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About this document
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panel of Android smartphone users who have installed an app on their pfibaepp collects
information about howpeopleuse their device, measures the performance of services used, and
asks the user about their perception of the quality of the connectionhis report we publish
findings from data collected between Septemlagrd December 201 Ve reporta range of metrics
including the share of connections across 8Gand wifi the failure rates for data and voice
connectionsthe speed of the most popular datgpplications and consumer satisfaction.
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The consumer mobile experience

1. Executivesummary

To gain insight into the consumer experience of using mobile phones we set up a panel of mobile
users who downloaded an application tmtheir Android mobilephone The apgollects

information about howthey use theirdevice measures the performance appservices usecnd
asksthe user about their perception of the quality of the connection. This enables us to get insight
into the consumer experience ofing mobile phonesand how this varies by a number of factors
including geographical location, network technology, time of day, application and mobile network
used

In this reportwe provide the findingérom the second phase of the Consumer Mobile Appearch
project, based on data collected BeptembefDecember 2017.

This research is part of a wider programme of work by Ofcom to research and provide information

about mobile quality of servicdhe data in this report relate to performance when netkor

coverage is availabfeom an operator however, the most important determinant of consumer
SELISNASYOS Aa (GKS | GLAflFoAftAGE 2F IbroddpapdahdS aA Ay |
mobile checker approvides detailed information about mobile coverage from all four mobile

network operators across the UK.

Key findings

1 Threequarters of the time data connections were made to wifi rather thanto a cellular
network. For75% of the timeAndroid usersvith access to 4@obile technologyvere using
apps, they wereonnected towifi. There were no significant differencedliis measuredy
rurality or nation. Consumers on th&hree and EEobile networksspent significantly less
time onwifi thanthose on theO2or Vodafonemobile networks

1 When accessing a cellular network 4& network was available for data uger more than
80% of the time Whenconsumeraused a data application on a mobiietwork, 81% of tfs
time was spent on a 4G neork, with consumers in urban areas spending significantly more
time than those in rural areagn 4G networks (83% V83%).

1 There were some variations by mobile network in the amount of tirtireat consumers
were connected to different mobile technologie€€onsumersn the Three mobile network
were connected to 4Gor 66% of the time whereas onsumerson the EE mobile network
were connected to 4Gor 92% of the time

1 3G data connections weraround five times as likely to fail as 4G data connections
Consumersvith access to 4G mobile technology were able to successfully connect to a 4G
network on 98.7% of occasions when they attempted to do so. However, the successful
connection rate was signifiofly lower when they tried to use a 3G network (93.1% of
occasions).

10ur research does not include iPhones as it requires the runnipgssive tests which is not possible on the iPhone
operating system (iOS).
1
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91 Data connections were more likely to fail in peak periodghere was a strong correlation
between the number of data connection tests per hour and the percentage of failed tests
for useas connected to both 3G and 4G networks, with the proportion of failed tests higher
on 3G networks. In peak periods, once initiated, #iveragefailure rate for 4G data
connections was 1.5%; for 3G connections it wa%o/

1 The average download speed dedired varied significantly by applicatiorthe average
speed of connections to Chrome, Facebook, Gmail, Twitter and WhatsApp were all less than
1Mbit/s, whether the connection wagawifi, 4G or 3G. YouTube and Google Play Store
connectionsvere between 2.7Mbit/s an@®.0Mbit/s overwifi and 4G, with 3G connections
significantly slowerThese average speeds are alfffisient to give a satisfactory user
experiencefor example, the speed required for the lowest video quality on YouTube is
0.7Mbit/s, which increases to 2.5Mbit/s for HD 720p video resolution.

1 There were some variations in speed by mobile netwoFor both YouTube and Chrome,
the average download speeds (combined 3G and 4G) on thedb2e network were
significantly slower tan on the other three networks.

1 There were sme indications of slowing speed in peak periodghere was a correlation
between the number ofestsand the average 4@ownloadspeed of data connection for
Chrome and YouTube, with speeds slowdog/inin pe& hours. The average speed was 28%
higher during offpeak times for Chromend 34% higher for YouTube.

