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SIGOS in Numbers
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27+ years Experience

350+ Employees

Over 470 Mobile Network Operators as Customers
Partners & Representations in 60+ locations
Customers in 157 countries
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SIGOS: Your Use Cases and Your Benefits
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End-to-End
QoS & QOE Testing
i Adva n.ced = Underlying platform for all SIGOS products
Roaming Services = Most QoS & QOE solution used worldwide
= World’s largest roaming test system = All technologies, all services, from core to radio

= GSMA 4G reference system
= #1 roaming rollout and services

Billing & Tariff
Verification

= Most comprehensive active RA
= Any stage, any tariff, any promo
= National and roaming RA

Fraud &
SIM Box Detection

= #1 fraud detection solution used

* Most innovative & certified solution App Expenence

» Fastest fraud detection available * Market leader in mobile app testing
= |argest global device bank

= Used by over 400 enterprises

SIGOS
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Representations & Authorized Partners

Testing is our Competence

Head office
Nuremberg, Germany
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Use Case Overview
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Network Testing {4 LTE Internatlonal Carrier Quality Testing (1CQT)

PR e S e I e L

E Radio (2G/3G/LTE), Fixed & IP Network; Core Network E

Quality of Service Testing (QoS) ﬁ Te

____________________________________________________________________

i' Periodic QoS & QoE; On Demand; i
i Network Diagnosis; Benchmarking; LTE, LTE- i

Enhanced SIM Box Detection; Interconnect
Assurance; OTT Bypass Detection; SMS Bypass;
EU Refiling Detection; Leaky PBX Detection;
SIM Box Terminator

Advanced & IMS Testing; M2M Service Assurance

S e ———

N,

E' Test, Monitor and Benchmark Services on Real
E Devices; Test and Monitor Mobile Apps on Real
i Devices; VOLTE; VOWIFI

____________________________________________________________________

i' CDR Comparison and Testing; Billing Verification;
i Roaming RA; RA for Mobile Regulators; Prepaid SIM

e e e

Recharging; Test Call / Event Generation

QoS Testing on the Move; Nomadic, Venue or Large

! Scale Testing; SITE 360
Roammg Testing 4Gms e /

___________________________

Inbound Roaming; Outbound Roaming;

Global Roaming Quality (GRQ); Roaming Hubbing;
Steering of Roaming (SoR); Roaming Radar

LTE, CSFB & VoLTE Roaming TestinglL

SIGOS
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LTE and IMS Testing Concept
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GlobalRoamer — World's Largest test probe coverage
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GlobalRoamer

Germany + Belgium

Central Unit + SIM
Multiplexer + 420 Pool B
@ GlobalRoamer Country SIM Cards ' -
. GlobalRoamer Location
@ 75/ CSFB Location

*Map includes GlobalRoamer Q1 rollout plan S I G O s
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Worldwide Customers Footprint
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-

470 Network Operators and over 670 Enterprise Customers in 157 countries

worldwide use products of the SIGOS portfolio for QoS & QoE testing, fraud
detection, roaming testing, app & device testing and revenue assurance

-

£

5 ¢

. Country with SIGOS Customers

Country without SIGOS Customer

SIGOS
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Worldwide Customers: Leading Mobile Operators
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Africa / Middle East
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List of countries by 4G LTE penetration

2016 November rankings

https://en.wikipedia.org/wiki/List of countries by 4G LTE penetration

Page 12

Rank ¢ | Country/Territory ¢ Penetration ¢
1 :; South Korea 96% 97 1 1 Belgium 70% 53 11 Romania 58%
2 o Japan 92% 28 | == Thailand 70% 54 | Em United Kingdom 58%
3 | Lithuania 85% 29 | Z= Spain 67% 55 | @M New Zealand 58%
4 |3 Hong Kong 84% 30 | gugPeru 67% 56 | Rum Chile 58%
5 == Netherlands 84% 21 = Austria 66% 57 = Israel 58%
6 | ™= Singapore 83% 32 | gm Portugal 66% 53 | mm Germany 57%
7 | @ Norway 82% 33 | 4= Georgia 65% 59 | wem Poland 57%
8 = Kuwait 82% 34 | = Luxembourg 65% 60 | B0 Guatemala 57%
9 | == Sweden 81% 35 | = Brunei 64% 61 | [N Cambodia 55%
10 | mm United States 81% F = v 62 | §1ltaly 54%
1 O Gy a1 37 | g Slovakia 64% 63 |k Brazi #%
i Siisoa e 38 | | Saudi Arabia 63% E [ e il
13 | &m Australia 79% o — Argentina 63% 65 | mm Venezuela 53%
:45 : z::r; ::: 40 | B South Africa 63% 2‘: :;S:;Rica :z:::
41 mm Bulgaria 63%
e :ni:;r:z:d Arab 76% = -- Maleysia 3% 68 Pakislafn 53%
17 | nen Canada 75% 43 | == Croatia et o ::p[j;ri'::lmcan 24
18 | mm Estonia 75% 44 | Mot O ki 70 | mm Kazakhstan 52%
19 | @ China 74% 45 | Panama 2% 71 | BN France 49%
20 M Bahrain 74% 46 | I Albania 61% 72 | mm Russia 49%
21 | umm Slovenia 74% 47 | @ Iceland 61% 73 |=Iran 48%
22 | e C2zech Republic 73% 48 | I Morocco 60% 74 | m Philippines 45%
23 |==Latvia 73% 48 | i Colombia 60% 75 | maulreland 43%
24 | India 72% 50 | = Greece 60% 76 | wim Ecuador 2%
25 Switzerland 1% 51 == |ndonesia 59% 77 | == Lebanon 41%
26 | 3@ Denmark 1% 52 | m=Jordan 58% 78 | mm Srilanka 40%
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WIKIPEDIA
The Free Encyclopedia

The fast keep getting faster

The best performers in our speed rankings continue to
push LTE to its technological limits. 15 countries now
deliver typical downloads in excess of 30 Mbps.
OpenSignal's average measured LTE speed globally,
however, is dropping as more countries bring lower
capacity networks online.

