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Quality of Experience Everywhere in the Digital Era

5G QoE Benchmark in Europe

With TRUE QoE KPIs
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MedUX

The internet QoE testing and monitoring company
www.medux.com
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MedUX

5G QoE Benchmark in Europe

Best QoE With TRUE QoE KPIs 5G Speed
s 2 G DG
liad Best Reliabilit m ®®®g°j A5 5G Coverage
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Streaming| Responsivenes
Web Browsing 5G Gaming|
Data & O

Empowering 5G customer-centric use
cases with real field data

Quality of experience everywhere in the Digital Era
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5G QoE Benchmark in Europe

Did you know that?

Best Mobile Quality of Experience

©

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

1.3 Gbps 302 Mbps 528 Mbps 90.7%

RELIABILITY

99.9%

Achieved in Paris Achieved in Porto Achieved in Lisbon Top 5G Availability Most consistent
achieved in Porto Experience in Milan
] ]
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Berlin
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Best

Reliability in

European
cities

Top experience in a
major European city

Leveraging true QoE KPlIs

Did you know that?

Most consistent 99.91 %
Network Experience successful
recorded in Milan Internet Session

Milanese also enjo Best 5G Gaming
the best Value for Experience thanks to a

Speed Experience
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Best QOE in

European
cities

Top experience in a
major European city

Berlin

Germany

Leveraging true QoE KPls

Did you know that?

Speed matters but a Berliners enjoy the
best Data and O
Experience thanksto a £ .
top reliability i}
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Top 5G Coverage
with 89.6 %

registration rate
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Top experience in a
major European city
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in the Digital Era

Join MedUX in the
#QoERevolution

MedUX, the internet QoE testing
and monitoring company

www.medux.com
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5G QoE Benchmark in Europe
with TRUE QOE KPIs ‘ '
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MedUX Insights:
5G QoE Research Study

At MedUX we have conducted a first of its kind 5G Quality of
Experience (QoE) Benchmark in Europe. The study unveils a clear
frontrunner, an Excellent winner in Europe, followed closely by five A
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 4y
the viewpoint of the people who matter most — the users.

=
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5G QoE Benchmark in Europe

. . Measurement Scope
5G Campaign Overview

The measurement campaign consisted of drive tests conducted during Q2

and Q3 2023 in 10 major cities across Europe, covering more than 25 million liegnneleg)z Lpite S

| ¥4

inhabitants. * Unforced mode
Our drive test cars covered more than 4,000 kilometers and 2,000km?2 to Devices: 8 MedUX Mobile
understand how mobile operators cover the most important European :
capitals. « Commercial smartphone-based probes
i Vehicles: 1 car
Berlin: 3.7 M + 8 devices per vehicle
London: 9.5 M [ . J
r Y
2 vodafone /I 1 .
8 @ 9 |:||]|:| Sampling:
- J . g .
% Munich: 1.5 M Test;. mlh 3K samples per CIt}l
Paris: 5.7 M + Radio: min 15K samples per city
bouygues‘ ’ m free [ 02 vog\e J .
Q Complete Test execution
Madrid: 4.1 M Q Milan: 3.3 M « OTT and services (Streaming, Gaming, Web
[vodm . M "“S”""L] 0 [ Z=TIM WS liad 9 J Browsing, Speed Test DL/UL), destination servers
Porto: 1.1 M and parameters
[II\EO O N %;2::::%5 nowoJ 9 O T
<) 3 ¢ 5G SIM cards
Lisbon: 1.5 M
Barcelona:1.6 M Rome: 4.3 M 9
II\-OWQM NOs nowoJ [ b .. YL MASMOVLJ [ Z=TIM A3 iliad Wd(a?one J ©: Planned route: 2-3 Days per city
%

6 g7 >4000 km and >2,000 km?2 R 'MingrQ2-Q32023 o



5G QoE Benchmark in Europe

® [ ]
Key findings
Our 5G QoE benchmark, conducted in Europe during Q2 and Q3 2023, shows a very good winner and two close contenders.

Berlin leads the European 5G QoE Benchmarking campaign, co-leading the Video Streaming Experience Award and winning overall Data
and OTT experience.

Berlin offers the best Global QoE, leading in Data&OTT experience, and co-leading in video streaming QOE scoring: 4.69 out of 5
Apart from winning the Top Award of Best QoE and showing best performance in two important categories, Berlin 89.6% of 5G Registration Rate
ranks as the second city with the highest 5G Coverage and shows excellent consistency across all services. Germany's
Capital also co-leads with Paris the Best Streaming Experience.

Barcelona delivers the second-best Global QoE, showcasing the most reliable 5G service Reliability Score: 93.6%
97.3% of 5G Value for Speed Score

Barcelona also co-leads with Milan for the Top Award of Best Reliability. Additionally, users benefit from the best
Web Browsing Experience (within Data&OTT) and the best “5G only” Value for Speed with a perfect reliability score in
both DL and UL.

