OfFcom

I I
making communications work
for everyone

azoAftS ySUig2N] a

Meeting future demand for mobildata

YR &

Discussion paper

DISCUSSION PAPER

Publication date9 February 2022
Closing date for response3April 2022



Contents

Section

1. Overview

2. Introduction and background

3. The growth of UK demand for mobile data

4. Mobile data traffic is expected to keep growing, but the pace is uncertain
5. Substantial growth in network capity will be needed to meet future demand

6. Next steps

Annex

Al. Responding to this discussion document
lHd hF¥O2YQa O2yadzZ GF A2y LINAYOALX Sa

A3. Consultation coversheet

10
19
29
43

44
46
47



Mobile Networks and spectrum

1. Overview

Demand for mobile servicébas grown rapidly over the last decade and we expect that growth to
continue with people expecting to access good quality mobile services wherever they live, work and
travel. Innovation continues to drive the development of new mobile devices and apptisand

we expect increasing use of wireless data by machines and devices in the future. Mobile networks
will need to expand capacity and improve quality to meet these future business and consumer
needs

Radio spectrum (the invisible waves that enablecigiss technology) is a key and finite resource
which is essential for mobile networks. Large amounts of spectrum have been made available for
mobile: between them, the Mobile Network Operators currently hold 1175 MHz (roughly 30%) of all
spectrum below 3 GHz. Spectrum is also used across the world to support the delivery of a wide
range of other services including TV and radio, transportation and logistics, factory automation and
the delivery of public services, as well as monitoring our climate andalanvironment.

Demand for spectrum is growingth increasing use of wireless connectivity across different
industry sectors, and the impact of technology developments leading to new and innovative
applications. This calls for a shift in the way we apph the management of this finite resource.

la GKS !''YQa O2YYdzyAOlFIGA2ya NBIAdzZ I G2NE hTO02Y KI a
wide range of electronic communications services across the UK. Our principal duties are to further

the interests of tizens and consumers (where appropriate by promoting competition) and to secure

the optimal use for wireless telegraphy of the eleetmagnetic spectrum.

L A glossary of terms is presented in the accompangliagussion paper setting out our future approach to mobile markets
3
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In this document we set out our initial thinking for discussion and seek stakeholder views are

not making any proposals at this stage. We hope to encourage lorigem thinking about how
public mobile networks in the UK may need to evolve to meet future demand, in light of expected
growth and demand for spectrum from other users. In summary we note

1 Mobile data traffic has grown by an average of 40% year on year in recent years and we expect it
to continue to grow.However, there is a high degree of uncertainty about the rate of future
growth, particularly beyond 2030.

1 Mobile networks will eed to evolve to meet future demand and deliver the quality of experience
needed by consumers and businesses. There are a humber of ways in which they might do this,
including:

1. More extensive deployment of existing spectrum holdings and planned fupeetrsim for
mobilee.g. in the millimetre wave (mmWave) bands. We will consult on our approach to making
mmWave spectrum available shortly;

2. Using technology upgrades to increase the efficiency of the spectrum they use;

3. Network densificatiorg deploying more cell siteg in particular using small cells to leverage the
capacity offered by the large bandwidths available from mmWave spectrum.

1.1 This discussion document considers possiblefuture demand for mobile services to
2035 (n thisdocumentwe define mobile services as services delivered over public mobile
networks). We consider options for how those networks could meet future demand taking
account of spectrum, technology developments and potential deployment strategies. Our
aimisto encouragdongerterm thinking aboutspectrum for mobile networks and how
they can deliver for consumers and business, within the wider context of increasing
demand for spectrum from other users.

1.2 Overall, we anticipate that existing mobile spectrum holdings andtgpacalready
planned for release are likely to be broadly sufficient to meet future demand to 2030, if
MNOs were to (i) continue to upgrade network technology; (ii) make full use of their
spectrum holdings; and (iii) deploy new mmWave spectrum on a dedsiéitwork using
small cells, in particular in busier areas. There is a greater level of uncertainty in the period
beyond2030.

1.3 Additional new mobile spectrum beyond the existing pipeline of spectrum could help
facilitate the provision of additional cap&gi but would not on its own be expected to be
sufficient to meet future mobile data traffic growth in all areas. Further, making additional
spectrum available for highower outdoor mobile use would likely require clearing bands
of existing usersWe thirk there may be opportunities for mobile networks to share
spectrum with other users, for example through more localised access or lower power use.
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1.4

15

Alongside this document we have published a discugséqersetting out our future

approach to mobile markefsn which we anticipate that significant ongoing investment in
mobile networks will be needed to expand capacity, improve quality and deliver new uses
to meet future customer needs. Densifying mobile netigas part of this, including with
potentially significant numbers of small cells, would be a change in how mobile networks
are deployed in the UK. We believe this change will be needed in the medium ttelomg

to meet anticipated growth in demand, anod optimise the use of mmWave spectrum in
capacityconstrained locations.

We welcome stakeholder inputs on this initial thinking, including on the potential
opportunities and challenges associated with network densification in the UK and whether
there areopportunities for more spectrum to be made available for mobile use on a local
basis. We will take stakeholder inputs into account as we develop our future strategy for
mobile spectrumWe plan to set out our initial conclusions by the end of 2022.

