellular 
networks and are operators’ preferred method for service 
delivery 

As discussed in section 3.2, the existing outdoor macrocellular network provides a good 
baseline indoor service level to the vast majority of premises in the UK.  These results are 
particularly applicable to small buildings such as homes and small offices where there are 
not large areas and different floors to cover after the signal has penetrated the building.  
As reflected by our discussions with operators, macrocells represent a trusted and tried 
and tested way of delivering mobile services to consumers and continue to be their 
method of choice for delivering indoor services.   

In the case of larger, multi storey buildings the percentage of buildings with indoor 
coverage issues will be much larger than our analysis in section 3.2 suggests.  These 
deployments have traditionally been addressed by operators with either repeater or 
distributed antenna solutions (see section 0).  However, these large, niche deployment 
cases tend to be relatively low in number. 

With the introduction of a new range of dedicated in-building solutions, as discussed in 
section 4.3, the operator’s options for addressing indoor coverage issues has been 
significantly expanded.  However, the results from our quantitative analysis and 
discussions with stakeholders indicate that macrocells will continue to be an important 
part of providing a good baseline in-building wireless service level in the vast majority of 
small buildings across the UK. 

5.2 Enhancements in outside in solutions will improve service levels 

As discussed in section 3.2, there are factors that will adversely affect the baseline indoor 
coverage level obtained for the outdoor cellular network.  However, there are also 
continuous improvements being made to this outdoor network which may, to a certain 
extent, counter some of these. 
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This section describes the two main areas of improvement likely to be seen from outside-
in solutions: 

 Macrocell enhancements such as site upgrades and new site builds 

 The addition of outdoor small cells 

5.2.1 Macrocell enhancements 

In the same way that outdoor cellular service levels have benefited from advancements in 
macrocellular networks over time so too will indoor service levels.  Despite fierce 
competition in the mobile terminals sphere, there is still a large variation in the RF 
performance of handsets which must meet the basic performance characteristics as 
specified by 3GPP.  Apart from type approval before a handset is included in a network 
operator’s product range, there is not much improvement a network operator can 
perform on the handsets as they have to serve a large spectrum of customers who may 
use a wide range of handsets ranging from the basic to high end.  Therefore network 
enhancements are discussed in this section from the perspective of improvements by the 
operator to their sites and basestation equipment. 

 

Figure 27:  Some example macrocell sites 

Network improvements are likely to continue for the foreseeable future due to: 

 Upgrades to existing macrocells including: 
o Network modernisation – This includes replacing older base stations and 

equipment on macrocell sites with the latest state of the art ones which 
may improve coverage and user experience levels.  Most UK operators 
have gone through their GSM refresh programme which will have 
enhanced GSM service levels.  

o Higher effective transmit power levels – In some cellular bands operators 
have made requests for increases in the maximum allowable EIRP level 
and had these approved within their existing licences.  For example, at 
2100MHz the EIRP increase from 56dBm to 62dBm has been approved.  
This increase in EIRP will directly increase downlink coverage levels in 
areas where it was previously limited. 

o Backhaul improvements – Often in suburban areas a site’s backhaul 
capacity may be limited initially because the expense of leased line 
options. All UK operators are changing over to IP based backhaul 
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technologies that should improve the backhaul capacity of sites and 
improve user experience across a cell although not coverage directly. 

o Carrier aggregation, more spectrum - This is a technique proposed in 
both HSPA+ and LTE-Advanced where an end user device is not limited to 
the capacity from a given bandwidth on a single carrier but can also make 
use of or “aggregates” service across multiple carriers.  If multiple bands 
are supported at the basestation this technique will improve the quality 
of experience levels across cell for both multi-band handsets and legacy 
handsets (due to the latest handset being “offloaded” to the extra bands).  
However, coverage at low cell edge rates will likely not be extended as 
these will still be limited by the quality of control and reference signals. 
 

 

Figure 28: Scalable bandwidths and carrier aggregation in LTE and LTE-A. Source: Real 
Wireless [28] 

o Sector addition – Operators sometimes upgrade sites from 3 to 6 sectors 
to increase the capacity of a site.  This will improve quality of experience 
across the cell but due to the same EIRP limit applying in the new sectors 
will not directly improve coverage. 

o Sector relocation or re-orientation – The introduction of remote radio 
heads (RRH) means that sectors can be relocated or re-orientated more 
easily than in the past which will change the coverage footprint of a cell. 
At the same time, the effective power from the antenna is increased 
because the reduction of the losses in the coax cable that has been 
replaced by the RRH.  However, this does not happen very often in UK 
networks currently. 

o MIMO - Multiple input, multiple output technology makes use of the 
spatial diversity of paths between multiple antennas to make 
improvements to the received signal quality or to multiplex additional 
data streams across sufficiently de-correlated spatial paths.  This is 
included in HPSA+, LTE and LTE-advanced with 2x2 MIMO likely to form 
the baseline deployment level for LTE. The result will be an improvement 
in both coverage and quality of experience across the cell although users 
may have to upgrade their handset to be able to enjoy these benefits. 
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o CoMP - Coordinated multipoint transmissions makes use of a low latency 
dedicated connection between basestations to coordinate and schedule 
transmissions to UEs and can give processing gains in the same way as 
MIMO or reduce interference between cells.  Thus if deployed it will 
improve both coverage and quality of experience across a cell.  However, 
indications from industry are that CoMP is some way from being realised 
in commercial networks and may never be a realistically cost effective 
solution. 

 

Figure 29: Example CoMP scenario. Source: Real Wireless [28] 

o GSM, 3G to LTE evolution - The evolution of cellular air interfaces brings 
with it improvements in spectrum efficiency which the user will 
experience in terms of improved data rates for the same signal quality 
levels.  Coverage improvements may also be apparent depending on the 
cell edge service being targeted. 

 

Figure 30: Expected evolution of spectrum efficiency in UK cellular networks over time.  
Source: Real Wireless [28] 

o Use low frequency spectrum or more spectrum - The availability of low 
frequency spectrum should bring coverage improvements to consumers 
due to the better propagation characteristics at lower frequencies 
(provided the consumer has a handset to support these new frequency 
bands).  More spectrum becoming available at higher frequencies will 
improve capacity and the quality of experience across a cell but may not 
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directly improve coverage depending on the cell edge service level being 
targeted. 

 Building new macrocells - In areas where cellular service levels are particularly 
challenged operators may opt to build new macrocells or site share with 
another operator.  This will improve coverage for users potentially in areas 
where a poor or no service existed before.  Initiatives such as the Coverage 
Obligation included at 800MHz and the Mobile Infrastructure Project will mean 
that operators will likely continue to build new sites in the near future to 
address areas with poor existing service levels. 

 Macrocell site sharing – The sharing of macrocell sites is widely supported 
across UK operators.  In the UK there are two main sharing arrangements in 
place between the four MNOs: MBNL and Cornerstone [29].   
MBNL is jointly owned by Three and Everything Everywhere and is an example 
of sharing of active equipment between operators with the transmitter sites, 
base station equipment and backhaul for the 3G network shared but each 
operator still running a separate logical network and using their own spectrum 
except where roaming arrangements are in place.  This is an example of a multi-
operator RAN (MORAN) system.  Cornerstone is a sharing arrangement 
between O2 and Vodafone but sharing is limited to the shared use of physical 
assets at the basestation with active equipment for each network being 
maintained separately.  This is an example of passive sharing.  A third sharing 
arrangement similar to MORAN but where a single or series of shared carriers 
are used to feed a shared RAN and multiple core networks is known as MOCN.  
However, this has the disadvantage that spectrum sharing between operators 
must be allowed [30].   
In the case of our indicative quantitative analysis of voice coverage levels today 
and by 2016, described in section 3.2.2,  the “Service from at least one 
operator” case shown in Figure 31 assumes a large increase in sites (50%) 
becoming available through a site sharing arrangement (and no change in 
frequency band between the two time points).  This highlights that in areas 
where coverage is already very high site sharing even on a large scale is unlikely 
to improve coverage levels further.  However, in harder to reach areas starting 
from a lower coverage level the improvement will be more significant.   
In the “Service from all operators” case we assume that most gains from site 
sharing have already been realised by these operators by 2013 and so a much 
more modest site increase of 20% is assumed.  As can be seen by the red band 
in both cases this has largely no impact on the coverage situation mostly 
because operators tend to cover similar areas and so shared sites, after an 
initial big increase in site numbers due to site sharing, are unlikely to target not-
spot areas. 
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Figure 31: Improvement in voice coverage over time in densely and less densely 
populated areas (where for the green band “service from at least one operator” a 50% 
increase in sites is assumed between 2013 and 2016) 

Consumer proposition 
Most macrocell upgrades or new site builds will appear to the user as a transparent 
improvement in their existing service level.  In terms of the service level that the user sees 
this may mean having coverage where poor levels or no service previously existed, it may 
mean an increase in data rates achieved from previously or a combination of both of 
these.   

Other improvements that consumers may see will include lower latency or delays for the 
techniques that improve capacity and hence reduce contention for resources.  Handset 
battery life will also likely improve with the majority of network enhancements 
mentioned due to improved levels of spectrum efficiency in these techniques requiring a 
lower transmit power level from handsets generally. 

In the case of some macrocell upgrades, such as the inclusion of LTE-A features, the 
consumer will need to have the latest LTE-A handset to make the most of the service 
improvements.  However, even those with legacy handsets will see some improvement 
due to the effective “offloading” of some users to more efficient technologies. 

Table 6 indicates the level of service improvement that macrocell enhancements will likely 
bring to the user groups and building types discussed in section 4.1 with red indicating the 
solution is not suited to this building type, amber indicating that some but not all 
buildings in this category will see a service improvement and green indicating that the 
majority of buildings in this category will see a service improvement.  As can be seen 
macrocell enhancements are likely to have the biggest impact on smaller buildings where 
the outdoor signal is most likely to penetrate into most areas.  However, for larger, multi 
storey buildings it is likely that, although service levels will be improved in some parts, 
outdoor signals will fail to penetrate into all areas where service is needed and so will not 
provide a complete solution to user requirements in these buildings. 
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Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

Likely to improve 
service levels in the 
vast majority of small 
premises in terms of: 

- coverage where 
poor or some 
previously existed 

- improved download 
speeds 

- lower latency or 
delay on services i.e. 
video streaming less 
jittery 

 

Handset battery life 
will also likely 
improve 

As for home users Will deliver some 
service improvement 
in parts of the 
building but in 
majority of large, 
multi-storey buildings 
will not provide 
reliable service to all 
parts of the building. 

As for large multi 
storey offices. 

Table 6:  Impact of macrocell enhancements across building types 

Assessment against Ofcom’s criteria 
Table 7 provides a summary of how macrocell enhancements score against the original 
project requirements set out by Ofcom.  In the case of each requirement we give a red, 
amber or green score depending on whether there are major blocking issues, minor issues 
or no issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Good availability of most macro enhancements discussed. 

Exceptions include CoMP, higher order MIMO and carrier 
aggregation which are not being readily deployed today as 
reasonably immature technologies. 

Openness  3GPP standards exist to define macrocell architecture and 
interfaces.  Also large number of vendors for operators to 
choose from. 

Choice of operators will also be open for consumers due to 
operators following similar upgrade roadmaps and hence 
having similar service levels to choose from. 

Macrocell site sharing is widely supported across UK operators 
which is increasingly expanding the consumers choice of 
operators in key service areas. 

Authentication and 
handover 

 Authentication and handover standardised in 3GPP 

Security  Covered by existing 3GPP security requirements 

There are some issues with Lawful Intercept in shared 
networks that are currently being considered both 3GPP and 
GSMA. 

