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The Independent Communications Authority of South Africa (ICASA) has a mandate to ensure that licensed
telecommunications operators and service providers provide good quality of service to the end users of
electronic communication services. ICASA contracted ATIO Corporation (Pty) Ltd to conduct Quality of Service
(QoS) measurements on the networks of mobile operators: Cell C, MTN, Telkom and Vodacom. The
measurements were performed to monitor the performance of data and video services being offered by the

mobile operators in the selected areas of the KwaZulu-Natal Province.

The measurements were carried out in the period between 21 November 2018 and 10 December 2018, covering
a total distance of over 1500 kilometres and total of 6 stationary points.

This report is structured as follows:

Section 2 of the report provides an introduction, the purpose of the benchmark and the areas selected for

testing.

Section 3 the report provides quality control measures implemented throughout the testing process and
selected test cases. The test cases were selected to align with accepted international best practice based on
the European Telecommunications Standards Institute (ETSI) TS 102 250-2 V2.5.1 standard, this provides
definitions of QoS parameters and their calculation, in conjunction with the SANS 1725-2:2016. End user related
Quality of Service parameter definitions and measurements i Part 1. Mobile Data Draft .The test cases also
represent a Omediand6 test appr oac htaill operatdisdollo® the itlenticahf r i ¢ a

test and reporting strategy when benchmarking their own performance.

Section 4 provides the customer experience oriented Key Performance Indicators (KPIs) results aggregated
for the areas tested. The detailed breakdown for each area performance is provided as supporting information

in the Appendix. All the results were calculated based on the averages of the combined results.
The Appendix also provides the following supporting information:

- Performance per area tested.

- RF measurement maps per area tested

In summarising the results, MTN is leading in most of the KPIs in all tested areas in KwaZulu-Natal for 4G
preferred scenario whilst Vodacom led on the 3G preferred scenario. Telkom lacks LTE coverage in the
following areas: Msinga, Ohlelo and Hlabisa. Cell C had poor results in Ohlelo Community Hall for stationary

testing in 3G preferred scenario.

12|Page
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2. Introduction

| CASAG6s mission is to ensure that al |

S-quality bom#dinicdtiana n s

services at affordable prices®. The Authority ensures the quality of service through its Quality of Service (QoS)
monitoring activities. In order to monitor the QoS, ICASA contracted ATIO Corporation (Pty) Ltd to conduct drive

testing in selected areas of KwaZulu-Natal Province namely: Ohlelo, Newcastle, Msinga, Hlabisa and Ulundi.

The purpose of the test campaign and the associated report are as follows:

1. To provide an objective measure of the quality of service for mobile data services as currently provided

by the Mobile Network Operators

Vodacom.

as well as measurement and KPI calculation methodologies.

( A MN OksvaZulu-Natal which are Cell C, MTN, Telkom and

To contribute to ICASA and the MNOs process of defining minimum performance and quality targets,

The QoS monitoring was conducted in the areas within the District Municipalities; Amajuba, uMzinyathi,

Zululand, uThungulu and uMkhanyakude. The areas consist of major towns, townships, farm areas, rural areas,
major road arteries, economic activity hodes and areas of previous complaints. Figure 1 depicts the routes

which were driven in the KwaZulu-Natal Province.

Umkhanyakude

Zululand

4 Uthukela

Umgungundiovu

Kilometers

0 1 20 40 60 80

Legend

Population Distribution

e Main_Place
KZN Routes

992 - 2976 Inh.
2977 - 3628 Inh.
3629 - 4104 Inh.
4105 - 4787 Inh.
I 4788 - 6242 Inh.
I 6243 - 8631 Inh.
I 8632 - 19300 Inh.

[___] District_Munic

i Provinces

Figure 1. KwaZulu -Natal Province Route Map

1 ICASA Strategic Plan 2016/17 - 2021
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Drive tests were planned to ensure that the results adequately reflect the QoS perceived by customers for the
period under review. The drive tests were designed to be representative of the population relative to the traffic
of the network. Measurements were scheduled to reflect accurately the traffic variations over the hours of a day

and the userso6 behaviour.

Data testing set-up consisted of two categories which are 3G Preferred and 4G Preferred for Mobile and
Stationary testing, each category required one end user device. This set-up results in two user equipment (UE)
per operator, resulting in a total of eight UE in one drive test vehicle. Details of test case methodology can be

found on Table 1 on the next page.

3G Preferred Scenario - results are based on simulating a user whose device is capable of using only the
Universal Mobile Telecommunications Service (UMTS) and Global System for Mobile communication (GSM)

bands and will register on UMTS when available and GSM in the absence of any UMTS coverage.

4G preferred - results are based on a user whose smartphone is Long-Term Evolution (LTE) capable. These
devices will select LTE as the serving technology where available and cascade down to UMTS in the absence
of LTE and finally select GSM in the absence of UMTS.

l4|Page



3.1. Test Cases

Table 1 shows the sequence of tests within the methodology used for both mobile and stationary tests. The mobile was always connected to the dé&a network
(PDP always on/always attached) between the different tests, a 10 second pause was inserted to allow the phone and the network to release any resources

used on the previous test.

Table 1: Test Case Methodology Flow Cycle

ICASA BENCHMARKING DATA TESTING METHODOLOGY

Technology
4G Preferred \ 3G Preferred
PDP always on
ICMP PAYLOAD PING 800 BYTES
135s (4G Pref) and 93s (3G Pref) wait 10s wait 10s
PDP always on
ICMP PAYLOAD PING 800 BYTES
FILE TRANSFER UPLOAD
135s (4G Pref) and 93s (3G Pref) wait 10s wait 10s
PDP always on
ICMP PAYLOAD PING 800 BYTES
FILE TRANSFER DOWNLOAD
135s (4G Pref) and 93s (3G Pref) wait 10s wait 10s
PDP always on
ICMP PAYLOAD PING 800 BYTES
FILE TRANSFER UPLOAD
135s (4G Pref) and 93s (3G Pref) wait 10s wait 10s
PDP always on
ICMP PAYLOAD PING 800 BYTES

ICMP PING 32 BYTES s s
wait 10s wait 10s

PDP always on
ICMP PAYLOAD PING 800 BYTES
YOUTUBE STREAMING Video: YouTube 60sec Video: YouTube 60sec
95 seconds wait 10s wait 10s

Test Number Test Type & Timeout




A
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spec

PDP always on
ICMP PAYLOAD PING 800 BYTES

STATIC WEB BROWSING
45s (3G & 4G Pref) wait 10s wait 10s

PDP always on
ICMP PAYLOAD PING 800 BYTES
LIVE WEB BROWSING NEWS24, GUMTREE & MSN NEWS24, GUMTREE & MSN
45s (3G & 4G Pref) wait 10s wait 10s

PDP always on

ICMP PAYLOAD PING 800 BYTES

STATIC WEB BROWSING
45s (3G & 4G Pref) wait 10s wait 10s

PDP always on
ICMP PAYLOAD PING 800 BYTES
Ping (32 bytes) * 5 - www.google.com Ping (32 bytes) * 5 - www.google.com
wait 10s wait 10s
PDP always on
ICMP PAYLOAD PING 800 BYTES

FILE TRANSFER i CAPACITY DOWNLOAD
10s fixed duration wait 10s wait 10s

PDP always on
ICMP PAYLOAD PING 800 BYTES

FILE TRANSFER i CAPACITY DOWNLOAD
10s fixed duration wait 10s wait 10s

ICMP PING 32 BYTES
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3.2. Equipment test setup and configuration