This Overview is a simplified higlevel summary only. Our thinking is set out more fully in the rest
of the document. We invite interested parties to consider the initial analysis we set out in this
document and to let us know their own views.
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2. Introduction and background

2.1

2.2

2.3

2.4

People and businesses rely increasingly on mobile services for many aspects of everyday
life including work, keeping in touch with friends and family, getting around and
entertainment.

In light of this, and our strategic priorities, weamt to see continued improvements in the
delivery of strong, secure mobile networks to meet the future needs of customers and the
country; and the widespread availability of reliable mobile services to keep people and
businesses connected wherever theyeliwork and travel.

This discussion document sets out our initial thinking on the implications of anticipated
future demand for mobile data services for the use of radiofrequency spectrum. It sits
alongside oudiscussiorpaper setting out our future apprch to mobile marketswhich
outlines ourinitial thinking on the key changes taking place in the UK mobile market. It also
builds on the vision and objectives we identified in our spectrum management strategy.

Our main focus is on how pubheobile networks in the UK may need to evolve to meet
future demandand deliver a good quality of experienade light of growth and demand for
spectrum from other sectors. We also consider the potential growth of more localised
solutions such as private tveorks, and mobile device use of other wireless technologies
such as WFi, in so far as they may relate to demand for public mobile network spectrum.

The growth of mobile

2.5

2.6

2.7

In the UKthere arefour Mobile Network Operators (MNOSEE Three, Virgin MdiaO2
and Vodafone. The MNOs algmvide wholesalenobile access tasmanymobile virtual
network operatordMVNOSs), such as Tesdd(Carphone Warehouse$ky

Mobile and others.

In recent yearsve have seenrmaveraged0%yearon-yeargrowthin demand for mbile
services provided over public mobile networks. This growth has deeen by the
development of new applications and enabled by evolving technol@gidsonsequent
changes in consumer behaviour.

We expect demand for mobile data will continue to grasvwe rely on it ever more to

carry out daily activities like shopping, gaming, banking and watching movies. Demand is
likely to be stimulated further as new and more sophisticated applications are developed,
and by the development of machirte-machine ad machineto-device applications.
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Figure 1:.Growth of mobile data demand2011-2021
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The role of spectrum in enabling wireless services, includimgpile

2.8 Radio spectrum is a key andifenresource used to carry data wirelessly from place to
place. As well as mobile, it is vital for a range of communications and other services for
people and businesses, including differ&mdsof wireless broadband connectivityguch
as WiFi and Blumoth - and other technologies such as Zigbee, Sigfox and LoRaWAN.

2.9 Spectrum features daily in all our lives and is a vital element in keeping us all connected
and safe. It enables a broad range of services beyond mobile communications and wireless
broadband, including the wireless microphones and cameras that support news reporting
and entertainment events and systems such as radar used by air traffic control. Spectrum is
used for systems that monitor and control road traffic and the utilities we useyeday. It
enables satellite services that provide TV and navigation systems alongside monitoring the
earth and space to deliver accurate weather forecasts and provide data on climate change.
Spectrum is also critical to support the emergency services androed forces.

210 a4 GKS !'YQa O02YYdzyAOFdAz2ya NBIdAFGi2NE hF¥O2Y
support a wide range of electronic communications services across th@wkorincipal
duties areto further the interests of citizens amtbnsumers (where appropriate by
promoting competition) and to secure the optimal use for wireless telegraphy of the
electromagnetic spectrum

2.11 Demand for spectrum is growingth increasing use of wireless connectivity across
different industry sectors, rad the impact of technology developments leading to new and
innovative applicationsThis calls for a shift in the way we approach the management of
this finite resource. Accordingly, fur spectrum management strateqgy for the 2020s
set out our spectrum management vision which outlines how we will enable further
innovation by promoting more flexible and efficient use and increased sharing ofrgpect
while meeting the requirements of local and national services.

7
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2.12 The MNOs hold around 30 % of all spectrum below 3.8 GHz. Until now, growth in demand
for mobile services has largely been met by the provision of additional spedaieptgyed
at high powe levels;the deployment of technology upgrades; and the offloading of traffic
onto fixed networks via \Wi. The number of mobile masts has increased only relatively
slowlyin recent yearsand mainly in response to a need to increase coverage rather than
to provide additional capacity.

2.13 However, in the future, additionapectrummay not be available or deployed in the same
way as in the past, in view of the growth in demand for spectrum across multiple sectors,
changing needs and the wider range of freqaies which might be used for mobile.

Why have we published this document?

2.14 Our aimfor this discussion documeigto encourage longeterm thinking abouthow
publicmobile networksn the UKmay need to evolve to meet future demayid light of
expected growth andlemandfor spectrumfrom other users

2.15 The document sets owdur initialassessmendf the expectedgrowth in demand for
mobileservicesupuntil 2035 h dzNJ F2O0dza A& 2y GKS ! YQa Lzt A0
(the MNOs) anaptions forhow they couldmeet future demand taking account of
spectrum, technology developments and potential deployment strategies.

2.16 While we expect demand for mobile services totmoue to grow, there is considerable
uncertainty about the growth rate diiture demand in particular beyond 2030. In view of
this wehaveconsideed three scenarioswith a medium growth scenaribased on
continued 40% yeaon-year growth.

