NETWORK TEST

THE GREAT

MOBILE
NETWORK--

TEST

Going into its 22nd year, the connect network test is
still regarded as the industry standard: With great
effort, as well as objective and customer-oriented
testing methods, we have once again determined
the leading mobile networks in Germany, Austria

and Switzerland in 2015.

uring the last five years, Deutsche Tele-

kom alone has invested about 23 billion
Euros in its fixed and wireless networks. The
company plans to invest a similar amount
within the next five years. Vodafone bought
Kabel Deutschland for 7.7 billion Euros and
has invested another four billion Euros into the
expansion of its mobile networks in 2014 and
2015. Telefonica is also poised to spend billi-
ons of Euros in order to keep up with Deutsche
Telekom and Vodafone. Austria and Switzer-
land are not different: the network operators
have invested several billions into their net-
works. And this doesn’t even include license
fees for new wireless spectrum. These are im-
pressive numbers, and the operators spend this
amount of money in order to compete to offer
the best mobile radio networks for their custo-
mers. It is thus very interesting to see which
operator is really ahead of its competition.

Quality standard over many years

In order to answer this question, connect has
been partnering for many years with the mobile
radio network performance experts of P3 com-
munications. Their test teams put great effort
into carefully examining what network perfor-
mance the users really experience in Germany,
Austria and Switzerland. You can read about
the test methodology on page 46. The primary
goal for these measurements is objectivity and
statistical relevance. The best proof for the
quality of the measurements is the high regard
with which the connect network test is recei-
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ved in the industry. Every year, the operators
look forward to the relentless verdict of the
connect test with much eagerness and excite-
ment — and take our results much more serious-
ly than those of some of our competitors. They
might claim to conduct the ,,most severe* or
,»most time-consuming* network tests, but
then they back manipulable user-reports, or let
themselves be blinded by rare top data rates
instead of significant average values.

On the following pages, you will find cre-
dible answers to interesting questions such as:
Was Deutsche Telekom able to keep its lead in
Germany? How do the networks in Austria and
Switzerland compare - are they still ahead of
the German networks? And thus: are the
billions of Euros of carrier investments paying
off? HANNES RUEGHEIMER

COMPETENT AND OBJECTIVE

In 2015, connect and P3 communications again present
the industry’s most relevant mobile network test. Connect
and P3 have spared no effort to ensure the results are
both most relevant and resilient.

Phone calls, e-mails, internet, online entertainment -
the operators invest billions in their networks for these
mobile services to run smoothly.
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NETWORK TEST

GERMANY

TELEPHONY

Voice calls may become less important compared to other communication channels.
But anyone who makes a call expects reliability. Where to find it?

Both cars utilized for drive testing were equipped with eight Samsung
Galaxy S5 each in order to assess voice service quality.

Both cars utilized for drive
testing throughout 13 large
cities and many smaller cities
were equipped with eight
Samsung Galaxy S5 each in
order to assess voice service
quality. The devices set up
phone calls to their counter-
parts in the other car. In order
to simulate normal smart-
phone behaviour there was
continual background data
service usage. The same setup
was used for the walk test
backpacks, which had their
counterpart in a third car. The
test devices and SIM cards
supported LTE and for
operation in networks offe-
ring the new 4G-voice ser-
vice also Voice-over-LTE
(VOLTE). Respectively for
Vodafone and O2 a relevant
proportion of the voice calls
used VOLTE - making the
connect network test 2015 the
first VOLTE test with a big
footprint.

Howeyver, it was also conside-
red that many subscribers still
utilize older phones. The eva-
luation considered both, calls
within the 4G networks (and
with VoLTE where appli-
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cable) as well as calls from
4G to 3G over the usual “Cir-
cuit-Switched Fallback” tech-
nology.

VoLTE pays off

Call setup times and speech
quality are clear assets of
VOoLTE. Vodafone even rea-
lized a small advantage in
voice service compared to
overall winner Telekom by
using this technology. On the
other hand it is by no means
easier to achieve better results

TELEPHONY

GERMANY
OPERATOR
TELEPHONY (BIG CITIES; DRIVETEST)

Call Success Ratio (%) 98.9
Call Setup Time (%) 5.3
Speech Quality (MOS-LQO) 3.6

Deutsche
Telekom

with VOLTE since the imple- ,

mentation of 4G-voice mode
is complex. Telekom is. still
using circuit switched techno-
logy and loses only 2 out of
200 points in this category
against Vodafone. Also O2
was able to improve on last
year‘s result — in absolute
numbers the biggest step.
However, it was not sufficient
to allow O2 to catch up with
the leading two operators. E-
Plus ended up with slightly
better voice results than O2
and improvement compared to
2014 — but only to a small
extent.

Best in big cities

Not surprising at all: In well
covered big cities the success
ratios were higher, call setup
times shorter and speech qua-
lity slightly better than in
smaller cities and on transfer
routes. The small voice advan-
tage for Vodafone materializes
mainly in big cities — in other
scenarios, Telekom led with a
small advantage. While there
was a small difference in qua-

‘Vodafone‘ 02 ‘E-Plus

TELEPHONY (SMALL CITIES AND CONNECTING ROADS; DRIVETEST)

Call Success Ratio (%) 97.6
Call Setup Time (%) 5.6
Speech Quality (MOS-LQO) 36
TELEPHONY (BIG CITIES; WALKTEST)

Call Success Ratio (%) 97.3
Call Setup Time (%) 5.5
Speech Quality (MOS-LQO) 3.7
TELEPHONY (RAILWAYS; WALKTEST)

Call Success Ratio (%) 89.8
Call Setup Time (%) 6.6
Speech Quality (MOS-LQO) 34

98.8 931 95.7
35 59 6.6
37 35 35

95.5 85.8 89.6
43 7.0 6.8
3.4 3.2 3.2

98.5 93.8 9.2
35 5.7 6.6
37 36 36

843 70.6 77.0
5.0 75 7.6
3.0 28 28
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lity level between the scenari-
os for the leading duo, O2 and
E-Plus showed higher gaps.

Weaknesses in trains
Compared to last year there
was not much progress on
voice service in trains. Even
with best-in-test Telekom ten
per cent of the calls did not
succeed. Even when the rail-
way coaches are equipped
with repeaters they are not ca-
pable of improving LTE sig-
nals — therefore almost no
VoLTE was utilized. Clear
degradation was visible for
02: Almost 30 per cent of the
test calls failed. And even
when call setup in the train
worked for O2 or E-Plus, the
speech quality was below ex-
pectations.

Summary

Despite a tight win on points
for Vodafone, Telekom and
Vodafone are on same level
regarding telephony. E-Plus is
behind with a significant gap
but still having voice per-
formance ahead of O2 — al-
though the Telefénica net-
work clearly improved com-
paredtolastyear. >>
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NETWORK TEST

DATA SERVICES
ON SMARTPHONES IN CITIES

Mobile internet and services like audio streaming are booming, making mobile networks
face even higher demands. Will they meet the increasing requirements?

To test data performance, the
measurement cars and walk
test backpacks were equipped
with four Samsung Galaxy
Note 4 each performing auto-
mated web browsing, file
transfers and YouTube video
playouts in SD- and HD-qua-
lity. The success ratios and the
completeness as well as dura-
tion of the data transfers were
evaluated. For YouTube the
occurrence of video inter-
ruptions was considered as
an additional performance
metric.