3.2.1. System used

The Test Equipment used was the R&S SwissQual Benchmarker Il platform with smartphones installed

inside the car using the R&S Phone Mount Walls

3.2.2. Device Used

The Sony XZ Premium smartphone was selected as the measurement device for Voice and Data
Services. The device uses the Qualcomm Snapdragon 835 chipset and supports the following
technologies GSM, WCDMA, LTE & LTE-A.
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3.2.3. Device Specification

Table 2: Device Specification

Technolog Info

350, 900, 1800, 1900 MHz

UMTS: 200, 850, 900, 1700/2100, 1900, 2100 MHz

LTE (FDD): Bands 1,2, 3,4,57,8, 12,13, 17. 19, 20, 26, 28, 29, 32

LTE (TDD): Bands 38, 33, 40, 41

Processor: Octa-core, 2450 MHz, Kryo 280 and ARM Cortex-A53, 64-bit

System chip: Qualcomm Snapdragon 835 MSMB938

Qualipoc version: 18.0.0.63

3.3. Route selection

LTE-A Pro Cat 16 (1000/150 Mbit/s), HSDPA+ (4G) 42 2 Mbit/s, HSUPA 5.76 Mbit's, UMTS

The areas and routes that were tested are shown in Table 3 including the dates driven. The distance

travelled, and active measurements time are shown in Table 4:

Table 3: Areas and Static Points tested

Areas Tested

District Test Type

. ) 2018/11/21
. Mobile Drive Newcastle
Amajuba 2018/11/22
Static Point Spar City Taxi Rank 2018/11/21
. . Mobile Drive Msinga 2018/12/10
uMzinyathi - - - -
Static Point Msinga Taxi Rank 2018/11/22
. ) . 2018/11/28
Mobile Drive Ulundi
2018/11/29
Zululand —
) ) Ulundi Airport 2018/11/27
Static Point —
Ulundi Library 2018/11/27
Mobile Drive Ohlelo 2018/11/26
uThungulu - - -
Static Point Ohlelo Community Hall 2018/11/27
Mobile Drive Hlabisa 2018/12/09
uMkhanyakude - - - —
Static Point Hlabisa Gateway Clinic 2018/11/29
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Table 4: Area Tested, Kilometers and Hours Driven per area

Area Tested, Kilometers and Hours Driven
Hlabisa

Msinga

Newcastle

Ohlelo

Ulundi

500 1000 1500
Distance_Km Hours Tested
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For this campaign, two main environments based on the ETSI TS 102 250-5 V2.4.2 for measurement
environments were tested. These tests covered both stationary and mobile user simulations. The
stationary tests are aligned to category S10 of the specification whilst the drive tests align to categories

D2, D4 and D5 of the same specification. These data collection environments are explained as follows:

Mobile Drive Test Scenario i Category D2, D4, and D5: The purpose of this scenario is to emulate
a nomadic wireless user in mobile conditions. The location types covered by this test scenario were

urban areas, rural areas, cities and towns.

Static Points of Interest (SPOI) Scenario i Category S10: The purpose of this scenario is to emulate
an outdoor nomadic wireless user in a non-mobile situation at public points of concentration. These

location types include shopping centres, municipal and malls, business districts and exhibition areas

When conducting benchmark testing, it is important to ensure that the test environment functions
correctly throughout the campaign. The following measures were therefore put in place to ensure

reliable and objective results:

91 Daily integrity checks were performed on the vehicle installation and test equipment operation,
prior to the commencementof each dayodém test campaig
The same equipment was used throughout the campaign.
Daily checks were performed on the collected test data for validation and checked for any

abnormalities.

Packet switched/Data service benchmark testing is more complex than voice benchmark testing as
there are many applications running on the data bearer, compared to only one in the case of circuit-
switched (voice). It is therefore common practice to conduct tests using several applications or
protocols. Table 5 lists the test types used in the benchmark program. These are widely used by
operators and regulators around the world to measure

of data; speed, latency (or response) and content reproduction quality.
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Table 5: Service Test Case

Test Case = Key Measurements Test Description

32-byte
ICMP Ping

HTTP

Capacity

FTP

Round trip time or latency, in

milliseconds

RTT (Round Trip Time) is the time required for a packet to travel from a source to a destination and back. It measures

the delay on a network at a given time.
Testing was conducted to two servers:

1. The server hosted at TERACO (where all MNOs have direct peering access) makingthisanil ndepende
2. www.google.com.

Download and upload throughput

The majority of downloading and uploading to the internet is currently done using the HTTP protocol and tests were
done to test the throughput speeds that users may experience when using these services. The HTTP testing files were
downloaded and uploaded between the TERACO server and the device to measure the throughput performance.

1. HTTP (500MB) - Multiple

files 1. Reference files are downloaded simultaneously from
) downl oad throughput, wusing the HTTP 6getd command.
2. Capacity Download and ) ) )
) 2. Reference files are uploaded simultaneously fromt he user sd device to the test
Capacity Upload throughput
throughput, using the HTTP é6putd command.
speeds are measured
A reference file is downloaded from the test server to9
6get 6 command and FTP protocol

File transfer throughput, in kbps

Download and upload throughput
speeds are measured

A reference file is uploaded from the usersd dgvibe 0

command and FTP protocol.

Throughput is the rate at which data is transferred from the server to the user or vice versa and is measured in kbps.
The throughput speed varies in any data transfer session.
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This test case is associated with web page download or browsing. Customer experience in this environment is difficult to
measure due to the dynamic nature of web pages, which carry dynamic content. In accordance with common
international best practice, two tests types were carried out to measure the page loading times and were as follows:

1. Testing of the ETSI Kepler reference page hosted on a server at TERACO, with static fixed size content. This
) o allows repeatable test and measurement. The test server is configured in an HTML web page format, to test

Web browsing session time (page .
o throughput as wel|l as the time takes for the page t
loading) i measured for both

mobile version as well as a standard desktop version and both pages were tested.
Browser HTTP and HTTPS protocols

2. International and Local websites were also used to test HTTP and HTTPS performance from live websites with
dynamic content with the following being selected;
o MSN.comi HTTPS Protocol
o News24.comi HTTPS Protocol
0o Gumtree.co.zai HTTPS Protocol
NB: For the dynamic websites the content can vary throughout the day and hence the values are to be used as an
indication of possible performance

1. Video Average Resolution YouTube is the most popular video-sharing service on the mobile internet platform and is therefore commonly used as

ETSI YouTube Video Play
Start

the reference test by MNOs for video experience. Testing involves repeated downloading and playback of a known video

clip. The clip selected was 60 seconds long.  (https://www.youtube.com/watch?v=mRUMsVWIJOQ).

3. Integrity - Video Stream Visual | The YouTube test was aimed at measuring the following elements that make up the customer experience:

YouTube Quality (Average over the How long does a subscriber wait before a video starts playing on their device?

stream) At what resolution was the Video clip delivered to the user.
Overall Access Success Ratio
5. YouTube Number of

Freezingos

What would be the average perceived Video quality for the test
The overall access success ratio per operator is the percentage of successful attempts to overall attempts.

g e Dbd e

YouTube number of Freezing shows the total number of freezing we experienced whilst streaming our Video clip.
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4. Overall Results

Thi s section provides a summary of the mobil e opesandt or
stationary points in the following test areas: Hlabisa, Msinga, Newcastle, Ohlelo and Ulundi.