1 Once initiated, less than 1% of all voice calls were dropped due to loss of sefliwze
were no significant differences by ruralidy nation.

1 More than eight in ten Android smartphone users (84%) were satisfied with the overall
network performance of their mobile providerUrban users were more satisfied than rural
users (86% v§3%), while users in England were more satisfied than those in tleg oth
nations.

1 Web browsing was the most important activity that people used their phone féallowed
08 @2A0S OFrffad hgSNIffz o> 2F ! YRNRPAR dzd SNJ
important, while threequarters said the same for voice calls.



The consumer mobile experience

2. Introduction

2.1 Purpose of tle research

In Septembeito December 201,Ave carried out the second phase of our consumer mobile
experience researchhe objectives of whichareto:

1 gain insight about mobile network performance across the UK and howdliss by a
number of factors including geography, time of day, application and mobile netwasdt

9 collect and make available dasdout the performance of mobile servicdgt is useful to
consumers and will help drive competition to improve performgraoed

9 collect information on mobile consumer behaviour.

While the first report aimed to provide a highevel picture of the consumer experience of using
mobile services, this second repduilds on those initial findingsith additionalcomparisons of
consumer experience by location (urbaaral, England/Northern Ireland/Scotland/Walg$y time
of day andoy mobile network.

Although coveragéas published in our coverage majsjhe most importantleterminant of
consumer experiencdor this report we teseédthe performance of mobile services wheaverage
isavailable

This report focuses osixkey areasnetwork share, data service availability, data performance,
voice performancgeoverall satisfaction and service importance

2.2 Data and methodolog overview
About the Ofcommobile app

¢KS LI 6KAOK A& LINPJARSR 0@ 2dzNJ G6SOKYAOIf LI NI
mobile services as panellists use their Android smartphones. It does this by running a programme of

Wad AAOSQ (1S3aGa 6KAOK NP RSAAIYSR G2 YSIadaNB ySi;
minimisingthe impact on the userAdditional satisfaction measurements are captured via-ppp

surveys. More information about our testing methodology can be founkhimex Al: Technical

methodologys

2 Consumer Mobile Experience Repptiblished on 16 June 2017 https://www.ofcom.org.uk/researckand
data/telecomsresearch/mobilesmartphones/consumemobile-experience

3 Annex Alhttps://www.ofcom.org.uk/ _data/assets/pdf file/0014/113036/consumerobile-experience2018
technicatimethodology.pdf
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The ten apps that trigger satisfaction paps are:

1. Chrome 6. Twitter

2. Facebook 7. Gmail

3. YouTube 8. Instagram

4. WhatsApp 9. Google Play Store
5. Facebook Messenger 10. (Phone calls)

The app gives its users summary information about their connection and usage habits (most metricg
based on the past seven days):

9 the current network technology the phone is using and signal strength;

9 the proportion of time spent on the different network typesifi, 2G, 3G and 4G);

9 the proportion of data connection tests that have been successful ori o
wifi and mobile networkypes Ofcom =

OFCOM MOBILE RESEARCH
7 the maximum download speed recorded over each
wireless network type;

You are currently connected to 4G
Your signal strength is poor

the dropped call ratioand 26 010 tps s
ﬂ pp a 36 | 0.62Mbps 26
X 16 [l se2mops 3G-
1 the network latency (response time) recorded over

« [

wiri [l 9%
0

each wireless network type.

Data Network Availability

The app can bdownloaded fromthe Google Play Store

Paneland data overview

The data used in this repontere collected between 23 September 2017 and 23 December;2017

5,315 people met our requirementd were includedn it KS LI y St T2 Nlphyava & St

sincelastyear+ To qualify, # panellistshad to spend at least seven days on the panel by the end of
the fieldwork, and have valid information regarding their:

4We boosted the panel size for this wave of research by appointing a market research agency to recruit additional
panelliststo supplement thecrowd-sourced pandists.

4
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1 mobile provider;

1 mobile networktechnology;
1 home postcode;

1 age; and

1 gender.