2.17 Overall,we anticipatethat existing mobile spectrum holdingsd spectrum already
planned for releasare likely to bebroadlysufficient to meet future demand to 2030
MNOswere to (i) continue to upgrade networtechnology (ii) make full use of their
spectrum hatlings;and (iii) deploy new mmWave spectrum on a densified network using
small cellsin particular in busier area$here is a greater level of uncertairitgyond2030.

2.18 Additional newmobile spectrum beyond the existing pipeliokspectrum could help
facilitate the provision of additional capacityut would not on its own be expected to be
sufficient to meet future mobile data traffic growth in all areas.

2.19 In this document we set owdur initial thinking for discussioriWe welcome stakeholder
inputs on this initial thinking, including on the potential opportunities and challenges
associated with network densification in the UK and whether there are opportunities for
more spectrum tdoe made available for mobile use on a ldoasis We will take account
of stakeholder inputs as we develop our future strategy for mobile spectiMmplan to
set out our initial conclusions by the end of 2022.

Environmental sustainability

2.20 Environmentalsustainability will be an important consideration for the mobile industry
going forwards, as it is for all businesses and services.
8
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2.21 The Government has set a UK target of net zero carbon emissions by 2050. Many mobile
service providers have already respodda a range of ways, such as by signing up to net
zero pledges; integrating environmental sustainability principles into business decisions;
championing schemes to reduce waste; and working with supply chains to reduce wider
impacts.

2.22 The mobile telecomsector presents particular sustainability challenges and opportunities.
Although an increase in the number of physical sites and equipment will have an
environmental impagctthe mobile telecoms sector is likely to have a unique role in
enabling other sectis to decarbonise themselvesthe energy, agriculture, manufacturing
and logistics sectors withake use ofmobile telecoms to improve their energy efficiency
and reduce wastage.

2.23 We will continue to engage with industry to understand approaches to rgnaiworks
sustainably, and how companies are affected by environmental change.

How we set out this discussion

2.24 There are three main parts to this document. Firstly, we set out our initial analytsie
growth in demand for mobile datand how MNOs have et that demand; secondly, we
consider the potentiafuture demand for mobile data servicesand finally, we present our
initial thinking on theoptions for meetingfuture capacity requirements
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3. The growth of UK demand for mobile data

3.1 The UK mobilenarket is operating effectively and serving customers well, with strong
competition between the four MNOs and comparatively low prices compared to markets in
similar economies overseas. The UK has the lowest standalone mobile prices in a
comparison with Fance, Germany, Italy, Spain and the USA.

Figure 2illustration of the development of mobile phondechnology
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3.2 Each new mobile generation has encouraged and supported the development of new
applicationsand servicesWhile early mobile phones weresed only for calls and
messaging, modern devices are expected to delveide range of services, the majority
of which rely on internet access, suchsa®aming services, movie downloads, ganand
smart home controls. Mobile has become integral to gmeductivity of many
organisations and crucial to the provision of public services.

3.3 Mobile data traffic has grown significantly over the last 10 years, from less5@aB
(Megabyte$® per mobile datauser per month in 2013 to monthly average 06.3 GB
(Gigabytes) of mobile data use per data usi&r H1 202P,as mobile technology has
evolved from 2G and 3G to 4G and 5G. The total of monthly UK mobile data traffic in 2021
(571.3Petabytes PB)¢ is equivalent to 816 million hours efandard definition video
streaming.

2The UK ranked first overall across three mobile connections using data providediggn(Pricing Trends Report, p60).
3 One Megabyte (MB) = 1,0[D0 bytes
4 One Gigabyte (GB) = 1,000 MB
5 Operator data provided to Ofcom, contains estimates where Ofcom does not receive data from operators.
6 One Petabyte (PB) = 1,000,000 GB
10
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3.4 The growth in traffic has been driven by the evolution of mobile technologies; the wide
adoption and use of sophisticated smartphones and the development of new applications
making use of the greater capabilities of nle networks. For example, image sharing was
followed by video streaming and sharing and then by the addition of augmented reality
interfaces and filters.

Figure 3:Hours per day spentmine

2 hours and 19
minutes a day online
was spent on
smartphones

UK adult internet users
spent an average of

3 hours and

25 minutes BT
a day online on computers, was spent on
tablets and smartphones in computers
September 2020, of which...

28 minutes

a day online was
spent on tablets

35 hFO2YQa NBaSINOK &K 2 g takelpkvasiat 88% Demand hagalsd Y I NI LIK
been stimulated by unlimited data bundles and an improved customer experience of video
and other high data applications.

3.6 ¢Al ¢21 ¢6la tFdyOKSR Ay GKS 'Y Ay {SLIiSYo6SNJ
2019, when there was a more than 200% growth in downloads of the app. The number of
active UK users hit 4.9 million at the beginning of 2019 and continued to grow to more
than 6 million active users in May 202There is also now a greater penetration of gaming
applications that work on smartphones.

3.7 Another technology that drives data demand is Fixed Wireless Access (FWA). FWA can be
provided via mobile networks to support the delivery of broadband connections, with
services sharing the network capacity with mehisers. Of the four MNOs, only Virgin
Media O2 does not offer FWA services. The vast majority of UK premises have potential
access to an MNO FWA senAd@WA is also offered by other providers.