Impact on the macro  Improved service levels across all users, even those with legacy 
handsets due to the offload of some users to more efficient 
technologies. 

Uplink or downlink 
constraint 

 MIMO and increases in basestation transmit power levels may 
benefit the downlink more than the uplink.  In the case of 
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increased basestation transmit power levels this is because the 
transmit power of the uplink is limited by the handset (whose 
max tx power stays the same) rather than the basestation.  In 
the case of MIMO the number of antennas practical to deploy 
will be very limited on handsets meaning that the uplink 
cannot benefit from receive diversity to the extent of the 
basestation and downlink.  This imbalance will be seen by the 
user as an improvement in downlink data rates only.  Coverage 
tends to be limited by the downlink so coverage improvements 
should be unaffected by this imbalance in the majority of 
cases. 

Current and future 
spectrum 

 Move towards wider bandwidths but within the roadmap of 
cellular spectrum being made available in the UK. 

Environmental impact  General move towards “greener” macrocell sites as part of 
upgrades.  Also the general refresh of network equipment by 
operators will mean lower power consumption due to newer 
more efficient equipment. 

Future evolution  Operators focused on HSPA+ and LTE upgrades currently which 
will turn to LTE-A in the future. 

Scalability  No scalability concerns with macrocells to date. 

SON part of LTE and designed to manage large networks so 
there should be no scalability concern.   

Upgradeability  Products designed to be modular and software defined radio 
based where possible so that upgrades to future air interfaces 
are reasonably straightforward. 

Table 7:  Summary of macrocell upgrades against the study requirements 

A fuller discussion of macrocell enhancements against each of these requirements is given 
in Appendix C.  General points to note from Table 7 are that: 

 Macrocells are tried, tested and well understood solutions by operators  

 Macrocells are the most cost effective means to provide coverage over a wide 
area – generally the cheapest rate per Erlang. 

 Macrocells are also well standardised in 3GPP and there is an existing 
reasonably open equipment ecosystem based around these. 

 Macrocells have been designed with mobility in mind and so do not suffer from 
the handover issues of many other in-building solutions. 

 Macrocells show future trends towards wider bandwidths but these are all 
foreseen in current UK spectrum plans and ITU-R discussions 

 There are some minor concern areas for macrocells including: 
o The question of whether some LTE-A features such as CoMP will really be 

deployed in practice  
o The fact that upgrades such as increased EIRP or higher orders of MIMO 

may benefit the downlink more than the uplink 

5.2.2 Outdoor small cells 

Outdoor small cells include metrocells and microcells which are outdoor operator 
deployed single sector small cellular base stations placed on street furniture or on 
buildings.  They may be deployed in busy urban environments or in remote rural 
settlements. 
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Figure 32: Example of a small cell mounted on a lighting column in Central London and 
some example access point products (Products shown from Alcatel Lucent and Airspan) 

Operators have for some time deployed microcells in both urban and rural cases to relieve 
capacity bottlenecks and provide coverage in areas that are challenging for macrocells to 
reach.  Rural microcells for example may be used as a more economical way of deploying 
a new air interface in certain areas i.e. a village may have some existing 2G coverage but 
for technology enhancement small cells may be more economical. 

Metrocells are a newer variant of outdoor small cells.  They focus on urban deployments 
and take the form of small, low cost access points or base stations that can be placed on a 
lamppost or other street furniture.  Metrocells are typically deployed for capacity, depth 
of coverage and user experience improvements where service already exists.   

Outdoor small cells, due to their reduced range compared to macrocells, tend to be closer 
than macrocells to buildings and so have a better angle of incidence and hence indoor 
service level than macrocells.  However, due to issues of large variations in building 
construction material and geometry outdoor small cells will not solve the indoor service 
problem for all buildings but will certainly deliver an improvement over macrocells alone.   

Consumer proposition 
Service improvements from outdoor small cells will appear transparently to the consumer 
without any upgrades of mobile device or installation on their part provided that they are 
within range of the outdoor small cell (i.e. within about 200m).  They may notice a 
number of small basestations appearing on lampposts nearby to their building which 
coincides with an improved service level if these have been deployed by their operator. 

As was the case with macrocell enhancements, the service improvements seen by the 
consumer will include: 

 Coverage where poor or some previously existed 

 Improved download speeds 

 Lower latency or delay on services i.e. video streaming less jittery 

 Better battery life 



 
54 

Options for Improving In-Building Mobile Coverage 
Issue date: 18 April 2013 
Version: 1.2 

The main benefit of this solution is that the installation and supporting infrastructure is all 
provided by the operator and so these service improvements are delivered “hassle” free 
to the consumer. 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

Likely to improve 
service levels if 
reasonably close to 
the outdoor small cell 
(i.e. within 200m) in 
terms of: 

- coverage where 
poor or some 
previously existed 

- improved download 
speeds 

- lower latency or 
delay on services i.e. 
video streaming less 
jittery 

 

Handset battery life 
will also likely 
improve 

As for home users Will deliver some 
service improvement 
in parts of the 
building but in 
majority of large, 
multi-storey buildings 
will not provide 
reliable service to all 
parts of the building. 

As for large multi 
storey offices. 

Table 8: Summary of outdoor small cells against indoor consumer requirements 

Outdoor small cells are likely to improve the baseline indoor wireless service level 
provided from existing macrocell networks in all building types.  However, it will not 
provide reliable coverage throughout all buildings and, in the same way as macrocell 
enhancements, due to being an outside in solution is more likely to work well for home 
users in small buildings than for those in large offices or public spaces.   

Assessment against Ofcom’s criteria 
Table 9 provides a summary of how outdoor small cells score against the original project 
requirements set out by Ofcom. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Interest in metrocells is building with some trials in the UK.  
More established in US. 

Openness  3GPP standards largely the same as for macrocells 

Some mobility issues for small cells to standardise and general 
IOP testing. 

Space on street furniture limits multi operator and frequency 
bands being supported in same base station unit but MOCN 
should be as feasible as in macro networks.  Stakeholder 
discussions have raised the point that MOCN may require 
spectrum sharing amongst operators as the RAN of a single 
operator is used to serve many core networks and that there 
may be regulatory issues attached to this. 

Authentication and 
handover 

 Authentication occurs as in macro network but handover in 
small cells has some issues and is an area of activity. 
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Security  Uses 3GPP existing security model for macrocell network so no 
security concerns. 

Impact on the macro  Overall should have a positive offload impact on the macro 

Some concerns over interference in corner cases but operators 
can control this with network settings.  Studies show a net 
overall improvement in service across both macro and small 
cell is likely. 

Uplink or downlink 
constraint 

 No uplink / downlink imbalance issues 

Current and future 
spectrum 

 Solution works best when a dedicated carrier is available for 
the outdoor small cell so spectrum does not have to be shared 
with the macrocell network.  Making low power shared access 
spectrum available is useful. 

Environmental impact  Power consumption likely less than macros but an area for 
active debate. 

Aesthetics important to get right as likely mounted frequently 
along the street on lampposts. 

Need to manage public health concerns but technically no 
issue provided ICNIRP guidelines followed.  Public perception 
of health concerns could be an issue although consumers are 
getting used to seeing more access points around their cities. 

Future evolution  Deployments likely to increase rapidly as the “lamp-grab” in 
Superconnected Cities begins. 

 

Product improvements also likely with upgrades to support 
LTE-A and future cellular air interfaces. 

Scalability  SON designed to manage large networks so there should be no 
scalability concern.  AT&T have committed to deply  40k small 
cells and are already engaged in trials. 

Upgradeability  Products designed to be modular and software defined radio 
based where possible so that upgrades to future air interfaces 
are reasonably straightforward. 

Table 9:  Summary of outdoor small cells against study requirements 

A fuller discussion of outdoor small cells against each of these requirements is given in 
Appendix C.  Key points to note from Table 9 are that: 

 Outdoor small cells are still very much at trial stage in the UK but are more 
established in the US 

 3GPP standards exist to cover outdoor small cells and are largely the same as 
for macrocells.  There are still some mobility issues with outdoor small cells to 
fully resolve in the standards and due to the immaturity of deployments 
Interoperability (IOP) testing is still in early stages. 

 It is unlikely that multiple carriers will be able to be accommodated in the form 
factor of outdoor small cells for at another five years according to our 
stakeholder discussions.  Therefore spectrum sharing amongst operators would 
need to be facilitated in some way so that a shared RAN feeding into each 
operator’s respective core network could be deployed if multi operator support 
is considered essential.    
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 Availability of a dedicated small cell carrier or low power shared access channel 
would be useful to mitigate interference and might accelerate the uptake of 
outdoor small cells. 

 Technically there are no health issues with outdoor small cells as they need to 
meet ICNIRP guidelines but public perception may be an issue.  However, with 
recent O2 trials in London and Virgin Media Wi-Fi on the London Underground 
consumers are getting more used to having access points around them. 

 There is still much debate on whether the power consumption of outdoor small 
cells, and small cells generally, is less than macrocells on a cumulative basis.   

 We found no evidence from stakeholder discussions that operators are directly 
using outdoor small cells to provide in-building coverage but they do certainly 
appear to be keen to understand the in-building benefit as a consequence of 
deployments. 

5.3 Outside-in solutions will improve indoor service levels but do not 
solve all indoor scenarios 

While they provide a very useful baseline indoor coverage level, outside in solutions are 
generally limited in terms of their cell range into buildings and ability to provide service 
across multiple floors.  This means that they are not well suited to providing reliable 
service in all parts of large buildings.  Therefore they are most likely to solve indoor 
coverage problems for home users or small office users in small buildings who will have a 
better chance of the improved outdoor signal level penetrating to most areas of their 
building.     

In the case of macrocell enhancements if no indoor or outdoor service previously existed 
due to the user being too far from the macrocell then the macrocell enhancements 
described in this chapter are unlikely to extend coverage to the extent that these users 
would now enjoy indoor coverage.   Macrocell enhancements tend to improve the service 
levels in the existing macrocell area and make slight extensions to it.   Outdoor small cells, 
on the other hand, have a real opportunity to make dramatic improvements to the indoor 
service levels seen where none previously existed provided they are placed close to the 
buildings of the users being targeted. 

Figure 33 summarises the building types where macrocell enhancements and outdoor 
small cells are likely to make an improvement to the existing indoor service level.  The red 
bars are illustrative of the amount of buildings in each category likely to see an 
improvement.  The white edge of these bars aim to indicate that there will be some 
variability in this due to differences in construction materials and building geometries 
even within the same building type class.   

As can be seen outside in solutions generally stand to benefit smaller buildings more with 
outdoor small cells offering the potential to bring service to some smaller buildings where 
none may previously have existed providing they are strategically located to target 
buildings that are too far from macrocells.  In the case of buildings with challenging 
construction materials however, it is unlikely that outdoor small cells will be able to 
provide much of an improvement over macrocells.  For example, results from recent trials 
of outdoor small cells analysed by Real Wireless on behalf of Virgin Media  [31] show that 
even when placed close to buildings there will always be some “exception” buildings with 
difficult construction material, few windows and/or shallow angle of incidence which any 
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outdoor solutions will have difficulty penetrating. On the other hand, many buildings did 
benefit from indoor service enhancement, even at the high frequencies used in these 
trials (2.6 GHz). 

 

Figure 33: Overview of buildings types where outside-in solutions are likely to make a 
service improvement 

Our quantitative analysis also shows that increasing trends to improve thermal shielding 
in building regulations will have a significant impact on coverage from outside-in 
solutions.  This has also been supported by observations from our stakeholders.  In 
addition our quantitative analysis has shown that increasing user expectations of data 
rates over time will become very challenging for outside in solutions to fulfil.   