In our panellist recruitment and iour treatment of the data we took steps to ensure that our
dataset was representative of the UK population of Android mobile u$éesdemographics of
recruitedpanellistswere close to being nationally representatjwehich means that wevere able to
include nearly albanellistsin the analysiswith some weightings applied. The datareweighted
by panellist€Xurality, nation and wholesale mobile network market shate ensure a nationally
representative panel. Ware therefore reporting on oneverallpanel comprised of all valid
panellistswho have access to 4G mobile technology (with weightings applied).

In addition to the overall panel, to compare the performatdé¢he mobilenetworks we used a
subpanel conprised of a random selection of 800 pdistk pernetwork, giving a total panel size of
3,200.Althoughthese pandists were randomly chosen, we kept the proportions of those in urban
and rural areas, and in each natjarationally representative.

More information about the panel can be foundAmnex A2: Statistical methodolagy

Methodology notes

As the datawere collected from a panel of consumeasross the UKve considethat the results
provided in this reporaire a goodreflection of theoverall consumer experiencef UK Android
users This experience is affected bgveralfactors in addition to network performanc¢eicluding
the type ofhandset being usedts settings, and potentially the tariff that the consumer is on. A
such the findings are likely to be different from those publishe@iher Ofcomreports which
focus on measuring only the performance of the mobile network.

Due to changes in the statistical methodology, it was not possible to compare data avajlabil
dataperformance satisfaction and service importanesth results from the previous report.

The analysis is limited to those panellists vatitess tatGmobile technology.

We measure data speeds during foreground app tis&t is,we associate the data spe&dth
the specific appunningin the foreground.To calculate the data speed, we take the overall dat
volume transferrecper secondwhichincludes any background traffic generated by other apps
during the timewhenthe foreground appis beingusedand dataare beingtransfered. As such,
the data speed of the foreground app mightafew casede affectedby concurrent background
traffic. Under normatonditions, this would rather result in a slightly higher data spéedaise
a largervolume ofdata would be underlying the pesecondspeedcalculation

5 Annex A2https://www.ofcom.org.uk/ data/assets/pdf file/0013/113035/consumarobile-experience2018
statisticatmethodoloqgy.pdf
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While our research app can identify which of the four UK mobile netwlorksLJl y St f A &
connected to, it cannot always identify the retail provider of their mobéevice. As a result, the
analysis we present is at the wholesale mobile network provider (MNO) level llaiefeaences
to the performance of thdour MNOS(EE, Vodafone, O2 and Three) radgoincludethe

performance of panellisteho are customers ahobile virtual network operatorsuch asresco
Mobile, GiffGaff andvirgin Mobile.

The map shows the geographic spread of our overall panel (i.e. where the tests were attempted)
which reflects a good representation of populated areas of theTli.numler of readings were

higher on major transport routes (roads and rail networks) and in bigger cities, where more people
use their mobile phonesand it is in line withthe availability of good 4G service coverage in the UK

Figurel Heat map ofreadings

Number of samples

10 | o
¥

Note: Greernndicatesfewer samplegandlighter use, while rethdicatesmore samplesind heavier
use
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3. Network share

What is network share?

Our mobile research app records the type of network that Android users connect to when ac
using apps and transferrirdata, andit provides an overall picture of the typef network that
they connect to most often.

More information on how this metciis derived can be found Annex 1: Technical methodology

Threequarters of time spent accessing data services was weaifaconnection

Our findings show thawifi continuesto be a fundamental part of consume®s S E LIS Ndin§y O S
mobile phones, witttonsumeron our panelwith access to 4G technologging apps ovewifi

rather thanmobile networks75%of the time, a sixpercentage pointncreasesince2016 This may

be due to better experience ovewifi, or users trying taninimise their mobile data usand save

their data allowances for when they are outside the homevidi areas. Another contributory factor
might be wider use ogbublicwifi hotspots However, it is likely that most wifi use is in the homer o
results show that mobile networks were used more frequedtlying the day andvifi use was

higher in the evening and at night

When transferring data over @llularnetwork, mnsumerswith access to 4@ obiletechnology
were connected to a 4G netwoflr 81% of the timgup from 65%n 2016), compared tdl7% toa
3Gnetworkand2% toa 2G networkTheincreasedshare of 4Getwork useis in line with thedata
publishedA y  h FGomh&ced Nationsportin 2017 which foundincreased4G coverage
compared to the previous year.