7 SourceOfcom Communications Market Report 2021 interactive ditarket In Context device and serviceake-up and
use

8 Source: StatistaTikTok monthly active users UK 262020 | Statista

9 SeeConnected Nations 202page 16.
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Figure 4 Timeline for use oMmobile data (monthly) alongside snté#phone penetration and UK
launch of apps
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Mobile networks have evolved in response to growth in demand

3.8 a2oAtS ySig2Nla (G2RIFe& NBFESOUGU abhaQ RSLIX2eYS
including available spectrum capacity in a given area, geograghctical feasibility, and
the expected returns on any investment.

3.9 Around 99% of UK premises have outdoor coverage from all MNOs and 92% of the UK
landmass is now served by at least one MNO. Between 90% and 95% of premises are
predicted to have indoo#G coverag¥, falling to between 68% and 80% for rural areas as
of September 2021.

3.10 While demand for mobile data has grown across the UK over the last ten years, data traffic
density has remained highly correlated with where people live, work and tramel. F
example, in 2021 an average dense urban site carried five times as much data traffic as an
average rural site.

3.11 MNOs have primarily addressed growing demand for namrghigher qualitydata-
intensive services by increasing the capa¢ivy their networks. This has begmimarily
achieved by upgrading equipment to the latest technology to deliver greater data traffic

10The mobile coverage figures provided are based on predictions which the MNOs supply to Ofcom, with Ofcom
undertaking regular testing to ensure the predictions provided are suitabledtional and regional reportingVe

recognise that there will be some local variations in coverage

11n this discussion paper we use the term capacity to cover both the addition of bandwidth and also improvements in user
throughput, reliability and expénce associated with extra bandwidth or other upgrades. This is important to the concept

of network quality discussed in our discussion paper setting out our future approach to mobile markets.

12
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per unit of spectrum and by the deployment of additional spectrunt has been made
available.

Large amounts of spectrum have been made available for mobile

3.12

3.13

3.14

MNOs need a balance of spectrum holdings to meet demand for different services and in
different locations. In generdipwer frequencies are best for delivering wider coverage
customers and carrying signals deeper indoors; whidéer frequencies havegreater

capacity to carry dataenabling more applications, but provide less good coverage.

Large amounts of spectrum have been made available for mobile: between them, the
MNOscurrentlyhold 1175 MHZroughly 30%®f all spectrum below 3.8 GH@fcom ha
generally awarded spectrum for mobile on a-Wikde basis through auctions for national
licences.

As additional spectrum has become available, the MNOs have been able to respond to
growing demand through a corresponding increase in network capacityeatame time
as increasing their coverage.

Figure 5:Spectrum holdings of UK Mobile Network Operators
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Network topologies reflect the uneven spread of demand for mobile data

3.15

3.16

Current network deployments reflect the unevgeographicspread of mobile dat#raffic.

For example, the MNOs have not deployed all their spectrum holdings in all areas. In less
densely populated areas MNOs have often been able to meet local demand without
needing to deploy all of their spectrum holdings.

The overall uneven distrithion of mobile data traffic can be seen from th&x10 km map
of the UK shown belowAcross all four MNOs total average hourly data trafticoss the
UK is 260 GB in a single 10ki® grid square; but data traffic up to 26,000 GB per hour
can be seen ithe busiest square.

13
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3.17 The uneven distribution of mobile data traffic becomes clearer at a more granular kel
seen in the map of the LiverpeManchester corridor shown below, which shows data
traffic for 1x1 km grid squares.

3.18 Using Liverpool as aaxample, we can see that even within the busiest 10x10 km areas,
there are pockets of low data traffrevealed at the 1x1 km scale. It is also apparent that
the highest levels of demand are being driven by a very small number of dense locations.
For examfe, the two highest traffic grid squares in Liverpool are near the main train
stations and retail and leisure areas in the city centre. This highlights that demand can arise
in very localised area3he networls take this uneven spreadhto account irtheir
deployments

Figure 6:Total average hourly data trafficshownfor the UK over a 10 km grid and for the
LiverpootManchester corridor over a 1 km grid
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These maps provide a grid view of the UK with aggregated traffic from all MNOs andsitssalWhere there
are no MNO sites in a grid square, no shaded grid square is displayed. No sites being present does not indicate
no data traffic consumption in a square, but that traffic is served by other nearby sites.

5G is being rolled out in more locatns

3.19 5G is the latest generation of mobile technology and has the potential to deliver greater
reliability than 4G, together with even faster data speeds and very low latency to large
numbers of devices, whiatan enable innovative new services acrossediffit industry
sectors. It is increasingly being used for the Internet of Things (loT), connecting wireless
gadgets to each other and to the internet.

14
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3.20 Following its UK launch in May 2019, the MNOs have continued to rollout 5G services. It is
now availalte from at least one MNO iapproximately half otJK premisesndremains
largely focused on adding capacity in urban aréas

3.21 The number ositesproviding 5G services more than doubled in 2021 to more than 6,500
sites across the UK. It is deployed on around 20% of sites in urban areas and we are
increasingly seeing deployments in hotspot suburban areas and busy transport corridors.