Note: The results below are the average of only successful tests.
4.1. Mobile Drive Test Results

4.1.1. 3G Preferred Summary Results

Table 6 shows summary results obtained per KPI for 3G Preferred testing. Cell C experienced poor performance in
Ulundi area. In this area it was observed that Cell C was roaming on MTN 3G Network. Cell C also experienced

poor performance in Msinga area.

Table 6: 3G Preferred Mobile Drive Test Summary

HTTP DL Throughput - Avg [kbps] 5981 4775 5052

HTTP UL Throughput- Avg [kbps] 1355 2040
HTTP DL Capacity Throughput- Avg [kbps] 5499 6493
HTTP UL Capacity Throughput- Avg [kbps] 2369 1631 2174
FTP DL Throughput- Avg [Kbps] 4687 4743
FTP UL Throughput- Avg [kbps] 1665 2003

File Transfer

Overall HTTPS Browsing Time [s]
gumiree
HTTPS kepler

HTTPS mobilekepler
msn

news24

Overall HTTP Browsing [s] 564 3.12
HTTP kepler 6.34 482
HTTP mobilekepler 5.01 1.42

Overall Average Ping Latency
Google ICMP Ping (32 bytes) [ms]
99

Terraco ICMP Ping (32 bytes) [ms]

Data HTTP

ot | 4806% | o00w |

s | ;| sw |

et | 2w | 261 |

YouTube Average Resolution 34665 | 35305 |

DI - | - [ 5 |,
2 File transfer & web browsing results are based on successful sessions only.
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In Table 6, the values highlighted in the green indicate which operator was leading in that KPI. Vodacom led in 11
of the KPls, followed by MTN with 6 KPIs, Cell C with 5 KPIs and Telkom with 1 KPI.

The following section provides graphical view of the results obtained/highlighted in Table 6.

41.1.1. 3G Preferred File Transfer Results

HTTP Download HTTP Capacity Download FTP Download

Throughput [Kbps]
24258

16677

— ]
wn

CHER

g

MTN H Vodacom M celC M Telkom

Figure 2. 3G Preferred File Transfer Download (kbps)

Results in Figure 2 show that MTN achieved the highest values for HTTP Download and HTTP Capacity download
maximum throughput. Vodacom achieved the highest values for FTP Download maximum throughput. MTN led in
HTTP Download and HTTP Capacity Download average throughput whilst Vodacom led in FTP Download average

HTTP Upload HTTP Capacity Upload FTP Upload

throughput.

=
£
i
= Ire)
S| il ] i = |
ﬁ 3 = g
MTN M vodacom W cCelC M Telkom

Figure 3. 3G Preferred File Transfer Upload (kbps)

Results in Figure 3 show that Vodacom achieved the highest results for HTTP Upload, HTTP Capacity Upload and
FTP Upload maximum throughput. Vodacom led in HTTP Upload, HTTP Capacity Upload and FTP Upload average
throughput.
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4.1.1.2. 3G Preferred YouTube Results

YouTube Success Ratio YouTube Access Time [s]

Seconds [s]

YouTube Avera

Avg. Video Resolution
Avg. Video Quality

MTN Il Vodacom [ CellC M Telkom
Figure 4. 3G Preferred YouTube

Figure 4 shows MTN achieved the best YouTube Success ratio and YouTube Access time whilst Vodacom achieved

the best average resolution. MTN and Vodacom achieved equal results for best quality MOS.

4.1.1.3. 3G Preferred Web Browsing Results

HTTPS Browser [s]

—
w W
Ml il
» ®
o° ©
c c
=] =]
0 0
] ©
» o

MTN Il Vodacom M CellC M Telkom

Figure 5. 3G Preferred Web Browsing

Results in Figure 5 depict web browsing time for HTTP and HTTPS protocols. Vodacom achieved the fastest
browsing time for HTTP protocol whilst Cell C came best for HTTPS protocol®.

3 It must be noted that Cell C results are based on  the significantly lower samples in comparison to the ot her
Operators who each had higher samples
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HTTP Browser

HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN B Vodacom [ CellC M Telkom
Figure 6. 3G Preferred HTTP Web browsing per URL
Figure 6 shows Vodacom achieved fastest browsing time for HTTP Kepler and HTTP mobile Kepler.

HTTPS Browser [s]
8.12

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

Seconds [s]

MTN B Vodacom M CellC M Telkom

Figure 7. 3G Preferred HTTPS Web Browsing per URL

Figure 7 Cell C had the fastest browsing time for HTTPS Kepler, Gumtree, MSN, and News24 websites “whilst

Vodacom achieved fastest browsing time for HTTPS mobile Kepler.

4 Cell C results are based on low samples counts compared to other operators.
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4.1.1.4. 3G Preferred Ping Results

MTN M Vodacom [ CellC M Telkom

Figure 8. 3G Preferred Average Ping

Figure 8 shows VVodacom achieved the lowest overall latency for ping tests, followed by Telkom, MTN and Cell C in

ascending order.

Google ICMP Ping (32 bytes) [ms] TERACO ICMP Ping (32 bytes) [ms]

MTN Il Vodacom M CellC M Telkom

Figure 9. 3G Preferred Average Ping per URL

Figure 9 shows Vodacom had the lowest latency for ping tests to the Google server and Telkom had the lowest

latency results for the server at TERACO.
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4.1.2. 4G Preferred Summary Results

Table 7 shows summary results obtained per KPI for 4G Preferred testing. Cell C experienced poor performance in
Hlabisa and Ohlelo.

Table 7: 4G Preferred Mobile Drive Test

HTTP DL Throughput - Avg [kbps] 16744 12029 10010
HTTP UL Throughput- Avg [kbps] 7818 3038 7076
HTTP DL Capacity Throughput- Avg [kbps] 17489 14702 12783
HTTP UL Capacity Throughput- Avg [kbps] 7224 7545 7004

FTP DL Throughput- Avg [kbps] 16582 14299 12952
FTP UL Throughput- Avg [kbps] 11010 7279

File Transfer

Overall HTTPS Browsing Time [s] 713
gumtree 14.01
HTTPS kepler | 334 | . 375
HTTPS mobilekepler 1.47
msn 5.66
news24 . 11.07

Overall HTTP Browsing [s] 6.37 220
HTTP kepler 9.00 3.19
HTTP mobilekepler . 3.71 1.22

Overall Average Ping Latency 91
Google ICMP Ping (32 bytes) [ms] 104
Terraco ICMP Ping (32 bytes) [ms] 7T

YouTube Success Ratio . . 91.22%

YouTube Access Time [s] . . 248

YouTube Average Resolution . . 656.8

Data HTTP

|
|
YouTube Quality MOS _ _ 315 |
|
|

YouTube Number of Freezings 32

In Table 7, the values highlighted in green indicate which operator is leading in that KPI. MTN led in 15 of the KPlIs,
followed by Cell C in 5 of the KPIs whilst Vodacom was best in 3 KPlIs.

5 File transfer & web b rowsing results are based on successful sessions only.
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The following section provides a graphical view of the results obtained/highlighted in Table 7.

4.1.2.1. 4G Preferred File Transfer Results

HTTP Download HTTP Capacity Download FTP Download

Throughput [kbps]
73617

25971
2
3
16582

MTN M Vodacom M cCellC M Telkom

Figure 10. 4G Preferred File Transfer Download

Figure 10 shows that MTN achieved the highest results for HTTP Download maximum throughput. Vodacom
achieved the highest results for HTTP Capacity download and FTP Download maximum throughput. MTN led in
HTTP Download and HTTP Capacity Download average throughput. Vodacom led in FTP Download average

HTTP Upload HTTP Capacity Upload FTP Upload

throughput.

r

(=9

=]

=

- w - !

