OPENSiIGNAL

THE STATE OF
MOBILE NETWORK
EXPERIENCE 2020:
ONE YEAR INTO THE
5G ERA

MAY 2020

Authors
Sam Fenwick, Senior Analyst
Hardik Khatri, Analyst

Opensignal active userbase:

n WS

Total Devices Total Measurements Data Collection Period

Opensignal is the independent global standard for analyzing consumer mobile
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Key Findings

One year on from the first launch of 5G services for smartphone users back in April 2019, Opensignal
looks at what'’s changed across 100 countries globally on six different measures of the mobile network
experience, including upload and download speed, video, voice and games experience, along with the
percentage of time that 4G users spent connected to a 4G network (4G Availability).

e How do countries compare on Download Speed or mobile Video Experience?
e  Which countries have seen the biggest improvements in mobile experience?
e Have countries that have launched 5G improved significantly more than 4G-only countries?

e Do high data speeds automatically result in a better mobile experience?

Canada and South Korea are now joint top in
Download Speed Experience

A year ago South Korean users were the only
ones that experienced average download
speeds above 50 Mbps. While Korea's operators
launched 5G in April 2019, and Canada has only
just launched 5G, in early 2020 our Canadian
users saw download speeds statistically tied
with those of South Korea. Both countries
clocked at a blisteringly fast 59 Mbps.

There are improvements in mobile
experience across many countries

While Canada and South Korea's performance is
exceptional, they’re not alone. The average
across the 100 countries we've analyzed rose by
3 Mbps between early 2019 and 2020 — an
increase of 24.3%.

Canada and Japan have accelerated further
ahead of their G7 peers

When we looked at Download Speed
Experience for G7 countries, the difference
between Canada and Japan and the rest has
widened by 10.2-15.9 Mbps. The Download
Speed Experience of the other G7 countries —
France, Germany, ltaly, U.K., U.S. — was more
than 50% slower than Canada’s and more than
40% slower than Japan'’s.

The number of countries with Excellent
Video Experience has jumped to 15 from
none in one year

The Czech Republic, the Netherlands, Austria
and Norway statistically tied for first place in
Video Experience, in contrast to the first quarter
of 2019, when it was just Norway and Hungary.
There are now 15 countries where our users
have observed an Excellent Video Experience.
Japan, Singapore and Australia were the only
non-European countries in this category.

Countries with 4G Availability in excess of
95% have doubled from three to six

4G continues to be important in the 5G era for
several reasons. The first version of 5G (i.e. non-
standalone access) means that 5G phones need
to connect to a 4G signal to use 5G. Plus, many
countries have yet to launch 5G. Three more
countries have joined the exclusive club of
nations with 4G Availability scores higher than
95%: the U.S., the Netherlands and Taiwan.
Together with Japan, South Korea and Norway,
this takes the total number of such countries to
six. Users in 21 countries have reported 4G
Availability in the 90-95% range up from 12 last
year. Our users observed double-digit
improvements in 4G Availability in 11 countries
with a combined population of around

680 million.
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Faster download speeds aren’t always
associated with a better Video Experience
While there is a relationship between download
speeds and the quality of the Video Experience,
the strength of this correlation declines as
speeds increase. For example, the Czech
Republic, where our users saw average
download speeds of 32.7 Mbps tied for first
place for Video Experience with the
Netherlands, where average speeds were

54.8 Mbps.

5G adoption needs to accelerate to move the
overall download experience

The Download Speed Experience in 20
countries that have launched 5G ranges from 59
Mbps in South Korea to 16.6 Mbps in Kuwait.
5G countries’ Download Speed Experience rose
by 24.9%, while that in countries that in the first
quarter of 2020 had yet to launch 5G, or have
only just done so, rose only slightly less, with an
increase of 23.9%. While 5G users can
experience much higher speeds they still make
up a small proportion of users. However, 5G
countries performed better in absolute terms,
with their users observing an increase of 6.4
Mbps versus the 1.9 Mbps increase seen on
average in non-5G countries.