SIGOS
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Global LTE Statistics

United States of America
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Regional LTE Deployments/Connections
and Forecast
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2013 ; 2013
3% 0.4%

2017 2017

B Africa B Africa

[ Americas M Americas
Asia Asia

B Europe B Europe

B Oceania M Oceania
International

LTE Deployments by Region 2013/2017 LTE Connections by Region 2013/2017

Source: GSMA Intelligence 2014 S I G o S
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LTE Challenges

New complexity in the network structure requires sophisticated solutions
for network optimization
= Fast trouble shooting

= Detailed network diagnoses

The new service platforms will interact intensely with the network
components and will require frequent network updates

= Root cause analyses will be more important
= Automated regression tests will be essential
QoS/QoE will also depend on smartphone and app interaction
= Need for parallel channel of testing with smart phones/real devices

Voice based services in LTE require new solutions
= Solutions like CSFB and VoOLTE to be tested specifically

SIGOS
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LTE Testing

Air and Core Network Interfaces Test Concept

Testing is our Competence

e CLU/WLU or Nomadic with
e g MC77xx Interface (LTE FDD)
or
E392-U32 Data Stick

Module (LTE TDD)

Interface .
Testing | | SITE Central Unit (CU)

IP connection
(fixed/wireless)

LTE Network .
IP connection

(fixed)

Core
Network

| uuliﬂﬂlﬂ LU with Ethernet
- Ty IP Interface Board

Interface
Testing

SITE GUI

SIM Multiplexer

SIGOS
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CSFB Smartphone
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2G/3G/PSTN Interfaces

\.
CSFB Call \\

W " VoiceQuality B
2G/3G/4G

LAN/WAN

Compact Local Unit

}

Relevant CSFB KPlIs:

= OQverall_Call_Establishment_Duration ( i
*  Overall_Time_To_Ring_Duration SITE Ul

= Return_to LTE duration

= |P_Timeout_Duration SITE CU

= POLQA_MOS

m

Troubleshooting EPC via: SITE SIMMUX
= L3 tracing (NAS and RRC)

\ Y,
SITE Backend Components S I G o s
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Voice Quality (incl. HD) on Smartphone
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§ o
VoiceQuality VoiceQuality

v

2G/3G/4AG

LAN/WAN

m

N
SITE UI

Relevant VQ KPls:

* Call Setup Time SITE CU

* Call Time to Ring

* POLQA MOS A-->B, A<--B SITE SIMMUX

¢ Codec used o

* NB, WB or SWB SITE Backend Components

* Audio_Delay

Note: For HD Quality Check, dedicated AMR-WB capable smartphone needs to be connected in the Hybrid CLU S I G o s
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Smartphone Data Speed Testing
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TCP Session
/\_\ y
- - = .
/ \ <
[ Internet >
. : oy __/ .
: | | FTP/HTTP/Speedtest

2G/3G/AG

Test Cases

DG_FTP/HTTP_DL/UL This test case initiates an FTP/HTTP UL/DL session

DG_SpeedTest This test case initiates a speedtest session

KPIs: HTTP/FTP/Speedtest throughput in DL/UL
Data Speed Troubleshooting: available via L3 (NAS and RRC)
Supported Network Types: GSM, UMTS, LTE

SIGOS
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Multi RAB and E-RAB Testing on Smartphone

.I/
—

\\\. FTP Server ; ‘ e
Active Data UL/DL

Active Voice Call/SMS i

Multi RAB and Multi E—RABJ

A

A

2G/3G/AG

SITE Ul

SITE CU
SITE SIMMUX

Test Cases

DG_MutiRAB_Voice_ MX_w_backgrd_FTP This test case initiates an FTP UL/DL session, once established, it

Originates/Terminates a Voice Call.

DG_MutiRAB_SMS_MX_w_backgrd_FTP This test case initiates an FTP UL/DL session, once established, it

Originates/Terminates an SMS.

KPIs: POLQA MOS (optional), FTP DL/UL Throughput, VoiceCall establishments durations, E2E_SMS_Durations
Multi (E) RAB troubleshooting: available via L3 (NAS and RRC)
Supported Network Types: GSM, UMTS, LTE

SIGOS

testing is our competence




Layer 3 Traces from Smartphones
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= Layer 3 messages from UEs (NAS and RRC) are an important tool for
troubleshooting and extracting KPIs

race Table Infor

: tion L=k |
| Test |4934797 % Z Filter |[From Current Table ' ¥| @ " [ Show Full Trace sides: [A]  Select [Sides.. |¥]

Mobile/Netw.

407 00:01:13.030 3
" .

