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5G Benchmark in Europe
with TRUE QoE KPIs

LB OOOD@ I DDE

MedUX Insights:
London 5G QoE Benchmarking

At MedUX we have conducted a first of its kind 5G QoE Benchmark
in Europe. The study unveils a clear frontrunner, an Excellent
winner in the UK, followed closely by three strong competitors.

We have leveraged our autonomous and cost-effective ‘light’ drive
testing solution to benchmark, monitor and improve mobile
networks. It aims at improving customer satisfaction by delivering
an honest, independent review that enhances service quality
from the viewpoint of the people who matter most — the users.
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5G Benchmark in London

Did you know that? MOBILE PERFORMANCE
EXCELLENT

BEST EXPERIENCE & RELIABILITY
IN LONDON (UK)

Q3/2023

www.medux.com

_ Best Mobile Quality of Experience

FASTEST 5G DL SPEED ' FASTEST 5G UL SPEED TOP 5G DL AVG SPEED 5G COVERAGE RELIABILITY

800 Mbps- 157 Mbps 171 Mbps  92% 99,6%

Achieved by EE Achieved by Three Achieved by Top 5G Availability Most consistent
Vodafone achieved by EE experience by EE




London 5G QoE Benchmarking Campaign

® [ ]
Key findings
MedUX 5G QoE benchmark conducted in London in Q3 2023 shows an excellent winner, and three very good contenders.

EE shines on the London 5G QoE Benchmarking campaign, winning all Mobile Experience Awards except for 5G DL Speed that goes to

Vodafone.
EE provides the finest experience in London, coupled with the most reliable network, leading in 4.606 out of 5 points
8 accessibility, web navigation, gaming, and video streaming. 92% of 5G network registration
Highest 5G registration rate. and 99.6% service reliability

Highest 5G DL speeds with 800 Mbps.
Delivering an enhanced experience beyond speed. Best 5G Gaming experience.

Vodafone shows the most consistent 5G speeds, along with a very good service in social media. 85% of Value for Speed score
Best in the HTTP DL category, both in the blended and 5G. 20.3% vs EE
Highest average and median download speeds in 5G: 171 Mbps and 148 Mbps respectively.

Three delivers very good performance in the upstream link, along with very good overall data and 7504 of HTTP UL score

OTT applications service. 157 Mbps max UL speed
Best in the HTTP UL category in 5G.

Highest 5G UL speeds with 157 Mbps.

@ O

O2 provides the most reliable DNS resolution service, along with very good video streaming and 92% of DNS score

social media services. Together with Three
Most reliable DNS resolution with 100% completion rate.
Yet, the resolution times are not the best when compared to those of its competitors.
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London 5G QoE Benchmarking Campaign

Benchmarking Methodology

With the goal of providing an independent and international
benchmarking tool, MedUX developed its own QoE ScoreCard
to determine and certify the best provider or operator with
respect of the services accessed via mobile networks.

This goal is achieved by executing benchmarking tests that
represent a major part of the services used by final customers
of mobile networks. The results collected are individually and
collectively weighted and aggregated into an overall score.

The service category scoring model and its drill-down
capabilities makes it exploitable by different stakeholders,
from executive management (CxOs) to more technical
departments (engineering and optimization). Thus, providers
or operators can improve their networks and services offering
a better experience to their customers.

To give transparency and a clear interpretation of the
benchmarking results, MedUX publishes a description of the
scoring methodology, in line with the current state of the ETSI
TR 103 559 V1.1

In this context we introduce the following terms, Quality of
Service (QoS) and Quality of Experience (QoE):

QoS: “Totality of characteristics of a telecommunications
service that bear on its ability to satisfy stated and implied
needs of the user of the service.”

QoE: “Degree of delight of the user of a service. In the
context of communication services, it is influenced by
content, network, device, application, user expectations
and goals, and context of use.”

MedUX propose a model where technical measurements are
transformed into perceptive indicators taking into account the
human response to mobile service's events, improvements
and degradations.

For further details about the methodology used please visit our blog
“Assessing customer experiences with a universal mobile broadband
benchmarking methodology”
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London 5G QoE Benchmarking Campaign

Quality of Experience - Ranking approach

MedUX mobile benchmarking approach, based on our MedOS (MedUX Opinion Score) and QoE Scorecard, assesses network
performance and end-user experience in the 5G Era. We revisit criteria and thresholds once a year to consider best practices but also to
reflect technology and industry development.