= n

E 8 o

2 I e

g Ire] « © Q

= R ' N '
MTN M vodacom M CellC M Telkom

Figure 11. 4G Preferred File Transfer Upload

Figure 11 shows that MTN achieved the highest results for HTTP Upload, HTTP Capacity Upload and FTP Upload
maximum throughput. MTN led in HTTP Upload, HTTP Capacity Upload and FTP Upload average throughput.
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4.1.2.2. 4G Preferred YouTube Results

YouTube Access Time [s]

Seconds [s]

YouTube Average Resolution

Avg. Video Resolution
Avg. Video Quality

MTN B Vodacom M CellC M Telkom

Figure 12. 4G Preferred YouTube

Figure 12 shows that Vodacom achieved the best YouTube success ratio whilst MTN achieved the fastest YouTube

access time, Average resolution and overall best video quality.

4.1.2.3. 4G Preferred Web Browsing Results

HTTP Browser HTTPS Browser [s]

— —
0 L)
et it
o ;]
o )
= c
o =]
(4] (4]
@ L]
o w

1 -37 .

MTN Hl Vodacom MCellC M Telkom

Figure 13. 4G Preferred Web Browsing

Figure 13 depicts that MTN achieved the fastest Web Browsing time for HTTP protocol whilst Cell C achieved the
fastest browsing time for HTTPS protocol®.

6 Cell Cresults are based on significantly low samples compared to other operators.
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HTTP Browser

HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN M Vodacom M CellC M Telkom

Figure 14. 4G Preferred HTTP Web Browsing per URL

Figure 14 shows that MTN achieved fastest browsing time for the HTTP Kepler page. Vodacom had the fastest

browsing time for HTTP Mobile Kepler page.

HTTPS Browser [s]

HTTPS kepler

HTTPS mobilekepler

11.91

gumtree @ = e s :

14.01
084
news24 i 10.12
"""""""""""""""" 11.07
8 10 12 14 16
Seconds [s]
MTN B Vodacom M CellC M Telkom

Figure 15. 4G Preferred HTTPS Web Browsing per URL

Figure 15 shows that MTN achieved fastest browsing time for the HTTPS Kepler and MSN website. Cell C achieved

fastest browsing time for HTTPS Mobile Kepler, Gumtree and News24 websites.”

7 Cell C sample count is very low when compared to other Operators.
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4.1.2.4. 4G Preferred Ping Results

MTN B Vodacom [ cCellC M Telkom

Figure 16. 4G Preferred Average Ping

Figure 16 shows that MTN and Cell C achieved equal results for the lowest latency followed by Telkom and then
Vodacom in ascending order.

Google ICMP Ping (32 bytes) [ms] TERACO ICMP Ping (32 bytes) [ms]

MTN Il Vodacom M CellC M Telkom

Figure 17. 4G Preferred Average Ping

Figure 17 shows that Cell C had the lowest latency for ping tests to the Google server and MTN had the lowest
latency for ping test to the server based at TERACO.
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4.2. Stationary Results
4.2.1. 3G Preferred Summary Results

Table 8 shows summary results obtained per KPI for 3G Preferred testing. Cell C had poor performance due to tests

sessions timeout and failures.

Table 8: 3G Preferred Stationary Test Summary

HTTP DL Throughput - Avg [kbps] 5356 4493
HTTP UL Throughput- Avg [kbps] 1192 2367
HTTP DL Capacity Throughput- Avg [kbps] 3760 7733
HTTP UL Capacity Throughput- Avg [kbps] 919 2408
FTP DL Throughput- Avg [kbps] 6706 6035 4937
FTP UL Throughput- Avg [kbps] 1665 2505

File Transfer

Overall HTTPS Browsing Time [s]
gumtree

HTTPS kepler

HTTPS mobilekepler

msn

news24

HTTPS Browser

Overall HTTP Browsing [s] 3,30 3,41
HTTP kepler 2,46 584
HTTP maobilekepler 406 1,03

HTTP
Browser

Overall Average Ping Latency
Google ICMP Ping (32 bytes) [ms]
Terraco ICMP Ping (32 bytes) [ms]

YouTube Average Resolution

Data
m m

YouTube Number of Freezings 5 ‘ 9 ‘

In Table 8, Vodacom led in 13 of the KPIs, followed by MTN who led in 11 KPlIs, Cell C led in 2 KPIs and Telkom
who led in 1 KPI.

The following sections provide graphical view of the results in Table 8.

4.2.1.1. 3G Preferred Stationary File Transfer Results
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HTTP Download

HTTP Capacity Download FTP Download
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MTN M Vodacom M celC M Telkom

Figure 18. 3G Preferred File Transfer Download Throughput

Results in Figure 18 shows that MTN achieved the highest results for HTTP Download maximum throughput. Telkom
achieved the highest results for HTTP Capacity download and FTP Download maximum throughput. MTN led in
HTTP Download and HTTP Capacity Download average throughput whilst Vodacom led in FTP Download average

HTTP Upload HTTP Capacity Upload FTP Upload

throughput.
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Figure 19. 3G Preferred File Transfer Upload Throughput

Figure 19 shows that Vodacom achieved the highest results for HTTP Upload, HTTP Capacity Upload and FTP
Upload maximum throughput. MTN led in HTTP Upload and FTP Upload average throughput whilst Vodacom led
in HTTP Capacity Upload average throughput.
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4.2.1.2. 3G Preferred Stationary YouTube Results

uTube Access Time [s]

Seconds [s]

YouTube Quality MO

Avg. Video Resolution
Avg. Video Quality

MTN M Vodacom M CellC M Telkom

Figure 20. 3G Preferred YouTube Visual Quality Results

Figure 20 shows MTN, Vodacom and Telkom had the best YouTube Success ratio, all achieving a 100% each. MTN
led with best YouTube Access time and best average resolution. MTN and Cell C achieved equal results for average

resolution. MTN and Vodacom achieved equal results for overall best video quality.

4.2.1.3. 3G Preferred Stationary Web Browsing Results

HTTPS Browser [s]

— -
L L
Nl el
] L]
o o
c c
o o
o o
Lo LY
o o

MTN [l Vodacom [ CellC M Telkom

Figure 21. 3G Preferred Web Browsing

Figure 21 depicts that Vodacom achieved the fastest browsing time for both HTTP Browser and HTTPS browser

protocols.
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HTTP Browser

2.39

244
HTTP kepler 546

584
HTTP mobilekepler i06
3 4 5 6
Seconds [s]
MTN B Vodacom M CellC M Telkom

Figure 22. 3G Preferred HTTP Web Browsing per URL

Figure 22 shows MTN achieved fastest browsing time for HTTP Kepler whilst Vodacom achieved the fastest

browsing time for HTTP Mobile Kepler.

HTTPS Browser [s]

HTTPS kepler

HTTPS mobilekepler

13.69
13.94

gumtree

16.35

11.28
10.62
10.77

news24

13.89
8 10 14 16

Seconds [s]

MTN Il Vodacom M CellC M Telkom

Figure 23. 3G Preferred HTTPS Web Browsing per U RL

Figure 23 Shows Vodacom achieved fastest browsing time for HTTPS Kepler, HTTPS mobile Kepler, and News24
Website. MTN had the fastest browsing time for Gumtree website.
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4.2.1.4. 3G Preferred Stationary Ping Results

MTN B Vodacom [ CellC M Telkom

Figure 24. 3G Preferred Average Ping

Figure 24 shows that Vodacom achieved the lowest overall latency for ping tests, followed by Telkom, MTN and
Cell C in ascending order.