499 00:01:13043

= With SITE 2.10, L3 messages are | =& e

508 00:01:12.005 Selecting the Operator (AT+COPS=12,"26201".7)

available for the Samsung Galaxy |« =l |

. . . 518 000113101 || ¢ TRACE [2014-11-07 03:02:14.277] Recy : E-RRC BCCH-DL-SCH

Fa m I | W It h Qu a I CO m m C h I S etS ° 517 00:01:13.168 TRACE [2014-11.07 03:08:14.342] Recy : E-RRC BCCH-DL SCH
y p ° 513 0001:13.338 || [RACE 0141107 03:09:14,512] Recy | E-RRC BCCH-PLSCH

019" 00:01:13.486 || ¢ TRACE [201911:07.09.00:14 002] Reov  E-RRC BCCH DL-BCH

520 00:01:13501 || ¢ IRACE [2014-11.07 03:08:14.677] Recy ; E-RRC BCCH-DL-SCH systeminformationBlockType1

= Standard device firmware R

522 00:01:14267 || SCOREGIQ
525 00:01:14.260 Selecting the Operator (AT+COPS$=1.2,"26201".7)

= Root-access device firmware e e e e

534 00:01:13956 || (. TRACE [201411.07 03:08:15.132) Reov: E-RRC BCCH-DLSCH
535 00:01:13.066 ¢ TRACE [2014-11.07 0308:15.142) Recy : E-RRC BCCH-DLSCH

536 00:01:13076 TRACE [2014-11-07 03:08:15.152] Reev : E-RRC BCCH-DL-SCH systes
537 00:01:14.577 TRACE [2014-11.07 03:08:15.753] Send : EMM Attach Request
.naaasze |l TRACE 120141107 1308:15 7541 Send - E-RRCUL.CLCH iank,

((Overview | F | ResultFiles | ints of Record | TimingcJ | Raw | searen |

Search in Trace: TRACE

s — =
PASS 1587 Entries - Filter matches 94 State of 2015-05-26 11:26:18

RAN Core

SIGOS
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LTE Report Templates — VOLTE Example

Testing is our Competence

VoLTE MO MT Service Performance

VoLTE_MO_MT_2: Availability - 2014-08.01 00:00 to 20140901 00:00 UTC+02:00 VoLTE_MO_MT 2: Call Setup Measurements - 2014.08-01 00:00 to 2014.09.01 00: Ca I I Se u p
3

00 T .
0 @ @ ® o @ <9
_a— P 7 a? a % N e
e P 7 7 : o o - - R o o e

K
‘v&ﬁ === &_SIP_TryingToRingingDuration [Seconds] (avg 4 days) min:1 max-3 avg:1 last1 count8
-+~ a_EndToEndAlertDuration [Seconds] (avg 4 days) min:1 max:3 avg:1 last! counts
W VOLTE_Success (sum 4 days) min24 max:406 avg:143 iast81 count® M VoLTE Falure (sum 4 days) mn:14 max144 avg:S8 last101 countd = EndToEndSessEstablshDuration [Seconds] (avg 4 days) min-l max2 avg:1 lst] counts

VoLTE_MO_MT_2: Voice Quality - 2014-08.01 00:00 to 2014.03-01 00:00 UTC+02:00

Voice Quality

420
4154
410
4.05-
400 VoLTE_MO_MT_2: Overview - 2014-08.01 00:00 to 2014.09.01 00:00 UTC+02:00
] KPIE 14-08-01 23:50 | 14-08-05 23:59 | 14-08-00 23:50 | 14-08-13 23:50 | 14-08-17 23:59 | 14-08-21 23:50 | 14-08-25 23:59 | 14-08-29 23:59
3501 3 INS_RegistrationDuration [Seconds] [ I
3854
350
iy IpavRx [Milliseconds]
370 a RTP_AvglitterRx [Milliseconds] .
388 _3_RTP_NumPacketsLostRx .1
360 a_RTP_NumPacketsLostTx .1
355 ActiveSpeechl evelDegraded_1 [dBov] At
250 ActiveSpeechl evelDegraded_2 [dBov] T,
5 ActiveSpeechl evelReference 1 [dBov] 6
< a 9 9 9 Py ActiveSpeechL evelReference 2 [dBov] 5!
£ ﬁ'i"’ vwgg'i’" P \1'9'@ .L«'i’g‘ M'P" 57 ActiveSpeechRatioDegraded_1 4
. \ \ o G I \ y ActiveSpeschRatioDegraded 2 ¥
= MOS_VoLTE_fo_VoLTE_1 (avg £ days) min:3.54 max:4.11 avg:4.02 last3.66 counts e S oo e 1 .55 955 055 .5

== MOS_VoLTE_to_VoLTE_2 (avg 4 days) min:3.57 max:4.1 avg:4.02 last3.69 count8

SIGOS
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LTE Report Templates — CSFB Example
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CSFB MO MT Service Performance
Availability

.-‘\ o \‘) 3»&

o o o

CSFB_MO_MT: Availability - 2014-08-22 16:00 to 2014.08-25 03:59 UTC+02:00

u“”'

M“ o @»" .\ﬁ’ \.»" M‘” \w‘* .‘.»"

W CSFB_Success (sum 4 hours) min:@ max:8 avg:8 last8 count14 M CSFB_Failure (sum 4 hours) min:0 max:0 avg:0 last0 count14

1

©
P

CSFB_MO_MT: Overview - 2014-08-22 16:00 to 2014-08-25 03:59 UTC+02:00
KP4

CallRelease4G Duration_a [Seconds]
CallRelease4G_Duration_b [Seconds] |

ervice Overview

CSFB_MO_MT: Call Setup Measurements - 2014-08-22 16:00 to 2014-08-25 03:59 UTC+02:00

,};'999 @Q'J’a ,9\\1'59 1:,\*"55 ,9\‘5"9 ,9«‘!?’%
i o o o e ¥ s
== CalEstabishDuration [Seconds] (avg 4 hours) min:10 max:11 avg:10 last10 count14  -== CalSetupAlertDuration [Seconds] (avg 4 hours) min:9 max:10 avg:10 last-10 count14