Data service performance

in big cities

Although all German network
operators heavily invest in the
development — and in case of
02 and E-Plus also in the mer-
ger — of their networks, only
Deutsche Telekom managed
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The same type of smartphone
_ was used for dri s and

= for walk tests.

to keep its performance on
last year’s level. This indica-
tes the high traffic load in the
mobile networks caused by
increasing usage of data ser-
vices. However, especially the
test results from the big cities
are encouraging. Compared to
2014, at least slight enhance-
ments in download data rates
can be observed. In that res-
pect, the simultaneous use of
multiple LTE frequency bands
by one device, called “carrier
aggregation”, is a technology
that could pay off for Deut-
sche Telekom and Vodafone.
Deutsche Telekom is clearly
one step ahead, showing
download speeds nearly twice
as fast as Vodafone. Further-
more, Deutsche Telekom
achieves higher peak data
rates than Vodafone. O2 and
E-Plus achieve just about two

thirds of what Vodafone pro-
vides on average — thus just
about one third of the average
speeds in the network of
Deutsche Telekom. A slight
decrease in data service per-
formance compared to 2014
can be observed with respect
to success ratios for web page
download, both in the Voda-
fone and the O2 network as
well as E-Plus, where the de-

crease is significantly higher.
The performance decrease is
also noticeable for video play-
outs in the O2 network and
even worse in the E-Plus net-
work. Telekom and Vodafone
deliver videos with about the
same performance as last ye-
ar. This is confirmed by the
walk test in big cities. How-
ever, compared to the test re-
sults collected on streets and
drivable locations the success
ratios for web browsing, video
playouts as well as file up-
and downloads are consistent-
ly worse in pedestrian areas
and public buildings.

Data service performance

in small cities

In smaller cities a slight de-
crease in success ratio and
data rates can be observed
while Telekom keeps its com-
petitors at bay. However, the
results show that even Tele-
kom customers need to live
with just half of the data rates
they get in big cities. Anyway,
all four operators slightly
worsened over the course of
time since last year’s test. Re-
markably, O2 and Vodafone
show about the same perfor-
mance level in small cities and
02 outperforms Vodafone,
although just by one point.
E-Plus is clear bottom of the
league although the networks
shows significantly better
web browsing performance
than last year.

Summary

In 2015 Telekom clearly leads
the field with respect to data
service performance in Ger-
man cities. Vodafone, and
with some minor deductions
also 02, provide good perfor-
mance and overall high relia-
bility. In small cities, O2 even
catches up with Vodafone. Far
behind on the fourth place
for this discipline remains
E-Plus. >>

DATA PERFORMANCE IN BIG AND SMALL CITIES

GERMANY

OPERATOR Telekom | Vodafone 02 E-Plus
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%/%) 98.7/99.3 98.0/99.0 97.6/96.9 94.0/94.6
Avg. Session Time (s/s) 3.0/13 34/13 34/19 35/21
FILE DOWNLOAD (3MB)

Success Ratio/Avg. Session Time (%/s) 99.7/1.3 99.3/2.4 99.3/3.4 96.3/3.2
90% / 10% faster than (kbit/s) 11617 /56206 | 5859/44693 | 3688/27273 | 4362/30730
FILE UPLOAD (1MB)

Success Ratio/Avg. Session Time (%/s) 99.3/1.4 98.4/2.1 96.7/2.7 91.7/37
90% / 10% faster than (kbit/s) 3287/13913 | 1921/12862 | 1389/8147 882 /7299
FILE DOWNLOAD (10 SECONDS)

Sucess Ratio (%) 99.7 99.4 99.4 97.5
Avg. Throughput (Kbit/s) 49566 27247 16793 19733
90% / 10% faster than (kbit/s) 11748/100921 | 6020/59997 | 3617/36491 | 4241/40307
FILE UPLOAD (10 SECONDS)

Sucess Ratio (%) 99.4 98.9 98.7 98.1
Avg. Throughput (Kbit/s) 20630 12079 8496 7406
90% / 10% faster than (kbit/s) 2549/36232 | 1893/23680 = 1268/16756 = 494 /17647
YOUTUBE SD

Success Ratio/Start Time (%/s) 99.5/1.1 99.3/1.4 98.7/1.7 95.2/1.8
Video playouts without interruptions (%) 99.9 99.8 99.5 99.1
YOUTUBE HD

Success Ratio/Start Time (%/s) 98.5/1.3 98.8/1.5 945/22 91.4/2.3
Video playouts without interruptions (%) 99.4 98.8 95.3 96.9
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%/%) 96.6/98.1 91.9/92.6 94.2/92.3 90.5/88.1
Avg. Session Time (s/s) 31/14 37/18 36/24 40/32
FILE DOWNLOAD (3MB)

Success Ratio/Avg. Session Time (%/s) 97.2/2.3 94.2/4.1 94.2/4.1 934/54
90% / 10% faster than (kbit/s) 6698 /53933 | 3134/33898 | 3289/24419 | 2606/18005
FILE UPLOAD (1MB)

Success Ratio/Avg. Session Time (%/s) 95.9/2.0 929/3.6 91.4/4.1 85.5/5.4
90% / 10% faster than (kbit/s) 1830/12800 | 937/11268 869 /7181 751/5818
FILE DOWNLOAD (10 SECONDS)

Sucess Ratio (%) 96.8 93.7 97.4 93.8
Avg. Throughput (Kbit/s) 35836 15447 15087 11370
90% / 10% faster than (kbit/s) 7010/77856 | 2282/34253 | 2816/33052 & 2823 /24147
FILE UPLOAD (10 SECONDS)

Sucess Ratio (%) 97.5 94.0 95.1 92.3
Avg. Throughput (Kbit/s) 16434 6588 5552 3456
90% / 10% faster than (kbit/s) 1436/35862 | 761/17562 | 482/15444 | 444710230
YOUTUBE SD

Success Ratio/Start Time (%/s) 97.2/1.2 92.8/2.0 96.5/2.0 91.0/24
Video playouts without interruptions (%) 100.0 99.6 99.3 98.8
YOUTUBE HD

Success Ratio/Start Time (%/s) 95.9/1.7 90.9/21 90.0/2.8 85.6/3.1
Video playouts without interruptions (%) 98.4 96.3 94.3 96.2
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%/%) 97.8/98.1 94.5/95.5 94.3/95.0 92.5/929
Avg. Session Time (s/s) 30/1.2 34/13 35/20 34/18
FILE DOWNLOAD (3MB)

Success Ratio/Avg. Session Time (%/s) 98.0/1.4 96.8/2.8 96.4/4.4 95.4/3.0
90% / 10% faster than (kbit/s) 11690/57279 | 4413/48780 | 2791/28136 = 5859/ 30457
FILE UPLOAD (1MB)

Success Ratio/Avg. Session Time (%/s) 96.7/1.6 90.6/2.3 90.6/3.5 90.2/35
90% / 10% faster than (kbit/s) 2296/13865 | 1668/13652 | 970/8205 1012/ 7744
FILE DOWNLOAD (10 SECONDS)

Sucess Ratio (%) 98.6 97.4 97.6 97.1
Avg. Throughput (Kbit/s) 53875 34477 15601 21688
90% / 10% faster than (kbit/s) 12959/104524 | 4977/ 81137 | 2671/39878 | 6074 /42002
FILE UPLOAD (10 SECONDS)

Sucess Ratio (%) 98.3 95.0 95.4 97.1
Avg. Throughput (Kbit/s) 21534 12188 8293 7333
90% / 10% faster than (kbit/s) 1691/37120 | 1060/31220 | 615/17502 | 448/17195
YOUTUBE SD

Success Ratio/Start Time (%/s) 98.3/1.1 96.2/1.5 94.7/20 93.5/1.6
Video playouts without interruptions (%) 100.0 100.0 99.2 99.8
YOUTUBE HD

Success Ratio/Start Time (%/s) 9.9/1.2 94.3/1.6 90.7/25 92.3/2.1
Video playouts without interruptions (%) 99.2 99.1 91.8 98.2

02 AND E-PLUS: ON THE WAY
TO A JOINT NETWORK

In the medium term 02 and E-Plus will merge into one
single operator. First steps were already taken in 2015.

In mid-2013 it was an-
nounced that Telefonica
would take over the network
operator E-Plus. The Euro-
pean Commission gave its
approval in June 2014 and
the merger was officially
announced 1st October
2014, After that it was

clear that 02 and E-Plus
would create a single, third
mobile operator with one
common network. Mid-2015
the two companies an-
nounced that they would sell
to Telekom those mobile sites
that had previously been
used by both 02 and E-Plus.
The complete integration of
both networks is about to
start in January 2016, and

it has been announced that
a combined LTE network
will be ready by mid-2016.
So far, E-Plus has held off
building an LTE network on
large scale.