Therefore while outside-in solutions provide and will continue to provide a useful baseline 
level of indoor coverage there will increasingly be a role for dedicated in-building 
solutions to play in improving indoor service levels as discussed in the next chapter. 

  

Home users
Small office / SME 

users
Large multi storey 

office user
Public buildings and 

areas

Macrocell upgrades

Outdoor small cells

Service in majority of small 
buildings but not all

Patchy service in a 
few of larger 
buildings

Service improvement over macro 
baseline particularly in smaller buildings

Service improvement 
over macro in small no. 
of targeted buildings
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6. Dedicated in-building solutions must fit the deployment and 
consumer needs 

This chapter describes and assesses dedicated in-building solutions for improving indoor 
coverage levels.  For each of these we provide:  

 An assessment against the requirements of the indoor user groups discussed in 
the previous chapter 

 An assessment against the study requirements originally set by Ofcom to 
highlight any concern areas 

This chapter is supported by a more detailed write up of the solutions discussed here in 
Appendices D, E and F accompanying this report.   

6.1 The range of dedicated in-building solutions 

As discussed in chapter 5, outside in solutions will continue to play an important role in 
providing a good baseline indoor wireless service level.  This is particularly the case where 
a wireless solution that provides indoor voice calls is required as there are few alternative 
substitute technologies for cellular in this area as yet.  However, as also highlighted in 
chapter 5 and quantified in section 3.4, the number of “exception” buildings that outdoor 
cellular signals cannot penetrate or are too far from an outside in solution could be very 
significant.  Also ensuring reliable indoor coverage throughout large buildings from 
outdoor solutions is always going to be highly challenging.  In these cases there is, and 
very likely will continue to be for the foreseeable future, a role for dedicated in-building 
solutions.  

Currently available dedicated in-building solutions include: 

 Wi-Fi including: 
o Self-provided Wi-Fi  
o UMA/GAN 
o Carrier Wi-Fi 

 Repeaters, including: 
o Operator-installed repeaters 
o Consumer repeaters 
o Intelligent repeaters 

 Femtocells 

 Picocells (and enterprise femtocells) 

 DAS ( and their evolution to distributed base station solutions) 

Each of these are discussed in this chapter and in particular are assessed against the 
requirements of the indoor consumer types described in chapter 4.1 and Ofcom’s initial 
study requirements.  This chapter concludes with a summary of the deployment scenarios 
and user types in which each of these solutions provides the best fit based on our 
assessments. 
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6.2 Self-provided Wi-Fi 

Self-provided Wi-Fi is a term employed to distinguish between the various types of Wi-Fi 
offerings currently in the wireless market.  It offers wireless access to a user’s fixed line 
broadband connection (i.e. a data connection) to the user’s mobile and other Wi-Fi 
enabled devices using a simple box or access point that is plugged into their broadband 
connection, as shown in Figure 34.  In other words, this is the type of Wi-Fi that has been 
deployed for many years in homes and businesses, for which the consumer buys their 
own Wi-Fi access point (widely available online or from major home electronics devices 
retail outlets) and installs it themselves. 

 

Figure 34:  Self-provided Wi-Fi overview 

The installation of self-provided Wi-Fi requires the user to connect the access point to 
their existing fixed line broadband connection, plug in the access point for power and 
some set up on their Wi-Fi enabled devices by entering the password to make use of the 
Wi-Fi access point.  Installation is reasonably hassle-free and simple.  

 

Figure 35: Examples of self-provided Wi-Fi access points (Products shown from Netgear 
and D-Link) 

6.2.1 Consumer proposition 

Indoor service improvements seen by consumers using self-provided Wi-Fi will include: 

Local Bridge

(Access Point)

Wireline 

network
Radio 

waves
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 Better data rates (depending on broadband connection) 

 Improved data service availability (depending on where they install their access 
point) 

 Improved mobile phone battery life 

 Reduced costs for mobile data services as using Wi-Fi will not come out of their 
monthly data allowance for their operator 

However, potential issues with self- provided Wi-Fi for the consumer to keep in mind are: 

 They must have a broadband connection available to make it work 

 They must install and setup the Wi-Fi access point themselves 

 Wi-Fi will provide data services but they still will not be able to receive calls and 
SMSs to the mobile phone number.  However, they may be willing to 
compromise on this by using OTT substitutes such as Skype in return for lower 
costs.  Note that this is likely to improve in the future with operators integrating 
Wi-Fi more tightly into their networks, such as O2’s recently announced TU Go 
service, and many forecasting that LTE could be an enabler for better Wi-Fi 
integration into cellular networks. 

 The service will be lost once outside or no longer close to the building 
depending on where the access point is installed.  This may be a nuisance if the 
user does want to take calls when on the move. 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

A single Wi-Fi access 
point should be 
enough to cover small 
buildings like a home. 

 

While only data 
services are provided 
home users may be 
willing to substitute 
with OTT alternatives 
like Skype in return 
for reduced calls. 

As for home user but 
the lack of cellular 
voice and SMS may be 
more of an issue for 
business users. 

Capacity may be an 
issue in larger 
buildings plus large 
corporations may not 
be so willing to 
compromise on 
cellular voice and SMS 
with OTT 
replacements. 

Capacity may be an 
issue in larger 
buildings 

Table 10:  Fit of self-provided Wi-Fi across building types 

6.2.2 Assessment against Ofcom’s criteria 

Table 11 provides a summary of how self-provided Wi-Fi scores against the original 
project requirements set out by Ofcom.  In the case of each requirement we give a red, 
amber or green score depending on whether there are major blocking issues, minor issues 
or no issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Self-provided Wi-Fi is widely used, but still security concerns, 
as well as some deployment issues and manual 
authentication/lack of roaming. Newer and faster standards on 
their way. 

Openness  Lots of access point vendors to choose from and no real tie in 
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to a particular operator as using licence exempt spectrum. 

Authentication and 
handover 

 Technology not designed for this; some improvements but all 
via carrier Wi-Fi; not for self-provided Wi-Fi 

Security  Recent enhancements have been made through WPA2 but still 
open issues to be resolved 

Potential concern over physical security of access points but 
industry best practice being established in this area amongst 
vendors. 

General gap of ensuring security mechanisms from standards 
are implemented robustly which is likely to evolve with time 
but could benefit from Ofcom input to encourage 
establishment of best practices. 

Not all OTT voice applications are suitable for 999 calls and 
generally will not be able to support 999 calls in a power cut 

Impact on the macro  Positive as a significant amount of data traffic can be 
downloaded 

Uplink or downlink 
constraint 

 No uplink / downlink imbalance issues 

Current and future 
spectrum 

 2.4 GHz widely used; 5 GHz is licenced but still more devices to 
be ready for it; 60 GHz in plans for use for newer standards 
around 2014/2015, for short-range communications 

Environmental impact  Low DC power consumption, similar to femtos, and EIRP 
constrained to maximum levels according to geographical 
region. Battery life is decreased when Wi-Fi is turned on 

Future evolution  Move from 20 MHz to 40 MHz to accommodate more 
bandwidth, and newer standards are emerging.  

Scalability  Already widely deployed and no sign of stopping 

Stakeholders reporting Wi-Fi to be highly scalable and 
complementing cellular technologies. 

Upgradeability  As newer standards emerge, equipment may need to be 
upgraded at an extra cost – especially if change in frequency 

Table 11:  Summary of self-provided Wi-Fi against the study requirements 

6.3 Carrier Wi-Fi 

The concept of Carrier Wi-Fi or Service Provider Wi-Fi comes as a result of the need of 
operators to face various challenges associated with consumer’s demands and technical 
issues: 

 Increase in signalling traffic due to smartphones 

 Very large growth in mobile data: 26x over 5 years! 

 Lack of spectrum and inability to rapidly deploy new cell sites 

 A shift from outdoor consumption to indoor 

 Consumer services on mobile devices getting more and more difficult to be 
separated 

 Economics of offload and small cell systems   
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Figure 36: Examples of carrier Wi-Fi access points (Products shown from Cisco) 

This carrier-grade solution uses licence exempt spectrum to offload data traffic and help 
operators to deliver new services, providing a platform for business and service 
innovation for them. Some of the benefits for consumers as foreseen using this 
technology include: 

 Easy connectivity 

 Seamless authentication and roaming between cellular and carrier Wi-Fi 
networks and intra Wi-Fi access point roaming 

 Session continuity 

 Application transparency 

 Consistent user experience 
 

Carrier Wi-Fi uses Hotspot 2.0/Next Generation Hotspot (NGH) and other technical 
features which allow seamless roaming and authentication procedures between cellular 
and Wi-Fi, with high security standards and a bundle of certified products under Passpoint 
certification program which will ensure device interoperability.  

6.3.1 Consumer proposition 

Consumers enjoy an improved data service in particular locations or Wi-Fi hotspots where 
their operator provides connectivity.  Also, roaming agreements between operators might 
be in place to ensure a better user experience.  In some cases the consumer might not 
need to be with the right operator to enjoy “hotspot” connectivity as access is open to all 
but it is likely that the user will need to register and provide some details to benefit from 
the service – this could be the case for some public hotspots.  

To access this service the user must have Wi-Fi enabled mobile devices and download 
client software to accommodate for carrier Wi-Fi standards.  In addition to this, some 
operators have deployed their own Wi-Fi hotspots to provide access to the Internet in 
public hotspots, as part of their strategy to then migrate to offer carrier Wi-Fi services to 
their customers and ensure a seamless and reliable experience.  For example, O2 has 
launched an application for iOS and Android to automatically find O2 Wi-Fi hotspots and 
therefore users connect automatically once registered – the application is free and there 
is no need to be an O2 customer, only need to sign in, and is part of a concept known as O2 
Wi-Fi.  The recently announced TU Go app from O2  builds on this and claims to provide 
voice and SMS services via Wi-Fi also [11].  However, it is not clear if seamless in call 
handover is supported yet in this system and how cellular like the service will be in 
practice.  Vodafone also has their own hotspots managed under Virgin Media, but they 
are only for Vodafone customers to extend Wi-Fi service on London Underground 
stations.   
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Figure 37: TU Go applications as advertised by O2 from March 2013 and claims to 
provide voice and SMS to a user’s cellular mobile number on a range of devices.   
Source: O2   [32] 

In terms of access points, an upgrade also needs to be instigated if consumer had self-
provided Wi-Fi access points, or purchase directly carrier Wi-Fi access points – some 
vendors such as Cisco have these already available in the market. In terms of tariffs, 
operators may charge for this service but intention generally appears to be to include the 
whole package as part of a cellular/broadband plan for consumers. 

A very interesting aspect from a consumer’s point of view is that of the offering of an OTT 
(Over-The-Top) solution, which refers to the delivery of content or services over an 
infrastructure that is not under the administrative control of the content or service 
provider. Originally it referred to the delivery of audio and video content, but more 
recently the definition has been extended to include any service or content and in a more 
general sense means any service available on the Internet.   

OTT services continue to challenge mobile operators in many ways, since they now have a 
track record of attracting subscribers away from other operator-centric forms of 
communication – they are “free” for consumers. Thus, they are challenging mobile 
operators with how to handle the increased data traffic and how to monetise that 
increased burden.  One example of this is SMS: applications such as iMessage, WhatsApp 
and BBM are pushing mobile operators’ messaging profits in many developed markets 
into decline as consumers decide to use these “free” ways of communicating. Using their 
data to send messages to other devices has resulted in more data traffic and fewer SMS 
messages sent.   Unfortunately, a similar story is occurring for video. 