At MedUX we use the concept of Mean opinion score (MOS) for most of the rankings, which ratings are algorithmically estimated based on
test results and KPlIs, in line with the current state of the ETSI TR 103 559 V1.1.1 and ITU Recommendation ITU-T P.800.1.

*Top Awards:
*  Overall QoE Score — A combination of availability, accessibility, speed, streaming, and data and OTT experience results.

* Reliability — how consistent a network performs. Particularly in 5G it measures how consistent the 5G network performs across all
testing categories considering the success rate (%) of all tests and services above.

* Experience Awards:

* Accessibility (responsiveness) — how long it takes to access the network. Particularly in 5G it measures how long takes to access the
5G network across all testing categories while taking latency and network responsiveness results into account.

*  Value for Speed (throughput) - how much data can be transferred. Particularly in 5G it measures how is the network capacity when
stressing the line (multi-thread and multi-server stress test with our patented Cloud Speed Test).

* DL Speed
* UL Speed

* Video Streaming experience - it measures the average video experience for each operator while taking picture quality, video
loading time, and stall rate into account.

* Dataand OTT experience - a combination of gaming, web browsing, social networks, messaging and HTTP Data transfer
experiences.
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London 5G QoE Benchmarking Campaign

Quality of Experience - Ranking approach

*5G Awards
*  5G Availability —the percentage of 5G network coverage available during the measurements.

*  5G DL Speed (throughput) - how much data can be transferred in 5G downlink channel, how is the network capacity when stressing
the line (multi-thread and multi-server stress test with our patented Cloud Speed Test),

*  5G UL Speed (throughput) - how much data can be transferred in 5G uplink channel, how is the network capacity when stressing
the line (multi-thread and multi-server stress test with our patented Cloud Speed Test),

*  5G Gaming, it measures the average 5G gaming experience rating different key parameters

For further details about the methodology used please visit our blog “Assessing customer experiences with a universal mobile broadband benchmarking
methodology”
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London 5G QoE Benchmarking Campaign

Mobile Experience Awards

Our 5GC QoE measurement campaigns aim to test and shape the future of 5G experience. Awards are granted to the best performing operators
in each attribute or category we test. If two or more operators record statistically indistinguishable results, each operator earns an Experience

Award while sharing the highest rank in that category.

EE shines on the London 5G QoE Benchmarking campaign, winning all Mobile Experience Awards except for 5G DL Speed that goes to
Vodafone.

Top Awards

| Best | . e Streaming | Value for o | 5G |
S Reliability Data & OTT Accesibility Availability 5G DL Speed m
AW/ 7 7 7 7 AW/ 7 7
London ! !

‘ ‘ ‘ © @®© @®© @®© @sc | Osc Y, O 1, @O
MedOs: Reliability (part of MedOs):
«  10% - Accesibility 5% - Accesibility*
5% - Availability *  15% - Value for speed*
*  15% - Value for speed « 20% - Streaming Experience*

«  20% - Streaming Experience * 50% - Data & OTT* MOBILE PERFORMANCE
* 50% - Data & OTT EXCELLENT

*SuccessMOS

BEST EXPERIENCE & RELIABILITY
IN LONDON (UK)

Y, Y, Y, Y, 8
8% o% 3% 0%

www.medux.com 0
y
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London 5G QoE Benchmarking Campaign
Measurement Scope

5G Campaign Overview

The measurement campaign consisted of drive tests conducted during Q3
2023 in London, one of the most important cities in Europe with more than
nine million inhabitants.

Technology: Up to 5G
* Unforced mode

One drive test car covered more than 400 kilometers and 400km2 to

' ) Devices: 8 MedUX Mobile
understand how mobile operators cover the UK's capital.

« Commercial smartphone-based probes
Drive Test Route

Vehicles: 1 car

D O3 %«

+ 8 devices per vehicle

Sampling:

N
—

+ Tests: approx. 12K samples
* Radio: approx. 40K samples

E Complete Test protocol
* Targets, servers, OTTs, destinations,...