National Roaming

As afirst step towards a
combined network 02 and
E-Plus started so-called
,hational roaming® in May

2015 —all customers of one
network can also connect to
the UMTS network of the other
network. This option is limited
to 3G-network only. It does
not apply to either LTE (4G)

or GSM (2G).

Observations in the test
As both providers still market
their separate brands it was
clear that for this year's test
02 and E-Plus should still be
treated as separate networks.
Actually, the significantly diffe-
rent results emphasise the fact
that customers are still dealing
with two separate networks.
However, it was observed that
about 20%-30% of all evalua-
ted voice calls were made via
national roaming to the respec-
tive other network. Consequent-
ly, we have assigned such con-
nections to the provider of the
respective SIM card and the
corresponding contract. The
data tests were performed in
LTE preferred mode. Here,

a detailed analysis of the test
data revealed that national
roaming happened only rarely
in practice.

nal Roaming
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NETWORK TEST

TRANSFER ROUTES

Communication and data connectivity on the go are
becoming more and more important — so what is the
network performance on German roads?

To assess the network quality
on the German transfer routes
between cities, our two mea-
surement cars drove about
4,500 kilometres. Here, the
results confirmed what we
saw in small and big cities:
even between cities, Telekom
performs best, with Vodafone
on a close second place. O2 is
already distinctly behind on
place three, E-Plus even
further on place four.

This two-tiered result beco-
mes very apparent e.g. when
looking at the download suc-
cess ratios: about 99% for
Telekom and 96-98% for
Vodafone while the percen-
tage of successful downloads
with O2 is at a much lower
85%, meaning that 15 out of

100 downloads are not suc-
cessful. Even worse for E-
Plus: depending on the down-
load file size, only 73% to
80% success ratios; 20-27%
of unsuccessful downloads
are not great results on con-
necting roads in the age of the
connected car. A similar pic-
ture for video: if your kids
want to watch YouTube
videos while driving, they
(and you) are better off with
choosing the Telekom net-
work (98% success ratios
with SD videos) or — with
slight degradation — Vodafone
(93%). Because quite often,
there’s not much in terms of
mobile entertainment in the
02 and E-Plus networks (82
and 74%, respectively).

DATA PERFORMANCE

ON TRAINS

Using the internet with your notebook on the train re-
quires a reliable network connection. Which network

really works for this use case?

The test teams also spent
quite some time riding trains
— not only on the high-speed
ICE inter-city trains, but also
on the regional connections of
Deutsche Bahn and other
carriers. Their learning: the
trend seen for in-train voice
calls was also observed for
data connections.

It was very noticeable that
Telekom was distinctly ahead
of their competition here as
well, but also its network per-
formance still has quite some
room for improvement. But
with regards to in-train data
connections, Vodafone, O2
and E-Plus are clearly behind
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Telekom with only minor
differences. One possible
reason: the repeaters current-
ly installed in trains — if
deployed at all — only support
GSM and the Telekom 1800
LTE band.

In last year’s mobile net-
work test, ,connect‘ called
Telekom with regards to their
in-train network performance
,-almost like a one-eyed in the
kingdom of the blind“. The
situation has hardly improved
in 2015 - and thus train and
network operators should still
work very hard to increase the
mobile radio network perfor-
mance in trains.

DATA PERFORMANCE ON TRANSFER ROUTES
GERMANY | | | |

OPERATOR ‘ '?rzl‘gﬁg';]e‘ Vodafone‘ 02 ‘ E-Plus
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%/%) 97.0/98.0 90.9/94.7 80.6/78.6 70.9/709
Avg. Session Time (s/s) 31/15 35/16 36/23 4.0/3.1
FILE DOWNLOAD (3MB)

Success Ratio/Avg. Session Time (%/s) | 99.0/2.6 95.9/3.6 849/5.1 734/6.6
90% / 10% faster than (kbit/s) 5357 /49281 | 3230/37915 | 2558/25974 | 1827/20356
FILE UPLOAD (1MB)

Success Ratio/Avg. Session Time (%/s) | 98.3/2.3 926/2.6 80.6/3.9 65.7/5.7
90% / 10% faster than (kbit/s) 1707 /11561 | 1435/11628 = 966/ 7470 736/ 6051

FILE DOWNLOAD (10 SECONDS)
Success Ratio (%) 98.5 98.1 85.8 79.7

Avg. Throughput (Kbit/s) 30970 20420 14690 10779
90% / 10% faster than (kbit/s) 6575/65722 | 3698/48113 | 1988/36597 | 700/23166
FILE UPLOAD (10 SECONDS)

Success Ratio (%) 98.7 96.0 86.4 76.7
Avg. Throughput (Kbit/s) 12750 8854 6217 2994
90% / 10% faster than (kbit/s) 1219/31082 | 814/19145 | 383/16386 179 /9400
YOUTUBE SD

Success Ratio/Start Time (%/s) 975/15 93.1/1.9 81.7/22 744126
Video playouts without interruptions (%) 99.8 100.0 98.3 98.4
YOUTUBE HD

Success Ratio/Start Time (%/s) 95.1/1.7 92.2/19 76.2/2.8 64.7/34
Video playouts without interruptions (%) 99.5 98.5 93.6 94.6

P3 also conducted extensive tests in trains, with the
measurement system integrated into a trolley.

DATA PERFORMANCE ON TRAINS
GERMANY \ \ \ \

OPERATOR Telekom
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Deutsche

‘Vodafone‘ 02 ‘ E-Plus

Success Ratio (%/%) 87.3/91.2 59.4/78.2 48.7/51.4 52.4/53.8
Avg. Session Time (s/s) 3.3/17 40/19 42/26 43/2.8
FILE DOWNLOAD (3MB)

Success Ratio/Avg. Session Time (%/s) |  89.8/4.2 62.8/11.1 59.7/8.1 62.2/6.9
90% / 10% faster than (kbit/s) 2325/32215 | 707/33708 | 1378/18809 & 1669/20339
FILE UPLOAD (1MB)

Success Ratio/Avg. Session Time (%/s) | 88.3 /3.1 63.9/5.2 50.4/6.5 48.6/5.2
90% / 10% faster than (kbit/s) 941/11019 680 /9639 535/ 6064 689 /6574

FILE DOWNLOAD (10 SECONDS)
Success Ratio (%) 91.5 69.4 59.7 67.1

Avg. Throughput (Kbit/s) 20556 12009 11325 8428
90% / 10% faster than (kbit/s) 229738468 | 1154/25597 | 961/27541 | 1301/17436
FILE UPLOAD (10 SECONDS)

Success Ratio (%) 89.9 63.9 58.9 60.4
Avg. Throughput (Kbit/s) 12114 5168 4910 4293
90% / 10% faster than (kbit/s) 738/28304 | 350/14757 | 232/14402 | 109/15388
YOUTUBE SD

Success Ratio/Start Time (%/s) 89.9/1.8 65.3/3.9 46.6/3.0 60.9/3.8
Video playouts without interruptions (%) 98.1 98.9 96.8 95.2
YOUTUBE HD

Success Ratio/Start Time (%/s) 83.2/1.8 58.0/2.8 35.3/6.4 45.5/3.6
Video playouts without interruptions (%) 97.3 98.8 87.5 93.8
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NETWORK TEST

SINGLE REVIEW

Overview: Strengths and weaknesses of

the German operators.

DEUTSCHE
TELEKOM VODAFONE 02 E-PLUS
For the fifth time in a row A steady second place Despite the develop- ‘F"il Selective improvement
Telekom wins over the shows that, Vodafone ment of LTE and the is not yet sufficient for
other German mobile is amongst Germany’s introduction of VoLTE, E-Plus to avoid last
operators. top networks. 02 still couldn’t improve place.
in 2015.