Highlights of the mobile experience in 2020 — one year into the 5G era

» The USA still lags behind the
other G7 countries in Video
Experience with a score of
56.0 points out of 100

« Uruguay, Costa Rica,
Argentina and Colombia all
show improvements in excess
of 33% in Download Speed
Experience

« Czech Repubilic,

« Canada challenges South
Korea in Download Speed
Experience with 59.6 Mbps
despite later 5G launches

Netherlands, Austria and
Norway lead in our Video
Experience table with scores in
excess of 78.6 points

« Japan has the highest 4G
Availability as Japanese spend
98.5% of the time connected
to 4G networks

Key Facts:

« 8: Countries with Download Speed
Experience in excess of 40 Mbps

* 15: Countries with an Excellent Video
Experience (75 and above)

= 16.9 points: The largest improvement in
Video Experience was in Thailand

« 17 Mbps: The largest increase in
Download Speed Experience was in
Canada

= 27: Countries with 4G Availability in
excess of 90%

* Indonesia and the Philippines
show some of the largest
percentage improvements in
Download Speed Experience and
Video Experience, respectively
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Faster 5G adoption will help more users to
benefit from the improved 5G experience

The Download Speed Experience in the 20 leading 5G countries that we have
focused on in this chart ranges from 59 Mbps in the case of South Korea to 16.6
Mbps in Kuwait. Our users in five 5G countries observed speeds in excess of 40
Mbps (South Korea, Japan, Norway, Australia and Switzerland). Moving away
from the front-runners, speeds were far more moderate with three countries’

users reporting speeds in the low 30s.

We've seen even higher average speeds when looking at 5G speeds in

Opensignal’s initial U.S. 5G analysis and at maximum 5G speeds in a

number of other leading 5G countries. In those analyses we found 5G average

speeds to typically be in the 100 to 250 Mbps range, with some even higher.
This indicates that it is the relatively low numbers of 5G users to date that is
causing the overall Download Speed Experience of these 5G countries to

increase modestly. However, once 5G
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The scale of South Korea's improvement since the first quarter of 2019 is all the
more impressive given that the country came first for Download Speed
Experience last year. As 5G adoption increases, it is likely that we'll see large
increases in download speeds even in countries where our users are already

experiencing impressive speeds and we recently observed that 5G is faster

than Wifi in seven out of eight leading 5G countries.

When we compare the change in average download speeds (weighted by
population) for these twenty leading 5G countries and those countries that in
the first quarter of 2020 had yet to launch 5G or have only just done so, 5G
countries’ Download Speed Experience rose by 24.9%, while that in those in the
latter category rose only slightly less, with an increase of 23.9%. However, 5G
countries performed better in absolute terms, with their users observing an
increase of 6.4 Mbps versus the 1.9 Mbps increase seen on average in non-5G

countries.
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Even in 5G countries, there's still room to improve

mobile Video Experience

A 5G launch is not sufficient for the average user to enjoy a great mobile video
experience. Our users had an Excellent Video Experience (scores of 75 or more)
in seven out of our list of 20 countries where 5G has launched including
Norway, Japan, Switzerland, Denmark, Sweden, Australia and Finland. South
Korea narrowly missed this category by just 0.8 points. All told, users in 11
countries observed a Very Good (65-75) experience, while the U.S. placed in
the Good (55-65) category. A quide to our metrics and the different

cateqgories can be found here.

When we compare the average change in
Video Experience (weighted by population)
over the past year between the 5G countries
we have selected and those countries that in
the first quarter of 2020 had yet to launch 5G,
non-5G countries saw more improvement in
both absolute and percentage terms. The
average score of these 5G countries rose by
6.5 points to 67 points, an increase of 10.7%.
In comparison, non-5G countries’ average
Video Experience score rose by 8 points to

46.9 points, an increase of 20.5%.
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Five G7 countries see little change, but
two shoot ahead

Download speeds have risen sharply in Canada and Japan
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Looking at the average download speeds seen by our users in G7 countries, it
really is a tale of two countries — Canada and Japan. The difference between
their speeds and those of their G7 peers has widened by 10.2-15.9 Mbps since
our last report. As a result, the Download Speed Experience observed by our
users in the other G7 countries are 51.8-61.6% slower than those seen in

Canada and 41.7-53.6% slower than those in Japan.