In summary, OTT services are increasingly attractive for consumers and operators need to 
react to retain customers.  A very good example of this is Telefónica, the Spanish operator 
that launched in May 2012 its free mobile app called TU Me, available initially for iPhones, 
for making voice calls and sending text messages using mobile data allowances.  Also as 
highlighted earlier in the UK O2 recently announced their TU Go app which claims to 
support cellular voice and SMS over Wi-Fi.  Carrier Wi-Fi could therefore play a very 
relevant role here, since indoor coverage can be extended to those areas where cellular is 
not available, and bill consumers this way.  

Indoor service improvements seen by consumers using carrier Wi-Fi will include: 
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 Better data rates  

 Improved data service availability  

 Improved mobile phone battery life 

 Potentially reduced costs for mobile services as using carrier Wi-Fi may not 
come out of their monthly mobile data allowance for their operator 

The main limitation with carrier Wi-Fi for the consumer to keep in mind is that it will 
provide data services but currently they still will not be able to receive calls and SMSs to 
their mobile phone number.  However, they may be willing to compromise on this by 
using OTT substitutes such as Skype in return for lower costs.  While carrier Wi-Fi roams 
between cellular and Wi-Fi networks it does not currently support handover between the 
two which may be a nuisance if the user does want to take calls when on the move.  Note 
that this is likely to improve in the future with operators integrating Wi-Fi more tightly 
into their networks, such as O2’s recently announced TU Go service, and many forecasting 
that LTE could be an enabler for better Wi-Fi integration into cellular networks.  Some 
sources also highlight that voice and SMS over Wi-Fi service levels will drop below does 
normally acceptable on cellular networks when large groups of users congregate [23].  
Also in most small building installations the user will likely have to provide and pay for the 
broadband connection for the carrier Wi-Fi access point to connect to. 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

A single Wi-Fi access 
point should be 
enough to cover small 
buildings like a home. 

 

While only data 
services are provided 
home users may be 
willing to substitute 
with OTT alternatives 
like Skype in return 
for reduced calls. 

As for home user but 
the lack of cellular 
voice and SMS may be 
more of an issue for 
business users. 

Capacity less likely to 
be an issue than in 
the case of self-
provided Wi-Fi when 
the operator is 
organising the Wi-Fi 
installation.   

However, large 
corporations may not 
be so willing to 
compromise on 
cellular voice and SMS 
with OTT 
replacements. 

Capacity less likely to 
be an issue than in 
the case of self-
provided Wi-Fi when 
the operator is 
organising the Wi-Fi 
installation. 

Table 12:  Fit of carrier Wi-Fi to building types 

6.3.2 Assessment against Ofcom’s criteria 

Table 13 provides a summary of how carrier Wi-Fi scores against the original project 
requirements set out by Ofcom.  In the case of each requirement we give a red, amber or 
green score depending on whether there are major blocking issues, minor issues or no 
issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Carrier Wi-Fi is becoming much more popular, with lots of 
deployments in the US and other countries.  Seems a very 
good option to extend coverage indoors. Still in the early 
stages of deployment in the UK. 

Openness  To date, some vendors have certified their products. More 
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work needs to be done especially for network management 
policies.  Carrier Wi-Fi access points tend to be single operator 
although there are examples of sharing arrangements between 
service providers such as the Virgin Media Wi-Fi system on the 
London Underground being available to Vodafone users also. 

Authentication and 
handover 

 Largely addressed in HS2.0.  This makes use of EAP-SIM as 
used in cellular networks.  However, support for HS2.0 in 
cellular networks is lagging behind. 

Security  Improved in HS2.0 through WPA2 and other schemes.  NGH 
promises enhanced security as well. 

Potential concern over physical security of access points but 
industry best practice being established in this area amongst 
vendors. 

General gap of ensuring security mechanisms from standards 
are implemented robustly which is likely to evolve with time 
but could benefit from Ofcom input to encourage 
establishment of best practices. 

Will not be able to support 999 calls in a power cut 

Impact on the macro  Substantial data offload which can be managed and controlled 
by carriers in a much better way than for self-provided Wi-Fi 

Uplink or downlink 
constraint 

 No uplink / downlink imbalance issues 

Current and future 
spectrum 

 2.4 GHz and 5 GHz on the road, with more dual devices coming 
to the market; 60 GHz available soon 

Environmental impact  Modern algorithms promise to keep battery life longer, which 
could be an issue when Wi-Fi is turned on. Low power 
consumption and generally not H&S concerns 

Future evolution  Newer and faster standards on their way, with enhanced 
features in NGH. Likely that many more carriers adopt the 
technology in 2013 and onwards 

Scalability  More users cause more congestion as unlicensed spectrum 
which leads to service outage in densely-populated areas; i.e. 
unable to get a Wi-Fi connection in busy London train stations 

In the case of the London Olympics managed Wi-Fi spectrum 
solutions were used to limit interference whilst trying to cover 
large densities of users.  Some vendors in stakeholder 
discussions indicated that this is an approach that may 
increase. 

Upgradeability  As new standards emerge, access points can be easily 
upgradeable; i.e. 802.11b to 802.11g/n 

Sometimes requires changing access points if frequency band 
is also changed 

Table 13:  Summary of carrier Wi-Fi against the study requirements 

6.4 UMA/GAN 

Operators can offer to improve cellular voice services for a consumer or location through 
a different route to the traditional cellular network called UMA (Unlicensed Mobile 
Access), which sends calls over Wi-Fi and then into the cellular network. 
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Figure 38:  Example UMA access point and mobile phone (Products shown from Linksys 
and Research in Motion) 

6.4.1 Consumer proposition 

For UMA to work, the user must have a UMA enabled phone and have a UMA enabled Wi-
Fi access point installed, which just requires power and a broadband connection.  Access 
points are not readily available but tend to be provided and set up by the operator to 
minimise the hassle to the consumer.  A range of mobile devices include UMA support but 
the consumer will need to check with their operator and potentially agree to get a new 
device. 

When using UMA, the consumer will notice an improved cellular voice service in the area 
where the UMA access point has been set up which may mean having indoor service 
where none previously existed.   

Limitations of UMA for the consumer to keep in mind are: 

 Support for UMA is very restricted across operators with only Orange (now part 
of Everything Everywhere) in the UK offering this service at present 

 Using UMA will limit their choice of handset to a UMA enabled handset 

 A broadband connection is needed to make the solution work 

 UMA for GSM is only supported at the moment and there are no plans to offer 
3G and LTE products currently.  Therefore UMA is effectively an “old” solution 
with a limited future.  This view has been supported by our discussions with 
stakeholders with the main operators still offering this service being T-Mobile in 
the US and Rogers in Canada. 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

A single Wi-Fi access 
point should be 
enough to cover small 
buildings like a home. 

 

 

As for home user.  Capacity and 
reliability may be an 
issue as using self-
provided Wi-Fi as 
backhaul. 

Lack of support from 
all operators will be 
an issue in public 
areas.  Capacity also 
likely to be an issue. 

Table 14:  Fit of UMA across building types 

6.4.2 Assessment against Ofcom’s criteria 

Table 15 provides a summary of how UMA scores against the original project 
requirements set out by Ofcom.  In the case of each requirement we give a red, amber or 
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green score depending on whether there are major blocking issues, minor issues or no 
issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 UMA devices are losing popularity nowadays. Users need to 
replace their existing handsets.  

Openness  Only single operator and for GSM. 

Authentication and 
handover 

 Not resolved and needs manual authentication and ‘signal 
boost’ feature turned on like this 

Security  GSM encryption guarantees privacy. 

Will not be able to support 999 calls in a power cut 

Impact on the macro  Data can be offloaded significantly. 

Uplink or downlink 
constraint 

 No uplink / downlink imbalance issues 

Current and future 
spectrum 

 Same situation as for carrier Wi-Fi and self-provided Wi-Fi, 
with newer bands being investigated. 

Environmental impact  Battery life may be an issue when ‘signal boost’ is turned on 

Future evolution  UMA is not being pushed by industry anymore, so concerns of 
not having support in the near future 

Scalability  Same as for carrier and self-provided Wi-Fi 

Upgradeability  Very limited as UMA newer standards are not in place 
anymore  

Table 15:  Summary of macrocell upgrades against the study requirements 

6.5 Repeaters 

A repeater is a mobile signal amplification device or “booster” which requires an 
adequate “donor” signal from the macrocell network to be present outside the building to 
be received, amplified and retransmitted into the building.  Unlike many other dedicated 
in-building solutions repeaters do not require a broadband connection.  As repeaters 
simply boost the “donor” mobile signal level they do not add capacity to the network and 
as such tend to be used in areas of poor coverage rather than in high traffic areas. 

 

Figure 39:  Examples of the range of repeaters solutions available (Products shown from 
Powerwave Technologies, Nextivity and Wilson Electronics) 

Repeater solutions tend to be deployed in the following three ways: 

 Operator deployed repeaters – These typically consist of a rooftop or wall 
mounted antenna on the outside of the building to pick up the “donor” mobile 
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signal from a macrocell.  This is then amplified and retransmitted into the 
building which can either be done wirelessly or over cables to antennas in the 
building (which may be a DAS).  These systems need skilled installation and 
planning to minimise interference to the donor macrocell and with 
deployments carefully monitored by operators for interference.  Typically an 
operator will deploy one of these solutions on request in large buildings for 
large corporate customers with service issues as part of their service 
agreement.  Operators also deploy repeaters outside of this in low traffic areas 
where coverage is problematic over a small area, such as tunnels and roads in 
rural areas.  The general view of operators in stakeholder discussions was that 
repeaters are only deployed as a last resort and are not a preferred solution. 
 

 Traditional consumer repeaters -  These tend to be small, low cost, bi-
directional amplifier units that the user can place on their window ledge to pick 
up a “donor” mobile signal which is then “boosted” and retransmitted into the 
building.  In car repeater units are also available.  In the UK these units can be 
purchased but are illegal to deploy without permission from the operator which 
is difficult to obtain. This is due to interference concerns to the macrocellular 
network which are much greater in these devices than in operator deployed 
repeaters as: 
o These units tend to be broadband units working across a number of 

operators  
o The operator has no direct control over where the unit is used and its 

settings 
o The low cost and small form factor of the unit means that the same level 

of skilled installation and setup associated with operator deployed 
repeaters to minimise interference cannot be achieved 

Generally the low cost and small form factor of these units means that there is 
not good isolation between the two opposite facing antennas in the unit which 
in turn limits the amplification that can be achieved without having feedback 
issues.  This combined with the placement of the unit on a window ledge rather 
than having an antenna external to the building will limit the levels of service 
improvement achieved.   

 

 Intelligent repeaters – These are a recent update to traditional consumer 
repeater products and consist of two boxes (i.e separate donor and mobile 
units) with integral patchy antennas which are linked by a 5GHz radio link (i.e. 
the same licence exempt band as used by the most recent Wi-Fi devices).  The 
outdoor “donor” signal is picked up by the donor box, digitised and transmitted 
to the mobile unit via the 5GHz link and then retransmitted by the mobile unit.  
This allows the donor unit to be located near a window and the mobile unit to 
be positioned at where the coverage improvement is required.  This evolution 
of traditional consumer repeaters has notably been approved by some network 
operators and aims to minimise interference to the macrocellular network by: 
o Using intelligent power control 
o Having good isolation between the donor and indoor antenna as these 

are in separate boxes 
o Repeating the signal from within the building rather than on the window 

which isolates the indoor signal from the outdoor macrocellular network 
better 
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o Allowing the operator to remain in control of the unit by providing a 
simple management feature which allows operators to remotely signal to 
the intelligent repeater unit to switch off should the operator observe 
that the unit is causing interference.    
Recently available LTE gateway products can be seen as extensions to 
intelligent repeaters.  These are fixed consumer premise equipment units 
(CPEs) that provide a fixed broadband connection to a home from an 
outdoor LTE network.  However, instead of providing a LTE signal indoors 
this broadband connection is distributed via Wi-Fi or a fixed Ethernet 
cable.  However, this limits services available to data services due to the 
limitations of Wi-Fi for providing cellular like services as discussed in 
section 6.2.  LTE relays represent the next evolution of these products will 
include the ability to extend the coverage area of existing LTE cells.  
However, no LTE relay products are as yet available.  