After a decline to third place Since Telekom deposed Although the integration Though the merging with
in 2010, Deutsche Telekom it from first place on the /’ between the networks of their new owner 02 was
secured first place in the podium in 2011, Vodafone 02 and E-Plus is almost ahead, E-Plus had still
connect network test for the ranks on a stable second 8yn there, 02 parent company started to build up its
fifth time. The strong perfor- place among the German Telefénica has continued to LTE network in big cities in
mance shows through all operators. This would not be invest in development of the 2014. The network’s expan-
tested disciplines: Only in the possible without massive 02 network, focusing parti- sion continued in 2015,
category ,Voice in cities" efforts regarding network cularly on LTE expansion in although the focus was still
Deutsche Telekom was barely expansion, which Vodafone  zg¢ big cities as well as several on UMTS. Through selective
outpaced by Vodafone. While has made for many years. smaller cities. Last year improvement, such as the
Vodafone achieved this result The introduction of ,Voice connect commented that clear reduction in loading
with the cutting-edge VoLTE- ‘ over LTE* (VOLTE) into its speech quality would suffer times for websites, it is clear
technology, Telekom by \ network as well as the con- during voice calls from the that E-Plus’ technical staff
contrast uses the older but 1 Y vincing implementation of " inevitable fall-back to 36/2G Zw has not been inactive.
proven circuit-switched tech- B this technology gives Voda- (,Circuit-Switched Fall- Overall, E-Plus’ data-per-
nology — thereby achieving fone a small head start in back®). 02 quickly respon- £ formance is slightly worse
almost the same level. the voice discipline. ded to this criticism by “*® than last year. E-Plus often

Deutsche Telekom is clearly But on the bottom line and introducing the cutting-edge declares that it will focus on
ahead when it comes to data, because of clearly tightened urt o[ TE technology in 2015. functions that are the most
whereas the lead in smaller evaluation criteria, Vodafone Unlike the competitor Y€ important for their custo-
cities and connecting routes is cannot escape unscathed. Vodafone, 02 does not yet mers. This may be true in
much clearer than in big cities. The improvement in the 1 benefit quite as much from the fields of voice calls and

Also for train passengers, voice discipline compared the transition. surfing — but whoever wants
the Telekom network is to last year contrasts with Also ,National Roaming* to transmit a greater amount
currently the best choice — a slight deterioration in data for UMTS, which was offered of data or use streaming-
although, this success is at connections: Vodafone loses in preparation for the net- platforms will not be perfect-
a rather modest level: The valuable points particularly work integration, does not ly served by this current net-
test winner shows room for in smaller cities and on have a great impact. 02 work performance.
improvement regarding trains. Also with data in . owes its significantly strong ,National Roaming“, also
mobile services on trains. big cities, Telekom is a little placement in the data sisit used by 02, is limited to

Despite clearly tightened better. discipline mainly to its UMTS and does not show
evaluation criteria, Telekom But the connect network LTE coverage. Overall, any significant advantages
was able to hold its level in the test 2015 shows one thing this leads to a stable third he in the test. So E-Plus custo-

overall ranking compared to
2014. Therefore, the Deutsche
Telekom deserves congratula-
tions.

very clearly: Germany cur-
rently has two top mobile
operators. And the clear
runner up is Vodafone.

connect Verdict
very good (433 points)

connect Verdict
good (396 points)

1/2016

position this year.

We are now looking for-
ward to the results of the in-
terconnection of 02’s and
E-Plus’ networks, which
should really take off in
2016.

connect Verdict
sufficient (299 points)

mers will be interested to
see whether and how the
upcoming merger will im-
prove their services.  >>

connect Verdict
sufficient (289 points)




NETWORK TEST

AUSTRIA

The last few years saw a stable ranking at the top of the Austrian operators.
In 2015 though, there is a surprise champion.

For several years now,
everything has worked well in
the Austrian mobile market.
From their three high-quality
network operators, the 8.5
million inhabitants enjoy
better value for money than
those in Germany. In contrast
to the German two-tier-
society of mobile networks,
Al Telekom Austria, Hutchi-
son Three Austria and T-Mo-
bile Austria, three very good
networks, compete closely for
the top rank. Despite difficult
topography, the Austrian
operators stand out with ex-
cellent coverage and top-per-
formance. Recent years were
dominated by LTE roll-out in
all three networks. Al aims
for full area coverage by the
end of 2015, whilst Three had
already reported this achieve-
ment in August. T-Mobile
Austria currently serves 90
per cent of the population and
plans to reach full coverage in
2016.

A similar level of quality
has been offered by these net-
works’ UMTS layer for some
years. The customers reward
these efforts; for quite some
time, there are more SIM
cards than population in Aus-
tria. At the end of 2014, the
count was almost 13 Million.
All this is also clearly visible
in the three-country-competi-
tion, which connect has per-
formed since 2009. Looking
at the whole DACH region
(Germany, Austria, Switzer-
land) the Austrian operators
regularly finished among the
top-runners, even though the
overall lead changed several
times. No Austrian provider
ever received a verdict worse
than “good”.
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Telephony
Again this year, the fight for
the top position in Austria
took place at the highest le-
vels of quality. In the voice
discipline, Three achieves the
most visible improvement
over last year. Also Al and
T-Mobile managed slight im-
provements compared to
2014. In that context, Al re-
lied on “Voice over LTE”
(VOoLTE) and appears to ma-
nage this new technology
well. Telephony on the LTE
network allows for shorter
call setup times and best
speech quality — provided that
you are in LTE coverage, have
a SIM card that is enabled for
the service and you own a
VOLTE capable smart phone.
Remarkably, Three mana-
ged to stay ahead on speech
quality in the big cities, rely-
ing purely on the proven
circuit-switched telephony.
The walk test as well as the
smaller city and connecting
roads drive tests confirmed
this result: With a minimal
lead over its competitors, tele-
phony scores best in the Hut-
chison Three network. When
making calls on the train, all
the alpine stars have their pro-
blems. Success ratios and

TELEPHONY
AUSTRIA
OPERATOR

Call Success Ratio (%)
Call Setup Time (%)
Speech Quality (MOS-LQO)

Mean Opinion Score (MOS)
values for speech quality drop
significantly. But in contrast
to the situation in German
trains, all the Austrian opera-
tors end up on similar level.

Data in cities
In the increasingly important
data segment, the three Aust-
rian competitors are in a neck-
and-neck race. Again it was
Three that managed the most
visible improvement com-
pared to last year. With its
data performance, it comes
very close to the reigning top
of the class, A1 — albeit not
quite enough to overtake.
Success ratios and loading
times in both big and smaller
cities are on a very high level
for all three operators. A look
at the achieved data rates
reveals that even among such
strong rivals, there are still
performance differences.
They are part of the reason
why T-Mobile slightly lags
behind the leading duo of
Al and Three in the data dis-
cipline.

Data on connecting routes

A similar picture to that in the
cities can be observed on the
connecting routes between

Three

TELEPHONY WALKTEST (BIG CITIES / TRAINS)

Call Success Ratio (%)
Call Setup Time (%)
Speech Quality (MOS-LQO)

98.7/98.3 98.4/96.1
45/44 41744
3.7/37 38/36

99.6/84.0 99.1/87.4
42745 40/47
38/36 39/34

A1 Telekom Austria
TELEPHONY DRIVETEST (BIG CITIES / SMALL CITIES AND CONNECTING ROADS)

them. Again, Three and Al
are neck-and-neck in data per-
formance, whereas T-Mobile
is close on their heels by only
a small distance. The same
holds true on trains, even
though the achieved success
ratios and data speeds leave
room for improvement on all
three networks. That said,
Three still achieved a remar-
kable improvement: from a
clear third place last year and
managed to catch up to the sa-
me level of performance as
Alin 2015.

T-Mobile

98.4/97.5
5.2/56
36/34

99.3/85.2
52/6.2
36/32

Spittal an der Drau

Klagenfurt

Summary

Thanks to a significant im-
provement over its 2014 re-
sults, Hutchison manages to
beat last year’s champion A1l
to the line in a tight race. But
also T-Mobile Austria proves
its positioning as a premium
provider and finished with
an overall score only a frac-
tion behind German winner
Telekom. The biggest win-
ners however are the Austri-
an customers since only here
did all network operators im-
prove over last year in the
data discipline. >>

Bruck an der Mur

Graz

Villach ~ Vélkermarkt $Sankt Andra

The test team’s route took it
through the whole of Austria -
besides the big cities it also visi-
ted a lot of smaller cities and the
connecting roads.