3.22 The diverse geof services and applications enabled by 5G require access to different
spectrum bands with different characteristics. Spectrum at lower frequencies such as 700
MHz enable 5G coverage to wider areas, while-rartye spectrum (including in the 3.4
3.8 GHzange) provides the necessary capacity to support a high number of connected
devices. Even greater capacity will be available when millimetre wave frequencies above
24 GHz (mmWave bands) are released for mobile.

Figure 7illustration of how different frequency bandsan beused fordifferent functions
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Some services offered by mobile networks are being delivered by
other technologies

3.23 Most data consumption in homes and offices relies on a fixed broadband connection, often
distributed wirelessly within th@remises by WFi rather than mobile. In the last decade,
the average volume of data traffic consumed per fixed connection rose from 17 GB a
month in 2011 to 453 GB a month in 2021.

12 Connected Nations 2021 Main report (p34)

15
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3.24

Wi-Fi

3.25

3.26

3.27

3.28

3.29

By comparison, the average montimhobile data use pedata userover public mobile
networkswas 5.3 GB a month in H1 20%1n fact, most of the time, mobile devices are
connected to WA, which in large part reflects the availability of-Fiat indoor locations
such as home, work and schdbl.

Wi-Fi is the preferred option for accessing détangry applications like movies and gaming

2y Y20AfS RS@OAOSa Ay &A G dz-dreangbie canfeltig dza S N&
particularly indoors. Cisco predicts that by 2023, 69% of all networkeidekein Western

Europe will be wired or connected over Ydi compared to 31% connected over mobile.

All UK MNOs now offer Wi calling which enables users to make and recebieecalls
and SMS over a Wi network with the same experience as contmag directly to a mobile
network (although it may not be availabier all devices andhriffs). The percentage of
voicecalls made using voice over Wiwasbetween 2% and 16% per MNO in 202 Wi-Fi
can now be the default setting on devices where both cellular an#i\ie available,
depending on carrier and customer preferences.

Wi-Fi can also be used to access online services enabled by irors/at mobile devices

and networks and largely driven by technology companies. They have given users a greater
choice over how to perform traditional tasks e.g. sending messages or madigegalls

via messaging applications such as WhatsApp; or irtiagawith voice services like Siri

and Alexa.

However, developments such as the +allt of unlimited data plans may mean that in
future there could be less incentive for consumers to usé=iVin a2021 study for

example, Ofcom found that people using the Three network used a higher proportion of
data over mobile (33% mobile compared with 67%flMhan customers using the other
networks whichmay be driven by higher takap of high and unlimited data tariffs among
Three customers.

Wi-Fi is also becoming increasingly important for smart home device connectivity, with the
number of installed smart home VY¥i devices forecast to reach 17 billidolzally by
2030, and is also used in a range of business and industrial settings.

13Based on operator data provided to Ofcom combined with estimates where Ofcom does not receive data from

operaors.

14 Crowdsourced data collected from around 280,000 Android devices bettvéanuaryand 31 March 202 showed that
73% of connections were made on-Wiand 27% were made on mobile networkkese figureare rounded to the
nearest whole percentage drrefer to theproportion of connection testsun every 15 minutes; nalata traffic For more
information see Ofcomylobile Matters 2021.

15See Gico,Annual Internet Report (20182023) White Paper

16 Connected Nations 202b. 40.

17 Smart Home Market Data (strategyanalytics.com)
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Other wireless technologies

3.30 Wi-Fi is only one of a number of technologies that can deliver wireless services to people
and businesses. Others that are often used for coresudevices include Bluetooth and
Zigbee: for instancesmartwatchesusuallyconnect to asmartphoneusing Bluetooth.
Technologies such as N®T, Sigfox, and LoRaWAN are often used in business or wider
area settings.

3.31 Many of these technologies use frequgrizands that are predominantly used otiGence
SESYLIWi olaAra &adzOK & Hodn DI T8 togehverpsenizési 6 Wt A O
including control of home devices, street lighting and traffic lights, water and waste
management and automated faatpprocesses.

3.32 There are also other 4G/5G standards and technologies which can use spectrum under
licence exemption in the bands which asoused by WA technology. These
technologies are aimed at use by existing MNOs under the banner of Licenced Assisted
Access (LAA) and New Radio UnlicencedUNRherean operator will integrate these
technologies into its Core Network and make availaplg additional data rate that is
available at any given location and time to the network users as necessary. There is
substantial spectrum available both below 7GHz (around 1163 MHz) and in the millimetric
bands (14 GHz in 571 GHz) for these technologies

3.33 The emergence of neGeostationary satellites (NGSO) has enabled satellite to offer lower
latency broadband services to customers operating in remote locations. These can either
be used for backhaul to extend the reach of mobile and fibre networksrectdio-home
broadband services for consumers. There is also work under way to establish whether
satellites could connect directly to nemodified mobile handsets, thus providing
emergency connectivity and/or extending the coverage of mobile networks.