@ 5G SIM cards

9 Planned route: 4 Days per city

fm| Timing: Q32023

T A
— i
[
—
— ..

>400 km and >400 km?2
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London 5G QoE Benchmarking Campaign

Tests suite

MedUX evaluates mobile networks experience by ranking the performance of typical consumer use cases such as web browsing popular

websites, downloading/uploading content, visiting social networks, accessing gaming servers and streaming video content, among other.

o ® b g

EX R

Service
Availability

Cloud DL

Cloud UL

Latency

HTTP DL

HTTP UL

Connectivity based on radio technology

samples. g Twitter
Multi-thread download speed test based

on public CDNs. {F Sl
Multi-thread upload speed test based on .
dedicated servers. (»] = Streaming
Echo request to a specific URL based on

cMp, P ® Dns
Single-thread download speed test based Gamin
on dedicated servers ( 10 seconds Burst) () 9
Single-thread upload speed test based on @ Web
dedicated servers (10 seconds Burst) Browsing
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Navigation of a static Twitter profile.

Navigation of a static Facebook profile.

Youtube Video playback based on a
Android multimedia player.

Resolution of a specific URL.

Echo request to gaming servers
based on ICMP.

Navigation of any website
based on Chrome browser.



London 5G QoE Benchmarking Campaign

5G Campaign Setup - Tests performed

For connectivity purposes, a total of around 90k radio samples were collected. For service performance purposes, a total of around 12k data
samples were collected. All in all, resulting in a total of around 20k radio samples and 3k tests per operator.

11.833

Probes configuration Test por Metwork
4

Providers
a8 Vodafone 24,72%

MedUX probes

11
Task types

02 02 25,39%

Mumber of test performed por Network

€

3 24,2%
lest pe
TestName 3 EE
Cloud-DL 204 208
Cloud-UL 156 206
DNS-Request 397 407
Facebook 194 203
GamingTest 389 404
EE 25,69% HTTP-DL 191 207
HTTP-UL 197 201
Ping 403 414
Twitter 181 198
Web 380 407
YouTube 172 185
Total 2864 3040
London 22629 22709

details " below.
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213
199
418
205
409
209
206
421
178
351
195
3004

21273

LS -
Vod

209 834

srmed

189
293
202
412
203
205
417
203
405
187
2925

750
1515
804
1614
810
809
1655
760
1543
739
11833

21700 88311

For further details about the test cases covered in the
campaign scope please see “Tests Suite” or “Testing and KPI
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London 5G QoE Benchmarking Campaign

Benchmarking Experience - Best QoE

EE achieved the best overall ranking result. Out of 5 possible points, EE scored with 4.61, closely followed by Vodafone with 0.21 points less (-
4.5%). With a difference of 0.35 (-7.6%) and 0.40 (-8.7%) points, Three and O2 are in third and fourth place.
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Very Good

EE provides the finest experience, coupled with the most reliable network, leading in accessibility, browsing, gaming and streaming.
Vodafone shows the best performance in download speed, along with a very good service in social media.
Three delivers very good performance in the upstream link, along with very good overall service concerning data and OTT applications.

O2 provides the most reliable DNS resolution service, along with a very good video streaming service.
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London 5G QoE Benchmarking Campaign

Benchmarking Experience - Results per category

8 O, (6
‘ 4,26 ‘ 461 . ‘ 4721 ‘ 4.40
0,00 | . ! | _5.r:|c:- 0,00 | | 500 0,00 0

5,00 000

5.0

@ MOS-5ervice Availability

® MOS-GlobalPing

® MOS-GlobalChrome

@ MO5-GlobalDMS-Request

@ MO5-GlobalGaming

® MOS-GlobalCloudDL
MOS-GlobalCloudUL

@ MO5-GlobalHttpDL

5,00

4,66
4,482
5,00

458

e
1o
=+

65

@ MOS-GlobalHttplL
MOS-GlobalFacebook

® MOS-Global Twitter

® MO5-GlobalYouTube

odafone
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London 5G QoE Benchmarking Campaign

Benchmarking Experience - Results per category

3800

Services Vodafone
Accesibility 0,176 0,150 0,191 \©l b A
MOS Latency 0,176 0,237 0,150 0,191 )
Global CloudUL Global Twitter