Among G7 countries the US still ranks last for Video Experience
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Video Experience score in 0-100 points
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In our last report, our U.S. users saw the lowest Video Experience out of all of

those in the G7. This remains the case and the gap has widened further, with
that between the U.S. and France (the G7 country with the next lowest score)
increasing slightly and the U.S.’s score growing by the least in absolute terms —

though the U.K. saw the weakest growth in percentage terms.

The U.S. is the only country in the G7 to place in the Good category. Its peers
are predominantly in the Very Good category with the sole exception of Japan
where our users reported an Excellent Video Experience. Japan had the highest

score for Video Experience out of the G7.

While Japan and Canada had the highest two scores for Download Speed in the
G7 as well as Video Experience, their lead for Video Experience was far more
modest. Third-placed Germany was hot on their heels with a score just 0.8

points shy of Canada’s.

South Korea and Canada tie for first on

download speed

This time last year on the eve of the first 5G launches, South Korea was the only
country where our users experienced average download speeds of more than
50 Mbps and it was the fastest country overall. However, despite South Korea’s
advanced 5G rollout and 5G smartphone uptake and the fact that Canada has
only just started a commercial 5G launch, the speeds observed by our Canadian
users statistically tied with those of South Korea, with both countries clocking

at around a blisteringly fast 59 Mbps.

The speeds observed by our users in the Netherlands were also well in excess
of 50 Mbps, averaging 54.8 Mbps, while those seen in Japan, Norway — last
year's runner-up — and Singapore were below this mark but still eye-wateringly
fast with scores of 49.3 Mbps, 47.5 Mbps and 47.5 Mbps, respectively.
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Percentage change in Download Speed Experience, since 2019
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In Senegal we saw the greatest improvement in percentage terms where our
users saw an incredible 77.3% increase in their observed download speeds,
followed by Nepal with an increase of 70% and Thailand came fourth with an
increase of 61%. Several other Asian countries have also seen impressive gains,
including Vietnam (46.6%), Indonesia (45.2%) and Cambodia (42.6%).

Much of the top of this table was dominated by countries hailing from the
Middle East (U.A.E., 61.7%; Saudi Arabia, 57%; and Lebanon, 41.1%), and those
from Central and South America including Uruguay, Guatemala, Costa Rica,

Argentina and the Dominican Republic.

The average download speeds we have observed across the 100 countries
we've been tracking (weighted for population) have risen by 3 Mbps to 15.4
Mbps, an increase of 24.3%.

Users in 15 countries are now enjoying an
Excellent Video Experience

With people around the world forced to spend more of their leisure time
consuming screen-based content during the lockdowns that many countries are
experiencing due to the COVID-19 pandemic, the importance of a good mobile

video streaming experience has never been higher.

Number of countries by Video Experience category
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At the top of the table, the Czech Republic, the Netherlands, Austria and
Norway statistically tied for first place, in contrast to the first quarter of 2019,
when Norway and Hungary were the only countries that were tied for the top

spot.
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An impressive amount of progress has been made by operators around the
world since the first quarter of 2019. Back then, no country’s users reported an
Excellent Video Experience, but in the first quarter of 2020, users in 15
countries did so. Just three of these countries hail from outside of Europe —
Japan, Singapore and Australia — with all of the others being European: Czech
Republic, Netherlands, Austria, Norway, Belgium, Switzerland, Hungary, North
Macedonia, Denmark, Sweden, Lithuania and Finland. There were no countries
with an Excellent Video Experience in North or South America, the Middle East

or in Africa.

In addition, the number of countries where Opensignal users have reported a
Very Good Video Experience has increased by 13, while the number of
countries in the Poor category for this measure of the mobile experience

declined from 13 to three.

Out of the 100 countries we have studied in this report, 70 moved up one
category, and two countries moved up by two categories — North Macedonia
jumped from Good to Excellent, while Azerbaijan moved to Very Good from

Fair.

While there is a relationship between download speeds and the quality of the
Video Experience, the strength of the correlation between the two declines as
speeds increase. This is most clearly demonstrated by the fact that the Czech
Republic, where our users saw average download speeds of 32.7 Mbps tied for
first place for Video Experience with the Netherlands, where average speeds
were 54.8 Mbps.
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The quality of the Mobile Video Experience varies dramatically globally
Percentage change in Video Experience, since 2019
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Opensignal users also observed impressive increases in Video Experience
scores. Fourteen countries increased their video score by more than 25%, with
our users in Senegal and Nepal reporting improvements in excess of 40%.
Thailand followed not far behind with its score increasing by an impressive
39.8% and the Philippines took the fourth spot with an increase of 32%.