3.34 All of these technologies have different characteristics; their suitability for use will depend
2y I dzaSNDa NBIldANBYSyida F2N O20SNY 3S> RI G
cost. In some circumstances they may be used instead of mobile technolatgghey will
often be used alongside mobile technology. For example, the Liverpool 5G testbed created
a 5G mesh network using mmWave,-Wj LoRaWAN and existing fibre to explore how
these technologies could contribute to health and social care pravisio

BLy §GKA&a R2 0dzyS yidenad &xengisBectiudd Séféi 16 Mdduericypandsthat can be used by certain
devices without the neeébr prior authorisation or an individual right of use
17
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Figure 8lllustration of how different technologies can support wireless communications

Fixed broadband is delivered by a wired connection. Most commonly,
it feeds into Wi-Fi routers to provide online services to phones,
laptops and other devices. But it also feeds wireless industrial
applications. It can be hard wired to non-mobile applications requiring
high data rates and for connected TVs, desktop computing etc.

fWi-Fi uses spectrum under licence- \
exemption to connect devices
wirelessly in a small area, usually
indoors. It provides the final link
between broadband routers and Wi-
Fi enabled devices. The broadband
can be delivered by satellite, fixed
wireless access and (most
commonly) fixed connection. It is
increasingly used by industry, and
outdoors via ‘hotspots’. Wi-Fi is the
main form of connectivity used by

Qnobile phones.

Mobile technologies can support
private mobile networks. Unlike a
public network, this provides mobile
connectivity to a closed group of people
or devices often with a bespoke mobile
connectivity configuration. Ofcom has
made shared access spectrum available
which can be used to deploy private
networks, as can MNO spectrum.
Private mobile may support a range of
\industrial applications.

There are other technologies that can wirelessly connect loT devices.
Some support local connections over a short range; Bluetooth and
Zigbee are used to connect devices like headphones or smart
speakers. Low-power wide area networks, such as NB-loT, LoRaWAN
and Sigfox, can provide wider coverage for low data-rate devices.

Geostationary (GSO) satellites provide most satellite broadband
services to homes in the UK. But newer non-stationary (NGSO), Low
Earth Orbit (LEO), and Medium Earth Orbit (MEO) can offer higher
capacity and lower latency, expanding the potential uses.
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4. Mobile data traffic is expected to keep
growing, but thepaceis uncertain

4.1 Building on our analysis of how data traffic has grown over the last decade we now
considermotential patterns for future growth, up until 2035. This will inform our
understanding opotential future demand for mobile services and any implications for
future spectrum use.

Mobile data traffic will continueto grow

4.2 Our consideration of future growth in mobile data traffic is informed by a series of factors
that suggest a trend of growth may comtie for some time.

International trends

4.3 Internationally,a number of leading 5G markets, such as South Korea, Saudi Arabia and
Taiwan, have higher per user mobile data consumption than the UK, and continue to
demonstrate sustained yeam-year growth*®

4.4 Compared with the fastest adopters of 5G, UK takeof 5G is relatively modest. As of
September 2021, there were around 6 million active 5G handsets across all MNOSs, up from
800,000 a year previousfBy comparison, in South Korea there are more thamillon
5G subscriptions in a population of 52 millin.

4.5 In the UK, active 5G handsets only repressoiund 10% of all activ@obile devices, but
as newer handsets are increasingly-&@npatible by default, this should increase quickly.
International @mparisons suggest this may increase mobile data traffic. There are some
indications that 5G users use more data than 4G 38arsl that some 5G users rely less
on WiFi after upgrading? suggesting increased uptake might drive UK mobile data traffic
growth.

Demographic shifts

4.6 CKSNBE A& | Of SFNJ O2NNBflFiGA2y 0Si6SSy +y AYRA
our researck* shows that people over 65 are much less likely to use a smartphone than

19 SeeQuantifying the impct of 5G and Cowiti9 on mobile data consumptigi®penSignal (pg8)

20 SeeConnected Nations 20pg34)

2! Seehttps://www.koreatechtoday.com/5eusersin-south-koreasurgeto-20-million/

22 SeeQuantifying the impact of 5G and Covifl on mobile data consumptigi®penSignal (pg4). We note early adopters

may be more likely than others to use large amounts of data and that as 5G user numberghggomay impact the

speeds 5G users experience and as a result mobile data traffic.

23 SeeFive ways to a better 5E&ricsson

24 Today onlys5% of Gsor olderuse a smartphonéo go onlinecompared to85%alladd G &8 T h RG22 ¥WO&® aSRAI | &S
and Attitudes Report 2020/2(pg7)
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https://www.opensignal.com/sites/opensignal-com/files/data/reports/pdf-only/data-2021-06/impact_of_5g_and_covid19_on_mobile_data_consumption_opensignal_0.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0035/229688/connected-nations-2021-uk.pdf
https://www.koreatechtoday.com/5g-users-in-south-korea-surge-to-20-million/
https://www.opensignal.com/sites/opensignal-com/files/data/reports/pdf-only/data-2021-06/impact_of_5g_and_covid19_on_mobile_data_consumption_opensignal_0.pdf
https://www.ericsson.com/49944f/assets/local/reports-papers/consumerlab/reports/2021/five-ways-to-a-better-5g-report.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0025/217834/adults-media-use-and-attitudes-report-2020-21.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0025/217834/adults-media-use-and-attitudes-report-2020-21.pdf
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using mobile devices and online applications as a matter of course.