Availability 0,500 0,500 0,500 0,500
MOS Service Availability 0,500 0,500 0,500 0,500
Data and OTT 2161 [2,272] 2,129 2,140 & ‘/

(O] Global CloudDL v Global YouTube
MOS DNS Request 0,230 0,217 0,229 0,149 \
MOS Facebook 0,229 0,250 0,250 0,250 b . ’
MOS Gaming 0,208 0,225 0,199 0,187
MOS HttpDL 0,189 0,215 0,191 0,229

Global Ping —o—89-9® Global DNS Request
MOS HttpUL 0,187 0,189 0,164 0,150 \ -
MOS Twitter 0,232 0,235 0,225 0,244 | LN/
MOS Web Browsing 0,885 0941 0871 0,932 /. \
Streaming Experience 0,927 10,959 | 0,939 0,929 \(:)' \ :
MOS Streaming 0927 0959 0939 0,929 Gt ’( Gl faeatioo
Value for Speed 0,495 | 0,637 ) 0,492 0,635 \C:)I ‘
MOS CloudDL 0,348 0,471 0,366 0,482
MOS CloudUL 0,147 0166 0126 0,153 Slobal HiwoL Global Gheome
Global Gaming

Total 4,258 [ 4,606 | 4,211 4,395 ! o5 oLt 902 @Vodaions
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London 5G QoE Benchmarking Campaign

Vodafone

1,994 2,122| 2,010

1,994 2122 2,010

3, EE, 02 y Vodafone por MOS
@3 ®EE @02 @Vodafone

CloudDLComplete

CloudULComplete FacebookComplete

GamingComplete HttpDLComplete

ChromeComplete HttpULComplete

DMS-ReguestComplete PingComplete

YouTubeComplete TwitterComplete

KPls Reliability (Success Rate)

F 100,00 %

HttpDLComplete (%)

HttpULComplete (3) M 100,00 %
CloudDLComplete (%) P 100,00 %
CloudULComplete (%) M og5i15%
PingComplete (%) B 100,00 %
GamingComplete (%) F 99,23 %
ChromeComplete (%) | 9947 %
DNS-RequestComplete (%) ™ 99,75 %
FacebookComplete () P 100,00 %
TwitterComplete (36) F 100,00 %
YouTubeComplete (%) B 100,00 %

KPls Total Tests

TestMame

Cloud-DL
Cloud-UL
DMS-Request
Facebook
GamingTest
HTTP-DL
HTTP-UL
Ping

Twitter
Web
YouTube
Total
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204
156
397
194
389
191
197
403
181
380
172

2864

F 100,00 %
fa 9550 %
[0 g952%
M g757%
M 100,00 %
M 99754
M 9575
M 9975 %
M 100,00 %
M 100,00 %
M 100,00 %

TEFEFEERFRET

gas52 % [

F 100,00 % [M

99,06 % |
9648 % MM
9952 % [
100,00 % [
99,15 % [
100,00 % [W
100,00 % [
9944 % [
100,00 % [

Benchmarking Reliability — Consistent performance

Services

Reliability
MOS Reliability

Wodafone

99,51 %
96,10 %
99,52 %
95,77 %
100,00 %
100,00 %
99,75 %
91,13 %
100,00 %
100,00 %
100,00 %

\iodafone
213 209
199 189
418 293
205 202
409 412
209 203
206 205
421 417
178 203
351 405
195 187
3004 2925

834
750
1515

1614
810

1655
760
1543
739

11833



London 5G QoE Benchmarking Campaign

Benchmarking Availability — Best 5G registration rate

8% (6,

|tfort |fore

Pr‘\‘*"i"h,’
A 1\')) 'E‘

OmapLox O (©uepke L BN )M apbox : A 63‘?“_ Olnapbox i
3G @4G @5G ®4G @5G 3G 94G @5G 3G @4G @5G

0% 50% 100% 0% 50% 100% 0% 50% 100% 0% 50% 100%

Vw4 * EE has the best 5G availability (coverage) with over 92% technology registration.