Google ICMP Ping (32 bytes) [ms] TERACO ICMP Ping (32 bytes) [ms]

MTN M Vodacom [ CellC M Telkom

Figure 25. 3G Preferred Average Ping per URL

Figure 25 shows that Vodacom had the lowest latency for ping tests to both Google server as well as server at
TERACO.

37|Page



ATIO

specialist ICT services

4.2.2. 4G Preferred Stationary Summary Results

Table 9 shows the summary results obtained per KPI for 4G Preferred testing for all tested areas. Cell C poor
performance may be due to low throughput and poor coverage resulted in many test sessions timeout and failures.
Cell C performed poorly in Msinga Taxi Rank and Hlabisa Gateway Clinic. Telkom poor performance at Msinga Taxi

Rank was due to poor network coverage®.

Table 9: 4G Preferred Stationary Drive Test

HTTP DL Throughput - Avg [kbps] 10524 6215
HTTP UL Throughput- Avg [kbps] 4226 7141
HTTP DL Capacity Throughput- Avg [kbps] 16076 6575
HTTP UL Capacity Throughput- Avg [kbps] 7317 6777

FTP DL Throughput- Avg [kbps] 14268 12634 6893
FTP UL Throughput- Avg [kbps] 9783 7158

File Transfer

Overall HTTPS Browsing Time [s]
gumtree

HTTPS kepler

HTTPS mobilekepler

msn

news24

]
:
7}
w
:
n v fl Overall HTTP Browsing [s] 563 414
E £ JHTTP kepler 8.06 6.19
I =
0 § HTTP mobilekepler 3.16 2.05
- 2 Overall Average Ping Latency 58 101
E ﬁ Google ICMP Ping (32 bytes) [ms] 58 125
n
- | TERACO ICMP Ping (32 bytes) [ms] 58 80
YouTube Success Ratio 96.23% | 97.87% |
» || YouTube Access Time [s] 284 | 410 |
0
= [ YouTube Quality MOS 323 | 321 |
=]
= YouTube Average Resolution 7732 ‘ 9023 |
YouTube Number of Freezings 11 ‘ 26 |

In Table 9, MTN led in 20 KPIs, followed by Vodacom with 3 KPIs. Cell C was best in 2 KPIs. MTN and Vodacom

achieved equal results for 2 of the KPlIs.

8 Cell C experienced multiple failures at the  test locations
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Below find the charts providing a graphical view of the results obtained/highlighted in Table 9.

4.2.2.1. 4G Preferred Stationary File Transfer Results

HTTP Download HTTP Capacity Download FTP Download
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Figure 26. 4G Preferred File Transfer Download Throughput

Figure 26 shows that MTN achieved the highest results for HTTP Download and HTTP Capacity download maximum
throughput. Vodacom achieved the highest results for FTP Download maximum throughput. MTN led in HTTP
Download, HTTP Capacity Download average throughput whilst Vodacom led in FTP Download average

HTTP Upload HTTP Capacity Upload FTP Upload

throughput.

o
o
=
=
5 - 3 -
5 o
2 3 g P
m M~ =
g = <~ = 2
= o -
= = o~
i. ) l. - .
—
MTN M Vodacom M CelC M Telkom

Figure 27. 4G Preferred File Transfer Upload Throughput

Figure 27 shows that MTN achieved the highest results for HTTP Upload, HTTP Capacity Upload and FTP Upload
max throughput. MTN led in HTTP Upload, HTTP Capacity Upload and FTP Upload average throughput.
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4.2.2.2. 4G Preferred Stationary YouTube Results

Seconds [s]

YouTube Avera

Avg. Video Resolution
Avg. Video Quality

MTN M Vodacom M CellC M Telkom

Figure 28. 4G Preferred YouTube

Figure 28 shows that MTN and Vodacom achieved the best results for YouTube success ratio. MTN achieved the

fastest YouTube access time, Average Resolution and overall best video Quality MOS.

4.2.2.3. 4G Preferred Stationary Web Browsing Results

owser [s]

- —_
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it i
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w w

MTN M Vodacom M CellC M Telkom

Figure 29. 4G Preferred Web Browsing
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Figure 29 depicts that MTN achieved the best Web Browsing time for HTTP protocol whilst Cell C achieved the
fastest browsing time for HTTPS protocol®.

HTTP Browser

HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN M Vodacom [ CellC M Telkom

Figure 30. 4G Preferred HTTP Web Browsing per URL

Figure 30 shows MTN achieved fastest browsing time for both HTTP Kepler and for HTTP mobile Kepler.

HTTPS Browser [s]

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

8
Seconds [s]

MTN Il Vodacom [ CellC M Telkom

Figure 31. 3G Preferred HTTPS Web Browsing per URL

Figure 31 shows that MTN achieved the fastest browsing time for HTTPS Kepler, HTTPS mobile Kepler, Gumtree
and MSN websites whilst Cell C achieved the fastest browsing time for News24 website.

9 Cell C results are based on 1 successful  sample whilst other Operators had over 40 samples each
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4.2.2.4. 4G Preferred Stationary Ping Results

MTN B Vodacom [ CellC M Telkom

Figure 32. 4G Preferred Average Ping

Figure 32 shows that MTN had the lowest latency for ping tests, followed by Cell C, Vodacom and Telkom in
ascending order.

Google ICMP Ping (32 bytes) [ms] TERACO ICMP Ping (32 bytes) [ms]

MTN W Vodacom [ CellC M Telkom

Figure 33. 4G Preferred Average Ping per URL

Figure 33 shows that MTN had the lowest latency for ping tests to both the Google and TERACO servers.
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4.3. Signal Strength

4.3.1. Signal Strength Breakdown

Table 10 list the parameters defined by the 3GPP standards to measure signal strength and signal quality in the

cellul ar network industry. The test devices are confi

Table 10: Signal Strength Explanation

Signal Strength Signal Quality

Technology
Metric Comment Metric Comment

Average LTE signal level [dBm] for Average LTE signal quality [dB] for
best-measured LTE serving cell. best-measured LTE serving cell. A
High negative value represents poor high positive value represents
signal strength (e.g. -130) and low good signal quality (e.g. 20) and a
negative value represents good low negative value represents
signal strength (e.g. -85). poor signal quality (e.g. <0).
Average 3G signal level [dBm] for Average 3G signal quality [dB] for
the best measured 3G serving cell. the best measured 3G serving cell.
High negative value represents poor High negative value represents
signal strength (e.g. -130) and low bad/poor EcNo (e.g. -18) and low
negative value represents good negative value represents good
signal strength (e.g. -85). EcNo (e.g. -8).

Average 2G signal quality
measured with a numeric scale for
the best-measured 2G serving
cell. A high positive value
represents poor quality (e.g. 7) and
a low positive value represents
good quality (e.g. 0)

Average 2G signal level [dBm] for
the best measured 2G serving cell.
A high negative value represents
poor signal strength (e.g. -130) and
a low negative value represents
good signal strength (e.g. -85)

4.3.2. Overall RF Signal Levels

Table 11 depicts technology distribution per operator. GSM or 2G samples are limited to only areas that had no 3G
coverage in both test scenarios. All operators had more than 90% of UMTS coverage on 3G Preferred mode. MTN
had over 80% of LTE coverage on 4G Preferred mode, followed by Cell C, Vodacom and Telkom in a descending
order; Telkom had a footprint of over 50% in UMTS.