Figure2 Average retwork share bynetwork technology

2G
- = 2%

mobile

wifi technology

mobile téchnology
breakdown

User lase:Mobile users wittaccess ta@lGmobiletechnology(n=5315)
Note: Type of network connected to while data transferred during app sessiofll figures have been
rounded to the nearest wholgercentage

6 Annex Alhttps://www.ofcom.org.uk/ data/assets/pdf file/0014/113036/consumerobile-experience2018
technicalmethodology.pdf

7 Connected Nation8017- Mobile voice and data servicebapter, published on 15 December 2017:
https://www.ofcom.org.uk/ _data/assets/pdf file/0018/108513/connectethtionsmobile-2017.pdf
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Consumers in rural areas were less likely to achieve a 4G connection

When connected t@ cellulametwork, 4G users in urban areas spsignificantlymore time than
those in rural areaen 4Gnetworks (8%vs.73%).In comparison3G network share was higher in
rural areas tharin urban areas (23%s.16%).There were no significant differencesviifi share by
rurality.

Figure3 Average retwork share by rurality

Urban

2G
1%

mobile

wifi technology

User base: Mobilasers withaccess talGmobiletechnology(n=5315)
Note: Type of network connected to while data transferred during app session. All figures have been
rounded to the nearest wholgercentage

Whenconsumerswith access to 4G technologyWales actively useabplications on a cellular
network, they spent 4% of the time connected to a 4G network, significardgisthan in the other
three nations, while they spent significantly more time{¢2) conectedto a 3G network. There
were no significant differencdsetweenEngland, Scotland and Northern Irelandhe proportion of
time spent ondifferent mobile technologies (2G, 3G and 4B)is is similar to thpattern foundin

h ¥ O 206hécted Nationsport in 20178 where Wales hd the lowest percentage of data traffic
connected toa4Gnetwork compared to the other nationd here were naignificant differenceby
nationin the proportiors of time spent orwifi.

8 ConnectedNations2017, published on 15ecember 2017:
https://www.ofcom.org.uk/ __data/assets/pdf file/0024/108843/summargport-connectednations2017.pdf
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Figured Average network share, by nation

Northern Ireland Scotland

mobile mobile

wifi ERE S to chnology

Wales

mobile mobile

j technology

User base: Mobilasers withaccess t@lGmobiletechnology(n=5315)
Note: Type of network connected to while date transferred during app session. All figures have been

rounded to the nearest whole percentage.

Figureb shows how connections varied by urban and rural areas across the UK nations. In all
nations 4G consumers in urban areas wenere likelythan those in rural area® access a 4G
network. The proportion of time 4G consumers spent connected to a@&ork was highest in
rural areas of Scotland awlales (8% and 7% respectively
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Figure5 Average rtwork share(excludingwifi), by nation and rurality

68%
73% 75% ’ 70% 75%
83% 36% 83%
24%
23%
16% 13% 16%

m 4G

m2G

23%
23% 22%
0,
- —
Rural Urban Rural Urban Rural Urban Rural Urban
England Northern Ireland Scotland Wales

User base: Mobilasers withaccess talGmobiletechnology(n=5315)
Note: Type of network connected to while data transferred during app session. All figures have been
rounded to the nearest whole percentage.

Consumerson the EEmobile network were most likely to connect to a 4G network

Gonsumers orthe Three and EE netwaslspent significantlyess time connected twifi (65% and

67% respectively) than consumers on O2 and Vodaheteorks (73% and 72% respectively)
number of factors may contribute to these variatioaensumers on some networks might be less
likely to choose to useifi due tolarger data allowances dretter cellularperformance there might

be variations iwifi hotspot availabilityandthe setup of phones and network management policies
mightbe more or less likely to push consumers towakdfs.

When connected to aellularnetwork, consumerswith access to 4G technology the EE network
spent a significantly higher proportion of tineennected to a 4G network (92%), while consumers
on theThreenetwork spenta lower proportion of time connectetb 4G (66%) and a higher
proportion of time ona 3Gnetwork (34%) This idikely to be related to 4G network coverages EE
has the highest coveraged Three the lowest. Howevelt may also be related to network
managementfor many applications thperformance of a 3G connection is as good as a 4G
connection, and operators may revert consumers to a 3G network to efficiently manage their
network and ensure a good experience for as many consumers as possible.