Paris provides the third-best Global QoE and the best in “5G only”, leading the streaming experience 5G QOE scoring: 4.71 out of 5
100% of Streaming Score

France's Capital offers the best “5G only” QoE, closely followed by Barcelona and Berlin. Furthermore, Parisiens enjoy
the best streaming experience, both in Global and 5G only, and a very good Data&OTT experience in 5C. Paris ranks as
the third city with the highest 5G coverage.

17 d
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5G QoE Benchmark in Europe

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”

CONFIDENTIAL - ALL COPYRIGHTS AND TRADEMARKS RESERVED
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5G QoE Benchmark in Europe

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 it 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.

CONFIDENTIAL - ALL COPYRIGHTS AND TRADEMARKS RESERVED
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5G QoE Benchmark in Europe

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”

4
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5G QoE Benchmark in Europe

Quality of Experience: Mobile Experience Ranking

Our 5G QoE measurement campaigns aim to test and shape the future of 5G experience. The study unveils a clear frontrunner, Berlin, an
Excellent winner in Quality of Experience in Europe, followed closely by five strong competitors, especially Barcelona and Paris.

Berlin

Barcelona

Paris

Lisbon

Milan

Porto

Rome

Madrid

Munich

London
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5G QoE Benchmark in Europe

Mobile Experience Awards

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.

Berlin leads the European 5G QoE Benchmarking campaign, co-leading the Video Streaming Experience Award and winning overall Data
and OTT experience.

Top Awards
e Reliability Data & OTT | Stréaming | Value for 5G UL Speed
Experience Experience Speed

\v/4 7 \W/4 \ /4 w4 Vw4 7 \v/4
Europe ! ! O] @ O, @sc | Osc¥on | Oty | @O,

veees | mm,  BE. ™, BB BN . 1.

Co-leaders* 3 -

E— B

QoE Scorecard - MedOs Definition: Reliability (part of QoE Scorecard):
10% - Accessibility 0,25p - Accessibility*

5% - Availability 0.375p- Value for speed*
15% - Value for speed 0,5p - Streaming Experience*
20% - Streaming Experience 1,25p - Data & OTT*

50% - Data & OTT

* Berlin, Lisbon, and Milan lead most of the rankings across all mobile
experience categories

*  Berlin wins the most important award for Best QoE while showing
outstanding stability across most mobile experience categories and KPIs.

*SuccessMOS for Reliability is
* Milan leads the second most important award for Best Reliability, as well as based on 2.375p max

other specific Awards on Value for Speed and 5G Gaming.

NOTE* Co-leaders (less than 0.5% difference)
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5G QoE Benchmark in Europe

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 others.

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.



5G QoE Benchmark in Europe

5G Campaign Setup - Tests performed

Probes Conﬁguration Mumber of test performed by city

16 17119
Providers 100.659 167

#Test performed

12104 11800 11440
A4 8866
Cities

11

Task types

7959
5974
4067 1659

Paris Rome Milan London Madrid Barcelona  Berlin Munich Oporto Lisboa

373.939

#Radio samples

TestMame Barcelona | Berlin | Lisboa | London | Madrid | Milan | Munich | Oporto | Paris

e

Barcelona 8,81%

Cloud-DL 621 615 260 834 800 833 465 277 1280 1179 7174 Rome 17,01%

Cloud-UL 577| 609 236 750 789 805 442 279 1119 1172 | 6778 Berlin 7,91%
DNS-Request 1200 1203 505 1515 1548 1671 906 548 2487 2253 13795 _

Facebook 575 324 234 771 753 805 250 265 1166 1114 6257 Lisbaa 2,69%
GamingTest 1186 | 1188 476 1614 1513 1603 894 543 2428 2274 13719

HTTP-DL 591 609 250 810| 743 807 463 267 1177 1158 6875 Paris 17,56% London 11.72%
HTTP-UL 594 598 245 809 764 807 452 274 1228 1144 6915

Ping 1245 | 1240 523 1655 1595 1674 940 568 2581 2350 14371

Twitter 572 339 242 760 | 757 803 240 268 1206 1123 6310

Web 1189 | 680 499 1543 1549 1634 523 551 2439 2281 12888 Oporte 4043 Madrid 11,37%
YouTube 507 554 189 739 629 722 399 227 540 1071 5577 Munich 5,93% -

Total 8866 7959 3659 11800 11440 12104 5974 4067 17671 17119 100659 Milan 12,02%

Radio 33340 32009 17583 88311 43464 27416 26220 18081 53124 34391 373939

samples For further details about the test cases covered in the campaign scope

please see “Tests Suite” above or “Testing and KPI details " below.
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MedOs Global Values

Availability
Chrome
CloudDL
CloudUL

DMS Request

Facebook
Gaming
HttpDL
HttplL
Ping
Twitter
YouTube

Barcelona

5,00

477
427
448
5,00
422
4,25
3,98
4,35
435
457

Benchmarking Experience - Best QoE

Berlin achieved the best overall ranking result. All cities have very good or excellent performance, but Berlin, Barcelona and Paris scored the
highest among all cities. Lisbon, Milan and Porto closely followed.