Pakistan and India’s scores both increased by around 26%.

The average Video Experience score (weighted by population) across all 100
countries has increased by 9.1 points or 18.5% to 58.2, which places the
average score into the Good category (55-65). This means that users will see
noticeably slower video loading times and more frequent stalling than they

would in higher categories.
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Japan’s smartphone
users spend the most
time on 4G

Out of the 100 countries we've been tracking for this
analysis, we observed the highest 4G Availability — the
percentage of time that 4G users spend connected to
4G — in Japan, with Japanese 4G users’ smartphones
spent an incredible 98.5% of the time on 4G. However,
South Korea — which placed first last year — was only
0.1% short of tying with Japan. The U.S. placed third in
4G Availability with a score of 96.1% — a remarkable

achievement given the sheer size of its territory.

While 5G is rolling out in all three of these countries,
4G remains critical for both 4G and 5G users. For now,
most users continue to have 4G-only smartphone
handsets. Plus, even those who own a 5G smartphone
must continue to connect to a 4G signal at the same
time as a 5G connection, for the current non-
standalone access 5G service to work. In other words,
if there’'s no 4G connection available, current
smartphones (using non-standalone access) cannot

connect to 5G!

4G Availability (% of time)
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Number of countries by 4G Availability
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Number of countries

The number of countries where 4G Availability was in excess of 95% has
doubled from three to six countries in the last year. Users in 21 countries have
reported 4G Availability in the 90-95% range — up from 12 — while the number
of countries where our 4G users were on average connected to a 4G signal 40-
70% of the time has shrunk from 19 to just 7.

15

S < :
Q Mobile Network Experience Report Our Metri
OPENSIGNAL The State of Mobile Network Experience 2020: One Year Into the 5G Era e


https://www.opensignal.com/

Our users have observed double-digit improvements in 4G Percentage change in 4G Availability, since 2019
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The future of mobile experience

We can see mobile experience has improved dramatically in the past year in all

kinds of countries including those that ranked highly a year ago.

It is still early days for 5G despite launches in many countries, increasingly
significant user bases in a select number especially in the case of South Korea

and a rapidly growing range of 5G smartphones.

While 5G is one of the biggest talking points in the telecoms industry, in many
markets much work is still needed to provide users with a good mobile 4G
experience. This older 4G technology is the foundation of mobile experience,

for 4G users and also as a necessary foundation for offering 5G services.

However, the COVID-19 pandemic and the associated economic damage and
disruption will mean that when we look to the future state of mobile network
experience everything is very uncertain. But the habits formed during the crisis,
and the critical role of mobile telecoms in everyone’s lives in these difficult

times, will lead to many mobile initiatives in the years ahead.

In 2019, mobile operators were seizing on mobile gaming to market 5G — this

looks set to continue given that spending on digital video games hit a record

high $10 billion in March despite the crisis. Using smartphones for mobile video

streaming is now common. And, in 2020, people are connecting through voice
and video communications more than ever — highlighting the importance of

different ways of measuring the quality of the real-world mobile experience.
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Download Speed Upload Speed 4G Video Games Voice App

Country Experience = Experience % Availability * Experience % Experience = Experience *
(Mbps) (Mbps) (% time) (0-100) (0-100) (0-100)