10
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Averagenetwork share by mobile network

Figure6
EE 02
e 78 mobile ces mobile
wifi BZAL 23 technology wifi technology
Three Vodafone
mobile e mobile
wifi technology

wifi 65% 35% technology

User baseEqual panel size ofiobile users witlaccess talGmobiletechnology(n=800 pemobile networl
Note: Type of network connected to while date transferred during app session. All figures have been

rounded to the nearest whole percentage
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4. Data service availability

What is data service availability?

Every 15 minutes, the research app runs a background test which attempts to download a s
file and logs whether this can be completed successfully. This metric defingetbentageof
cases when the user can both connect to the network and download Hateever, it is not a
direct measure of coverage.

More information on how this metric is derivezhn be found irAnnex 1: Technical methodoloyy

The failure rate for 4G connections was lower than for 3G connections

Mobile Android users with access to 4G mobile technology were able to successfully corad@ to
network on 98.7% of occasiomden they attempted to do sdHowever, the successful connection
rate was significantly lowexhen they tried tousea 3Gnetwork (93.1%of occasions

3G data availability was lower than 4G data availability in lnoffan and rural areas. However,

there were no significant differences in the failure rate of 4G connections by rurality, retion
mobile network;similarly,there were no significant differences in 3G failure rates by rurality, nation
or mobilenetwork.

Figure7 Average @ta availability, by mobile network technologyand rurality

| 5 93.1% 8
3G

98.6% Rural 98.7% Urban

User base: Mobilasers withaccess t@lGmobiletechnology(n=5,315)
Note: Percentage of caseswhichpeople could access a mobile network andcessfully download data

9 Annex Alhttps://www.ofcom.org.uk/ data/assets/pdf file/0014/113036/consumarobile-experience2018
technicd-methodology.pdf
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Data connections were more likely to fail in busy periods

When looking at data service availability by hour, there satrong correlation between the
number of dita connections and the proportion of failed teshs consumersvith access to 4G
technologyconnected to 3G and 4G networkadicating that in busy periods connections are more
likely to fail. This was the case in both rural and urban areas and for all four mobile netwrorte
were no significant diérences between urbaand rural areasor betweenmobile networks

The proportion of failed testey hourwashigher on 3G networks, but failures were more likely
happenduring peak usage hours on bd® and 4Gechnolodges The average proportion ohiled
4G tests wad.5% in peak hourscompared to 7.2% of 3G tests. These wagmificantly higher than
the proportion of failed tests in offeak hours0.6300f 4G tests and 4.8% of 3G tests

Figure8 Correlation between the number of connection tests per hour and theportion
of failed tests

w0 4G o 3G

1.4% o 7.0%
1.2% 6.0%

15,000 3,000
1.0% 2

% of failed tests

No. of tests

2,000

No. of tests
% of failed tests

5,000 ey 1,000

012345678 91011121314151617 181920212223 012345678 91011121314151617181920 212223
Time of
ime of day Time of day

\o. of tests i of failed tests
it Eiifolod test No. of tests —9% of failed tests

User base: Mobilasers withaccess t@lGmobiletechnology(n=5,315)

Note: Peak hours are the five hours with the highest number of tests whifgeak hoursare the five hours
with the lowest number of test®eak and ofpeak hours were the sant: both 3G and 4G networks, peak
hoursare between midday and 5pm, gffeak hoursare between midnight and 5am.
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5. Data performance

What is download spee@®

Download speed is the speed at which information is transferred from the internet to a devig
effect, it determines how quickly a file can be downloaded to a smartphone. Thefunit
measurement for download speeds is megabits per second (Mbit/s).

More information on how this metric is derived can be found\imex 1: Technical
methodology*®

Download speeds vary by application

People use their smartphones for a varietypofposes, and what the phone is used for affects the
consumer experience&ome applicationsequire higher speeds in order to deliver a good consumer
experience(e.g.applications used for video streaming such as YouTube or large file downloads such
asGoogle Play Storgyvhile othersprovide good experience on lower spe@g. apps used for web
browsing or messaging)he speeddelivered for most applications do not typicalsflect network
capability as networksare generally capable of deliveringuch higher speeds.