4,460
= 1

4,390

/]
Z | )
o af

Berlim

5,00
467
4,94
3,56
448
5,00
441
461
4,13
4,45
4,60
4,99
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London

5,00
4,54
3,91
2,96
421
5,00
4,00
3,92
3,49
3,70

l 4,?9'

491

Munich

5,00
436
496
340
444
5,00
334
413
4,04
315
4,61
4,86

r-_l:. EI CI i : I:I

500 500 500
445 462 452
500 500 495
400 374 313
462 463 449
500 500 500
445 422 422
490] 427 419
439 384 398
431 424 399
3,11 453 345

494(500) 480

QOoE Scorecard - MedOs Definition:
10% - Accessibility

5% - Availability

15% - Value for speed

20% - Streaming Experience
50% - Data & OTT



5G QoE Benchmark in Europe

Benchmarking Experience - Results per category

Accesibility

MOS Latency
Availability

MOS Service Availability
Data and OTT

MOS DNS Request

MOS Facebook

MOS Gaming

MOS HttpDL

MOS HttpUL

MOS Twitter

MOS Web Browsing
Streaming Experience

MOS Streaming
Value for Speed

MOS CloudDL

MOS CloudUL
Total

Availability

HttpUL Facebook

YouTube

Gaming

HttpDL CloudDL

CloudUL Chrome

Fing DNS Request

Twitter Reliability

@ Barcelona @Berlin @Lisboa @London @Madrid MOS Reliability

26

Milan =~ Munich @ Oporto

Barcelona

Barcelona | Berlin | Lisboa | London
0,217 0,223(_0,242} 0,185

Madrid

WHEL

Munich

Oporto | Paris

0,211 0,236 0,158 0,216 0,212 0,199
0217 0223 0242 0185 0211 0236 0158 0216 0212 0,199
0,500 0,500 0,500 0,500 0,500 0,500 0,500 0,500 0,500 0,500
0,500 0,50040,500 0,500 0500 0500 0500 0,500 0,500 0,500
2,252(2,29572,262 2,184 2,178 2216 2,150 2,214 2,249 2,171
0224 0223 0232 0210 0211 0230 0222 0231C0232)0224
0250 0,250 0250 0250 0250 0250 0,250 0,250 0,250 0,250
0211 0221 0187 0205 0221(0233) 0167 0222 0211 0211
0213(0231) 0239 0196 0208 0214 0207 0245 0214 0,209
0,199 0,206 0174 0203 0208 0202 0220 07192 0,199
0218 0,230 0,19 0,199 0175 0231 0,56 0226 0,173

0935 0933 0909 0886 0906 0873 0891 09250904
0,994 0,998 0,995 0,983 0,990 0,970 0,972 n,aau,grg
0994 0998 0995 0983 0990 0970y, 0972 0989 1,000 0979
0,690 0,672 0,640 0,539 0,581( 07117 0,666 0,704 0,687 0,652
0477 0494 0500 0391 0430 0498 0496 0500 0,500 0,495
0213 0,178 0140 0148 0151 0214 0,170 0204 0,187 0,156
4,653 4,688 4,639 4,390 4,460 4,634 4,446 4,623 4,649 4,501

L)

2,224 2192 2,090 2154

CONFIDENTIAL - ALL COPYRIGHTS AND TRADEMARKS RESERVED

2,139 2,231

4

2,119

Berlin | Lisboa | London | Madrid | Milan | Munich

2,217 2,202 2171



27

5G QoE Benchmark in Europe

Benchmarking Reliability — Consistent performance

CloudDLComplete

DNS-RequestComplete FacebookComplete
CloudULCompl... HttpDLComplete
ChromeCom... TwitterComp...

Reliability
MOS Reliability 2,192 2,090 2,154 2,139%2,119 2,217 2,202 2171
\ )
GamingComplete YouTubeComplete Reliability (part of QoE Scorecard):
0,25p - Accessibility*

0.375p- Value for speed*
0,5p - Streaming Experience”
1.25p - Data & OTT*

*SuccessMOS for Reliability is
based on 2.375p max

HttpULComplete PingComplete

@ Barcelona @Berlin @Lisboa @London @Madrid -~ Milan © Munich @ Oporto d
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® Barcelona

® Berlin
@ Lisboa
® London
® Madrid
Milan
Munich
® Oporto
® Paris
® Rome
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CloudULCompl...

ChromeCom...