Afghanistan 29 0.0 0.7 46.8 1.6 30.7 0.7 30.3 0.2 535 0.5
Albania 258 0.5 7.3 79.7 0.6 65.6 0.5 68.1 1.0 80.6 0.3
Algeria 40 00 25 64.9 04 36.7 0.3 360 0.1 633 0.2
Argentina 174 0.1 64 86.0 0.1 684 0.1 544 0.3 743 0.1
Australia 43.0 0.2 94 94.0 0.1 75.6 0.1 80.2 0.3 81.1 0.1
Austria 34.6 04 10.2 914 0.2 78.6 0.2 850 00 824 0.1
Azerbaijan 17.8 04 5.6 83.2 0.5 65.6 0.5 395 0.2 68.1 0.5
Bahrain 164 0.6 6.3 85.8 0.9 58.0 0.9 41.6 12 749 0.5
Bangladesh 6.8 0.0 29 80.2 0.2 50.2 0.2 38.0 0.0 68.0 0.1
Belarus 10.8 0.2 6.1 66.0 0.9 61.1 0.6 674 1.0 80.1 0.3
Belgium 37.6 04 121 926 0.2 77.5 0.2 85.0 0.0 827 0.2
Bolivia 136 0.2 69 815 0.5 62.8 04 39.1 0.1 748 03
Brazil 153 0.0 58 793 0.1 63.2 0.0 542 0.1 751 0.0
Brunei 164 0.6 58 83.1 15 61.7 11 38.3 0.2 723 0.7
Cambodia 8.0 0.1 5.1 85.0 0.3 49.9 0.2 37.8 0.1 69.6 0.2
Cameroon 75 0.2 29 774 14 47.3 1.0 359 0.3 664 0.7
Canada 59.6 0.3 12.0 935 0.1 74.8 0.1 753 0.3 80.9 0.1
Chile 137 0.1 80 81.9 0.2 580 0.2 431 04 73.6 0.2
Colombia 134 0.1 64 804 0.2 633 0.1 414 04 738 0.1
Costa Rica 140 0.2 6.1 755 0.5 60.2 04 46.9 0.7 764 03
Cote d'lvoire 74 0.2 28 792 1.0 474 0.7 359 0.2 664 0.6
Croatia 36.6 1.0 12.3 88.3 0.8 74.5 0.5 822 13 823 04
Czech Republic 327 0.5 13.7 917 04 791 0.2 85.1 0.0 827 0.2
Denmark 335 0.8 14.6 90.5 0.7 75.8 0.5 83.1 12 820 04
Dominican Republic 115 03 37 769 0.7 491 0.7 393 02 732 0.5
Ecuador 133 0.2 59 713 0.5 535 04 373 0.2 694 04
Egypt 10.7 0.1 44 761 0.2 58.8 0.2 394 0.1 717 0.1
El Salvador 58 0.2 28 64.1 12 442 1.0 395 0.3 726 0.7
Finland 298 04 111 93.0 04 752 0.3 81.2 0.7 820 0.2
France 28.6 0.1 7.2 86.0 0.1 68.8 0.1 725 0.2 794 0.1
Germany 28.7 0.1 9.6 85.8 0.1 74.0 0.1 81.8 0.2 80.8 0.1
Ghana 6.8 0.2 25 652 1.3 425 0.7 352 0.2 615 0.6
Greece 237 0.3 8.0 86.5 0.3 717 0.2 68.1 0.5 80.5 0.2
Guatemala 150 0.3 94 772 0.7 59.1 0.5 407 0.8 730 04
Honduras 134 0.5 6.9 765 12 58.2 11 48.5 20 76.6 0.7
Hong Kong (SAR China) 218 04 8.0 94.9 0.3 711 04 72.8 0.6 80.1 0.3
Hungary 317 0.7 115 928 0.5 764 04 84.3 12 819 0.3
India 8.1 0.0 27 94.5 0.0 53.7 0.0 524 00 735 0.0
Indonesia 99 00 4.5 90.5 0.1 56.1 0.1 559 0.1 744 00
Iraq 16 0.0 0.9 749 18 213 04 327 0.1 58.0 03
Ireland 192 0.3 72 701 0.5 66.7 03 722 0.5 79.6 0.2
Israel 152 0.2 9.0 74.8 04 58.1 04 634 04 797 0.2
Italy 243 0.1 8.5 89.6 0.1 704 0.1 719 0.1 80.0 0.1
Japan 493 0.2 9.6 98.5 0.0 77.6 0.1 85.0 00 83.8 0.0
Jordan 125 0.2 8.1 780 0.5 654 04 421 0.9 740 0.3
Kazakhstan 119 0.2 51 84.8 04 55.7 03 359 0.1 66.3 03
Kenya 109 03 49 823 0.9 554 0.8 349 0.2 65.0 0.6
Kuwait 16.6 0.2 103 921 04 67.1 04 439 0.8 75.3 03
Kyrgyzstan 10.5 0.3 4.8 89.2 0.8 60.3 0.6 373 0.2 69.6 0.5
Laos 171 04 70 86.2 1.0 67.5 0.5 541 11 785 04
Lebanon 238 0.5 70 81.2 0.6 727 04 66.8 11 81.1 04