— SIGOS
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LTE Roaming

Testing is our Competence

Challenge:

= Verifying the LTE roaming services from the GSMA’s Standard International
Roaming Agreements: AA.12/ AA.13/ AA.14

= Ensuring QoS for LTE services in roaming scenarios and offering the same
LTE experience as in the home network

Solution:

= |R.38 Automated Test Case Suite

= Mandatory pre-defined set of tests used for testing roaming agreements,
can be executed ad-hoc or periodically

= LTE Global Roaming Quality (GRQ)

= Framework developed by SIGOS to test LTE services for roaming
subscribers

= Periodic testing and reporting for the most important KPIs

SIGOS
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LTE Roaming

Testing is our Competence
Benefits:

Verify the LTE roaming services from the GSMA’s Standard International
Roaming Agreements

Ensure that your roaming partners respect SLAs

Determine subscribers to use mobile data when roaming, by offering
guaranteed QoS

SIGOS

testing is our competence



Agenda

Testing is our Competence

SIGOS — An Introduction
Global LTE Statistics

LTE: The Need for Testing
LTE Reports

LTE Roaming
= LTE: IR.38 Testing
= GSMA LTE GRQ
LTE Test Scenarios

LTE: SIGOS Customer Case Studies
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SITE IR.38 Test Suite

Testing is our Competence

SIGOS Integrated Test Environment

Acceess Probe
VPLMN

Visited
PLMN

Backend Acceess Probe
HPLMN

SITE Central Unit

LAN/WANfintemet/ IR.38 Test Suite:

LTE-only Attach and Detach
LTE Cancel Location

Provder IR.38 Test Suite:

2G /3G /4G LTE-only Attach and Detach

;TE (_)pemlor Determined 2G/3G6/4G LTE Cancel Location

: arring - i

SIMMUX [USIM, b odl A ach Different QoS per service for Data, LTE ?)[_)e:‘tor De;ermined Barring
Combm ed Attac|

Voice, SMS, Streaming etc.

1SIM) CSFB_MO_MT
SMSOSG_MO_MT

Data Access from 2G/3G

CSFB_MO_MT
SMS0SG_MOQ_MT
Data Access from 2G/3G

SITE IP connectivity

= Provides end-to-end functional capability tests for roaming services over LTE: LTE data,
CSFB voice and SMS over SGs

= Validation of LTE roaming interoperability for HPLMN (a) and VPLMN (b)

= Automated IR.38 test suite execution

= Automated IR.38 GSMA template report creation

= Ad-hoc or periodic execution for each individual test case within the IR.38 suite

SIGOS
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SITE IR.38 Test Case Support

IR.38 Test-cases & Description SITE support

LTE-only Attach and Detach

LTE Cancel Location

LTE Operator Determined Barring

Combined Attach

CS Fallback Mobile Originating Voice Call - UE1(a) calls UE2(a)

CS Fallback Mobile Terminating Voice Call - UE2(a) calls UE1(a)

SMS over SGs (Mobile Originated and Mobile Terminated)

Data Access from 2G/3G using PGW in HPLMN (a) over Gp Interface
Data Access from 2G/3G using PGW in HPLMN (a) over S8 Interface

Y

< < =< < =< =< =< =<

Automated creation of IR.38 GSMA

report

template with outcome and verdicts

Testing is our Competence

-

Lcaseel  |IR.38 Report Template

Test case selection and Completion Certificates

Test case selection and result overview

Fioaming Soenario 1o be Tested

gﬁw = _

Fesults| IREG-comments from Rz TEST|
CASES™, if any

SIGOS
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Agenda

Testing is our Competence

SIGOS — An Introduction
Global LTE Statistics

LTE: The Need for Testing
LTE Reports

LTE Roaming
= LTE: IR.38 Testing
= GSMA LTE GRQ
LTE Test Scenarios

LTE: SIGOS Customer Case Studies
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SIGOS LTE GRQ

Testing is our Competence

= The SIGOS LTE GRQ framework provides KPIs for:

= LTE Attach/Detach

= Activation/Deactivation of Default EPS bearers
= HTTP and FTP Download, Ping

= CSFB Service Performance

= SMSo0SG Service Performance

SIGOS

testing is our competence



LTE GRQ Testing with SITE

Testing is our Competence

({‘-“ International Carrier N \‘\" (‘ VPLMN N “-“ Probe VPLMN N w\‘
SIGOS | d Test Envi E N
[ES=teces ENVEDIINENE '11‘ International Carrier 2 ‘7‘ VPLMN 2 \ f(‘\“ Probe VPLMN 2 \T“
Backerd Acceess Probe HPLMN ‘/‘/ : - "7/
SITE Central Unit HPLMN International Carrier 1 VPLMN 1 Probe VPLMN 1
ARy m . | — . dy
LAN/WAN/Internet/ k/\/ - W
Keynote SIGOS LTE GRQ E < Keynote SIGOS LTE GRQ
ach / Detacl 2G/3G/4G GRX/IPX e 1605 LT
IE.IEES :te‘ar:r ’;\Izti\:alir:m Provider 26/36/4G ?l;i :tetar;'igti\!rat:;n
EPS Bearer Deactivation EPS Bearer Deactivation
SIMMUX (USIM, SMS05G SMSGSG
1SIM) CSFB Different QoS per service for Data, \* CSFB
HTTP Download Voice, SMS, Streaming etc. % ) HTTP Download
FTP Download FTP Download
Ping \_7 \7 Ping
L 4
4 4 < 4
SITE IP connectivity
=  Resources for LTE GRQ tests (SIM .= Test cases will run on probes located in
cards and locations) are available the selected VPLMNs
in SITE through GRP .= Current LTE probe footprint covers 82
= Testing can be performed ad-hoc networks and is constantly expanding

or scheduled periodically

=  Result analysis and representation
are available via the SITE reporting
engine