GamingComplete

DNS-RequestComplete

HttpULComplete

CloudDLComplete (%)
CloudULComplete (36)
DMS-RequestComplete (%)
FacebookComplete (5%
GamingComplete (%)
HttpDLComplete (%:)
HttpULComplete (%)
PingComplete (%)
TwitterComplete (%)
ChromeComplete (%)
YouTubeComplete (%)

TestSuccess (%)

5G QoE Benchmark in Europe

CloudDLComplete

FacebookComplete

HttpDLComplete

TwitterComp...

YouTubeComplete

PingComplete

Barcelona Berlin Lizboa

M 10000% |9 9967% [ 10000%
B g9948% M ogg39% M sgseu
[9 9926% M ogp3s M g960%
M j0000% ™ 10000% [ 100,00 %
M g9983% M og9g3n M 9538w
M j0000% M 9984% M 100,00%
M g99383% ™ 10000% M 10000 %
M 99929 M 99029 M@ 99819
M 10000% W 100009 M 100,00 %
M 99759 M gg719% M 10000%
B j0000% ™ 10000% M 100009%
B g982% M go56% M 9s49%

TestMame
F .

Cloud-DL
Cloud-UL
DM5-
Request
Facebook
GamingTest
HTTP-DL
HTTP-UL
Ping
Twitter
Web
YouTube
Total

London

M 99509
M gg53%
M gp159%
M 100,00 %
M g99759%
9 g975%
M gg899%
M 9988 %
[V g987%
M 99559
M 100,00 %
[0 9926 %

Berlin | Lisboa

621 615 260
577 609 236
1209 | 1203 505
575 324 234
1186 | 1188 476
541 609 250
504 598 245
1245 | 1240 523
572 339 242
1189 680 499
507 554 189

8866 7959 3659

Madrid

o 99389
% 93.41%
W 9780%
100,00 %

99,80 %
100,00 %
100,00 %
99,75 %
100,00 %
99,74 %
100,00 %
99,08 %

TEEREFEREERRN

Milan

Mo 99889
M 9988%
M g9759%
M 100,00 %
M 99949
M 100,00 %
M 100,00 %
M 100,00 %
[V g988%
M 99699

London | Madrd

834 800
750 789
1515 1548
A 753
1614 1513
810 743
809 64
1655 1595
Tel 757
1543 1549
739 629
11800 | 11440

hunich

[* 9978 9%
P gg3sn
M gga5 9
M 10000 %
B 9966 %
M g935%
o g978%
M 9904 %
M 100,00 %
M gsose

00,00% ™ 10000 %

1
99,91 %
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[ o9259%

Milan | Munich | Oporto
833 465 277
805 442 279
1611 906 548
805 250 265
1603 894 543
807 463 267
807 452 274
1674 940 S&8
803 240 268
1634 523 551
722 399 227

12104 5974 4067

] porto

M 100,00 %
B 9740%
100,00 %
100,00 %
100,00 %
100,00 %
100,00 %
99,12 %
100,00 %
100,00 %
100,00 %
99,68 %

KK

M 100,00 %
M g7s6%
B gges
P 100,00 %
B 99424
M g992%
M 99849
M 9907 %
M 100,00 %
M 95799
B 100,00 %
M

99,60 %

Benchmarking Reliability — Consistent performance

KPls Total Tests

1290 1179
1119 | 1172
2457 2253
1166 1114
2428 2274
1177 | 1158
1228 1144
2581 2350
1206 1123
2439 2281
540 1071

17671 17119

Fome

fo 99979
% g462%
[9 992594
M 100,00 %
M 9978 %
M 100,00 %
M 100,00 %
M 9987 %
Mo 99649
M 99699
B 100,00 %
[9 9934 %

7174
6778
13795

6257
13719
6875
6915
14371
6310
12888
5577
100659

3
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Benchmarking Coverage -

Best 5G registration rate

D\

oG Nz \y / * Porto has the best 5G availability
o , @ 5G (coverage) with over 90%

. 89.62% 90,70% She0%e technology registration.

0%
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5G QoE Benchmark in Europe

Benchmarking “5G only” Experience — Results per category

vices Barcelona | Berlin | Lisboa | London | Madrid | Milan | Munich
Accesibility 0,207 D,21ﬂ 0,172 0,200 0,227 0,250 0,227 0,209 0,184

MOS Latency 0207 0210 0243 0,72 0200 0227 0,150 0227 0,209 0,184

Availability 0,500 0,500 0,500 0,500 0,500 0,500 0,500 0,500 0,500 0,500

— MOS Service Availability 0,500 0,500 0500 0,500 0,500 0500 05500 0,500 0,500 0,500

s . Data and OTT 2,266( 2,291 2,286 2,207 2,156 2,228 2,191 2,219 2,288 2,173

MOS DNS Request 0223 0225 0234 0209 0209 0231 0225 0234 0235) 0228

MOS Facebook 0250 0250 0250 0250 0250 0250%¢0250 0250 0250 0250

N MOS Gaming 0,192 0210 0,181 0,194 r:r,zn 50155 0,220 0216 0200

P ), % Facebook MOS HttpDL (0250 0230(0250) 0208 0217 0234, 0217 0250 0,236 0225

“Z \| ' 7 MOS HttpUL 0201 0210(0237) 0185 0203 0213 0207 0220 0197 0,201

MOS Twitter 0214 0230 0,196 [ 0240] 07194 0,169 0229 0,156 0,228 0,166

/ x} é/ MOS Web Browsing 0936 0936( _0938) 0922 0875 0906 0896 0890 0927 0903

Ping "P /K\\ HipDL  Streaming Experience 0,994 0,997(_1,000) 0,984 0,990 0965 0,973 0,990( 1,000 0,973