Lithuania 333 12 9.6 93.3 0.9 75.6 0.6 78.6 22 813 0.6
Malaysia 110 0.0 5.6 844 0.1 54.5 0.1 552 0.2 743 0.1
Maldives 194 0.6 6.2 86.3 0.9 69.2 0.9 66.5 14 79.6 0.5
Mexico 19.6 0.1 92 864 0.1 66.9 0.1 530 0.2 759 0.1
Morocco 174 0.1 64 83.0 0.2 619 0.2 45.0 04 747 0.2
Myanmar 164 0.2 7.7 90.8 0.3 65.8 04 594 0.5 788 0.2
Nepal 7.5 0.1 30 741 0.5 542 0.6 38.7 0.2 728 04
Netherlands 54.8 04 14.5 959 0.1 78.8 0.1 85.2 0.0 834 0.1
New Zealand 352 0.6 8.9 81.7 0.5 704 04 74.0 0.7 813 0.3
Nigeria 73 0.1 22 751 0.7 455 0.5 36.5 0.1 674 04
North Macedonia 30.0 08 120 88.7 0.8 759 04 76.1 14 829 04
Norway 47.5 1.0 157 957 04 78.6 0.3 80.5 12 81.9 04
Oman 252 04 7.6 87.6 0.5 727 0.3 70.2 0.8 81.0 03
Pakistan 84 0.0 34 80.5 0.2 527 0.2 35.6 0.0 664 0.1
Panama 84 0.3 5.6 83.2 12 498 1.0 394 0.3 710 0.8
Paraguay 10.8 04 54 81.3 11 57.7 0.9 39.8 0.3 730 0.7
Peru 121 0.1 69 84.9 0.3 558 0.2 383 0.1 708 0.2
Philippines 85 0.1 27 815 0.2 464 0.2 354 0.1 635 0.2
Poland 207 0.1 72 87.7 0.2 670 0.1 735 0.3 80.5 0.1
Portugal 263 0.2 9.8 87.6 0.2 733 0.2 733 0.3 81.7 0.1
Puerto Rico 18.0 03 7.2 935 0.3 50.8 0.3 621 0.5 785 0.2
Qatar 313 0.6 114 894 04 73.6 0.3 48.8 0.7 782 0.2
Romania 214 0.2 8.9 85.3 0.3 67.2 0.3 684 04 797 0.2
Russian Federation 145 0.1 6.6 82.0 0.1 65.7 0.1 500 0.2 765 0.1
Saudi Arabia 214 0.1 87 858 0.2 67.2 0.1 393 0.0 735 0.1
Senegal 9.1 0.2 33 823 0.7 44.6 11 36.1 0.2 68.5 04
Serbia 252 0.6 8.6 86.6 0.8 73.6 0.5 68.0 17 782 0.6
Singapore 47.5 0.5 15.0 942 0.3 77.8 0.2 85.1 0.0 819 0.2
Slovakia 253 0.7 8.9 86.6 0.8 75.0 0.5 824 14 820 04
Slovenia 260 0.9 8.6 894 1.0 74.8 0.6 80.9 20 81.8 0.5
Somalia 64 0.2 33 701 0.9 43.6 0.9 350 0.2 64.5 0.6
South Africa 191 0.1 5.6 838 0.2 68.6 0.2 378 0.0 718 0.1
South Korea 590 0.3 16.1 983 0.1 74.2 0.1 825 0.1 840 0.0
Spain 262 0.1 9.7 90.7 0.1 719 0.1 728 0.2 80.5 0.1
Sri Lanka 10.2 0.1 4.5 795 04 55.8 04 443 0.7 737 0.3
Sweden 297 0.5 10.7 935 0.3 758 0.3 80.1 0.8 814 0.2
Switzerland 428 04 16.2 93.1 0.2 77.0 0.2 85.0 0.0 81.8 0.2
Taiwan 289 0.2 9.6 953 0.1 734 0.1 760 03 81.8 0.1
Tanzania 54 0.1 21 68.0 1.5 43.9 0.9 33.1 0.2 611 0.5
Thailand 9.2 0.1 5.6 931 0.1 59.5 0.1 69.2 0.2 77.2 0.1
Tunisia 155 0.2 64 80.3 0.5 66.3 04 497 0.8 76.5 03
Turkey 200 0.1 8.6 86.9 0.2 70.7 0.1 65.8 0.3 79.6 0.1
Ukraine 14.0 0.1 7.3 722 04 63.1 0.3 571 0.6 78.1 0.2
United Arab Emirates 322 04 9.9 917 0.2 713 0.3 36.8 0.1 54.0 0.3
United Kingdom 229 0.1 7.5 89.2 0.1 717 0.1 775 0.2 80.6 0.0
United States of America 267 0.0 75 96.1 0.0 560 0.0 709 0.1 794 00
Uruguay 203 04 9.1 88.9 0.6 70.2 04 66.0 0.8 80.0 0.3
Uzbekistan 6.2 0.1 23 571 0.6 46.9 04 320 0.1 57.7 03
Vietnam 20.6 0.2 8.3 87.9 0.3 67.5 0.2 64.1 04 798 0.1
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Our Methodology