©
" 5G 6
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London 5G QoE Benchmarking Campaign

Benchmarking 5G Experience - Results per category
O O

Accesibility
MQS Latency

Availability
MOS Service Availability 0,500

Data and OTT

MOS DNS Request

MOS5 Facebook

MQOS Gaming

MOS HttpDL

MOS HttpUL

MOS Twitter

MOS Web Browsing
Streaming Experience

MQOS Streaming
Value for Speed

MOS CloudDL

MOS CloudUL
Total

17

2,218
0,233
0,250
0,206
0,195
0,192
0,240
0,903
0,939
0,939
0,548
0,383
0,165
4,375

0,231

0,500

0,500

2,281

0,219
0,250

0,219

0,221
0,190
0,234
0,948

0,959

0,959
0,650
0,483
0,167

4,621

0,147
0,500
0,500
2,163
0,231
0,250
0,179
0,204
0,167
0,232
0,900
0,938
0,938
0,575
0,451
0,124
4,322

02 Vodafone

0,179
0,179
0,500
0,500
2,153
0,136
0,250
0,173
0,245
0,176
0,244
0,929
0,928
0,928

0,661

0,489
0172
4,421

Global CloudUL Global Facebook

Global Ping Global Twitter
Global CloudDL Global YouTube
Global HttpUL Global DNS-Request
Global HttpDL Global Chrome

®3 ®EE 902 @Vodafone
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London 5G QoE Benchmarking Campaign

Benchmarking 5G DL Speed - Cloud Speed Test (multi-thread)

Network | CloudDLComplete | CloudDLAvg | CloudDL | CloudDLpS0 | CloudDL | CloudDLMax | #Cloud [REGNReIR{NID)

(%) (Mbps) 1 p90 (Mbps) DL
v |

Vodafone 99,43 % 170,84 50,49 148,81] 33581 525,45 174 '
EE 99,43 % 168,35 19,19 134,99 | 370,65| | 799,99] 176 el Y '
3 100,00 % 118,86 5,74 53,79 32983 640,88 159 "
02 99,40 % 108,48 18,58 8711 246,62 370,60 167 >l
CloudDLAvg (Mbps) y CloudDLMax (Mbps) . .
-
6540 88 CloudDLAvg (Mbps) por Network y CloudDLAvg (Mbps) : * ‘ p
| 1,000.00 capng f . B)
‘.,n
900.00
o 11886 1.0 o‘.o,ﬁ . 0
B
CloudDLAvg (Mbps) y CloudDLMax (Mbps) 800.00 —
799,99 700.00
600.00
ol 16835 5 S
500.00
CloudDLAvg (Mbps) y CloudDLMax (Mbps)
400.00 TManbhox
370,60 \-' | 0. { rI! ) )
\ 300.00 @ |
5G

ol 10848 1.200

200.00

- Network @3 @EE @02 @Vodafone
100.00

CloudDLAvg (Mbps) y CloudDLMax {(Mbps)
52545 0.00
\ 3 EE 02 Vodafone
N e “I MIMIIJ«M
ledUX I | ||I&I|..||.LI|M|.|IIL. ok 0 . '
0 200

400 600 800
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London 5G QoE Benchmarking Campaign

Benchmarking 5G UL Speed - Cloud Speed Test (multi-thread)

Network | CloudULComplete | CloudULAvg | CloudUL | CloudUL | CloudUL ‘ CloudULMax # Tests Cloud UL (Mbps)
(%) (Mbps) p10 p50 p9C ‘ {Mbps)
3 96,49 % 31,65 8,60 19,61 60,98 157,32 114
EE Leria %) 2650 | se2)[ 2007) s8ss 83,63 178
02 9583 % 17,09 6,32 16,38 28,34 4113 168
Vodafone 97,58 % 29,34 8,19 18,54 61,89 155,65 165
CloudULAvg (Mbps}) y CloudULMax (Mbps) CloudULAvg (Mbps) por Network y CloudULAvg (Mbps)
180.00
157,32
, 160.00
o 3165 300 14000
CloudULAvg (Mbps) y CloudULMax (Mbps) 120.00
83,63
\ 100.00
N | 2650 300 80.00
N AW/
CloudULAvg (Mbps) y CloudULMax (Mbps) 60.00 @
5G
41,13 40.00
ey
o 1 709 300 S Network @3 @ ELE @02 @Vodafone
CloudULAvg (Mbps) y CloudULMax (Mbps)
0.00