In the case of consumer deployed repeaters, in the UK at least, while there have been no 
direct barriers to vendors producing consumer repeater products, and indeed a range are 
available to purchase online, the deployment of these has been limited by the regulatory 
rules put in place on the use of such products to protect operators from interference in 
their licenced spectrum.  These currently require consumers to gain approval for their 
repeater product from their operator prior to deployment.  This is generally difficult to 
obtain as UK operators remain to be convinced that traditional consumer repeater 
products will not cause interference to their networks.   

In the US the opposite has been true and repeaters have been permitted to be deployed 
without specific permission from operators leading to their wide scale use there.  
However, recently the FCC position on repeaters has been revised notably to [33]: 

 More tightly specify the functionality and performance of commercial 
repeaters.   

 Require all users of repeaters, both legacy users and new users, to register their 
device with their operator and gain their approval for its operation. 

This move towards tighter specification of the technical functionality and performance of 
consumer repeaters means that this allows operators to confidentially approve 
deployment of particular product ranges.  Indeed in the US all four nationwide carriers are 
reported to have consented to the use of consumer repeaters on their networks for 
products within the new regulations [33].  However, it is likely that operators will always 
have a preference for knowing and controlling where repeaters are deployed.   

This tighter regulation may in the short term limit availability of consumer repeaters to 
perhaps even just the intelligent repeater solution currently available from Nextivity but 
there are no barriers seen on why other vendors could not upgrade existing product 
ranges to offer similar features to meet these tighter technical requirements. 

6.5.1 Consumer proposition 

In the case of operator deployed repeaters the end user will see the benefits of improved 
mobile service without any action on their part.  The building owner will likely be involved 
in the physical installation of the unit and need to tolerate some disruption while the 
system is installed.  Disruption will be particularly high if the repeater is feeding into an 
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indoor distributed antenna system which requires a series of cables and indoor antennas 
to be installed throughout the building.  The erection of the repeater antenna on the 
rooftop of the building may also require planning permission and cause additional 
inconvenience to the building owner in this way. 

In the case of consumer repeaters these are straightforward plug and play units that in 
theory the user just needs to place on a window ledge and provider power to.  However, 
installation can be complicated by the fact that the user needs to have a particular signal 
level outdoors before the repeater unit will work and, as discussed in section 4.1, as there 
is no standard definition of a “bar” of signal on a mobile handset it can be challenging to 
work out if the outdoor signal is good enough and the unit should be working.  
Additionally the move to better thermal insulation in buildings and in particular the use of 
windows with a metalised coating, see section 3.2, will make it more difficult for indoor 
repeater units to pick up the outdoor “donor” signal without having an external antenna 
added or even the window left open.   

In the case of the intelligent repeater the user needs to place the donor unit on a window 
ledge and the mobile unit in the area where the service improvement is needed and 
provide power to both.  Although the 5GHz link between the two units does not require a 
clear line of sight, it cannot tolerate too much obstruction.  The patch antenna in the 
donor unit also has some degree of directivity which may require orientation to obtain the 
highest donor signal.  This optimisation process is supported by an indicator on the unit 
but may mean that the user needs to try out a few locations before finding the best set 
up.  The issue of having a good outdoor signal applies as discussed for the traditional 
consumer repeater case.  The intelligent repeater product is also only available for UMTS 
currently so the consumer will need a UMTS handset for it to work.  Additionally heavy 
usage of the 5GHz link by the repeater units may mean that Wi-Fi access points nearby 
may no longer achieve as high data rates as previously. 

Distinct from the majority of other in-building solutions, repeater solutions do not require 
the user to have a broadband connection.  This makes them the only solution for some 
niche areas where there is no broadband connection but a reasonably good outdoor 
cellular signal which is prevented from entering the building due to the building 
construction material or  geometry (although an external antenna might be needed if 
thermal shielding in the windows is the main problem).  As well as rural customers this 
may include those who wish to completely substitute their fixed line service with a mobile 
wireless service in their home or who may not be able to afford both a mobile phone and 
a fixed line service.  As mobile service levels improve this is a category of users that could 
potentially increase with more consumers viewing mobile services as a complete 
substitute option for fixed line services. 

Note that the fact that repeaters tend to be deployed in buildings with construction 
materials that prevent an outdoor signal reaching all parts of the building does not mean 
that the building will necessarily shield the outdoor macrocell network from interference 
from the repeater itself.  In traditional consumer repeaters the repeater unit tends to be 
located on a window ledge and boosts the received signal in all directions, not just into 
the building, and so will leak signal back towards the outdoor cellular network.  Intelligent 
repeater solutions address this to a certain extent by locating the repeater unit inside the 
building rather than close to the outside of the building such as on a window ledge.  
However, in both cases the “donor” outdoor signal is boosted in the building and so will 
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likely generate a signal outside the building at a higher level than the existing “donor” 
signal from the outdoor network and hence cause interference issues. 

Crucially all repeater products must be installed with the approval of operators due to UK 
policy on these devices.  In the US the deployment of repeaters is much more open which 
leads to them being more widely used.   

Once installed the indoor service improvements seen by consumers from repeater 
solutions will include: 

 Better availability and quality of cellular voice, SMS and data services in the 
building (although this will be better through an operator deployed solution 
than the consumer installed options) 

 Better data rates (although nearby Wi-Fi access points may see a reduction in 
their maximum data rates when the intelligent repeater is installed) 

 Improved mobile phone battery life 

 Home user Small office / 
SME 

Large multi storey 
office 

Public buildings / 
areas 

Traditional 
consumer 
repeaters 

Good solution for 
users with a good 
outdoor signal 
and no broadband 
connection.  
Installation must 
be approved by 
operator which is 
difficult in the UK. 

As for home 
users 

Low range 
products not really 
appropriate for 
larger buildings 

As for large multi 
storey offices. 

Intelligent 
repeaters 

As above but 
operators more 
open to this 
option.  

As for home 
users 

Low range 
products not really 
appropriate for 
larger buildings 

As for large multi 
storey users 

Operator 
deployed 
repeaters 

No business case 
for operators to 
deploy in small 
buildings  

As for home 
users 

Operators target 
investments in 
repeater 
installations 
towards high value 
larger buildings 

As for large multi 
storey users 

Table 16:  Fit of repeaters to building types 

6.5.2 Assessment against Ofcom’s criteria 

Table 17 provides a summary of how repeaters score against the original project 
requirements set out by Ofcom.  In the case of each requirement we give a red, amber or 
green score depending on whether there are major blocking issues, minor issues or no 
issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Repeater products widely available but deployment limited by 
regulatory position on repeaters in the UK.  The arrival of 
intelligent repeaters may change this.  US approach to 
repeaters is worth monitoring and perhaps reviewing for the 
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UK as these products do fit well as the only solution for niche 
indoor users with poor indoor cellular service, a good outdoor 
cellular signal level but no broadband connection. 

Openness  No obvious barriers to vendors buildings repeater products. 

Consumer choice across operators limited by high cost 
(particularly in intelligent repeaters) with single operator 
products currently. 

Authentication and 
handover 

 Authentication and handover occur as in macro network  

Security  Uses 3GPP existing security model for macrocell network.  
Physical security of consumer repeaters may be an issue and 
industry best practices should be formed and followed in this 
area.    

Will not be able to support 999 calls in a power cut 

Impact on the macro  No positive offload impact on the macro network as repeaters 
provide an extension of coverage rather than capacity. 

Negative impacts such as interference and increased loading of 
the macro by hard to reach indoor users may occur. 

Uplink or downlink 
constraint 

 Uplink may be limited due to noise being amplified in repeater 
retransmissions. 

Current and future 
spectrum 

 Same spectrum as used by macrocells. 

Intelligent repeaters make heavy usage of unlicenced 
spectrum due to continuous transmissions and wide 
bandwidths of up to 40MHz needed. 

Environmental impact  Power consumption similar to Wi-Fi access points or femtocells 
although intelligent repeater requires two units. 

Future evolution  Level of future deployment is uncertain and will largely be 
driven by regulatory position on repeaters and operator 
support of such devices. 

Scalability  Scalability of repeaters limited by the cumulative interference 
into the macrocell network particularly in urban areas. 

Upgradeability  Current solutions are high cost but ASIC based and so likely not 
easily upgradeable without purchasing a new updated 
product.  Intelligent repeaters are also limited to UMTS 
currently. 

Table 17:  Summary of repeaters against the study requirements 

6.6 Femtocells 

A femtocell is a small box, similar to a Wi-Fi access point, which when plugged into a 
consumer’s power and broadband connection provides improved mobile service in home 
and small office environments where poor or no mobile signal level previously existed.  
The concept of a femtocell is shown in Figure 40.  The femtocell accesses the operator’s 
network via the user’s broadband connection and then transmits mobile signals to and 
receives mobile signals from the mobile devices of users in the home.  It is effectively 
acting as a mini basestation and setting up a localised mobile network in the home.  
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Figure 40:  Overview of how a femtocell works (Source: Small Cell Forum) 

6.6.1 Consumer proposition 

Femtocells are not currently available to buy freely like Wi-Fi access points but must be 
obtained by the consumer directly from operators.  All UK operators offer femtocells 
although EE only support business customers for femtocells currently and Three only offer 
these to customers with poor coverage.  The femtocell usually comes at a modest one off 
cost (sub £100) or for an increase in monthly contract rate. 

 

Figure 41: Femtocells as available from all UK operators currently (Products shown from 
EE, O2, Vodafone and H3G) 

Once connected to power and a broadband connection the user usually needs to register 
the femtocell with their operator online and then wait for the operator to enable their 
access point (which happens automatically over the broadband connection but can take 
several hours).   

Today’s femtocells offered by UK operators support 3G only and so to make use of them 
the user must have a 3G phone.  The phone number of all phones permitted to use the 
femtocell must also be registered with the operator but can be updated at the request of 
the user to add new phones or visitors.  Femtocells will currently only work for phones 
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with the same operator and so users need to make sure that everyone in their home uses 
the same operator to make best use of it. 

Once installed the indoor service improvements seen by consumers from femtocells will 
include: 

 Better availability and quality of cellular voice, SMS and data services in the 
building  

 Better cellular data rates  

 Improved mobile phone battery life 

 Simple to set up, with little or no configuration required 

 Potentially reduced mobile costs if operators choose to bill consumers for 
femtocell traffic differently to their usual monthly data allowance.  While this 
has not been seen in the UK yet, Vodafone in Greece have started giving their 
users free data usage in some public buildings where they use femtocells.  
There is no reason why this could not be repeated in the UK market and for 
home users. 

 Potentially specialised indoor services might be offered from the operator via 
femtocells.  These are not yet widely available but ideas being discussed include 
parents being able to monitor when their children are in the house or 
identifying when unknown “guests” enter the home (provided they are carrying 
a mobile phone). 