With patented attenuation
technology, the measurement
cars simulate a mix of indoor
and in-car conditions.

DATA PERFORMANCE
AUSTRIA \

A1 Telekom .
OPERATOR ‘ Three ‘ Austria T-Mobile
WEB-PAGE DOWNLOAD (LIVE/STATIC)
Success Ratio (%) 99.3/99.5 99.5/99.4 98.6/99.7

Avg. Session Time (s) 25/12 23/1.0 25/1.2
FILE DOWNLOAD/UPLOAD (3 MB/1 MB)

Success Ratio (%) 99.2/98.7 99.7/99.1 99.2/98.4
90% faster than (kbit/s) 12480 /7098 19608 / 7913 8856 /3453
10% faster than (Kbit/s) 57692 / 13093 65753 /15123 49793 /19512
FILE DOWNLOAD/UPLOAD (10 S/10 S)

Avg. Throughput (kbit/s) 48737/ 30727 69175/ 28793 32015/ 20282
90% faster than (kbit/s) 14769 /11266 25642 / 8308 8688/ 2541
10% faster than (Kbit/s) 87760 /41476 | 125543/40420 | 62033 /40026
YOUTUBE SD/HD

Success Ratio (%) 99.6/99.5 99.5/98.8 98.1/97.5
Video playouts without interruptions (%) 99.9/99.7 99.8/99.7 99.8/99.1
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%) 99.5/99.3 99.4/99.0 98.8/98.8

Avg. Session Time () 25/12 25/12 25/12
FILE DOWNLOAD/UPLOAD (3 MB/1 MB)

Success Ratio (%) 100.0/99.3 99.3/98.6 98.7/98.6
90% faster than (kbit/s) 14870/ 7073 11645 /1607 6375/2338
10% faster than (kbit/s) 58111/13115 55046 / 14060 41096 / 15968
FILE DOWNLOAD/UPLOAD (10 S/10 S)

Avg. Throughput (Kbit/s) 49383 /30317 43161/19042 22520/ 14385
90% faster than (kbit/s) 20329/ 11322 13037 /1633 744412142
10% faster than (kbit/s) 84108 / 41368 83787 /38042 45404 / 21190
YOUTUBE SD/HD

Success Ratio (%) 99.7/99.7 99.7/98.6 98.6/98.6
Video playouts without interruptions (%) 100.0/100.0 100.0/99.0 99.7/97.2
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%) 99.7/99.8 99.4/99.8 97.5/97.4
Avg. Session Time (s) 24/1.0 2.3/09 25/1.1
FILE DOWNLOAD/UPLOAD (3 MB/1 MB)

Success Ratio (%) 99.5/99.3 100.0/99.3 98.4/94.6
90% faster than (kbit/s) 16151/7293 24615/7778 9635 /2329
10% faster than (kbit/s) 56738 / 13333 60914 / 14652 56338 / 18981
FILE DOWNLOAD/UPLOAD (10 S/10 S)

Avg. Throughput (kbit/s) 48680 / 30835 60970/ 27927 40810/ 21121
90% faster than (kbit/s) 15489 /10964 26793 / 8166 9305/ 1395
10% faster than (Kbit/s) 87619/ 41249 97462 / 40203 74465/ 40197
YOUTUBE SD/HD

Success Ratio (%) 99.8/100.0 99.3/99.3 98.9/97.1
Video playouts without interruptions (%) 100.0/100.0 100.0/100.0 100.0/98.6
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%) 97.9/97.6 97.2/97.8 95.1/95.5

Avg. Session Time (s) 26/14 25/1.2 28/16
FILE DOWNLOAD/UPLOAD (3 MB/1 MB)

Success Ratio (%) 97.4/95.8 98.5/97.8 96.7/94.7
90% faster than (kbit/s) 7024/ 2523 11358/ 1656 4655/1222
10% faster than (Kbit/s) 57831/12759 59259 /14159 38772/ 15038
FILE DOWNLOAD/UPLOAD (10 S/10 S)

Avg. Throughput (kbit/s) 45323 / 24669 48571/ 20983 19083 /10538
90% faster than (kbit/s) 9186/ 2156 11384 /1111 4518/ 976
10% faster than (kbit/s) 88889/ 40560 96555 / 39799 42718/ 21229
YOUTUBE SD/HD

Success Ratio (%) 98.9/97.8 98.7/96.8 97.9/926
Video playouts without interruptions (%) 99.6/99.3 100.0/99.1 99.5/97.1
WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%) 85.4/86.1 87.7/88.7 83.7/86.0

Avg. Session Time (s) 29/14 30/15 31/17
FILE DOWNLOAD/UPLOAD (3 MB/1 MB)

Success Ratio (%) 88.7/839 87.9/83.7 86.0/78.4
90% faster than (kbit/s) 3872/ 1673 3017 /603 2957 /1407
10% faster than (kbit/s) 49587 /11073 46422 / 12559 37500/ 16667
FILE DOWNLOAD/UPLOAD (10 S/10 S)

Avg. Throughput (Kbit/s) 32353 /14620 24540 /10321 17473 /8316
90% faster than (kbit/s) 2218/ 567 2300/ 491 2157/ 358
10% faster than (kbit/s) 73229/ 31847 60587 / 34203 41028 / 22275
YOUTUBE SD/HD

Success Ratio (%) 88.7/81.9 88.1/771.8 84.8/75.2
Video playouts without interruptions (%) 100.0/97.5 98.3/95.2 98.2/93.0
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HUTCHISON THREE

After a two-year break, Hutchison
Three wins again in Austria.

A1 TELEKOM AUSTRIA

Only pipped to the post by
Hutchison Three, market leader
A1 gains a very good second
place in Austria.

T-MOBILE AUSTRIA

Third place in Austria is still a
top position compared to the
entire DACH region.

After winning the connect network test in
2011 and 2012, Austrian operator Three
had to give up first place to competitor
A1 during the last years. But Hutchison
technicians would apparently not stand
for that, and their efforts were apparently
worthwhile: In 2015, Three is on top of
the podium again.

Compared to last year, a significant
increase was gained in the area of voice
calls. There, Three manages to outstrip
A1, which is very strong in this area. This
also shows that the circuit-switched
technology currently used by Three can
still deliver top quality, whereas the VoLTE
technology already introduced by A1
does not guarantee automatic success in
VOICe Services.

The decision was made in the data-
discipline. Here, although Hutchison still
can’t reach previous year’s winner A1 in
absolute numbers, the significance of its
improvement compared to the 2014
results is so strong that the Hutchison-
network eventually won overall. Whether
in big or small cities or on transfer routes
Three is equally strong as the market
leader A1.

Especially remarkable is the improve-
ment made on trains. Though all of
Austria’s three network operators show
potential for improvement, last year’s
third place in this category, Three, perfor-
med just as well as A1. The investment
the operator has made in UMTS but
mostly LTE-expansion was therefore de-
finitely worth it. In 2015 Three achieved
its best test result in Austria.

connect Verdict
very good (457 points)
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[t was an extremely close finish. A1
missed by only three points to this year’s
winner Three. The tight outcome shows
the high standard of the race being run
by Austria’s mobile operators. Thus, the
customers of Austria’s market leader can
be sure of phoning and surfing in a top
network.

A1 accelerated in terms of LTE-ex-
pansion. By the end of this year, the
operator wants to be able to provide a
nearly nationwide 4G-network. Matching
that, A1 is the first operator in Austria to
offer modern ,Voice-over-LTE (VOLTE)
for phone calls. This partly contributes to
the enhancement that was made in voice
services last year.

And this fact, unlike in the German
market, also counts for data transmission
as much in big and small cities as on
transfer routes. Because A1 improved in
this area, despite strong pressure from
its competitors, the market leader defen-
ded its pole position in the data segment.