I/ /’ MOS Streaming 0994 00997 1,000 0984 0990 0965 0973 0990 1,000 0973

/ \ \ Value for Speed 0,680 0,625 0,607 0,649 0,721 0,685 0,709 0,708 0,666

/ 4 \ MOS CloudDL 0500 0493 0500 0451 0493 0497 0500 0500 0,500 0,498

Twitter "‘f ——— YouTube MOS CloudUL 0230 0,187 0,125 0,156 0,155 0224 0,185 0,209 0,208 0,169

h d Total 4,697 4,678 4,654 4,470 4,494 4,641 4,498 4,646 4,705 4,497

DNS-Requast Chroma ieru‘itez Barcelona Madrid | Milan | Munich
CloudUL Reliability 3
®Barcelona @Berin @Lisboa @London @Madrid © Milan @Paris @Rome  Munich @0porto MOS Reliability 2,192 2,069 2,176 | 2136 2,235 2149 2220 2,209 2178 0
4
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Benchmarklng 5G DL Speed Cloud Speed Test (multi-thread)

DriveTest

7

IO. ¥ Mgm 5 A misuove

44502
326,07
318,50
319,08
302,39
29149
264,37
258,78
142,53

1.226,98

102,42
48,58
73,76
23,88
50,00
63,26
46,33
49,59
15,74

O] 5G (’7\ Lisboa 100,00 %
Oporto 100,00 5%
Barcelona 100,00 %
Paris 100,00 %
Madrid 99,66 %
Milan 99,586 %
Berlin 99,62 %
Rome 99,89 %
Munich 100,00 %
London 99 56 %
Barcelona
de Llobgegak
50
Madrid
la
31

conenua

MAD

455,27 74429 1.262,78
334,14 590,70 1.134.25
331,70 590,78 1.342,02
325,98 663,14 1.249,92
312,84 57442 1.154.81
302,10 590,64 1.23994
272,32 53210 1.201,56
271,31 616,92 1.188,07
146,15 313,70 954,39
London

#CloudDL

225
257
477
1210
590
699
529
922
368
676

Munich

O)

CloudDLAvg (Mbps) por DriveTest y CloudDLAvg (Mbps)

1,400
1,200
1,000
800
600
400
200
0
Barcelona Berlin Lisboa London Madrid Milan Munich Oporto Paris Rome
Paris Berlin

"I Ay b cDG
~
I * 3y

- . '. S. l - |
0. L ‘ .
. ® ,” : X ) _:
4m5c O NOs nowo ® e ETIME) W 5 =C 2 d
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Benchmarking 5G UL Speed - Cloud Speed Test (multi-thra=~"

DriveTest | Completed | CloudULAvg | CloudUL | ClouduL | CloudUL | CloudULMax ‘ el  CloudUL (Mbps) por DriveTestyCloudUJiMbps)
(%) p10 pso p90 (Mbps) ‘ D
— ! 200
Lisboa 86,01 % 64,28 16,98 5329 129,89 293,27 193
Oporto 97,69 % 46,53 11,38 36,02 100,71 302,28 260 150
Barcelona 100,00 % 4423 11,47 33,47 97,40 265,97 438
Milan 100,00 % 41,54 10,70 31,98 90,57 201,52 664 100
Berlin 96,12 % 39,17 1134 29,55 80,86 24986 516
Madrid 92,78 % 4526 10,24 29,49 107,57 268,43 609 50
Paris 98,29 % 39,89 11,27 28,65 85,08 231,01 938
Munich 96,56 % 3949 9,72 26,76 94,66 290,00 349 0
Barcelona Berlin Lisboa London Madrid Milan Munich Oporto Paris Rome
Barcelona London Munich Paris Berlin
ML R rine cDG bei Ber
JY.
= e ... e, s
vl R L AT Y L
”o.‘)}. ‘mh‘nn
- A .
- a -..VJ o f o rin @ E
e rif® ¢Mu
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e
de Llobregaty . &

“ /b\, ." [mm Q & mnnu} (5\
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Detailed Benchmarking Results