We collect billions of individual measurements every day from many millions of
smartphones worldwide. Our measurements are collected at all hours of the
day, every day of the year, under conditions of normal usage, including inside
buildings and outdoors, in cities and the countryside, and everywhere in
between. By analyzing on-device measurements recorded in the places where
subscribers actually live, work and travel, we report on mobile network service
the way users truly experience it. We continually adapt our methodology to best
represent the changing experience of consumers on mobile networks and,
therefore, comparisons of the results to past reports should be considered

indicative only.

For every metric we calculate statistical confidence intervals indicated on our
graphs. When confidence intervals overlap, our measured results are too close
to declare a winner. In those cases, we show a statistical draw. For this reason,

some metrics have multiple operator winners.

In our bar graphs we represent confidence intervals as boundaries on either
sides of graph bars. In our supporting-metric charts we show confidence

intervals as +/- numerical values.
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Our Metrics

Measures the average video experience of
Opensignal users on 3G and 4G networks for each
operator. Our methodology involves measuring
real-world video streams and uses an ITU-based
approach for determining video quality. The metric
calculation takes picture quality, video loading time
and stall rate into account. We report video
experience on a scale of 0-100.

Measures the quality of experience for over-the-
top (OTT) voice services — mobile voice apps such
as WhatsApp, Skype, Facebook Messenger etc. —
using a model derived from the International
Telecommunication Union (ITU)-based approach
for quantifying overall voice call quality and a series
of calibrated technical parameters. This model
characterizes the exact relationship between the
technical measurements and perceived call quality.
Voice App Experience for each operator is
calculated on a scale from O to 100.

Measures how mobile users experience real-time
multiplayer mobile gaming on an operator’s
network. Measured on a scale of 0-100, it analyzes
how the multiplayer mobile Games Experience is
affected by mobile network conditions including
latency, packet loss and jitter to determine the
impact on gameplay and the overall multiplayer
Games Experience.

Measures the average proportion of time
Opensignal users spend with a 4G connection on
each operator’s network.

Measures the average download speed
experienced by Opensignal users across an
operator's 3G and 4G networks. It doesn't just
factor in 3G and 4G speeds, but also the availability
of each network technology. Operators with lower
4G Availability tend to have a lower Download
Speed Experience because their customers spend
more time connected to slower 3G networks.

Measures the average upload speed experienced by
Opensignal users across an operator's 3G and 4G
networks. Upload Speed Experience doesn't just
factor in 3G and 4G speeds, but also the availability
of each network technology. Operators with lower
4G Availability tend to have a lower Upload Speed
Experience because their customers spend more
time connected to slower 3G networks.

Measures the average latency experienced by
Opensignal users across an operator's 3G and 4G
networks. Latency, measured in milliseconds, is the
delay users experience as data makes a round trip
through the network. A lower score in this metric is
a sign of a more responsive network.

Measures how mobile subscribers experience 4G
coverage on an operator’'s network. Measured on a
scale of 0-10, it analyzes the locations where
customers of a network operator received a 4G
signal relative to the locations visited by users of all
network operators.
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