SIGOS
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Example LTE GRQ Report

Testing is our Competence

GRQ LTE KPIs per Operator - 2014-08-25 00:00 to 2014-09-01 00:00 UTC+01:00

|| B
< @ (8] [ l:_.l l:_- (] s = = x - s z (o] & o " f
T B - 1 1 S B - e £ B S
KPI 4 8 2 2 2 8 .2 2 2 g 2 2 § 2 8 2 SEE ]
2 2 2 2 2 2 3 2 a a g 2 & 2 g 2 8 § 8
o o o o o o o o o o o o o o o o e holhe
01AV LTE Attach Success Ratio [Perce:

02AH LTE Attach Duration [Seconds 4 4 4 4 4 J 4 J 4 J J J J 4 J J J J
03AV LTE Attach Duration [Seconds
04AH LTE Aftach Duration [Seconds - 4 4 4 4 4 J J J 4 J J 4 J J J J J J

05AV LTE Detach Success Ratio [Percent]
06AH LTE Detach Success Ratio [Percen 4 4 4 J 4 J 4 J 4 1 J 4 J 4 J J J J
07AV LTE Detach Duration [Seconds;
08AH LTE Detach Duration [Seconds 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 J 4
09AV LTE Default EPS SuccessRatio Activation [Percent]
10AH LTE Default EPS SuccessRatio Activation [Percent]

= — ! — — -
11AV LTE Default EPS Bearer Activation Duration [Seconds] 498 296 348 288 261 234 2871 282 264  3.24 287 202 145 269 26
12AH LTE Default EPS Bearer Activation Duration [Seconds] ] . . B B - =
13AV LTE Default EPS Success Ratio Deactivation [Percen]
14AH LTE Default EPS Success Ratio Deactivation [Perce = = - =
15AV LTE Detach Duration [Milliseconds] .44] 2097.95 28928 1649.93] 1973.94] 5117.22 2898.24) 4010.33 3056.75|
16AH LTE Detach Duration [Milliseconds - g - -
17AV LTE SMS0SG Success Ratio [Percent] |
18AH LTE SMS0SG Success Ratio [Percent]
19AV LTE SMS0SG Send Duration [Seconds]
20AH LTE SMS0SG Send Duration [Seconds]
21AV LTE SMS0SG End2End Duration [Seconds]
22AH LTE SMS0SG End2End Duration [Seconds]
23AV LTE HTTP DL Success Ratio [Percent]
24AV LTE HTTP TCP Handshake Duration [Seconds|
25AV LTE Data Download Duration App [Seconds|
26AV LTE DNS Duration App [Seconds ) g g 8| 3 093 0.8
27AV LTE Download Duration App [Seconds; 5.75
28AV LTE HTTP Mean Data Rate App [MBits/s] [
29AV LTE NumberOfTcpConnections | 1 1081 o909 595 512 233 | 5§ 5§
30AV LTE FTP DL Success Ratio [Percent] [ 95383
31AV LTE FTP TCP Handshake Duration [Seconds, [ 112 103 084 088 072 097 056 1.04
324V LTE FTP Mean Download Rate [MBits/s
33AV LTE Ping ps Success Ratio [Percen
34AV LTE Round Trip Delay [Seconds : | 0.31 | 063 067 0.66
35AV LTE PingPacketLossPercent [Percen

3BAV LTE Size of Ping Packet without Header [Bytes]

2.95

-

2137

36 36 36 56
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Testing is our Competence
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LTE: The Need for Testing
LTE Reports

LTE Roaming
= LTE: IR.38 Testing
= GSMA LTE GRQ
LTE Test Scenarios

LTE: SIGOS Customer Case Studies
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LTE Test Scenario:
FTP Download, Web Browsing

Testing is our Competence

LTE Mean Download Rate - Live Network

LTE DL throughput all
80

AT AT W W e R

A hY

B Mean Download Rate LTE: ~25 Mbits/s (avg.)
I Max. Download Rate LTE: ~35 Mbits/s (avg.)

- Realistic expectation in a live LTE network:
Mean Download rate of 25-40 Mbit/s!

FIELD Measurement -
Operator 1

Signal Level RSRP: -86
FTP Download - File Size:
60 MB

SIGOS
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LTE Test Scenario:

FTP Download, Web Browsing

= FIELD Measurement -

LTE DL throughput vs HSPA Operator 1

= Signal Level RSRP: -86

= FTP Download - File Size:
60 MB

® o? o* ,9\‘1"9
o oS o o o o o

B Mean Download Rate LTE: ~25 Mbits/s (avg.)
I Max. Download Rate LTE: ~35 Mbits/s (avg.)
B Max. Download Rate HSPA: ~4 Mbits/s (avg.)

—> Significantly higher LTE Download rates
versus HSPA (approx. 8 times higher)!