Table 11.: Technology Coverage Footprints

3G Preferred Technology

4G Preferred Technology
MTN Veodacom CellC Telkom

MTN Vodacom CellC Telkom
95.02%

90.29%

UMTS 96.99%

“ 3.01% 4.98% 1.32% 9.711%

73.14% | 77.29% | 42.15%

17.27% | 24.50% | 21.60% | 54.92%

1.76% 2.36% 1.10% 2.91%
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Table 12 depicts coverage levels. It must be noted that all the levels in the tables below are limited to the areas
where that technology/ technologies were available. Cell C had the best LTE signal level on average, whilst MTN
had the best signal levels for 3G. Cell C had the best signal quality on LTE and Telkom had the best signal quality

on 3G.

Table 12: Signal Level & Quality Reference Information

LTE Coverage

RSRP [dbm]
MTN Vodacom CellC Telkom

-46.10 -52.30 -45.40 -55.10

-140.00 | -138.70 | -140.00 | -139.00

3G Coverage

RSCP [dbm]
MTN Vodacom CellC Telkom

Vodacom CellC

Telkom

30.00

30.00 30.00

30.00

-16.40

-20.00 -20.00

-20.00

MTN

Vodacom CellC

Telkom

1.10

0.50 2.20

1.30

-25.50

-32.80 -23.80

-32.50
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This section provides the summary and key findings of all measurements. The results illustrate a snapshot of the
mobile network performance and customer experience within the measured time and location. The results indicate
thattheend-u s e quélisfofser vi ce and operatorsodé network performance

as different KPIs tested.

As we benchmark the mobile network operators, MTN was observed to be leading in most of the KPIs in the
respective areas on 4G preferred scenario for both mobile drive and stationary tests, whilst Vodacom was seen

leading in most of the KPIs on the 3G scenario.

Telkom lacked LTE coverage in Msinga Area and had low LTE samples in Hlabisa and Ohleloareas, t hus Tel |

performance was negatively affected.

Cell C performance poorly in most areas tested in the KwaZulu-Natal, with Ulundi contributing to overall high number
of failures. The poor performance in Ohlelo and Hlabisa also affected the overall results negatively for 4G preferred

testing.

45|Page



6. Appendix 1 T Performance per Area

6.1. 3G Preferred Mobhile Test Results

6.1.1. 3G Preferred Average Throughput

Table 13: 3G Preferred Average Throughput per Area

HTTP DL Throughput - Avg [kbps] _

HTTP UL Throughput- Avg [kbps] m

HTTP DL Capacity Throughput- Avg m

[kbps]

HTTP UL Capacity Throughput- Avg m

[kbps]

FTP DL Throughput- Avg [kbps] MTN

FTP UL Throughput- Avg [kbps] m

Hlabisa Msinga Newcastle Ohlelo Ulundi Total
5301 7374 5305 6332 5981
3699 5402 4373 6726 4775
5795 5858 4139 3190 5052
1867 2307 1830 2292 2118

2070
1355
2004 2254 2001 2040
7570
5915 6071 5666
403 7067 6589 6603 5499
3779 5493
2369
2221
572 1233 1601 1959 1631
2343 2473 1866 1768 2174
4738 5105 4447 4442 4851
4608
907 4472 4687
5562 4059 2826 4743
2401 2040 2272
1891
703 1823 1764 1856 1665
2100 2059 2175 1627 2003
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6.1.2. 3G Preferred Web Page Time

Table 14. 3G Preferred Webpage download times per area

Hlabisa

3.85

Msinga Newcastle Ohlelo Ulundi Total

4.09

HTTP kepler
11.45

HTTP mobilekepler
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Table 15: 3G Preferred HTTPS Webpage download times per area

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

Hlabisa Newcastle Ohlelo Ulundi Total
6,95 8,09 10,48 7.49 812
5,85 557 7,79 6,52 6,32
16,78

639

3,03 2.1

2.31 2,34

747 7A7 9,09 9,92
1,63 286 2,50 2,10
15,78 15,12 15,40
16,21 15,09 14,73
15,97 19,43 15,78

523 510

7,02 564 592

9,09 6,85 6,59
14,09 12,98
13,92 12,49 12,25
14,01 16,99 12,87
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6.1.3. 3G Preferred YouTube Results

Table 16: 3G Preferred YouTube Success ratio results per area

YouTube Success Ratio

Msinga Newcastle

90,24%

Table 17: 3G Preferred YouTube MOS Quality results per area

YouTube Quality MOS

Hlabisa Msinga Newcastle Ohlelo

Ulundi

2,66

2,09 2,62

2,74

233

257

2,67

Table 18: 3G Preferred YouTube Access time results per area

YouTube Access Time [s]

Newcastle Ohlelo

509

Hlabisa

Ulundi

3,02

552

334
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Table 19: 3G Preferred YouTube Vid eo resolution results

Hiabisa Msinga Newcastle Ohlelo Ulundi Total

YouTube Average Resolution m_ 358,86 352,36 366,32 351,35 358,89 358,94
355,23

6.1.4. 3G Preferred Ping/RTT Results

Table 20: 3G Preferred Ping/RTT per area

Hlabisa Msinga Newcastle Ohlelo Ulundi Total

et Pin 0 e e L B . O - S
99 120

Terraco ICMP Ping (32 bytes) [ms] [ZIL NG
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6.2. 4G Preferred Mobile Test Results

6.2.1. 4G Preferred Average Throughput

Table 21.: 4G Preferred Average throughput  per area

Hlabisa Msinga

HTTP DL Throughput - Avg [kbps] m

3447
18762
7425

HTTP UL Throughput- Avg [kbps] m

2838
2560
2421

HTTP DL Capacity Throughput- Avg m

[kbps] 8972
18338
7411

HTTP UL Capacity Throughput- Avg m

[kbps] 3069

48598
1912

FTP DL Throughput- Avg [kbps] m

8965
16583
7457
FTP UL Throughput- Avg [kbps] _
2420
9874
2417

Newcastle Ohlelo Ulundi Total
17385 13016 22745 16744
1377 339 14308 12029
16412 4205 4929 10010
9389 5677 10265 7818
3110 329 15911 3038
12727 1831 6665 7076
21497 10611 21930 17489
18208 361 21793 14702

5143 6122 12783
9637 3841 9471 7224
6876 491 15641 7545
13670 1574 6968 7004
12636 18056 16582
16603 12220
12058 11653 13944 14299

5169 6516 12952
9343 4707 11339 7918
12014 8941 10940 11010
12804 1795 7224 7279
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6.2.2. 4G Preferred Web Page Time

Table 22: 4G Preferred HTTP Webpage download times per area

Hlabisa

Newcastle

Ohlelo

Ulundi

HTTP kepler

HTTP mobilekepler
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Table 23: 4G Preferred HTTPS Webpage download times per area

Hiabisa Msinga Newcastle Ohlelo Ulundi

2,59
327 6,05 2728 4,58 294 334
6.47 6,47

HTTPS kepler

5,09 6,12 5.90 315 375
1,83 0,95 1.61 112
1.27 1,09 1.08 1.23

HTTPS mobilekepler

1.06
1,48 2,15 287 1.26 1.47
12,74 13,48 14,43 11,46 11,91
15,44 14,14 11,81 12,62

gumtree

15,08 18,49

18,11 14,78 14,01
5,97

518 512
5.84 5,84
9.28 5.50 5,66
12,36 9.08 9,84
10,45
13,50
11,33 13,66 9,03 12,59 11,69 11,07