155,65 3 EE 02 Vodafone

l
ol 2934 N IIII

w
o

50 100 150
y
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London 5G QoE Benchmarking Campaign

Detailed Benchmarking Results

Registered technology KPIs Accessibility and Web Browsing

20

3 dfll 0.01% ol 3915% | dill 60.84% PingComplete (%) M q0000% M 10000% ™ 9952% M 10000 %

EE dl 7.55%  dill 92.45% PingLatency (ms) M 5314 M 4706 M 7800 | 66,17

02 dll 111% dl 17,00% | gl 81,88% Pinglitter (ms) M 5786 M 3037 M gp38 | 46,49

Vodafone | ff] 0,11% gl 25.12% | ] 74.77% PingPacketLoss (%) B opos3% M o031% M@ oss% M 160%

ChromeComplete (%) [0 9947% M 9975% M ggi5% M g975%
ChromeDnsLoakup (ms) M ojges M qga7 M 9935 | 15,42

KPis HTTP DLAUL / Cloud DLEUL ChromeLoadTime (ms) M 85353 M 137495 M 104045 M 151050
_ Vedafone GamingComplete (%) M 99239 M 9975% [ 10000% [ 100,00 %
HttpDLComplete (%) M 10000% ™ 10000% [® o952 M 99519  Gaminglatency (ms) P 4913 @ 5416 M 7066 P8 7406
HttpDLSpeed (Mbps) M gcos M q0871 M 7950 | 9425  Gaminglitter (ms) [0 478 @ 3462 [0 s P 4933
HttpDLP10 fu 174 | 1376 M 480 M 2250  DNS-RequestComplete (%) M 99759 M 99759% [ 10000% M 9113 %
HttpDLPG0 [ 20013 M 23588 M 17619 @ 15233  DNS-RequestDnsLookup (ms) F 87,74 F 13898 | 100,19 P 80,08
HttpULComplete (%) M jp000% M o9gsow [ 1o0000% M g610%  DNS-ReguestTime (ms) o a796 M 13728 | 11215 M a7es
HttpULSpeed (Mbps) e 932 M 1788 M 1160 M 1868
HttpULP10 F 0,66 F 2,24 | 158 F 057 Kpis OTTs Facebook/ Twitter/YouTube
HttpULPS0 fB sg70 | 902 M 222 | 4474
CloudDLComplete (%) M jo000% [@ 99529 M ggos%w [¥ 9952 _
CloudDLAvg (Mbps) M o716 M 15582 M 9090 M 15192 FacebookComplete (%) M 10000% M 10000% M 10000% M 10000%
CloudDLp10 i 195 | 1803 M 795 M 3243 FacebookTotalLoadTime (ms) Mo 49625 M 132373 |V 184699 M 107399
CloudDLp%0 " 31051 M 36206 M 22445 |9 30728 TwitterComplete (%) M 10000% M 10000% M 99449 M 100,00 %
CloudULComplete (%) M ogi5% M o7579% |9 ogag% M os779  TwitterTimeToConnect (ms) @ gi3e0 M 95345 M 77403 M 75593
CloudULAvg (Mbps) B 277 @ 2570 B 1623 B g4 TwitterloadTime (ms) Mo 347500 @ 252400 M 366002 P 246965 -
CloudULp10 [ 701 M g0 M 573 M g9 YouTubeComplete (%) M 10000% M 10000% M 10000% M 100009%
CloudULpao M 5255 @ 5495 M 2722 M sgs5  YouTubeStartPlay (ms) M 183785 M 154741 |9 171547 |8 173315 d
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London 5G QoE Benchmarking Campaign

Detailed Benchmarking Results (5G)