SIGOS

testing is our competence




LTE Test Scenario:

FTP Download, Web Browsing

FTP Download Testing with Local server vs. External sever

LTE DL throughput per Server
80 80 = FIELD Measurement -

" " Operator 1

60
50
40

= Local server: in the country

= External server: outside the
country

[MBi/s)

30
20
10

A

Bl Max. Download Rate LTE from local server: ~35 Mbits/s
I Max. Download Rate LTE from external server: ~15 Mbits/s

—>Server location and bandwidth have significant effects on test results!
—>Compared to external server, local server delivers more than double the

ownhnload rate! SIGOS
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LTE Test Scenario:
FTP Download, Web Browsing

Testing is our Competence

A

DownloadRates FTP_Download: 3G vs. 4G - 2012-02-25 12:00 to 2012.02-25 14:30 UTC+01:00
55

50

451 ‘ —— T — ‘ Pl

8

[MBit/s]

BEE

":: \_F/\ W l§\/\

0 T T T T T T T T T
12-02-2512.00 12-02-2512:15 12-02-2512:30 12-02-2512:45 12-02-2513.00 12-02-2513:15 12-02-2513:30 12-02-2513:45 12-02-2514:00 12-02-2514:15 12-02-25 14:30

= 3G_MeanDataRate [MBit/s) (raw) min1 77 max:9.18 avg4.2 last3.57 === 4G_MeanDataRate [MBits/s] (raw) min44.3 max:47.76 avg46.79 last 44.32

s 5

Bl Mean Download Rate LTE: ~47 Mbits/s = FIELD Measurement -
B Mean Download Rate 3G: ~5 Mbits/s Operator 2

—> Significantly higher LTE Download rates
compared to 3G (approx. 9 times higher)!

SIGOS
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LTE Test Scenario:
FTP Download, Web Browsing

Testing is our Competence

FTP Download Rates LTE - 2013-04-11 10:35 to 20130411 17:40 UTC04:00
40000

350004

25000

H orrad
52(204:0

150001

100004

5000 4

0 T T . T . T T T T T r T T . T T T . T . r .
o 994' o e - 7\'5”“ \\_ﬁa\‘ o L \%\“ﬂ‘ G.gv“‘ \,rtﬁ"@ & « N;@““ X ,@“‘ 1@@ ’;2'5?“\ ,r)q,v“ ,39\@‘ 1@¢“‘ 's.’f"f‘\ E@@“ Wt « N_.,,v“‘ u.‘:"‘ﬁ @.qﬁ“ ‘ﬁ,v“
ot (O ot ot 0 S St o ra PON oy o UM UM 0 S O o FUN UM ON o oS
o o o <« <« o« <« P o « o « h\ g pg - o« o« w «® p o o
B FTPDownloadMeanDataRate [kBits/s] (raw) min26274.1 max33468.7 avg 3022058 last26794.5 count18

= FIELD Measurement -
Operator 4

—>Mean Download rate of 25-40 Mbit/s could - LTE Mean Download
be a realistic expectation in a Live LTE Rate: ~30 Mbits/s
network!

SIGOS
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LTE Test Scenario:
FTP Download, Web Browsing

Testing is our Competence

=  FIELD Measurement -
LTE Browsing vs HSPA Operator 5

@ Py 8 9 9
A ':-'6 ﬂe\\ 6 "9&‘: '\’56 Qv‘:

o P P P P e
B LTE Browsing duration: ~3 sec. No clipping, relatively constant
B HSPA Browsing duration: ~6 sec . High clipping up to 15 sec

—>Measured LTE Browsing duration is 50% shorter compared to
HSPA!
- Improved User Experience!

SIGOS
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LTE Test Scenario:

Ping Round Trip Time

LTE RTT - Live Network

Roundtrip: 3G vs. 4G - 2012.02-25 12:00 to 2012-02-25 14:30 UTC+01:00

B -\\// | | U .I J.

.a N
t

2 100

£

=

0 T T T T T T T T T
12-02-2512:00 1202-251215 12-02-2512:30 12-02-2512:45 12-02-2513.00 1202-2513:15 12:02-2513:30 12.02-2513.45 12-02-2514:00 1202251415 12-02-2514:30

= 3G_Rounctrip [Miliseconds] (raw) min:119 max:4896 avg705.23 last130 == 4G_Roundtrip [Milliseconds] (raw) min:12 max:17 avg14.18 last12

-

B RTT LTE: Min. ~12 ms, Max. ~17 ms, Avg. ~15 ms = FIELD Measurement -
B RTT 3G: Min. ~120 ms, Max. ~4100 ms, Avg. ~700 ms* Operator 2

->Significantly shorter RTT values with
LTE compared to 3G!

*3G RTT values out of scale due to huge differences to LTE RTT values S I G o s
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LTE Test Scenario:
Ping Round Trip Time

Testing is our Competence

= FIELD Measurement -
500 ‘ . , Operator 6

0 T
el i

o« « « * P -
@\\‘:6'@ @‘\5%@ @\\6 \,;65 @V\bq® @\a\ﬁﬁ@

o
(A AT g3
o & W e . =

S
o o e

B RTT LTE: Stable measured values. Min. 56 ms, Max. 90 ms, Avg. 66 ms

B RTT 3G: Fluctuating measured values reaching up to 637 ms. Min. 69 ms, Max. 637
ms, Avg. 150 ms

— Average measured LTE RTT is 50% shorter compared to 3G !

SIGOS
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LTE Test Scenario:

FTP Upload
= FIELD Measurement -
LTE UL throughput vs HSPA Operator 7
] [ = Signal Level RSRP: -96
N " - FTP Upload - File Size: 27 MB
iw- il i = External FTP server used
5 s

2 2 ) -}
o a5 o &%
= » P P
o o o

= )
2P

_59
2% A%
o° o®

\’59\

B Mean Upload Rate LTE: ~2.5 Mbits/s (avg.)

I Max. Upload Rate LTE: ~4 Mbits/s (avg.)
B Max. Upload Rate HSPA: ~2 Mbits/s (avg.)

- Limitations due to the use of an external FTP server!
—>Maximal Upload Rate of LTE double to that of HSPA!

- Improved user experience!