Registered technology

Barcelona
Berlin
Lisboa
London
Madrid
Milan
Munich
Oporto
Paris

Rome

33

dll 0.23%

dll 2.06%
dll 0.30%
dll 0.20%
dll 0.20%

dil 3.38%

dll 2.30%
dll 0.28%

dll 21.43%
dll 1038%
dll 13.17%
il 22,24%
dll 23.24%
dll 14.92%
dll 18,20%
dll 592%
dll 10.81%
dll 17,925

dll 78.34%
dll 80,62%
dl 84.76%
dll 77.46%
dll 76.55%
dll 84.88%
dll &3.80%
il s0.70%
dll &7.09%
il 81,80%

KPls HTTP DL&UL / Cloud DLE&UL

HttpDLComplete (%)
HttpDLSpeed (Mbps)
HttpDLF10
HttpDLP90
HitpULComplete (%)
HttpULSpeed (Mbps)
HttplULF10
HttpULP30
CloudDLComplete (%)
CloudDLAvg (Mbps)
CloudDLp10
CloudDLp90
CloudDLMax (Mbps)
CloudULComplete (%)
CloudULAvg (Mbps)
CloudULp10
CloudULpS0
CloudULMax (Mbps)

:
o
R

TT@ AT TR T EREREORN

100,00 %
149,74
12,69
34243
99,83 %
31,51
2,51
79,35
100,00 %
260,09
16,48
562,94
1.134,25
99,48 %
40,06
9,74
84,76
265,97

i
o
|

99,84 %
147,01
21,78
266,31

M 100,00 %

[
l
[
f
f
l
[

Fa
:
a
f
|

29,77
3,36
61,07
99,67 %
268,51
46,46
568,95
1.239,94
96,39 %
37,28
9,28
77,35
249,86

M 100,00 %
218,68
25,03
408,35
100,00 %
47,58
6,11
97,76
100,00 %
467,74
79,70
827,61
1.226,98
88,56 %
55,35
15,02
121,98
293,27

KK K R KR K R R

London

N KK KRR E R

99,75 %
87,74
6,00
193,03
98,89 %
16,82
1,14
40,13
99,52 %
123,92
8,05
288,72
954,39
96,53 %
24,00
7,28
46,82
207,87

tadrid

Milan

M 10000% M 100,00 %

R R R

T &R EER
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14346
10,55
363,13
100,00 %
33,11
2,81
85,20
99,38 %
248,83
11,19
609,76
1.249,92
9341 %
39,89
8,91
99,47
268,43

F LG R K

165,98
13,42
370,44
100,00 %
29,72
3,65
66,97
99,88 %
262,44
31,75
540,94
1.154,81
99,88 %
37,86
9,42
86,88
201,52

I

57582
1.188,07
96,38 %
3532
7,64
8340

290,00

Oporto

M 100,00 %
200,78
27,73
399,57
100,00 %
37,41
5,39
84,38
100,00 %
418,02
72,81
730,46
126278
97,49 %
45,01
11,11
99,95
302,28

T EF T AN FFFRR T AR E R

99,92 %
194,04
13,52
398,15
99,84 %
24,37
1,44
57,41
100,00 %
301,08
46,20
578,99
1.342,02
97,86 %
35,77
8,19
79,94
231,01

fa

L R

100,00 %
125,14
11,11
297,98
100,00 %
25,93
2,25
66,69
99,92 %
218,36
19,52
493,30
1.201,56
94,62 %
35,25
8,37
8718
2351
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Detailed Benchmarking Results

KPls Accessibility and Web Browsing

Barcelona Ser Lisboa Londan Milan Oporto Rome

PingComplete (%) M o999 M 99929 M ogg1o M ogogsw M 9975w M jo000% M 9904 M o929 M 997w M 9987
PingLatency (ms) | 5183 M 4504 M 3014 M g121 M 4610 M 4400 M 5993 | 4981 | | so78 M 5764
Pinglitter (ms) M 300 @ 3750 M 2350 | 5027 M 4220 M 3100 M g3 M 35gr M 36971 | 44,56
PingPacketLoss (%) P poe% M o199 M op21% M o75% M o0g1% M o26% M o033% M oisu M o27% U o047%
ChromeComplete (%) M o975 M 9971% M 10000% M o955 M 99749 M 990w M 9sosw M 10000% M 9979% M 9960%
ChromeDnsLookup {ms) | 11,852 M 666 [ ge3 M@ 1561 15,88 | 12,17 | 542 | 11,31 M 1360 | 12,62
ChromeLoadTime {ms) M qspa4s M 153817 M 166529 M 1eses0 M 195369 [0 179007 M o1s1260 M 207628 M 162453 U 180102
GamingComplete (%) @ og83% M 90839 M o53g% M oo75% M ogogon M o9goaw M ogges% M 10000% M 9042% M o978 %
GamingLatency (ms) | 6436 M 4987 | 6537 | | 6224 M 5450 M 5301 | 6310 M 7483 M 5702 | 62,62
Gaminglitter (ms) o 3945 M 3335 M 3p10 M@ 4250 M 3684 M 3988 M 7937 M 3006 M 3042 M 3943
DNS-RequestComplete (%) |9 99269 M g983% M oge0% M ogisw M og7so% M og97sew M goasw M qp000% M g9esw [V 9925 %
DNS-RequestDnsLookup (ms) | 9211 M 11772 M 7267 @ 10346 | 89,71 | 8765 M 10810 | 9222 M 7832 | 90,14
DNS-RequestTime (ms) o 10446 M 12201 M 7206 M q0712 | 102,95 | 9285 M 11758 | 9404 M g178 M 11677