53|Page



ATIO

specialist ICT services

6.2.3. 4G Preferred YouTube Results

Table 24.: 4G Preferred YouTube results per area

Msinga Newcastle

YouTube Success Ratio _ 90,24%

Ohlelo

86,21%

Total

97.31%

Table 25: 4G Preferred YouTube MOS quality results per area

Hlabisa Newcastle

Ohlelo Ulundi

Table 26.: 4G Preferred YouTube Access time results per area

Hlabisa Newcastle

VouTube Access Time 5 [ L

Ohlelo

Ulundi

215 219
219 556
293 2,48

54|Page



ATIO

specialist ICT services

Table 27: 4G Preferred YouTube video resolution results

Hlabisa Newcastle Ohlelo Ulundi

YouTube Average Resolution m 892 9 946,0
8726

6.2.4. 4G Preferred Ping Results

Table 28: 4G Preferred Ping/RTT per area

Hlabisa Newcastle Ohlelo Ulundi

Google ICMP Ping (32 bytes) [ms] [;_ 276 105
82

1

Terraco ICMP Ping (32 bytes) [ms] [ZIL NG 48

110
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6.2.5. 3G & 4G Preferred Mobile Drive Statistical Counts

Table 29: 3G & 4G Preferred Mobile Counts

MTN Vodacom CellC Telkom

3G Preferred 4G Preferred 3G Preferred 4G Preferred 3G Preferred 4G Preferred 3G Preferred 4G Preferred

HTTP Download

HTTP Upload

HTTP Capacity Download

HTTP Capacity Upload

FTP Upload

FTP Download

File Transfer

HTTP kepler 250 284 266 288 i1 173 219 256

&
£

-
@
£
=]
=

(us]

HTTP mobilekepler 261 284 265 286 123 17 220 258

gumtree 249 274 245 286 12 13 209 248

HTTPS kepler 258 283 262 283 3 2 209 255

HTTPS mobilekepler 262 283 265 286 11 2 220 259

msn 258 273 259 285 28 25 220 251

news24 250 279 258 285 30 30 206 250

Google ICMP Ping (32 bytes) 1297 1419 1301 1422 1003 1163 1169 1293

Terraco ICMP Ping (32 bytes) 134 1480 1336 1493 1113 1293 1279 134

YouT Data
H m HTTPS Browser
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6.3. 3G Preferred Stationary Test Results

6.3.1. 3G Preferred Throughput

Table 30: 3G Preferred Throughput per area

Hlabisa GateWay singa Taxi Rank Comgﬂﬁ't‘; o P TaXE - ylundi Airport  Ulundi Library Total
HTTP DL Throughput - Avg [kbps] m
9319 5363 2712 8276 10383 7629
5356 5356
2052 10294 7654 6707 3927 989 4493
HTTP UL Throughput- Avg [kbps] m 1923 2282
956 2396 2557
143 128 1192
2076 1635 249 2367
HTTP DL Capacity Throughput- Avg m
[kbps] 10394 7778 9117 6688 7673
7298 57 227 327 3760
Telkem | 7507 8291 2338 775 7733
TP UL Capacity Tooushout Avo [T NI [ s [ o 25 5719
g
945 345 418 919
2414 1348 234 2408
FTP DL Throughput- Avg [kbps] m 9089 5627 6706
5967 6035
Telkom | 4374 472 4937
FTP UL Throughput- Avg [kbps] _
2625 2735
1616 2152 1665
3610 3728 _ 1853 1515 245 2505
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6.3.2. 3G Preferred Web Page Time

Table 31: 3G Preferred HTTP web page time results

Hlabisa Gateway

Ohlelo Community  Spar City Taxi Ulundi Airport Ulundi Library
Clinic

Msinga Taxi Rank Hall Rank

1.63

HTTP kepler

HTTP mobilekepler
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Table 32: 3G Preferred HTTPS web page time results

Hlabisa Gateway Msinga Taxi Rank Ohlelo Community  Spar City Taxi

- IS

Clinic Hall Rank Ulundi Airport Ulundi Library Total
6.76 7,04

11,26 5,85 5,04

HTTPS kepler
4,31 8,52 20,57 6,59
1,25 1,40 1,32 1,49 1,33

AL

1,48 1,32 1,22

HTTPS mobilekepler

158 208 2 178
m 13,78 12,30 14,18 13,62

20,61 13,62 13,94

13,14 14,64 17,41 27,93 16,35

DAL 351

524 580 506

491 542 6,25 13,16 6,42

m 10,61 11,24 9,49 11,99 1512 11,28

18,66 10,76
19,12

news24

12,04 15,57 15,19 26,73 13,89

6.3.3. 3G Preferred YouTube Results

Table 33: 3G Preferred YouTube Success ratio results

Hlabisa Gateway
Clinic

Ohlelo-Ohlelo Spar City Taxi
Community Hall Rank

Msinga Taxi Rank Ulundi Airport Ulundi Library

YouTube Success Ratio _

e | won
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Table 34. 3G Preferred YouTube MOS quality results

Hlabisa Gateway ,, - - Ohlelo-Ohlelo Spar City Taxi - e 0=
Clinic Msinga Taxi Rank Community Hall Rank Ulundi Airport Ulundi Library

YouTube Quatiy MOS 1 IEACH
279

Table 35: 3G Preferred YouTube access time results

Hlabisa Gateway

Ohlelo-Ohlelo Spar City Taxi - A AME
Clinic Ulundi Airport Ulundi Library

R Community Hall Rank

Table 36.: 3G Preferred YouTube Video resolution results

Hlabisa Gateway yyi, 05 Taxi Rank  Ohlelo-Ohlelo — Spar City Taxi i Airport ~ Ulundi Library Total

Clinic Community Hall Rank
YouTube Average Resolution m

357,00 358,54
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6.3.4. 3G Preferred Ping/RTT Results

Table 37: 3G Preferred Ping/RTT results

Ohlelo Community  Spar City Taxi Ulundi Airport Ulundi Library

Hlabisa Gateway Msinga Taxi Rank Hall Rank

Clinic

Google ICMP Ping (32 bytes) ms] 1 NN ISR
74

109

Terraco ICMP Ping (32 bytes) [ms] m
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6.4. 4G Preferred Stationary Test Results

6.4.1. 4G Preferred Throughput

Table 38: 4G Preferred Throughput per area

HTTP DL Throughput - Avg [kbps] m

HTTP UL Throughput- Avg [kbps] m

HTTP DL Capacity Throughput- Avg m

[kbps]

HTTP UL Capacity Throughput- Avg m

[kbps]

FTP DL Throughput- Avg [kbps]

FTP UL Throughput- Avg [kbps]

Hlabisa Gateway
Clinic

20075

4282

Msinga Taxi Rank

4507

1545

2457
346

1951
507

2910
16893

1720
8926

Ohlelo Community

Hall

25893
1732
5606

1905
1969
1159

2547
14799
4548

1556
2846
1204

2832
11795
3785

1621
2806
1008

Spar City Taxi Rank

Ulundi Airport

13762 16564

9881 11356
10264 3436
13653

3031 3151
7488 14310
15806 21876
12885 21488
11624 7489
13896 22534
7188 7399
8317 14566
8729 1917
8538 12398
12165 3852
13148 15841
10766 11223
7373 14598