SIGOS
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Customer Case Study #1.:
Claro Argentina

Testing is our Competence

SITE deployment

Argentina — 15 locations

v" Bahia Blanca
v Buenos Aires - Av. de Mayo Installed
v" Buenos Aires - Forest @ GSMand 3G
v" Buenos Aires - Jonte @® GSM. 3G and PSTN
v" Buenos Aires - Torcuato ’
v" Comodoro Rivadavia @ LTE
¥ Cérdoba @ 1uPS card
v" Corrientes T
v" Mar del Plata @ LAN card
:; x::i?;: @ Mobile LU
v" Rosario
v' Salta
v" Santa Fe
v" Tucumaén
Uruguay
v" Montevideo
Paraguay
v" Asuncién
11
06 DG e
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Customer Case Study #1.:
Claro Argentina

Testing is our Competence

Speed Tests for LTE and UMTS

@ Speedtest Dashboard for LTE and UMTS

e O] Leel iy
Ut Rate Ustistcs pee | ocaten

';:Ljﬂﬂﬁmmﬁ]

B I

D et DA maen B8 e
aw —

Lnet spdate af 20173424 12 6k 04 0300
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Customer Case Study #2:
Vodafone Netherlands

Test Interfaces of SITE

Um (2G air)

Uu (3G air)

LTE_Uu @G ain

Device Gateway (CSFB & HD Voice)
VolP

GSM_A (BSC -> MSC)
GSM_Gb  (Bsc->sGsN)

luCS (RNC -> MSC)

luPS (RNC -> SGSN)

S1 (eNodeB -> MME) r
PSTN

ISDN

(W)LAN

Testing is our Competence

UTRAN/ umTS E-UTRAN/LTE

il CDMA 2000

@

Home GW Untrusted

NogeB | encdes BTS DSLFTTH  WLANAP § 1
m m ! w| m . : :
GGPSR"; uMTS | LTE | A ) — Keyboard /Monitor |
i Trusted H H
BSC EDGE mc  HSDPA* | e LTE-A | e AR e :
¥ i CDMA WLAN i
2G 3G | M 4G ||
— /
E m B )
ce&ux»é cs—MGw SMSC sesu AuC {\ "@ S-GW MME  3GPPAAA MBMSGW PCRF ePDG
HLR/MHSS P-GW ANDSF
BM-SC
%s CSCF .
IMS
(IP MULTIMEDIA SUBSYSTEM)
p Qther PLMN = 3GPP2 Other
Network GRX/IPX . @ @ % Core IMS.
1? SW-GW MRFC IMS-MGW 1-CSCF S-CSCF E-CSCF
TAS BGCF
SCCAS MGCF
MREP

SIGOS
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Customer Case Study #2
Vodafone Netherlands

Testing is our Competence

Service view on Vodafone VoLTE/VoWIFI

Alarm History Report (NL/ATam o Vol 1) [~

MO ALOLTE VT LA < A] W Postpmid 40 1o VI Postpeid 40 - Service Avelebily
L) W B OSTpaR A05 [0 VI IR0 Vi At aniny

sl ary eETR Vo (XX N AG o VIT AS - Service
MOGaAZOLTE VO MOE - O E] VI Fastpmol 40 10 VE POl 40 - Sinyvion Avelskity
Vo e Aol TE p:-sm_um LTE ) k] 20 10 VI AC - Sarvic
S [ R abid i 1 W ot A G8 . Rarwicms
Voo oL TE ILTE Uy - GEM_Um) Ve A 10 VF 2G - Service

OB ARTE RTE b - el o Wil A 10 pewcd ACH - Ciorioe

YEREARLTE K- TE_Ly - LYOLUI VI Fonpad 40 18 ¥T Fuxipeis 40 - Sarvias Avatsiy
Vs AL T LTI LG - URTS ) I St pael A 10 WF POSIDRIE 30 . S Avsieb iy
AVOLTE LTE U - UMTS L] VIF POvpeie 4510 VI PORDEI0 4G - Servioe Avelleniny

VG m ASOLTE LBATS i . LTE_ ) VI Bt palcl A 1o YT Bt Avalintainy
Vot Ak TE P, LA - 43 VF Postani 40 16 VF bamipai 46 - Veios Scmiy
Vo eTmity VLTS YE: |.n A VF Postosld 40 to VF Bostnald 40 - Vcice Ity AT B2
TP LICEI R SRR A0 4 AL PABMIGU 40 0 Wiiien Aty HIOR 2+
Vul-nuiﬂll\fNLL Tewm Mu - ICH) Vi A0 tes A o ac MO e
VOREGMILY A CLTE YO (A - A)vE ouwoaI 2% 10 VI RORIN A5 - vOIbe G IE I
N PO GG I VI POSAEE A RO LRI O b
CE - MCE] W Postpail 40 te VIF Dostpad 40 - WVolcs Gualy MO A =B
Mok m iy AL TE YO (e - 0 A] T Bo st bl 40 10 VIE Boxtpmc 40 - Volce Cmity MOS B4

il VE Posiaid
YAZELTE [FEM_Lim - LTE L] VF Postisald 40 15 WF Pastiaid 40
YOLETUMIY/VCLTE (L0 - QM LM VE POSNIAK! 40 13 VF POSPA 201
N Ay ACL T LTI GRS L VP ROtk 0 10 W Sastmid 206 W0l Cimity RS e
Vomeaualty M eLTE n.m TU - CEM U] VE Dostiaid A6 10 VE Dostiaid 106 - Moic Cwialiiy MO A =6

llllllllHll

tll DO NORRNRR000NRNRRR00NDRNNNINY

rs,)«.; o p-mp-.-mam e A pct acs -
YSOTIAMLIVOLTE [LTE_LA - UMTS L) VT Fostiai 43 1S Vi ot A
ety AV O TE [ 15Ut~ L TE ) V¥ Postimet 0 to o Postpad 42 -

ll

Ve e Gty AL TE U T LM VI Pt pewed 00 1o VIE Pt pevcd 463
N Gty AL TE [T LG = LTE W) W™ Pt i 40 - PP 40 -
= = VOIS GBI AL T [T U - LT B UG VI OSSR A 10 VI PSPt 45 -V 0I00 GIueily WM Bsos s
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b O AT TR (LTI UNLAM] FOstimic Vokoe A0 - S ervic sy shists