Limitations of femtocells for consumers to note are: 

 The consumer must provide (and pay for) an adequate broadband connection 
to make the femtocell work 

 The user must have a 3G handset 

 Only one operator is supported per femtocell which may restrict choice of 
operators in a household if only one femtocell is used and service from other 
operators is also poor.  However, it would be straightforward to obtain and 
install multiple femtocells if needed and there should not be any interference 
issues as these femtocells will likely be deployed on carriers specific to each 
operator. 

 The user will need to register mobile phones with the operator to allow them to 
make use of the femtocell and so cannot quickly and easily add users to the 
femtocell themselves for infrequent guests for example. 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

Femtocells are 
targeted at home and 
small office users so 
will provide service 
improvements across 
most house sizes. 

As for home user but 
in the case of larger 
SMR premises a 
femtocell may not be 
able to cover all areas 
or capacity may be 
too limited (usually 
support 4 concurrent 
users in current 
products).  At the 
larger end of this 
building category 

Femtocells too low 
power and hence 
range for larger 
buidlings. 

As for large multi 
storey offices. 
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picocells would be 
more appropriate. 

 

Table 18:  Fit of femtocells across building types 

6.6.2 Assessment against Ofcom’s criteria 

Table 19 provides a summary of how femtocells score against the original project 
requirements set out by Ofcom.  In the case of each requirement we give a red, amber or 
green score depending on whether there are major blocking issues, minor issues or no 
issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Femtocells now offered by all UK operators. 

Deployments in the UK are at an early stage but US networks 
already at significant volumes. 

Operators universally acknowledge the importance of small 
cells in the future of their networks and market forecasts 
predict extremely large volumes of femtocells shipped. 

Openness  3GPP standards for small cells exist with standard interfaces so 
no barriers to new vendors obvious.  Already many femtocell 
access point vendors for operators to choose from. 

Today’s femtocells are single operator and likely to remain so 
for commercial reasons.  However, they are low cost and 
available from all UK operators so consumer ability to switch 
operators is not perceived to be an obstacle.  In the case 
where a single household uses femtocells from multiple 
operators there should not be any interference issues as these 
femtocells will likely be deployed on carriers specific to each 
operator. 

Authentication and 
handover 

 Authentication occurs as defined by 3GPP home node B 
security procedures but handover in small cells has some 
issues and is an area of activity. 

Authentication currently limited by certificates to verify the 
identity of the femtocell to the network being digitally signed 
by vendors which means they may only work with particular 
security gateways.  A central authority for signing 
authentication certificates and a centralised Public Key 
Infrastructure (PKI) similar to that used to authenticate web 
browser sessions is required long term. 

Security  Uses 3GPP existing security model for small cells.  Potential 
concern over physical security of access points but industry 
best practice being established in this area amongst vendors.  
General gap of ensuring security mechanisms from standards 
are implemented robustly which is likely to evolve with time 
but could benefit from Ofcom input to encourage 
establishment of best practices. 

Will not be able to support 999 calls in a power cut 

Some issues with femtocells being used overseas which Ofcom 
may be able to work with operators to tighten up on. 

Impact on the macro  Studies show a net overall improvement in service across both 
macro and small cell is likely. Some concerns over interference 
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in corner cases but operators can control via network settings.   

Uplink or downlink 
constraint 

 No uplink / downlink imbalance issues 

Current and future 
spectrum 

 Same spectrum requirements as macrocell networks.  The case 
for a dedicated carrier is not as strong as in outdoor small cells 
but would still be beneficial. 

Environmental impact  Power consumption likely much less than macros but 
cumulative power of many femtocells vs. macrocells is an area 
for active debate.  Power consumption largely expected to be 
similar to Wi-Fi access points. 

ICNIRP compliance required so no real technical health 
concerns but public perception may be an issue. 

Future evolution  LTE femtocells are emerging. 

Likely that femtocells will gather momentum under LTE due to 
SON features making their incorporation into networks easier. 

Scalability  SON designed to manage large networks so there should be no 
scalability concern.  AT&T claim to have 40k small cells 
deployed already with no issues.  Vodafone in the UK are 
estimated to have more than 100k femtocells deployed 
already too. 

Upgradeability  Low cost means that products are ASIC based and so major 
upgrades like an update to include LTE will need a new access 
point.  However, these are low cost and easy to install. 

Table 19:  Summary of femtocells against the study requirements 

6.7 Picocells 

A picocell is a small basestation which is part of an operator’s cellular network and is 
installed in buildings to improve the cellular service levels there.  Picocells are designed to 
be deployed in medium enterprise environments and public buildings.  Currently 
operators in the UK will send an engineer (usually a contractor) to the building to carry 
out a survey and determine what (or if) picocell deployment will work for that building. 
The costs for this survey, which are generally modest, may be bourne by the operator if 
the customer is theirs or by the occupier of the building if they are not a corporate 
customer. The units themselves are generally deployed by the building occupiers, using 
guidelines supplied by the operator, although the operators will deploy them in certain 
circumstances.   

There are a range of picocell solutions available which vary in the architecture they 
support.  Some picocells are enhanced femtocell products that support a higher number 
of users and cover a bigger area.  These simply require power and a broadband 
connection as was the case with femtocells to be installed.  More complex architectures 
include having a network controller also included at the building to support a network of 
picocells and importantly manage varying levels of soft and hard handover between 
these.  Other picocells products go beyond offering purely cellular enterprise networks 
and also can include Wi-Fi support.   

Example vendors for picocell products are offered Ubiquisys, ipAccess and more recently 
SpiderCloud.  
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Figure 42:  Some examples of picocell products available (Products shown from 
ip.Access and Ubiquisys) 

Notably picocells mark a big change from the traditional approach of enterprises with 
poor coverage needing to go down the costly route of commissioning a bespoke DAS 
system which was prohibitive for many SMEs.  Picocell solutions at the simplest level can 
be single access point installations and as straightforward to install as a femtocell 
requiring only power and backhaul.  Networks of picocells are more difficult to deploy 
well but could still be handled by the IT department of most SMEs with some supporting 
guidelines from operators.  For example the Small Cell Forum has issued guidelines on the 
enterprise small cell deployments which show that only simple siting guidelines and some 
straightforward measurements of existing macrocells are needed to install these solutions 
[34].  However, operators have as yet to embrace this approach and for the time being 
handle the design and installation of picocells deployments with the equipment vendors 
rather than handing over to the IT departments of enterprises just yet. 

From our stakeholder discussions, typical costs for the deployment of a network of 
picocells will be in the low thousands although the range can be high depending on the 
size of the office the solution is being deployed in and also the extent of the existing LAN 
infrastructure that the picocells can connect to.  This is in comparison with DAS based 
solutions costing tens of thousands of pounds in comparative locations. 

6.7.1 Consumer proposition 

The end user in buildings where picocells are deployed will see an improvement in their 
existing cellular service level without any action on their part.  Picocells will work with 
existing cellular mobile devices and are available to support GSM, UMTS and even LTE and 
so there is no need for the consumer to invest in a new handset to benefit from picocells. 

Building and business owners and their IT departments will, however, need to get 
involved in and likely fund the installation of the picocells access point or network.  
Depending on the complexity of network installed some disruption may be experienced 
during the installation process but this would be less than for a DAS deployment.   

Similarly to femtocells, once installed the indoor service improvements seen by 
consumers from picocells will include: 

 Better availability and quality of cellular voice, SMS and data services in the 
building  

 Better cellular data rates  

 Improved mobile phone battery life 
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 Potentially reduced mobile costs if operators choose to bill consumers for 
picocell traffic differently to their usual monthly data allowance.  While this has 
not been seen in the UK yet, Vodafone in Greece have started giving their users 
free data usage in some public buildings where they use femtocells.  There is no 
reason why this idea could not be transferred to the enterprise market to give 
corporate customers with picocells installations improved contract rates. 

 Potentially specialised indoor services might be offered from the operator via 
picocells but these are not yet widely available. 

Limitations of picocells for consumers and building owners to note are: 

 The building owner or business will likely have to provide (and pay for) a 
broadband connection to make the picocells solution work 

 Only one operator is supported per picocell which may limit the range of 
operators supported in a building or require multiple picocells deployments.  
However, this is less likely to be an issue for a business with a contract for all 
employees with the same operator than for a home user. 

 Capacity may be a limitation depending on the backhaul and intelligence of the 
picocells network in managing users between cells. 

 The building owner or business will have to pay some or all of the cost of the 
survey and picocells, together with the installation costs, unless they are a 
corporate user on the operators network 
 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

Femtocell is a lower 
cost better alternative 
to a picocells for 
home users. 

 

In larger buildings in 
this category or 
higher buildings with 
a high number of 
users where 
femtocells are too 
limited, picocells offer 
a good solution and 
have been designed 
to target SMEs.  

Picocells are designed 
for enterprise 
environments and can 
be deployed as a 
network to cover 
large multi storey 
buildings at a reduced 
cost compared to 
bespoke DAS 
solutions. 

May fit some public 
buildings but likely 
that capacity will 
become an issue in 
venues with very high 
numbers and 
densities of users. 

Table 20:  Fit of picocells across building types 

6.7.2 Assessment against Ofcom’s criteria 

Table 21 provides a summary of how picocells score against the original project 
requirements set out by Ofcom.  In the case of each requirement we give a red, amber or 
green score depending on whether there are major blocking issues, minor issues or no 
issues against each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 GSM and 3G picocell products readily available. Modest but 
steady deployment to date with forecasts indicating steady 
growth.  LTE products emerging which will likely being 
incorporated into networks more readily. 

Reasonably limited set of vendors and hence product ranges at 
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the moment and generally not suitable for those outside IT 
departments to deploy in networks to cover large buildings 
without operator support.   

Openness  3GPP standards for small cells exist with standard interfaces so 
no barriers to new vendors obvious.  Two main vendors of 3G 
picocells currently. 

3G picocells are single operator currently and likely to remain 
so for commercial reasons.  This could limit the building owner 
or SME’s ability to switch operators particularly where 
networks of picocells are deployed and costly to change. 

Authentication and 
handover 

 Authentication occurs as defined by 3GPP home node B 
security procedures but handover in small cells has some 
issues and is an area of activity.  Also worth noting that varying 
levels of handover will be supported across picocells product 
ranges and that some handover aspects to the extent of 
macrocell networks are optional in small cells. 

Authentication currently limited by certificates to verify the 
identity of the picocell to the network being digitally signed by 
vendors which means they may only work with particular 
security gateways.  A central authority for signing 
authentication certificates and a centralised Public Key 
Infrastructure (PKI) similar to that used to authenticate web 
browser sessions is required long term. 

Security  Uses 3GPP existing security model for small cells.  Potential 
concern over physical security of access points but industry 
best practice being established in this area amongst vendors. 

General gap of ensuring security mechanisms from standards 
are implemented robustly which is likely to evolve with time 
but could benefit from Ofcom input to encourage 
establishment of best practices. 

Will not be able to support 999 calls in a power cut 

Impact on the macro  Overall should have a positive offload impact on the macro 

Some concerns over interference in corner cases but operators 
can control this with network settings.  Studies show a net 
overall improvement in service across both macro and small 
cell is likely. 

Uplink or downlink 
constraint 

 No uplink / downlink imbalance issues 

Current and future 
spectrum 

 Same spectrum requirements as macrocell networks.  The case 
for a dedicated carrier is not as strong as in outdoor small cells. 

This may also ease the deployment making standard 
configuration in the factory possible. 

Environmental impact  Power consumption likely to be much less than macros but 
cumulative power of many picocells vs. macrocells is an area 
for active debate. 

Aesthetics and public perception important but generally 
consists of a small indoor unit for direct mounting on wall or 
ceiling similar to WiFi access point 

 

ICNIRP compliance required so no real technical health 
concerns but public perception may be an issue. 

Future evolution  LTE picocells emerging. 