Registered technology KPls Accessibility and Web Browsing

Metwork | 3G Vodafone

21

3 dll 0.01% gl 3915% gl 6084% PingComplete (%) M j0000% M 10000% ™ o9s70% M 10000%
EE dll 7.55% il 92:45% PinglLatency (ms) B 5446 M 4931 M g447 | 68,76
02 dll 111% gl 17,00% | gil 81,88% Pinglitter (ms) M ge2e M 3264 M 7475 | 51,27
Vodafone | gfl] 0,11% gl 25,12% | gil] 7477% PingPacketLoss (%) P osee M o3%% M om2u M 180%
ChromeCamplete (%) M o995 M 10000% ™ 10000% M sgT2%
ChromeDnsLoakup (ms) M 81 M@ 3a7 M 1107 | 14,88
KPis HTTP DLELIL / Cloud BLEUL ChromeLoadTime (ms) 9 173974 M 130550 M 198425 M 153573
_ 3 Vodafane GamingComplete (%) M g9e5% M 10000% [ 10000% M 10000%
HttpDLComplete (%) M 10000% ™ 10000% [® 10000% [ 99439  Gaminglatency (ms) A 4s31 @ 577 M 7ee0 [ 7707
HttpDLSpeed (Mbps) M go00 M 11841 M 9302 [¥ 10205  Gaminglitter (ms) [ 4521 0 3797 M 545 P 5477
HttpDLP10 Fa 228 | 1668 gg2 M 3209 DNS-RequestComplete (%) M 10000% M 10000% [ 10000% M@ s967%
HttpDLP90 M 4499 [ 25433 | 18902 @ 15393  DNS-RequestDnsLookup (ms) F 84,92 F 139,62 F 93,74 P 75,92
HttpULComplete (%) M j0000% [¥ 9943% [ 1po00% M o9gg49  DNS-ReguestTime (ms) o g402 M 13796 | 10265 M 8466
HttpULSpeed (Mbps) M 231s | 1837 M 1229 | 18,52
HttpULP10 F 118 F 222 | 1,64 F 057  Kpls OTTs Facebook/Twitter/YouTube
HttplULP90 B 7592 | N7 M 2373 | 44,85 T
VOOdarone
CloudDLComplete (%) M oj0000% M 9943% M g940% M 99439
CloudDLAvg (Mbps) P 186 MM 16835 M 10848 M 17084 FacebookComplete (%) M 10000% M 10000% ™ 10000% [ 10000%
CloudDLp10 M 574 M 1919 M 18ss @ so49  FacebookTotalloadTime (ms) M 199356 M 121163 |9 155771 M 104604
CloudDLpa0 M 32083 M 37065 M 2s562 M 3357 TwitterComplete (%) M 1o000% M 10000% M 9931% M 10000%
CloudULComplete (%) I og49% M o719% M osg3 M o758%  TwitterTimeToConnect (ms) [© 78030 M 97698 M ea224 P 74686
CloudULAvg (Mbps) B 3165 | 2650 M 1700 M 2934 TwitterLoadTime (ms) M 313618 [ 253831 M 343004 M 250194
CloudULp10 B ge0 M  ge2 M 32 M g1o YouTubeComplete (%) M 10000% M 10000% M 10000% M 10000%
CloudULp90 F 60,98 F 58,55 F 2834 P 6189 YouTubeStartPlay (ms) F 1.737,35 F 1.561,01 F 1.731,35 F 1.751,89
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London 5G QoE Benchmarking Campaign

Testing and KPI details (1/2)

Test Name

e Network Availability

e Latency-Ping

e HTTP Down (Burst)

e HTTP Up (Burst)

e Cloud Speed test DL

e Cloud Speed test UL

KPI Name

% Registered network time

Average Latency (ms)
Completed Tests (%)
Jitter (ms)

Packet Loss (%)

Average Speed (Mbps)
Completed Tests (%)

Average Speed (Mbps)
Completed Tests (%)

Average DL Speed (Mbps)

Completed Tests (%)

Cloud Speed test - P50 DL Speed (Mbps)
Cloud Speed test - P90 DL Speed (Mbps)

Average UL Speed (Mbps)

Completed Tests (%)

Cloud Speed test - P50 UL Speed (Mbps)
Cloud Speed test - P90 UL Speed (Mbps)

KPI Details

% of time that the MedUX device has an active connection

e Average latency obtained during the test execution

e % of total tests performed that have successfully completed

e Variance in time delay between data packets over the network
e % of packet loss during test execution

e Download Speed (Mbps)
e % of total tests performed that have successfully downloaded bytes during requested

time

o Upload Speed (Mbps)
o % of total tests performed that have successfully uploaded bytes during requested

time

¢ Download Speed (Mbps)

e % of total tests performed that have successfully completed
e Avg of P50 of the partial values obtained in cloud Speed test
e Avg of P90 of the partial values obtained in cloud Speed test

o Upload Speed (Mbps)

o % of total tests performed that have successfully completed
e Avg of P50 of the partial values obtained in cloud Speed test
e Avg of P90 of the partial values obtained in cloud Speed test
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London 5G QoE Benchmarking Campaign