Potential for improvement is mostly
visible on trains. But this applies to all
three Austrian operators. Even though
A1 barely missed victory this time, the
operator is once again certified with an
exceedingly convincing performance by
the connect network test 2015.

connect Verdict

very good (454 points)

The fact that the third placed operator in
Austria still achieves a ,very good",
doesn’t by any means signify that this
year's assessment scheme is not rigo-
rous enough. The height of the require-
ments set by connect and P3 communi-
cations is shown by looking at neighbour
Germany. Plus P3’s analysis of measure-
ment results from other countries under-
line the fact that the two alpine countries
have an extraordinary high standard.

Therefore, T-Mobile Austria although
last placed in Austria still only misses a
few points on the German test winner.
There is a clear gap to Three and A1,
which is even greater in the data-discip-
line than in voice-calls. But also T-Mobile
Austria may consider itself as a top-pro-
vider by all means.

The good result is not least owed to
the committed expansion of LTE. By the
end of 2015, according to its own figu-
res, the operator reached 90% of the
Austrian population with its 4G-network,
with the remainder to be provided with
LTE during 2016. Currently, the low
success rates and mediocre data-rates
cause the gap to the leading duo in
Austria.

Room for improvement for all three
providers can be found in the network-
performance on trains. But as a result of
its placement in the three countries’
overall rating, customers of T-Mobile
Austria can feel in very good hands. >>

connect verdict

very good (427 points)




NETWORK TEST

SWITZERLAND

W) DATA PERFORMANCE
SWITZERLAND \77\
OPERATOR Swisscom i Salt

Gossau
Altstatten

WEB-PAGE DOWNLOAD (LIVE/STATIC)

Success Ratio (%) 98.8/98.8 98.4/98.7 98.3/98.7
Despite ever growing competition, Swisscom managed to win all previous Avg. Session Time () 27/16 28/14 29/16
benchmarks. Will it succeed again in 2015? e FILE DOWNLOAD/UPLOAD (3 MB/1 MB)
9 L2 Chaux-de-ER8 Luzan Success Ratio (%) 99.3/983 98.7/988 991/ 983
90% faster than (kbit/s) 9497 / 4788 5631/2829 8427/ 4182
10% faster than (kbit/s) 53215/16194  48193/10767 36036/ 9674
FILE DOWNLOAD/UPLOAD (10 S/10 S)
If you still need proof of the lastyear was seen with Swiss- ~ Salt, trailed by Sunrise. Also Avg. Throughput (kbits) 30403/24079 | 37416/17691 | 36439/ 20687
. . : . . 90% faster than (kbit/s) 11365/ 6285 5756/ 2571 10919/ 5674
very hlgh performance le.Vefls com. This is clearly dge to th; including W&Qk.-test result§ in 10% faster then (Kts) 1967 /38652 | 78687 /671 | 72164/ 3635
in the Swiss market, here itis.  launch of VOLTE, which deli- the smaller cities results in a YOUTUBE SD/HD
For the second time in a row  vers extremely fast call setup razor-thin advantage for Success Ratio (%) 98.9/98.0 98.8/96.9 99.1/98.3
Video playouts without interruptions (%) 100.0/98.8 99.6/96.0 99.9/99.2

all three Swiss competitors times and highest call quality ~Swisscom. Compared to last

completed this benchmark to the customers of the Swiss year, the biggest performance WEB-PAGE DOWNLOAD (LIVE/STATIC)

with a top grade (“very marketleader. leap in this category was seen Vernier@s Success Ratio (%) 98.9/99.2 98.0/99.3 98.4/985
good”), despite the fact that But in this discipline even with Salt. Not quite enough Geneva Avg. Session Time (5) 27/15 29/14 28/16
the scoring schema was much ~ Swisscom is outperformed by to overtake Swisscom, but RICEIDONHEG AR JIRTo ARl AIME AT M)

; . . . . Success Ratio (%) 99.7/99.0 98.2/99.6 97.3/97.6
tougher this year. Success like ~ Sunrise that is not only top in  nonetheless commendable. 90% faster than (kbis) 12152/ 6579 6548/ 2338 6371/ 2193
this does not come from Switzerland but in the whole One small surprise when Mendrisio 10% faster than (kbit/s) 54920/16032 | 45198/10243 | 361999259
nowhere but is the result of DACH region, and delivering comparing the results to the mance, there is a small advan- et ) - FILE DOWNLOAD/UPLOAD (10 S/10 S))
continuous investment into this with the “legacy” circuit ~previous years was that tage for Swisscom and Salt fess':'s"in’g““"i't’z'gg‘;’ng'gf:é‘i:e g{v)g/.Tfhr?ugthhput((Esnvfs)) 411167052//232505618 33;3;3; 1 | st ;;%ge

. . . . = /o Taster than (KDIUs,

the.networks. Market leader sw1tcheq voice technology. whereas Sw1tzer.land' al\yay's cgmpareq to Sunrlse for mo- cluded many smaller cities 10% faster than (kbi's) 85987 /36760 | 73678/20038 | 69626/ 34797
Swisscom today reaches Salt trails the field and does won the crown in this disci- bile data in trains. and all major connecting YOUTUBE SD/HD
about 98% of the Swiss popu- not offer VOLTE yet either. pline, this year the Austrian roads Success Ratio (%) 100.0/98.0 98.9/96.8 99.3/98.3
lation with LTE, competitor But both competitors are operators Al and Three out- Summary Video playouts without nterruptions (%) 10007987 1000/97.4 10007990

Sunrise aims to reach 95% by

already well ahead in their

performed the Swiss by just a

. and the winner is: Swiss-

WEB-PAGE DOWNLOAD (LIVE/STATIC)