Likely that picocells will gather momentum under LTE due to 
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SON features making their incorporation into networks easier. 

Scalability  SON designed to manage large networks so there should be no 
scalability concern.  AT&T claim to have 40k small cells 
deployed already with no issues. 

Upgradeability  Low cost means that products are ASIC based and so for major 
upgrades such as an update to include LTE a new access point 
will be needed.  However, these are low cost and easy to 
install. 

Table 21:  Summary of picocells against the study requirements 

6.8 Distributed antenna systems 

A distributed antenna system (DAS) is a system of indoor antennas throughout the 
building connected together via coax or fibre cabling and routed back to a central 
basestation in the building.  This basestation is in turn backhauled into the operator’s core 
network.  This basestation and the DAS then appears as a distinct cell site on the 
operator’s network.  Depending on the capacity requirements of the network smaller 
DASs may be fed by a picocell or repeater rather than a full macrocellar basestation. 

 

 
 

Figure 43: Overview of a typical DAS installation 

Installation of the system is complex and requires a skilled RF designer with design 
constraints including: 

 Cable routing to stay within maximum bend radius 

 Management of intermodulation between carriers in multi operator systems 

 Management of handover and interference with neighbouring macrocells 

 Restrictions on antenna location due to aesthetic or physical access reason 

 Restrictions on cable routes due to access restrictions  
 

Installation is therefore extremely costly and DAS solutions tend to be used in high 
capacity large buildings with big budgets or where the return for the operator will be high. 
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Figure 44:  Behind the scenes of a typical DAS installation 

DASs used to be based on passive systems but there were restrictions on the size of 
buildings that this approach could serve - active elements are more commonly used in 
very large buildings nowadays.  Emerging enhancements to DAS include digitising and 
multiplexing multiple signal streams through the fibre cables connecting the antenna 
units to support multiple technology, band or MIMO deployments.  TE Connectivity, for 
example, have successfully trialled MIMO DAS systems and showed the benefits of these 
based on converting DAS signals to IF which allows multiple MIMO signals to be sent over 
a single fibre reducing the transmission cost [35].  Zinwave deployments supporting LTE 
across multiple bands (700, 850, 1900 and 2100 MHz)  and multiple air interfaces (2G, 3G, 
cdma, public safety and WiMAX) have also been used in the US  [36]. 

Another in-building solution that can be viewed as an evolution of DAS is the use of 
distributed basestation solutions.  These tend to have a central basestation feeding 
multiple remote radio head units connected back to the basestation with high speed, low 
latency fibre connections.  The central basestation intelligently co-ordinates coverage and 
capacity across the network of antennas to dynamically provide the level of service 
enhancement where it is needed as users move around the venue.  Other architectures 
on a similar theme include a central basestation controlling multiple picocells access 
points and intelligently controlling interference amongst these to provide impressive 
capacity gains which should cover even the most densely populated venues. 

 

Figure 45:  Emerging distributed basestation systems include Alcatel Lucent’s Lightradio 
solution and NSN Liquid radio solution 

6.8.1 Consumer proposition 

If the end user is not the building owner they will see the benefits of DAS transparently as 
an improvement to their existing cellular service in the indoor locations where the system 
is installed provided their operator is supported. 



 
82 

Options for Improving In-Building Mobile Coverage 
Issue date: 18 April 2013 
Version: 1.2 

In the case of the business or building owner they may have to cover part or all of the cost 
of the DAS installation but for major corporate customers the operator is generally willing 
to cover this.  However, there will inevitably be a lot of disruption with a DAS installation 
if appropriate cabling and antennas have not been built into the building from when it is 
first built. 

Technically DAS systems can support multiple operators but this is easier to achieve in 
passive than active systems.  In public venues multi operator DASs tend to be required to 
minimise the requirement to deploy multiple systems but in large corporations DAS 
systems, particularly when installed by the operator, will be limited to a single operator 
for commercial reasons.  From our operator discussions, there have even been cases of 
DAS systems being taken out and completely new systems being installed when 
corporations have changed operator – this large investment by operators/corporations 
can sometimes make changing operators less attractive on commercial grounds.  In 
Australia building owners have gone as far as approaching the government and getting 
legislation passed to require operators to keep each other informed of DAS in-building 
deployments to encourage collaborative DAS deployments and to try and avoid these 
situations.   

Once installed the indoor service improvements seen by consumers from a DAS will 
include: 

 Better availability and quality of cellular voice, SMS and data services in the 
building  

 Better cellular data rates  

 Improved mobile phone battery life 

 Depending on the deployment the DAS may support all operators 

Home user Small office / SME Large multi storey 
office 

Public buildings / 
areas 

DAS is prohitively 
expensive for smaller 
buildings. 

As for home users DAS may be justified 
in very large high 
capacity offices but 
may see this market 
eroded by picocells 
increasingly. 

DAS ideally suited for 
very high density 
venues where multi 
operator support is 
needed. 

Table 22:  Fit of DAS across building types 

6.8.2 Assessment against Ofcom’s criteria 

Table 23 provides a summary of how DAS scores against the original project requirements 
set out by Ofcom.  In the case of each requirement we give a red, amber or green score 
depending on whether there are major blocking issues, minor issues or no issues against 
each requirement respectively. 

Study requirement Score Comments 

Current status, take up 
and availability 

 Globally established in-building solution but take up limited to 
large, high capacity deployments. 

Openness  Follows 3GPP standards for macrocells and multi operator 
deployment technically possible. 

Openness in DAS is likely to be a commercial rather than 



 
83 

Options for Improving In-Building Mobile Coverage 
Issue date: 18 April 2013 
Version: 1.2 

technical issue as DAS system usually has operator investment. 

Authentication and 
handover 

 Follows 3GPP standards as for macrocells but some issues with 
handover at building boundaries which need to be carefully 
considered and designed in. 

Security  Follows 3GPP standards as for macrocells – no concerns. 

Impact on the macro  Largely positive impact on the macrocell network due to 
offload. 

Uplink or downlink 
constraint 

 Uplink may become limited in active systems due to 
cumulative noise increase from multiple LNAs. 

Current and future 
spectrum 

 Same as for macrocells in cellular networks. 

Environmental impact  ICNIRP compliance is not trivial.   

Aesthetics of antennas can also be an issue although usually 
“disguised”.   

Typical DAS deployments tend to be wasteful of power. 

Future evolution  DAS has evolved from passive to active systems and from using 
coax to fibre.  No obvious next steps currently but will evolve 
as technology evolves. 

Question over how well DAS will lend itself to future cellular 
air interfaces including MIMO and carrier aggregation.  
Technologies emerging to multiplex multiple DAS streams are 
emerging to address this but stakeholder discussions show 
MIMO deployments of DAS very limited currently and beyond 
2x2 not considered practical. 

Scalability  Costly and time consuming to deploy so does not scale well. 

Upgradeability  Challenging to add more carriers or new air interfaces 
retrospectively due to up front RF design needed.  Also issues 
with supporting features like MIMO (but views on this varied 
amongst stakeholders).  Some upgrades can involve new cable 
runs and be very costly with some stakeholders indicating that 
in the case of 10 year old DAS systems it is technically a better 
solution to replace the DAS completely but a significantly 
higher cost than just upgrading and maintaining the existing 
system. 

Table 23:  Summary of DAS upgrades against the study requirements 

6.9 Assessment of dedicated in-building solutions to user and building 
types 

Figure 46 summarises the user groups and building types that, based on the discussion in 
this chapter, each of the dedicated in-building solutions fit best.  The red bars are 
illustrative of the amount of buildings in each category likely to see an improvement.  The 
white edge of these bars aim to indicate that there will be some variability in this due to 
differences in construction materials and building geometries even within the same 
building type class. 
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Figure 46: Summary of suitability of dedicated in-building solutions to different indoor 
consumer groups 

 

  

Home users
Small office / 

SME users
Large multi 

storey office user
Public buildings 

and areas

Self provided Wi-Fi

Carrier Wi-Fi

Consumer repeaters

Intelligent repeaters

Femtocells

Picocells

DAS

Distributed 

basestations

High cost, high capacity solution

High cost, high capacity solution

Individual 
deployments suited 
to SMEs

Network of picocells for 
larger buildings but 
capacity limited.

Low cost, low capacity solutions for 
small buildings with broadband

Fits small buildings with good 
outdoor signal and no broadband

Available where ever operator choses to deploy and can range from 
consumer access points to networks of access points in public areas

Limited to data services only in small 
areas.  Broadband needed.

Self-install consumer devices available but 
illegal and  risk network disruption: but NB 
US situation

Repeater solutions deployed by operators 
in large buildings and may be integrated 
with a DAS
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7. Potential regulatory and policy implications 

This chapter highlights key findings from the study against Ofcom’s study requirements 
and the potential implications and areas for further investigation for Ofcom emerging 
from these. 

7.1 The consumer needs assistance to navigate the choice of in-
building solutions 

This study has highlighted that the landscape for in-building solutions has changed in 
recent years to: 

 Dramatically widen the range of products and options available to improve in-
building service levels 

 Address a wider range of users and building types rather than just the high end 
corporate customers and public buildings traditionally focused on 

 Recognise that while outside-in solution provide an important baseline indoor 
service level they are increasingly, due to for example changes in building 
regulations and increasing user expectations, not an adequate solution for all 
indoor users and that dedicated in-building products need to become part of an 
operator’s options for addressing poor indoor service levels and retaining 
customers 

As a consequence, consumers and building owners are faced with a large choice of 
options for improving their in-building service levels, many of which they may not even be 
aware of, and need help to navigate the range of dedicated in-building technical options 
available and the scenarios their particular circumstances best fit.   

Ofcom could potentially help consumers to navigate this choice of options by providing 
clear guidelines to consumers, perhaps via a series of questions about their situation, on 
the likely most appropriate in-building solution for them, how they should approach their 
operator for help, the drawbacks of some options (i.e. Wi-Fi will help with data but not 
voice at the moment, adequate broadband is needed for femtocells and Wi-Fi etc.) and 
what they might be able to do themselves to improve their cellular service levels.  This 
“educating” of consumers and improving their readiness to deploy their own in-building 
solutions could be a crucial step in accelerating the deployment of in-building products as 
operators currently need to oversee and invest in all installations which naturally leads to 
a tendency to focus on high density, high revenue customers. 

This tendency of operators to target high end customers is particularly apparent in 
enterprise deployments where operators may traditionally have had to make the 
investment in the installation and maintenance of a DAS system.  To date this has only 
been viable for large corporate customers and left a gap in assisting SMEs which 
constitute the majority of the business sector by both total revenue and personnel.  The 
introduction of more “plug and play” solutions like picocells and femtocells now means 
that IT personnel in SMEs could well take deploying an in-building system into their own 
hands with limited support from operators in the form of underlying deployment 
guidelines and ‘back-end’ management.   
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Finally, one of the common concern areas across in-building solutions highlighted in this 
study is a lack of maturity of the solutions available due to the rapid expansion of the 
range of in-building products in recent years.  This means that many operators are still 
considering their own in-building strategy and how the range of products available fit into 
this (as confirmed by our stakeholder discussions with operators).  This has also meant 
that many deployments of emerging in-building solutions, such as femtocells, have shown 
evidence of not yet being fully integrated into operators’ networks and are instead being 
operated in limited deployment numbers.  If consumers are better informed of the 
options available and how to approach their operator for help with their in-building 
service issues, via Ofcom guidelines, this may in turn encourage operators to respond and 
develop their in-building strategies more quickly and accelerate the uptake of in-building 
technologies.  However, this does need to be balanced with allowing the industry time to 
work through on-going technical issues in standards bodies such as handover with small 
cells and the fuller integration of Wi-Fi into cellular networks whilst at the same time 
leaving space for differentiation and innovation. 