4.7 Over time digital nativgeneratiors will represent a larger proportion of the population,
embedding behaviours that consume mobile data. The youngeerg¢ions of the future
will likely play a similar role, driving new technologies which might consume even more
mobile data.

Greater coverage and additional capacity

4.8 We expect improvements in mobi@verageto continue. Under the Shared Rural
Network (SRNprogramme, the UK Government is partnering with the MNOs to improve
rural 4G coverage with a download speed of at least 2 Mbps. This speed allows browsing
the internet; using social media and messaging applications; makingmenae video
calls; listermig to music online; and watching TV in standard definition.

4.9 The central aim is for each MNOreach88% coverage of the UK landmass by 2024, and
90% by the start of 2027. The Government expects the programma ®il§ G KS WI G S|
2y S 2 LISdwdini rRadi®5% of UK landmass BP25 It is expected that as a result
the MNOs will deliver coverage to 280,000 more premises, and 16,000 km of road.

4.10 Alongside this, we expect MNOs to achpacityto their networks to meet demand, e.qg.
through buildng new sites, upgrading equipment to the latest technology and deploying
additional spectrum. The further rollout of 5G will increase capacity. Ofcom has already
made the 700 MHz and 3d3.8 GHz bands available foobile services including§G, and
will consult shortly on proposals to make millimetre wave (mmWave) spectrum available.
MNOs can also make use of much of their current spectrum holdings for 5G through
refarming or dynamic usef 4G and 5G in the same bartds.

411 Improved coverage and greater capacity will result in access to higher quality mobile
internet in more places, where people live, work and travel. This is likely to lead to
consumers going about their lives and business®s other organisationplanning ad
designing services based on an expectation of higher quality connectivity.

4,12 As a result, it is likely that mobile services will increasibglgxpected tsupport a range
of applications that require wide coverage. For exampbdanectedvehicleswill likely
increasinglyjusemobile networks to access things like r¢iahe HD maps, traffic or hazard
warnings, and entertainment while travellingooking further forwards, consumers
businessesand public services may mageeateruse of mobile networken the move;
healthcare workers may run diagnostensd upload information fronnemote locationsor
reaktime procesingat a hospital, while engineers may receive fiale support or
information via augmented reality headsets.

25Through dynamic spectrum sharing technology.
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Standalone 5G, 5@dvanced and 6G

413 5G is currently being rolled out in na@tandalone (NSA) mode, relying on a 4G core
network 2® Although this linits the full capabilities of 5G, NSA 5G can offer faster speeds
than 4G circumstances.

414 In the longer term, we expect MNOs to deploy standalone (SA) 5G, with some already
trialling this technology. SA 5G can enable additional features, such atowltiatency,

GKFG YIe SyroftS FLIWXAOIGA2Yy A GKIFEG FNB y2i0 LR
O2ylAydzS (2 Sg2f BEEy &2 R@ &iest MAddd&n thi maxfew
years? will offer a range of new features.

4.15 Looking further forward6G networks may begin to be deployed by the late 2020s. While
cDQa OKINIOGSNRAGAOE NB dzylyz2seyzr 6S SELISOI
far higher throughput, connectivity for many more devices in a given area and improved
latency which mg enable an even greater range of applications. 6G may also make greater
use of Al and might use even higher frequency spectrum, for example in the Terahertz
range.

Innovative applications will continue to be a key driver of mobile
data traffic

4.16 As we haveseen, mobile data traffic growth to date has been driven by the increasing use
of data heavy applications such as video streaming and sharing and gaming. We expect
increased data usage coming from wider adoption of existing applications over time,
alongsiet new and even more data demanding applications.

26 Non-standalone5G refers to the deployment of a 5G Radio Access Network (e.g. base stations, antennas) combined with

a 4G core network (which manages control and signalling information). By contrast, a standalone 5G network does not

require a 4G core network. Instead5& core is used, which virtualises network functions and provides the full range of 5G

features.

273GPP is the body that generates technical specifications and requirements for cellular mobile technologies (4G, 5G, etc.)

in the form of Releases. 3GPRiE LIS O G A y 3 RIZl VISR WpTNRB Y A (& { RIGSBAFBEGHPGA2Y wST S
for more detail
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Figure 9:Examples of pplications likely to drivedata use
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Higher Quality Video: Streaming ultra-HD video can drive more
data than SD or HD and will become more common as mobile
speeds and screen quality improves. Social media is becoming
increasingly video intensive as platforms like TikTok become - . .
gaming may also drive mobile data.