In our research, we found thalhe averagdmedian)download speed consumers experiedaghen
using their mobile phones varied significantly by application. Appdlikeer and WhatsApp

generate small bursts of data as opposed to a constant stream, so the amount of datdaigyaot
enough to register as high daspeed. Otherapps like YouTube and Google Play Store, which
transfer larger files, generate higher anara regular data volumes, which is then registered as data
transfer with highspeed

Industry recommendations otie approximate download speeds required to run different app
services cabe influenced by variouctors, e.g. the quality of the networlime of day, how
operators connect to appsind whethemultiple devices share the home network. For YouTube, the
speed required for the lowest video quality is 0.7Mbit/s, which increas@s3bibit/s for HD 720p
resolution anddMbit/s for HD 1080p videtesolutionit

Our findings show thahe averaggmedian)download speedof connections to Chrome, Facebook,
Gmail, Twitter and WhatsAppere all lesshan 1Mbit/s, whether the connection was via cellular
network orwifi. Averagedownload speedfor more dataheavy apps like YouTube and Google Play
Storewere higher, between 2.7Mbit/s an8.0Mbit/s over 4G networks andifi, with 3G

connections significantly slower (1.4Mbit/s and 1.8Mbitespectively)

The averagalownloadspeeds typically available for consumare corsiderably higher than the
speeds used for these applicationd 2 NJ S E | Y LISn$&aEphdn& Ctigs¥s€asch in 2016 found
that the average(median)4Gdownloadspeed available from all four operators awss seven UK
cities was21Mbit/s 12

10 Annex Alhttps://www.ofcom.org.uk/ data/assets/pdf file/0014/113036/consumarobile-experience2018
technicalmethodology.pdf

11 https://support.google.com/youtube/answer/3037019?hI=&bB&ref topic=3014746

12 https://www.ofcom.org.uk/ data/assets/pdf file/0009/101430/Smartphoi@tiesphase4-reissued270416.pdf
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Figure9 Average(median)download speed(Mbit/s), by app and network technology
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| )
0.61
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0.50
I 0.60
1 2.76
Google Play Store 3.04 m wifi
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. — 051
Twitter 0.44
0.
Il 0.16
WhatsApp
B 0.19
. .71
2.76
S 1.3

Chrome
Facebook

Gmail

YouTube

User base: Mobilasers withaccess t@iGmobiletechnology K=5,315)
Note: Average (medianyas calculated.

When looking athe range of download speeds that consumers receflkd middle 50% of values
25" to 75" percentile), download speeds varied more betwetiie data access technologies. In
particular, apfications that needmore data had biggerariationsbetween performance athe 25"
and 79" percentile. The speed requireddepend ornthe applicatiorbeing usedwhichis why we
analyse average download speed by application.

Averagg(median)downloadspeed for messaging and browsing apps wet#l lessthan 2.3Mbit/s

at the 75" percentile This meanthat for 75% of the time consumers were receiving speeds of less
than 23Mbit/s, suggesting thator most of the time higher speeds are nateededfor these apps.
However YouTubalownload speedaverageds.64Mbit/s on 4G networksand Google Play Store
8.58Mbit/s onwifi at the 75" percentile, compared to 0.98Mbit/s and 0.56Mbit/s respectively at the
25" percentile.Butthese apps include browsing as well as video streaming anshidadng, which
requiresless speed, so the lower figures at thé"Zfercentile may not necessarilydicate aworse
consumer experience.
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FigurelO Average(median)download speed(Mbit/s), by inter-quartile range, app and
network technology
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User base: Mobilasers withaccess t@lGmobiletechnology K=5,315)
Note:Average (median) was calculated.