7.2 Spectrum is not a fundamental barrier to in-building technologies 
being deployed but could help accelerate adoption of some 
solutions 

This study has found no evidence of spectrum being seen as a fundamental barrier to the 
deployment of in-building technologies.   While discussions with stakeholders did 
highlight that the 2.4GHz licence exempt band is currently heavily used and congested in 
some areas it was generally accepted that the move to 5GHz would relieve this for the 
foreseeable future.  One exception to this was the intelligent repeater solution which 
makes heavy and continuous use of licence exempt spectrum in the area where it is 
deployed and has already had issues with spectrum availability in some locations.  The 
point was also raised on licence exempt spectrum that raising EIRP limits in line with the 
US would put solutions like Wi-Fi on a more equal footing for competing with cellular 
small cells.  While this may not be appropriate in all Wi-Fi deployments it may be worth 
considering for large venues where licenced spectrum is used in a manged way as was the 
case in the London 2012 Olympic venues. 
 
In the case of licenced spectrum requirements, we again found no strong evidence to 
suggest that additional spectrum other than that already on the international roadmap  
for discussion and release was required to support in-building technologies.   
 
However, while spectrum is not a fundamental barrier to in-building deployments it could 
accelerate and facilitate more widespread deployments of solutions.  This could include 
for example: 

 Making available lower frequency spectrum to ensure that indoor coverage 
levels from existing macrocell networks are maximised.  As indicated by our 
quantitative analysis this availability of low frequency spectrum could have a 
major impact on the volume of dedicated in-building solutions required.  For 
example, if targeting a 2Mbps data service indoors the availability of low 
frequency spectrum to all operators by 2016 could make the difference 
between 7.5 million and 14 million dedicated in-building solutions being needed 
in the UK. 

 Making available spectrum which existing operators could share to maximise 
the value of indoor solutions without compromise to macro network arising 
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from shared channels.  This would essentially offer operators the opportunity to 
have separate indoor and outdoor spectrum.  This could be facilitated, for 
example, by making a low power shared access channel available for indoor 
services.  An example of such as channel was  suggested in the recent combined 
award of 800MHz and 2.6GHz, to promote the deployment of small cells 
although a similar idea could be applied to other frequency bands.   A study into 
parameters for this band found that maxium EIRPs in the region of 30dBm, 
limits on height to that of surrounding buildings and a code of cooperation 
amongst operators to limit interference would be desireable to ensure this 
band filled the target requirements of small cells but also manged potential 
interference levels and hence made best use of spectrum [37]. 

 Making available potential licence-exempt or at least widely shared spectrum 
comparable to the FCC’s ‘Citizens’ Broadband’ at 3.5 GHz to allow enterprises 
and others to deploy systems which meet their needs without compromise.   
However, this would need to be in widely harmonised bands to work well.  Such 
a band has been made available for GSM small cells in the Netherlands recently 
meaning that anyone can now deploy a GSM picocell system with no licence or 
interaction with an operator as is currently the case for Wi-Fi [38]. White space 
spectrum could be a potential candidate for this type of band. 

 
Another area where spectrum policy may accelerate the adoption of in-building solutions 
is spectrum sharing.  As highlighted in section 5.2.1, site sharing is widely supported in the 
UK in macrocells and is likely to continue to give improvements in coverage limited areas 
as well as opening up the choice of operators for consumers in more areas.  However, in 
smaller form factor sites such as outdoor small cells it is challenging to combine multiple 
carriers in one product and so MOCN is seen as the most practical approach to site 
sharing in these cases.  However, in the absence of a shared channel that could be used 
amongst operators for small cells, spectrum sharing would need to be permitted in these 
cases to allow more than one operator to make use of an already licenced carrier.     

One issue to keep in mind when site sharing is applied is the boundaries of responsibility 
for Lawful Intercept and ensuring that only the home operator has knowledge of any 
Lawful Intercept orders served.  These issues are currently being considered by both 
GSMA and 3GPP but should be monitored by Ofcom. 

7.3 Ofcom could consider providing updates on in-building coverage 
levels in their market reports 

As part of raising awareness amongst consumers of in-building service issues and in turn 
encouraging operators to tackle this, Ofcom could consider carrying out explicit testing of 
in-building coverage levels across operators and reporting these in their market reports.  
This could also include an update to consumers and a direct comparison across operators 
on the range of in-building solutions offered on each network should consumers find 
themselves in one of the poor indoor service areas. 

This practice of monitoring indoor coverage levels is already implemented by the 
regulator in Singapore and in this case goes a step further of setting targets across all 
buildings, which are monitored via an on-going programme of testing.  This additional 
step of setting targets may be excessively interventionist for the UK environment given 
that a Coverage Obligation can already be included as part of some licences but the 
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practice of monitoring and reporting in-building service levels would be useful in 
informing customers and encouraging best-practice amongst operators. 

Operators themselves already conduct their own indoor measurements at a variety of 
locations. It may be appropriate for Ofcom to dictate that they conduct these 
measurements in a common manner and provide the results to Ofcom from a variety of 
different building types/venues for analysis and publication. 

7.4 Ofcom should monitor appropriate openness of solutions to 
ensure that consumers have a choice of suppliers for their 
preferred in-building solution 

The question of openness of solutions i.e. the ability to support multiple operators was 
set as one of the assessment criteria for in-building technologies in this study.  Technically 
we have found the openness is a common concern across many of the solutions 
examined.  Notably cellular small cells tend to be locked to a single operator.  However, 
this is more of a concern in an enterprise environment where installation may require a 
network of small cells and be costly and disruptive.  In residential situations where access 
points are low cost plug and play solutions having to acquire a new access point is unlikely 
to be prohibitive to the consumer changing operators.  Therefore openness of low end 
consumer grade products becomes an issue of similar products being readily available 
across a range of operators so that consumers have the option to switch if they want to 
rather than a question of whether multiple operators technically could be supported in a 
single access point.   

To promote openness in larger, high cost dedicated in-building solutions Ofcom should 
potentially consider whether a policy similar to that applied in Australia to ensure that 
operators keep each other informed of DAS in-building deployments might also be 
appropriate for the UK.  Notably this legislation does not force operators to collaborate on 
DAS deployments if it is not technically or financially viable to do so but does require 
operators to keep each other informed of in-building mobile service plans.  Operators in 
Australia have responded to this by forming industry forums which regularly meet to 
discuss potential collaborative DAS deployments, the generation of joint agreements on 
the design, installation, maintenance and costs of joint DASs and system amongst 
operators of “taking it in turns” to lead and fund DAS deployments in large public 
transport projects such as tunnels.   

In addition it is worth Ofcom monitoring the situation with regard to the generation of 
digitally signed certificates for authenticating small cells with the core network.  Some 
stakeholders highlighted that this has the potential to restrict the choice of vendor 
combinations for access points and other equipment required for their integration into 
the network if a central certification authority and PKI structure is not set up in the long 
term.  However, it is likely that this will be resolved with the increased roll out of LTE due 
to similar issues with authenticating e NodeBs which have a similar level of network 
intelligence to small cells. 

Finally it is worth noting that ensuring openness of solutions needs to be carefully 
balanced against the risk of removing the commercial incentive for operators to support 
in-building solutions at all.  Taken to the extreme ensuring that all in-building products are 
multi-operator products will remove the ability for operators to differentiate their 
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services using these and potentially result in network investments being redirected to 
other areas. 

7.5 Ofcom could assist in forming best practice implementation 
guidelines on security in in-building solutions and raising 
consumer awareness of their role in this 

The majority of in-building solutions examined in this study involve some form of access 
point or basestation on the consumer’s premise.  This is a fundamental change in 
traditional network architectures where the network infrastructure equipment has always 
been physically located with the operator.  This change of mind-set to placing, potentially 
very intelligent, network infrastructure equipment at the network fringes and in the 
hands of consumers has naturally meant that security has been highlighted as a common 
concern area across the in-building solutions examined in this study. 

It is, however, very important to note that significant progress has been made in 
standards bodies in relation to the security of, in particular, Wi-Fi and cellular small cell 
solutions.  It was generally agreed amongst the stakeholders contacted that these 
standards combined with clear guidelines on industry best practice should largely be 
enough to protect consumers and operators from potential security threats if 
implemented fully and in line with industry best practices.  However, our discussions with 
stakeholders have highlighted that, partly due to the immaturity of some in-building 
options, there have been examples of these standards not being implemented as robustly 
as they should have been in commercial products.  This has led to examples of access 
points being compromised by persistent hackers which could undermine consumer 
confidence in some in-building products and slow take up of some solutions.   

A suggested way forward on this issue is to introduce the certification of network 
infrastructure equipment and notably consumer access points in the same way that 
cellular handsets are already subjected to certification by the GCF.  There are on-going 
efforts in both GSMA and 3GPP to investigate certification of network infrastructure 
equipment but a full certification programme is likely to be some years off yet.  In the 
interim Ofcom could potentially consider facilitating a forum for UK operators to discuss 
and form best practice security implementation guidelines on in-building solutions which 
would in turn be relayed back to vendors via operator requirements in RFQs.  This would 
generally raise the priority of security in in-building solutions amongst operators and 
vendors and help smooth the transition of some emerging in-building products from 
niche, trial deployments to being a trusted and widely used element of an operator’s 
toolbox of solutions to indoor service problems. 

There may also be a role to play for Ofcom in working through the issue of ensuring that 
operators can identify when UK small cells are set up in other countries and vice versa.  

Additionally under the topic of security, this study has found that there are cases where 
the consumer can also help in improving the security of in-building solutions such as 
carefully selecting strong passwords or ensuring the latest encryption settings are applied 
where this setting is in the hands of the consumer such as in self-provided Wi-Fi access 
points.  There may be a role for Ofcom to play in educating the consumer further in this 
area. 
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7.6 Ofcom should analyse the FCC position on repeaters and consider 
why this does not fit the UK market 

Consumer repeaters were examined as an option for improving in-building coverage in 
this study. However, while these devices can be purchased by consumers in the UK their 
deployment is limited by the fact that consumers must get permission from their operator 
before deploying them in licenced spectrum.  In contrast to this the FCC in the US allows 
repeater products to be deployed by consumers and they are widely deployed in this way. 
Although this policy was previously decried by operators, the FCC has recently  modified 
the rules to provide tighter control on repeaters and it appears that this is now acceptable 
to the operators. 

From our stakeholder discussions, in particular with operators, we found that: 

 UK operators are generally not keen on consumer repeater solutions due to the 
potential interference issues with the existing macrocellular network. 

 UK operators are more positive about emerging intelligent repeater and femtocell 
products and have experimented with deployments of these. 

 Consumer repeater products traditionally targeted home and smaller enterprise 
users with poor indoor service levels where a DAS or operator deployed repeater 
solution was uneconomical.  The introduction of femtocells to this market has 
given operators a more preferable option than deploying repeaters. 

While the general feeling from this may be that the future of consumer repeaters in the 
UK is limited, it is important to note that they do offer a solution to a subset of home and 
small enterprise users who do not have a broadband connection to support a femtocell 
solution.  As well as rural customers this may include those who wish to completely 
substitute their fixed line service with a mobile wireless service in their home or who may 
not be able to afford both a mobile phone and a fixed line service.   

Given the emergence of intelligent repeaters and the potential for repeaters to serve a 
potential gap in the in-building market of home users with no broadband connection it is 
recommended that Ofcom analyse the FCC position on repeaters and consider whether 
this or some other alternative approach, fits the UK market. 
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