Al W eiem AT TR [ AR . LT Vetem A v

AL PR A A TS [ AR L VAL AL POt i e aes

AR Y N A AT SO TR LTI VAL A O ST VO B L e G el MO e

PSR SRON VSEB U ASE THLES (LT - VAL AN] Postiad Vons 10 . Volas sty MOS Hos i

S TSRO Y SEBGUSI AT TIAS [WLAN - LTE) Postpad Vanse 10 - Vaics Cunity MOS A0

A THEION Y OlEa DU AT - TIAS (VA AN - LTE] Postpad Vaos 10 - Vaics

ity MOS -

Alsrmiienort VelceOuelty AF - Thuie [WLAN - VLA Pestpaid Voice 45 - Voize Gueity MOT A=

Ao et VeleoGuelity AP < Thutes [YWLATN - YWLAN] Poshioaid Velee 40 < Vose Guelty MOS D=,

10035 160413 16-04-10 [ T e T6-04-10  10.04-15  16-04-10  10.08 (E-04-1T  16-0a-15
RET B F2T R () 1260 100 Erete REET V4o
. ety ot e & glosrog 2 yyaining & crnor - e

Time | Last Service
SITE test | Scenarios

SIGOS

testing is our competence




Customer Case Study #3:
KPN Netherlands

Testing is our Competence

A growing customer base,
using an increasing amount of

4G providing upselling opportunities
for higher data bundles

~ Nationwide 4G coverage; significantly ahead of
competition

» 4G accessible to all customers
* Included in all KPN and Hi propositions
» Add-on available for other brands

MB per user 800
SR g

3G 4G 3G 4G

\ @' kpn @

~300 - ~450 .

J

Customer growth

» 4G to support focus on
increasing postpaid subscriber

base
/@
323k -
2013 2016

Bl 4G customers (consumers)

» Overall mobile NPS highest in
\_ the market supported by 4G Y,

@v kpn

SIGOS
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Customer Case Study #3:
KPN Netherlands

Testing is our Competence

Achievements LTE roaming roll—out
SIGOS Roaming Implementatior

100 unilateral LTE roaming services in first

8 months

200 unilateral LTE roaming services after

12 months

£ kpn

SIGOS
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Customer Case Study #3:
KPN Netherlands

Testing is our Competence

Fast LTE Roll Out PROFITABLE???

YES!

600.000 EURO!

| @; kpn

SIGOS
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Customer Case Study #4:

NTT DoCoMo Japan

Data Traffic Trend on DOCOMO Network décomo

Traffic steadily increasing after LTE launched
- Increasing trend expected to continue

LTE iPhone released

LTE Android smartphone released

LTE launched

3G Android smartphone released

HSDPA launched

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

FY2009 FY2010 FY2011 FY2012 FY2013 FY2014

SIGOS
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Customer Case Study #4:
NTT DoCoMo Japan

LTE Inbound Traffic

1. Expanding DOCOMO'’s LTE inbound roaming partners
2. Increasing LTE inbound traffic ratio

Increasing

1. LTE inbound roaming partners 2. Ratio of DOCOMOQ's Inbound traffic
100 Expanding [ ;000 . .
partn -~ Increasing LTE traffic ratio
LL(*" ol
W II“ oA \’\rﬁwww,ﬁ
50
50% |
)i " I\‘Vﬁm},ﬁw‘r’k \ “MJ\"‘W\
" "
'.i r ‘ﬂ"\,_“'_f““
— LTE traffic
3 — 3G traffic
15 (FY) D%Apr. Jun.  Aug. Oct. Dec. Feb. April
2015 2016

> Improving LTE network quality of inbound roaming
services becomes more important

SIGOS
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Customer Case Study #4:
NTT DoCoMo Japan

Testing is our Competence

Launching VoLTE Roaming docomo

Docomo launched bilateral VoLTE roaming service in 2015
for the first time in the world

Press release

sxmg b oo » Mgk

Neves & Notces
l Press Releases

0 Madis Canter
Saptarsber 30, 3013
DOCOMO to Offer VoLTE International Roaming in South Korea 5 Press Bekceses

ol "
—Japan’s first mobile operator to provide VoLTE outbound roaming

décomo 71

~ 4 ’/' ok
> V ‘ s \
: :j d 1; >
J . ;\c ;
! o /
4 ici— -
Bilateral
© |VoLTE roaming Wt o pfecsvif e coter 20150530 G0

DOCOMO expects to expand its VOLTE roaming service with other countries

VOLTE roaming service quality is expected to become important

SIGOS
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Customer Case Study #4:

NTT DoCoMo Japan

Adding LTE/VoLTE Features for SITE docomo

DOCOMO expands SITE system in 2016
LTE tests for inbound roaming service become available

GlobalRoamer(2G/3G/LTE) DCM’s SITE(3G/LTE/VoOLTE)
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Testing is our Competence

Thank you

WWW.Sigos.com
patrick.tang@sigos.com
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