KPls OTTs Facebook/TwitterouTube

London Oporto
FacebookComplete (%) M 10000% | M 10000% [ 10000% M 10000% [ 100009 [ 10000% M@ 100009 [ 100009% M@ 10000% [ 10000%
FacebookTotalLoadTime (ms) % 142492 | M 136474 M 123765 M 174364 |9 153041 |9 142572 M 173430 M q5o542 M q2g668 |V 146068
TwitterComplete (%) M 10000% | M 10000% [ 10000% |9 99879 M 10000% [¥ o988% M 10000% M 10000% M 100009 M ggean
TwitterTimeToConnect (ms) M 100089 | M gasss M 100066 M 82549 [U op394 MM 102451 M gosgo MM 113819 M 0747 M 113203
TwitterLoadTime (ms) M 33480 @ 388225 [7 497819 M 300119 [9 sp4102 M so0382 [ 358247 M gg3573 M 370848 M 575743
YouTubeComplete (%) M j0000% | M 10000% ™ 10000% ™ 10000% M 10000% ™ 10000% M@ 100003% ™ 10000% M@ 10000% M 10000%
YouTubeStartPlay (ms) Mo 157628 @ 151907 M q1se461 [0 170635 |V 162339 M 186270 M 183431 [U 163764 M 149645 M 175468
YouTubeSpeedDL (Mbps) | 3492 | | 3548 | 3508 | 35,16 | 3456 M 3958 | 3421 | 3533 M 2807 M 3642
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Detailed Benchmarking Results (5G only)

KPls HTTP DL&UL / Cloud DLEUL

Barcelona Lisboa London hadrid Milan Oporto
HttpDLComplete (%) M 10000% M 9981% [ 10000% [ 9985% M 10000% [® 10000% M 99739 [ 10000% |7 9991w W 10000%
HttpDLSpeed (Mbps) " 18096 | | 15148 M 24767 M 9993 [¥ 17401 [ 19302 M 13036 M 21201 M 20881 ¥ 14048
HttpDLP10 M o34 | 2152 M 3042 @ 1124 @ 445 | 2257 M 4596 B 305 | 2384 | 18,60
HttpDLPSO M ose0e4 M 27174 M 41708 M 20957 M 3570 M 38246 M 27208 M 40319 M 40394 [0 31687
HttpULComplete (%) M j0000% @ 10000% ™ 10000% @ sossw M qo000% @ 1o000% | M 10000% M 1o000% M@ 9991w [ 10000 %
HttpULSpeed (Mbps) | 3566 | 3068 M 5156 M 1301 | 3736 | 3233 @ 2760 | 3981 M 2662 M 2848
HttpULP10 fu 256 | 3091 [ g0z M 134 [ 283 | 432 [ 353 | 5,39 [ 204 [ 2,52
HttpULP90 o 9043 | 6328 M 10154 M 43094 M@ 0s67 | 7064 M g135 M gssy M g4 | 69,58
CloudDLComplete (%) M 10000% M 99s2% P 10000% M 99s6% M goeeo M g9ssw M 10000% [ 10000% M 10000% M 9989 %
CloudDLAvg (Mbps) " 32607 [" 29149 M 52800 M 4253 |9 31908 |7 30239 M 25878 @ 44592 U 31850 M 28437
CloudDLp10 M o4gs5s M g326 M q7400 M 9574 M 2333 M goo0 M 4959 |8 10242 | 7376 M 4633
CloudDLp90 | 59070 |9 so064 @ 83530 M 31370 | 663,14 [ 57442 | 61692 [ 74429 | 590,78 | 532,10
CloudDLMax (Mbps) [o 113425 M 123994 M 170608 @ 95430 M 124992 [9 195481 [0 1ass07 @ 126278 M 134202 |5 120156
CloudULComplete (%) P jo000% M 9512% M seo1% M essow [P o9278% M 1o0000% M 9ssew M o7eow M gg2owm [U oa79%
CloudULAvg (Mbps) | 4512 | | 3903 M g314 M 2569 | 4500 | 4147 | 3966 | 46,84 | | 3980 | 40,06
CloudULp10 | 11,47 | | 1134 M 1608 M 705 M 1024 M 1070 [M 9,72 | 11,38 | | 11,27 9,83
CloudULp90 | 97,40 | | gogs M 12080 M 5132 M qo757 | 90,57 | | 9466 [ 10071 | 85,08 | 98,86
CloudULMax (Mbps) 9 26597 | [0 24986 M 29327 M 20787 |9 26843 M 20152 M 29000 M 30228 M 23100 |9 2351
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Detailed Benchmarking Results (5G only)