Why do we need to analyse the data by percenflle

The 2% to 75" percentile (theinter-quartile range) shows the spread of the middle half of
download speeds that panellists received while using ariegion. It shows the range of speed
that most panellists experienced and excludeyoutlier values. These outlier values are very
high or very lowspeeds that nght have been experienced because of using an app for a very
short amount of timeor possiblya speed experienced by a very small minority of panellists

25t 50th percentile 75t
percentile (Median) percentile
Low Readings High

There were some variations in speed by mobiletworks

While there were neignificant differences in speeds delivered for Facebook, our research found

that the average (median) download speeds (combined 3G and 4G) for Chrome dindbé’on the
02 network were significantly slower than on the other three netwobkE8erences in thedownload
speeds used by the applications on different mobile netwaiksiot necessarilyead todifferences
in the consumer experiencéevertheless, thisdicatesthat when usingapplicationghat benefit

from higher speedssuch as Ywlrube consumers on networks with higher average speeds may be

more likely to have a good experience. Hwer, dwnload speed is not the only measure that
determines consumer experience, other metrics including reliability and responseataaso
important.
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Figurell Average(median)download speedMbit/s), by apgication and mobile network
I o
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E Three 0.88 2.35 5.38
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E 02 0.34 0.57 1.16
5 Three 0.34 0.90 2.07
Vodafone 0.32 0.77 1.78

User lase: Equal panel size of mobile users @aitbess talGmobiletechnology (n=800 pemobile network
Note:Average (median) wasalculated.

Average speeds for some apps were slower in peak periods

There was a strongorrelation between the number of tests and the averdgedian)download
speeds for Chrome and YouTube onn&Bvorks, with speeds slowing down in peak hours.

On 4G networks, the averag@median)download speed was 28% higher duringébk hours for
Chrome (0.99Mbit/s ofpeak vs0.77Mbit/s peak) and 34% higher for YouTube (3.13Mbit/gpetk
vs 2.34Mbit/s peak) When comparing the number of tests by hour of the day omé®vorksand
wifi, app usen early to late afternoon wshigheron 4G networks than on wifl.herewasan
increasein app use omwifi later in the daywith a corresponding decreasm 4Gnetworks This
indicatesthat consumersre potentially switching from mobile networks twifi when theyare at
home.
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Figurel?
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User base: Mobilasers withaccess talGmobiletechnology (n=5,315)
Note: Average (median) was calculatdeeak hours are the five hours with the highest number of tests while
off-peak hours the five hours with the lowest number of tests.

Consumers spend longer on data applications when connectingwifa

The average duration of session orYouTube (us&for streaming videos, vlogs and shdéorm
audiovideo content) wasperhaps nosurprisinglyjJonger than sessionsn Facebook, WhatsAyp

and Chromeon allnetwork technologies.

ForYouTube, Facebook and Chrome, average user sessions were longértloan sessions on a
4Gnetwork: consumers spent an average of 1 minutesé8onds longer on YouTube when
connecting viawifi, 54 seconds longer dRacebookand 30 seconds longer @hrome Thisis
probably becauseonsumersvantto avoid using up their data allowance on their mobile
connection,and possibly because they hawsore time when they are at home awifi than when
they are using a mobile networdutside the home.

The average WhatsAmgession lengthdid not varysignificantlyby technology, indicating that people
spenda similar amount of time sending short messages while on thézgomobile networksasat
home (viawifi). There were no significant differences in average session léogémny of the four

appsby rurality or nation.
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Figurel3 Average session length (mins), by dgation and network technology
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User base: Mobilasers withaccess t@iGmobiletechnology K=5,315)
Note: Average (meanyas calculated.

Consumers usedobile app servicesmore often on wifi than oncellular networks

During the day, o average, panellists opened appghatsApp, Facebook and YouTubb®re often

on wifi than on mobile networkswWhatsApp and Faceboakere opened on average twice a day by
panellistson amobile network, while average use was more than twice as much for these two apps
on wifi. The average number of times YouTuims opened in a dayassignificantly lessn both

wifi and mobile networks

Figureld Averagenumber of appsessionger panelist per day, by network technology

Facebook

2.10
WhatsApp

YouTube

0.17 mobile technology

User base: Mobile users with access to 4G mobile technology (n¥5,315
Note: Average (mean) was calculated.
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What is esponse time

Response time (referred to technically as latency) is the delay between a consumer making
request to their mobile network for information and the network providing this information to
theRSPAOS® ! O2yySOGA2y ¢gAUK f2¢ fI1 GSyOe ¢

More information on how this metric is derived can be found\imex 1: Technical
methodology*?