Testing and KPI details (2/2)

Test Name

e Web Browsing

Streaming (YouTube)

Gaming

DNS Request

e Facebook

e Twitter

KPI Name

Average DNS Lookup Time (ms)
Completed tests (%)
Loading time (ms)

e Average Speed (kBps)
e Startup Time (ms)
¢ Completed Tests (%)

e Average Latency (ms)
e Completed Tests (%)
e Jitter (ms)

e Completed Tests (%)
e DNS Delay (ms)
e Total DNS Resolution Time (ms)

e Facebook Load Time(ms)
Completed Tests (%)

Twitter Load Time(ms)
Twitter Time to Connect (ms)
Completed Tests (%)

KPI Details

Average DNS lookup by resource
% of total tests performed that have completely loaded requestest URL
Time to completely browse the website

Download Speed (kbps)
Time to begin playing the video (Player Loading Time + Time to Play)
% of total tests performed that have successfully played requested video

Average latency obtained during the test execution
% of total tests performed that have successfully completed
Variance in time delay between data packets over the network

% of total tests performed that have successfully resolved the DNS

Time to resolve the DNS of requested URL (taking into account the server that
resolves and only the successful query)

Total time to resolve DNS of requested URL

Time to completely browse the Facebook page
% of total tests performed that have successfully completed

Time to completely browse the Twitter page
Time to connect to Twitter server
% of total tests performed that have successfully completed
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QoE Everywhere
in the Digital Era

Join MedUX in the
#QoERevolution

MedUX, the internet QoE testing
and monitoring company

www.medux.com

in

X,

Rafael Gonzalez
CMO
rafa@medux.com

Jaime Gonzalez
Product & Marketing Mgr
jaime@medux.com


https://www.linkedin.com/in/rgonzalezgalarreta/
http://www.medux.com/
https://www.linkedin.com/in/rgonzalezgalarreta/







Why MedUX

With MedUX, you get a unique ecosystem that provides
a one-stop-shop QOE suite for all your needs.

We integrate robots and agents, our full-stack technology and
advanced analytics to deliver comprehensive multi-play testing
and grand scale monitoring.
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Benchmarking

Wholesale control

Our solutions

2
£

Regulatory
compliance

Anomaly Detection

7}

Grand scale QoE
monitoring

Massive field-data
monitoring

In-Home
performance

CPE
performance
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Our clients

(99) é. _©

PN —

Communication service Telecom Regulators Digital Enterprise
Providers

Multiplatform QoE Suite

v © ‘

Mobile & Home Robots Agent App SDK & Crowdsourcing Advanced Analytics
Mobile network monitoring Available on iOS, Android QoE insights from real Offers Agile tools for
and In-Home QoE and Harmony; supports world end users. Collects monitoring network
measurements from real various QoE information on the mobile services and discovering i
end-user perspective. measurements. network. insights in real time.
ﬁ‘sf



Why MedUX?

QoOE Revolution.

Since 2014, MedUX has been revolutionizing networks and services testing
from the customer perspective. Our figures have not stopped growing.

@

16.500
Robots

Active testing devices
all over the world.
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P

+20 Billion

Samples

Analyzed in real time,
without integration
and 100% operated

by us.

it

+500M

People

Covered by MedUX
deployments.

-

+3M
Agents

SDK Agents and APPs
collecting insights
from any device.
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Why MedUX?

Global Trusted Partner.

+ 25 Countries corm gy
International |
presence. ——

Spain HQ
Global presence. Madrid @
Centers of excellence — i y s
throughout the world. LD us Office  PorteT® e
office - Miami, FL >
B Projects -y Colombia Office . e
El Salvado® - - - ~ N M @reece
F Offices """ A A V. . etaly
COStaRico----:.__‘, Equatori : .
. U qugu(i:ec::‘ """ E' ’
Per® - - - -; Angold® - - ‘
South
" “Africa
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Why MedUX?

Success stories.

Global TELCOs Governments
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