KPls Accessibility and Web Browsing

PingComplete (%)
PingLatency {ms)

Pinglitter (ms)
PingPacketlLoss (%)
ChromeComplete (%)
ChromeDnsLookup {ms)
ChromeLoadTime {ms)
GamingComplete (%)
GaminglLatency (ms)
Gaminglitter (ms)
DMS-RequestComplete (%)
DMNS-RequestDnsLookup (ms)
DMS-RequestTime {ms)

K.Pls OTTs Facebook/Twitter/ouTube

FacebookComplete (%)
FacebookWallLoadTime (ms)
FacebookTotalLoadTime (ms)
TwitterComplete (%)
TwitterTimeToConnect (ms)
TwitterLoadTime (ms)
YouTubeComplete (%)
YouTubeStartPlay (ms)
YouTubeSpeedDL (Mbps)

Barcelona

M 100,009% M 100,00%
P 4697 M g5es
9 120287 |9 132240
M q0000% M 10000%
M 101195 M gogs3
M 39g760 M 383430
M q0000% M 100,00%
fa 156813 @ 153435
| 35,10 | | 35,36

Lisboa Londan

M 99909 M og990% M ooz M o9g93y
| 53,12 | | 4842 M 3754 M g44p
M o5 @ 4254 M 2337 55,66
P 59 M g21% M o249 | M pgow
B o9978% M 9983% ™ jo000% [ 9984%
| 11,91 [ 739 [ 951 M@ 1562
fa q52761 | M 157283 M 161675 M@ 164096
@ o9859% M g99g1% M o480% M 9g92%
| 68,05 | M 5202 | 6537 | | 65,81
P 4772 @ o0 M 3018 @ 477
[% og079% M 99g1% M oo559 | M 97949%
| 9082 M 10844 M 505 M 10160
M oqos20 M 11442 M g5 O q0447

Lisboa London

fa
u

&
:
|

o
:

100,00 % [® 100,00 %

s07 M 19746
116591 M 148400
100,00 % |9 99,84 %
100368 M 80373
496936 M 286564
100,00 %  [® 100,00 %
149378 |9 169296

3531 | 35,33

Madrid Milan

f gogss M 10000% [
| 4781 M 4569 |
M 4747 @ 3550 [
B o4y M@ 20y [E
M g966% M 9978% M
661 | 1203 [
M 202256 [@ 182915 [
M g991% M@ 9993y [
M se72 M 5544 [
o434 @ 3533 e
M g765% M gg859 M
| 89,00 | 86,84 [H
B 103,15 | 90,00 [

98,78 %
67,15
102,27
041 %
98,75 %
7,66
1.560,83
99,86 %
69,64
94,82
99,61 %
100,46
111,27

Milan Munich

10000% [® 10000% [ 100,00 %

o

B 3131 @ g9 [
M 51569 [0 133085 M
M 10000% |

Fo gog7s M 104285 [
| [u

5.283,54 6.24194 [

68,26
1.470,06

99,85% [W 100,00 %

83896
3.564.10

M 10000% M 10000% [ 100,009%

% 161977 M 191693
| 3464 M 4151 |
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1.828,02
34,00

[% 99249
P 4716
M 37
M o169
M 10000 %
| 11,38
M 081,64
M 100,00 %
M 7602
P 300
M 100,00 %
| 82,81
| 84,83

Cirertn
Lporto

fa 4
P
o
fa
m

00,00 %

10,73
1.552,66
00,00 %
1.127,00

M 534908

fa 4
I
I

00,00 %
1.614,99
35,44

98,91% [® 99,89 %

P

| 50,89
M 3789
M p31%
M 9986 %
1366
M 621,51
M 9956 %
M 5566
M 3503
M 9968 %
M 6500
B 900
M 100,00 %
B g743
M 14984
M 100,00 %
B 79520
M 374729
M 100,00 %
144889
2804

-
I

o
|

o
m
-
o

60,88
50,80
0,55 %
99,78 %
12,80
1.845.79
99,84 %
64,46
44,63
99,55 %
89,00
114,45

M 100,00 %

|

o
i
o
fa

84345
1.480,18
99,56 %
115887
600817

M 100,00 %

fa
fi

1.821,90
38,04
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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

CONFIDENTIAL - ALL COPYRIGHTS AND TRADEMARKS RESERVED
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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

CONFIDENTIAL - ALL COPYRIGHTS AND TRADEMARKS RESERVED









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.

44

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
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Why MedUX?

Success stories.
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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/
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