We also measured response times (or latencygoAnection with low latency will feel more
responsive for simple tasks like wbtbwsing and certain applications perform far better with lower
latency. The response time needed to use applications without noticeable degradation varies
according to the app. In general, under 50ms all apps showédaggood consumer experience, but
some applications will perform satisfactorily even with much higher levels of response time (e.g.
300ms)u

While there was no significant difference in the average response time on 3G and 4G networks
(60ms and 50ms respectively) was significantly loweg25ms)on wifi than overcellular networks.
Averages by network type varied more in theé"ffercentile, but the results are still lower thavhat
most activities require to provide a good experier{tess than 100msJhere were no significant
differences on cellular networks loyrality or by nation.

Figurel5 Average esponse time, byhetwork technology

3G
ol lNo

60ms 50ms
® ®
25% percentile 49 40 18
50t percentile (Median) 60 50 25
75t percentile 84 59 36

User base: Mobilasers withaccess t@lGmobiletechnology (n=5,315)
Note: Average (mediamyas calculatedAll figures have been rounded to the nearest whole number.

13 Annex Alhttps://www.ofcom.org.uk/ data/assets/pdf file/0014/113036/consumarobile-experience2018
technicatimethodology.pdf
14 https://www.ofcom.org.uk/ _data/assets/pdf file/0035/95957/Ofcoiobile-and-BroadbandChecker.pdf
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6. Voice performance

Measuring voice performance

la @2A0S OFff LISNF2NXIYyOS Aa adAff I restarad?
app measures whether people can successfully maintain voice calls by detecting cases whd
call is interrupted due to a loss of service.

Due to limitations in passive testing methodology, @éanot measureall setup success, so the
resultsdo not take into account times when people waneable to make a call.

More information on how this metric is derived can be found\imex Al: Technical
methodologys

More than 99% of voice calls are completed without being dropped

Once initiated, jusunder 1% of all calls (B9 were dropped due to loss of servickherewere no
significant differences between the dropped call éhen comparing rurality, nations aetwork
technolodges

Figurel6 Proportion ofdropped calls

Less than 1%
of voice calls

L) were dropped
due to loss of
service

User base: Mobilasers withaccess talGmobiletechnology(n=5315)
Note: Dropped calls due to loss of servidee figure has been rounded to the nearest whole percentage.

15 Annex Alhttps://www.ofcom.org.uk/ _data/assets/pdf file/0014/113036/consumerobile-experience2018
technicalmethodology.pdf
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7. Overall satisfaction anserviceimportance

How satisfaction is mesured?

AtGKS 0S3IAYYAy3d 2F GKS NBaSINOK FyR F3FAyY
satisfaction with the network performance of their mobile service proviéeom time to time
(based on predefined trigger frequencies), the app asks users tdhaitesatisfaction with voice
calls and apps used.

More information on how this metric is derived can be found\imex 1: Technical
methodology®

Overall satisfaction with mobilenetwork performancewas higher in urban areas

On mostoccasions (84% ofsponses)) Y RNR AR & YF NI LIK2y S dzaSNB 6 SNB
with their overallmobile network performancerThis varied by ruralityurbanusers were more
satisfied than rural users (8696.73%).

While the performance of a service is a key drivieconsumer experience, many other factors also
affect the consumer experience and therefore levels of satisfaction. These include price, handset
type, quality of customer service, contract terms and the activities that the phone is used for.

Figurel? Overall satisfactiorwith mobile network performance by rurality

User base: Mobilaserswith access t@lGmobiletechnology(n=3,471)

Q:How satisfied are you with the overall network performance of your mobile provider?

Note:L y Of dzZRS W@ S NE @spanNdsAHfigurds Ndve b@en #olinded #0¥ha Be&est whole
percentage.

At a national levelysers inEnglandvere more satisfied @) than those in the other nations
where levels of satisfaction did not differ significantly.

16 Annex Alhttps://www.ofcom.org.uk/ _data/assets/pdf file/0014/113036/consumerobile-experience2018
technicalmethodology.pdf
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