the end of the year, and “Salt”,  VoLTE planning. notch. com — in Switzerland as well Success Ratio (%) 99.0/99.6 99.3/99.8 99.1/99.6
the third Swiss operator, aims Also impressive was the as in the Three-Country- Avg. Session Time (s) 28/13 28/14
for 94%. After the takeover of  performance of voice calls on Data on Connecting Roads Benchmark with Germany FILE DOWNLOAD/UPLOAD (3 MB/1 ME)
the operator formerly known Swiss railroads, even though On the connecting roads bet- and Austria. Sunrise is a Success Rt (%) 992/ 988 998/ 956 %98/994
° op 0 y _ ’ 1g iecting - DUNMSe 1s 90% faster than (Kbits) 11511/6395  10235/2464 9604/ 4175
as “ORANGE” by the French there is a small degradation ween the cities the head-to- strong second, with slight im- 10% faster than (kbit's) 59113/16194 | 49896/10568 | 35714/9975
investor NJJ Capital the third compared to cities and roads. head race seen between provement compared to last FILE DOWNLOAD/UPLOAD (10 S/10 S)
operator had to change its But the performance is signi- Swisscom and Salt wasrepea-  year. Even with this top per- Avg. Throughput (kbits) 54930/25131 | 48990/20810 | 43659/20899
name due to brand licensin ficantly higher than in Ger- ted. Swiss market leader formin competition  in S0% fastr than (K0I) 132486772 9835, 2652 12479 4747
I g y higher : X ming petitt 10% faster than (kbits) 107433/38040  101762/36306 84964/ 34752
issues. many or Austria, and about Swisscom won with a small Switzerland, Salt achieves the . YOUTUBE SD/HD
The extensive coverage of the same for all three compe- lead and Sunrise followed just biggest performance gain, g:'s“s%:g'::ti‘:lbt‘:“;kt;hs‘: vans Sucaess Ratio (%) 99.6/986 99.8/99.4 99.6/98.8
Switzerland is supplemented titors. This is a showcase for behind in third place. being a very good third. >> continuously checks the Video playouts without intarruptions (%) 100.0/99.8 996/984 99.8/994
by very gttractlve offerlngs. ralquad netwqus in neigh- . Overall, Sw1s.s drivers en- test equipment WEB-PAGE DOWNLOAD (LIVE/STATIC)
After Swisscom launched its  bouring countries. joy good and reliable network Success Ratio (%) 97.6/98.0 96.8/96.6 975/97.4
“Infinity” tariffs in 2012, the performance, and this is even Avg. Session Time (s) 29/16 28/16
first with truly unlimited data  Data in Cities more the case for train users. _ ;ILE Dg\?{rl(!;())AD/UPLOAD (3 MB/A MB)g — — .
. . . cer . : : _ \ UCCESS Ratlo (7o 3 . . . . .
usage, Sunr}se and Salt Mobile Interngt in th'e citiesis As with voice, data perfor . 90% fasterthan (1S 9585/ 5458 3591 /1672 360/ 3508
followed quickly. German also top notch in Switzerland. mance for all three operators - 10% faster than (kbits) 54545715355 | 4095610390 | 37037/ 9547
customers can only dream Good coverage in the bigger in Switzerland is top notch. FILE DOWNLOAD/UPLOAD (10 S/10 S)
about something similar, and  cities results in a head-to-head ~ While all three were similar Avg. Throughput (kbit/s) 41400/ 21776 | 20061/12492 | 3786420216
only T-Mobile has a similar race between Swisscom and for in-train voice perfor- 0% faster than (it 10822/ 8154 3630/15%4 7602/ 3143
y - X p 10% faster than (kbit/s) 81078/37493 | 66510/24954 | 7236434016
product in Austria. YOUTUBE SD/HD
Success Ratio (%) 97.9/983 97.4/93.4 98.3/96.1
Telephony TELEPHONY Video playouts without interruptions (%) 100.0/99.4 99.3/945 996/99.3
i i SWITZERLAND
quetion ot nerwork quali - [ASTAS  Swisscom | Sunrise | Sah HES CAGE Y NEOAD INE EIATIC)
question of network quality in Success Ratio (%) 97.4/100.0 939/986 97.0/100.0
the hlghly aCClaimed WirelCSS TELEPHONY DRIVETEST (BIG CITIES / SMALL CITIES AND CONNECTING ROADS) Avg. Session Time (5) 28/17 30/1.8 29/15
offerings in Switzerland. In  CallSuccess Ratio () 98.4/976 99.2/982 97.9/965 FILE DOWNLOAD/UPLOAD (3 MB/1 MB)
factit’s extremely good as the Call Setup Time (%) 35/36 35/37 45/47 Success Ratio (%) 100.0/97.5 95.9/98.6 100.0/100.0
X o Speech Quality (M0S-L00) 37737 38737 33/33 90% faster than (kbit/s) 6604 /8502 3882/1749 8183/4799
drive and walk tests in larger L . 2 10% faster than (bits) 50000/ 14787 | 43279/10191 | 31662/8316
and smaller cities and their | TELEPHONY WALKTEST (BIG CITIES / TRAINS) FILE DOWNLOAD/UPLOAD (10 S/10 S)
connecting roads prove. The  Cal SuccessRato (%) 9951972 100.0/975 99.3/98.5 Avg. Throughput (kbits) 29348/19556 | 27197/14796 31004 /18440
: : | Call Setup Time (%) 3.1/33 32/38 43/47 90% faster than (kbit/s) 5912/ 6887 3366/1503 9775/ 7165
biggest improvement regar Speech Qualty (NOS-L00) 28/37 29/37 24/33 10% faster than (o) 53240/31009 | 60487/31392 | 55641/30227
ding voice calls compared to > YOUTUBE SD/HD
" Success Ratio (%) 97.5/9838 97.2/918 100.0/987
i Video playouts without interruptions (%) 100.0/975 98.6/97.0 100.0/987
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NETWORK TEST

SWISSCOM

The 2015 Switzerland test
victory is the seventh in a row
for Swisscom.

SUNRISE

Sunrise finishes again with the
best voice result and a very good
data performance.

The third ranked Swiss operator
improved significantly and
achieved second position in
data services.

Seven wins in a row tell their own tale.
Despite high network rollout speed and
aggressive offers by its competitors, the
Swiss market leader was able to keep its
top-position again in 2015. This is not an
easy achievement and requires high in-
vestments and significant effort.

The main driver for the excellent test
result is the voice service improvement.
Swisscom benefits from its well-mana-
ged voice technology VOLTE, which is
currently only offered by them in
Switzerland. However, Sunrise was able
to achieve a slightly better score in this
section and the test victory was finally
secured by Swisscom’s high quality data
performance.

Although strong rival Salt presents
itself as a tough competitor in this
section, Swisscom collected decisive
scores for overall victory in big cities,
small cities and on connecting roads.

In doing so, Swisscom managed to
maintain the high level of last year’s
test results.

But even in those areas, where the
competitors are catching up — e.g. voice
services in trains or mobile services in
public buildings — Swisscom still main-
tains its overall leadership. Customers of
this operator can be sure to get the best
of the best mobile services.

Congratulations for the 2015 victory in
Switzerland and for the highest score in
the three countries.

connect Verdict

very good (458 points)
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In the context of the very high Swiss
performance level even the stable
second place of Sunrise represents an
excellent result. Such a position would
not be achievable without continuous
network expansion and enhancements.

Sunrise delivers the absolute best
voice service result — in Switzerland as
well as in the three-country comparison.
This was not achieved with the new
VoLTE technology, but with the legacy
circuit switched voice service. The lead
in voice is the main contributor for the
second place in Switzerland.

Notwithstanding its high performances
in mobile internet, Sunrise only achieved
third place in this category. In big cities,
small cities and on connecting roads the
data services of the competitors perform
slightly better. This is particularly notice-
able in the slightly lower average data
rates. The reliability is still premium
class.

Only in trains some smaller degradati-
on is visible compared to Swisscom and
Salt. But German and Austrian train tra-
vellers can only dream of a data perfor-
mance on the level of Sunrise. Therefore
Sunrise customers can be happy about
the well-deserved 2015 test verdict
“very good” and the top position of their
operator in the DACH-region.

connect Verdict

very good (448 points)

The rebranded third Swiss network
operator again provides its customers
with services at a high level of perfor-
mance. The test results clearly reveal
Salt’s improvements in voice as well as in
data services compared with last year.

Although Salt’s voice performance lies
somewhat behind its competitors, it is
worth bearing in mind the high level at
which this race is being executed, and
that Salt achieves the same level in voice
as the market leaders Deutsche Telekom
and Vodafone in Germany.

The highest improvement versus 2014
was achieved by Salt in the data section.
Even if it is insufficient to overtake the
test winner Swisscom in this category or
in total, it is sufficient for Salt to achieve
second position in data in Switzerland.
The distance to the test winner is very
close in big cities and on connecting
roads.

In trains it operates on a level playing
field. In the remaining data categories
like small cities or indoor walk tests, Salt
achieves at least the same level as the
second ranked operator Sunrise.

Thus Salt customers experience mobi-
le services at a very good level. To better
understand this high performance, it is
worth having a look at the total score
board. The score of the third place in
Switzerland is clearly higher than the
one of the German test winner Deutsche
Telekom. >>

connect Verdict

very good (441 points)




NETWORK TEST

TEST

METHODOLOGY S

As in previous years connect’s partner in the
network measurements, P3 communications,
used two vehicles to test drive the chosen
cities and highways. In Germany each car
carried eight Samsung Galaxy S5 smart-
phones to measure voice services and four
Samsung Galaxy Note 4 performing the data
service tests. This setup reflects four network
operators in Germany. In Austria and Switzer-
land the vehicles were equipped with six
Galaxy S5 and three Note 4 to reflect three
competing networks in these countries. The
same setup of devices was used in the walk
tests. For this effort, the smartphones were
installed in trolleys and backpacks with
additional batteries.

The devices’ firmware was each operator’s
current firmware version. If such software
was not available the most current firmware
from Samsung was used.

Smartphone telephony

Voice services were measured with the
Samsung Galaxy S5 performing calls alter-
nating between the two measurement cars

Four Samsung Galaxy Note 4 smart-
phones used to measure the data
performance of cellular networks.