;T:f;iecl:ﬁim::'rgi?g: people become ‘content creators’, upload Online gaming requirements vary, but typically require at least
: m several Mbps throughput and latency below 100ms. Cloud

Online Mobile Gaming: Smartphones are already the most used
device for gaming. Mobile connectivity is a requirement te play
some mobile games and may be increasingly necessary. Cloud

gaming typically requires lower latency with throughput

8K (UHD) may require throughput of 40Mbps compared to depending on the videa quality selected

SMbps for 1080p (Full HD)
L. S . A
4 N f N
Connected Devices & Wearables: Connected devices mostly
connect via Wi-Fi or to a smartphone via Bluetooth. Devices may
increasingly connect directly to mobile networks in the future if

Augmented Reality (AR): AR involves overlaying electronic
information onto the real world. Applications include providing
o - o workers with information to support repairs and maintenance or
mobility is required. Applications may include wearables -
. R L - allowing shoppers to see how clothes look on them before

supporting preventative healthcare by combining Al with real- ; T 3 ]

- . A buying. More sophisticated applications will develop over time.
time vital measurements, advanced hearing aids, and advanced

headsats o suppart AR and VR. Throughput depends heavily on guality. Latency ideally below

Technical requirements will vary by type of device and application 10ms for interactive AR,

\ J

Virtual Reality (VR): VR simulates virtual worlds, rather than Advanced communication: There are additional communication
augmenting the real one — it is already used in gaming. Other technelogies which might emerge in the longer term. Holograms
applications include education, fitness, and communication. VR involve rendering real-time 3D representations e.g. of people.
headsets typically operate over Wi-Fi but could operate over Multi-sensory communication may allow the transmission of
mobile in the future, particularly if mobility or ultra-low latency senses, such as taste, the feeling of touch (haptic), and smell.
is needed. Brain-to-machine communication may support commands being

initiated directly via brain activity which could enable human-
Throughput requirements can range from 25Mbps to multiple machine cooperation.
Ghps depending on quality. Latency ideally below 10ms for Very high throughput likely needed for holograms. Certain forms
interactive VR of haptic communication may require latency below Ims.

In addition to the above, there are a range of applications that will likely be deployed first
by industry, in some cases théering used for consumer products. Where used on a
specific sitesuch as a business premises or in a campus environtierge may be

deployed using private mobile networks.

Figure 10Examples of ammercialind ustrial applicationslikely to drive data denand

4.18

111%

Connected and autonomous vehicles: Autonomous vehicles
don’t necessarily require connectivity as they typically use in-
built sensors. However, connecting to other vehicles could
support cooperative driving. Vehicle-to-vehicle connection will
likely use vehicle-specific wireless technology, but public mabile
might be needed for some advanced features or to increase the
range. Vehicles on the roads might increasingly use mobile
networks to access things like real-time HD maps, traffic or
hazard warnings and entertainment and even for ‘tele-operated’
driving.

Drones: Today, drones typically can’t be controlled over mobile
networks. Ofcom is assessing future options for drone wireless
control and data delivery. This may allow beyond line-of-sight
remote control or communication with autonomous drones over
the mobile networks in the future. Potential uses could include
search and rescue, surveying dangerous or difficult to reach
locations, and logistics.

(" smart Infrastructure and Sensors: Data from sensors and ) ( h

cameras can be fed into Al software e.g. refuse bin sensors could
monitor waste levels to help optimise collection. Other areas
might include law enforcement, street lighting, water quality &
management and citywide mobility optimisation. Mobile
networks could handle large numbers of devices. 5G (and later rml
6G) could deliver ultra-low latency. As sensors become oo
ubiquitous, a ‘digital twin’ of the real world could support
advanced decision making and scenario planning, for example
\_relating to climate change. y, \ y

Machine-to-Machine Communication: Machines already need
to exchange information with each other for a range of
purposes. As Al continues to develop, interaction and learning
between machines without human involvement is likely to
increase which could drive large data volumes.

r N\

o Industry 4.0 Applications: Wireless connectivity can provide
, b many benefits to industry. In particular, the high speeds, high

reliability and low latency of 5G are particularly well suited to
——— support a number of ‘Industry 4.0° type applications, including
remote control of machinery etc.

L. J

These applications each have different technical requirements. Some may have throughput
and latency requirements that can be met by 4G. Others, for example various forms of VR,
may require the ultrdow latency and throughput tha8A5G offers. Some, sucs
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particularly advanced forms of VR or certain forms of haptic communication, may have
NBIlj dzA NBYSy (a G KurréntcapabiliteS €hasg Roplipabladsimay therefore
not be possible over mobile networks urii-Advanced o6G is deployed.

419 The daa throughput requirements of each application, alongside adoption and usage
patterns, determines the impact it might have on mobile data traffic; VR can drive far more
data than sound or video. Additionally, the split between upload and download traiffic w
vary by application; for example, those that involve interaction rather than just streaming
content will drive greater upload traffic.

4.20 Below we provide an estimate of these requirements for various forms of sensory
communicatior?

Figure 11Estimae of minimum throughput and reciprocal latency requirements for delivery of
each form of sensory communicatiotfs

Source: Ofam

There is uncertainty about the rate of growth for mobile data traffic

4.21 Although there are many reasons to think that the world of 2025, 2030 or 2035 will use
more mobile data than today, there are uncertainties in predicting just how much more:

287 §§ h TWé&Bn¥&@¥ Futureeport for more detail. Haptic refers to the communication of movement and touch. (S)
NEFSNAR (2 WadNBIYAYy3IQ YR 6LUOU NBTSNAR (2 WAYGISNI OGA@GSQO®
29 Note that the 1 ms and 10 ms represent otie-air interface latency fori04G and 5G, respectively. Raairld latency
might be larger, depending on where relevant core network functions are implemented. e.g. a deployment with core
functions at the edge will be able to achieve latencies closer to the numbers indicated igute fi
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