46 HIMMA  1/2016

(mobile-to-mobile). Background data traffic
was present to one of the parties in each

call to reflect a realistic smartphone usage
scenario. Audio quality was assessed by
using POLQA (Perceptual Objective Listening
Quality Assessment) wide band scoring,
suitable for HD voice. All devices were confi-
gured in “LTE preferred” mode. For Vodafone,
02, A1 and Swisscom the new Voice-over-
LTE (VoLTE) service could be used. Within
networks currently not supporting VoLTE,

the smartphones were forced to switch to
3G- or 2G-technology, the so-called circuit-
switched-fall-back (GSFB).

Smartphone data

To assess cellular data performance a se-
quence of tests were performed. As a dyna-
mic web-browsing test, each country’s top
web sites (according to Alexa ranking) were
downloaded in the so-called live web-brow-
sing test. Additionally a static web site was
tested, the industry standard ETSI (European
Telecommunications Standards Institute)
reference page. HTTP down- and uploads
were performed with 3 MB and 1 MB files,
simulating small file transfers. Networks’
peak performance was tested with a ten
second down- and upload of a single, very
large file. Simulating further user behaviour,
YouTube tests were executed for Standard
Definition (SD, 360p, 2.7 MB, 30 sec.) and
High Definition (HD, 720p, 11.9 MB, 30 sec.)
videos.

P3’s “Antenuatr” attenuation enclosure
was used for the measurements, so the
devices had comparable radio conditions to
in-car and indoor scenarios. The reason for
this new attenuation solution is the sophisti-
cated multi-antenna setup of modern smart-
phones. Today’s devices are tuned for best
performance with internal antennas and lack
sufficient external antenna connectors in
most cases.

By foot: Indoor and train measurements
The so-called walk test consisted of the same
tests as were performed in the cars. For this
effort two teams measured in public transport
and in public places, like coffee shops,

Proficient & thorough: left: Bernd Theiss, Editor
“Test and Technik”, connect magazine, right:
Hakan Ekmen, Managing Director P3 communi-
cations.

museums, train stations and airport termi-
nals. Travelling from city to city by public
transport allowed the assessment of cellular
network quality within the local railway’s
trains.

Logistics
Tests were performed in Austria, Germany
and Switzerland around the same period of
time (Germany: October 7 - 23; Austria:
October 7 -23; Switzerland: October 7 -24).
All measurements were done between 8 AM
and 10 PM. Both cars were always in the
same large cities, but on different routes to
avoid any interference of one car’'s mea-
surement by the other car’s. Both vehicles
followed a given route, including fixed
location measurements at “areas of interest”
such as well-visited public places. Measure-
ments there lasted one hour. Locations such
as train stations, airports, much-frequented
public parks or high-density urban areas
typically demonstrate how networks respond
when a high number of users “fight” for their
share of bandwidth within the network’s
available radio frequencies.

The measurements included 13 larger
cities of more than 100,000 inhabitants in

Germany. In Switzerland the route included 12
bigger cities and in Austria five cities.
Additionally, several smaller cities and towns
were included in the route planning. For these
tests the measurement vehicles visited two
smaller cities at the same time, enlarging the
covered area of the connect test. Travel bet-
ween the cities mainly used highways, but
smaller state- and county roads were driven
as well,

For each connect test P3 communications
followed a well-defined process to generate
four independent and representative city and
route plans. The connect editors choose ran-
domly one of these four alternatives.

Test efforts and results
Overall 20,000 km were driven for the connect
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testin 2015. In Germany the 10,000 km of
driven routes alongside the cities and areas
visited represent 12.6 million inhabitants,
equalling around 15.7% of Germany'’s popu-
lation. Austria was measured by driving 4,700
km covering 3.1 million inhabitants (approx.
36.2% of the Austrian population). The test
teams drove 5,200 km within Switzerland,
covering 1.9 million people representing around
23.5% of the Swiss population.

The result of the connect test is based upon
more than 8,500 voice calls including more than
60,000 speech samples, 20,000 downloaded
websites (live pages) and more than 10,000 file
transfers via HTTP per network operator.

Certainly a huge effort, but necessary to gain
the required statistical relevance and confidence
in the test results. >>

Each of the test
vehicles carried up to
twelve smartphones.
They were controlled
and monitored by
the spezialized test
systems of P3.

' Two vehicles per
| country were driven
' on the designated
test routes in
Germany, Austria
and Switzerland.



In order to achieve an unbiased comparison, P3 communications and
connect assure fair and transparent implementation of the network tests.

The design of the connect
network test is prepared
jointly by specialists from
P3 communications and
editors of connect. In
January 2015 an initial
meeting between P3 com-
munications and the res-
ponsible individuals from
connect took place in
order to review last year’s
tests and align the basics
for the network test in
2015. This covered sche-
dule, test criteria and
evaluation scheme, as
well as the test devices
and many more details.

Feedback appreciated
After these internal align-
ments completed by about
May 2015, an information
presentation was distribu-

ted to the CTOs of the net-
work operators together
with a request for feed-
back. This step was inten-
ded to avoid, for example,
running the network test
at a point in time where
central network elements
are being modernized.
Furthermore, the selection
of the test devices should
not impact any of the net-
works under test. So the
technical specialists from
all candidates had an op-
portunity to provide input
about the test methodolo-
gy since they have excel-
lent expertise in that area.
P3 communications and
connect appreciated these
fruitful discussions in ad-
vance of the tests. Full
ownership of the process

and evaluation remained
with connect throughout.

Transparent planning
The input was consolida-
ted into a second and final
information presentation,
which was distributed
during early August to the
operator CTOs. Further
information shared with
the network operators
addressed the exact start
and stop date of the tests
S0 that they were not in-
fluenced by significant
network changes, as well
as pre-reading of the test
results a few days before
publication to allow the
network operators to
prepare their communi-
cations.
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All mobile network operators feel the mobile data
boom — they can hardly manage to keep up with
the pace of their network rollout. Thus, it is quite
an achievement when a provider like German
winner Telekom can equal last year’s results. The
pressure seems even harder on Vodafone who,
thanks to VOLTE, offers top voice call performance
but loses points on data performance. 02 and
E-Plus clearly fall back behind the top duo. Let’s
see if the integrated offering of those two net-
works can close the gap and how quickly it can
rise into premium class.

How close competition between three almost
equally strong operators can look like, is impres-
sively demonstrated by the Austrian and Swiss
markets. All networks tested in both countries
receive the “very good” verdict, not because of
slack scoring standards but thanks to an extre-
mely high level of performance. In Austria, Three
managed to get ahead of last year’s winner A1 in
a tight neck-and-neck race. Swiss market leader
Swisscom snatched victory in Switzerland for the
seventh time in a row — despite high pressure
from Sunrise with its convincing voice results and
the strong data results from competitor Salt
(formerly Orange).

COUNTRY

OPERATOR

Telephony max. 200
Big cities Drivetest 100
Big cities Walktest 30

Small cities and connecting routes Drivetest 55

Trains 15

Data max. 300
Big cities Drivetest 150
Big cities Walktest 45

Small cities Drivetest 35

Connecting roads Drivetest 45

Trains 25

gconneect veroict max.500

1/2016

115
61%
65%
53%
31%

GERMANY
[%g:g&gﬂ]e Vodafone

175 1

0% 9%

82% 92%

89% 8%

73% 63%

- 29

90%
85%
78%
89%
1%
433

85%
70%
55%
76%
29%

very good

CUNNCG
TESTSIEGER

184
75%
59%
57%
43%
22%
299

sufficient

135
1%
4%
64%
43%
154
63%
61%
40%
25%
23%
289

sufficient

182
92%
97%
94%
66%
275
93%
95%
95%
92%
69%
457
very good

LUNNEGL
TESTSIEGER

Austria
178
91%
95%
87%
1%
276
95%
96%
90%
93%
66%
454

very good

SWITZERLAND
T-Mobile Swisscom Sunrise
174 185 191 176
88% 92% 95% 86%
92% 97% 99% 94%
88% 92% 94% 86%
64% 93% 94% 93%
253 213 257 265

88%
84%
87%
83%
61%
427

84%
91%
84%
86%
87%
448

87%
91%
85%
90%
95%
44

very good | very good

LUNNEGL
TESTSIEGER

very good | very good