Ulundi Library

9575
13408
2584

4503
3273
772

10940
26878
632

5233
8043
548

8783
12735
5319

5237
12759
736

Total

19246
10524
6215

10375
4226
7141

20885
16076
6575

10938
7
6777
14268

12634
6893

10855
8783
7158
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6.4.2. 4G Preferred Web Page Time

Table 39: 4G Preferred HTTP Web page Download time results

HTTP kepler

HTTP mobilekepler

Hlabisa Gateway
Clinic

L I R

10.66

Msinga Taxi Rank

20.70

Hall

7.83

Ohlelo Community  Spar City Taxi

Rank

Ulundi Airport

4.41

Ulundi Library

39.50

2.30

15.55

6.19
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Table 40: 4G Preferred HTTPS Web page download time results

HTTPS kepler

HTTPS mobilekepler

gumtree

6.4.3. 4G Preferred YouTube Results

Table 41.: 4G Preferred YouTube Results

YouTube Success Ratio

Hlabisa Gateway

O T

Msinga Taxi Rank

Hall

Ohlelo Community  Spar City Taxi

Rank

Ulundi Airport

Ulundi Library

w0

Hlabisa Gateway

Msinga Taxi Rank

60.00%

Ohlelo-Ohlelo
Community Hall

Spar City Taxi
Rank

7,75 7,80 1.64 1,77
3,64 2,56 293 18,77
0,98 1,07
1.56 0,96 1,06 418 283
1,11 10,83
2349 14,47 12,92 12,83
13,88 12,66 12,63 20,84 13,98
447 453
5,32 5,01 14,43 6,58
9,12 9,30 7.54 9,23
2255 11,95 9,40 9,04 10,97
948 9,01 2762 11,40

Ulundi Airport

Ulundi Library
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Table 42: 4G Preferred You Tube MOS quality results

Hlabisa Gateway - : Ohlelo-Ohlelo Spar City Taxi . ErE
Clinic Msinga Taxi Rank Community Hall Rank Ulundi Airport Ulundi Library

VouTube Quaity MOS [N

357

Table 43: 4G Preferred YouTube Access time results

Hlabisa Gateway

Ohlelo-Ohlelo Spar City Taxi - A AME
Clinic Ulundi Airport Ulundi Library

Community Hall Rank

Msinga Taxi Rank

YouTube Access Time [s] m

Table 44.: 4G Preferred YouTube video resolution results

Hlabisa Gateway

Ohlelo-Ohlelo —  Spar City Taxi ), 145 pirport ~ Ulundi Library
Clinic

T e Community Hall Rank

YouTube Average Resolution m 954 3 954 6 9090

9340

65|Page



ATIO

specialist ICT services

6.4.4. 4G Preferred Ping/RTT Results

Table 45: 4G Preferred Ping/RTT results per area

Ohlelo Community  Spar City Taxi Ulundi Airport Ulundi Library

Hlabisa Gateway Msinga Taxi Rank Hall Rank

Clinic
Google ICMP Ping (32 bytes) (ms] (L[N ICERNNN

329

43 48

Terraco ICMP Ping (32 bytes) [ms] m
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6.4.5. 3G & 4G Preferred Stationary Test Statistical Counts

Table 46. 3G & 4G Preferred Stationary count

File Transfer

HTTP
Browser

YouT Data
H m HTTPS Browser

HTTP Download

HTTP Upload

HTTP Capacity Download
HTTP Capacity Upload
FTP Upload

FTP Download

HTTP kepler

HTTP mobilekepler

gumtree

HTTPS kepler
HTTPS mobilekepler
msn

news24

Google ICMP Ping (32 bytes)

Terraco ICMP Ping (32 bytes)

3G Preferred

4G Preferred

3G Preferred

4G Preferred

3G Preferred

4G Preferred

3G Preferred

4G Preferred

48 52 46 51 0 0 45 40
45 53 46 53 0 0 46 43
48 53 46 53 0 46 44
48 53 46 53 1 46 41
46 53 46 53 4 1 43 41
230 264 230 265 220 258 230 218
230 265 230 265 225 264 230 234
46 53 46 53 46 53 46 47
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7. Appendix 21 RF Measurements per Area

7.1. 3G Signal Plots

7.1.1. Hlabisa

7.1.1.1.

Data Technology

\

CellC

Figure 34. Hlabisa data technology

Telkom

=

RO9{CELL_FACH) . 5.35%
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7.1.1.2. EcNo

-13to-15

-15to-20

-20to-32

Figure 35. Hlabisa EcNo
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7.1.1.3. RSCP

\

CellC

Figure 36. Hlabisa RSCP
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7.1.2. Msinga

7.1.2.1. Data Technology

Data Technol

Figure 37. Msinga data technology
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7.1.2.2. EcNo

Telkom

Eclo [db]

Figure 38. Msinga EcNo
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7.1.2.3. RSCP

-65to-75

-85 to-105

Telkom

' 85te-105

Figure 39. Msinga RSCP
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7.1.3. Newcastle

7.1.3.1. Data Technology

=

9 Data Technology

HSPA+ | B Data Technology
H5PA 3.00% HSPA+ I 2o
H5PA DC . 60.82% HSPA 0.08%
RSB{CELL_FACH) || 4.02% HSPA DC [ so2z
EDGE | RN Ne R9S({CELL_FACH) [ 7.03%
GPRS 0.13% EDGE . 0.38%
GPRS 0.00%
HSDPA+ o :
HSDPA o
LTE . 0.03% _
LTE Il oo
R399 0.08% rss L7

Data Technology Data Technology

HSPA+ I e HSPA+ | S
HSPA £.50% HSPA 3.08%
HSPA DC | gt HSPA DC I oo

RSS{CELL_FACH) ||| 442% a ni concev i) [ o5
EDGE B ooz Ne e .
GPRS 0.00% EDGE B :s;::
: GPRS !
HSDPA+ oo
LTE oo HSDPA+ I oo
LTECA 0.029% LTE . 0.08%
: RS9 0.53%
RS9 0.36% Ngagane

Figure 40. Newcastle data technology
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7.1.3.2. EcNo

Vodacom

—

Eclo [db]

Telkom

Eclo [db]

Eclo [db]

Figure 41. Newcastle EcNo
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7.1.3.3. RSCP

Vodacom

—

RSCP [dbm]

£510.75 -55t0-75

Below -120 0.04%

Telkom

RSCP [dbm]

551075

Figure 42. Newcastle data RSCP
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7.1.4. Ohlelo

7.1.4.1. Data Technology

MTN Viodacom
Eyangu Ve BenE0 Makhosini
- *
Data Technology Opathe Game
HSPR+ . 25 65% Data Technology
HSPA 1.185% HSPA+ B s 04
HSPA 0.05%
% HSPADC 47.86% )/
. - HSPA DC | EEE
RSA(CELL_FACH) . Lok Roa(cELL_FacH) [ 4.25%
EDGE I 7o EDGE B o
GPRS 0.20% GPRS 0.70%
HSDPA+ | EEES HSDPA B oa:
LTE oo
Nk#dla R99 0.10% Nk#dla R99 299%
CellC Telkom
B ango M Fe
akhosini o
SBED Makhosini
Data Technology 1 Data Technology
HSPA+ . 53.45% HSPA+ . 22 059%
HSPA 3.09% HSPA 0.75%
J ® O  uspanc | EEE HSPADC | g
o 2.88%
res(ceLL_Fack) || 230% Ro9(cELL_FacH) [
0.05% EDGE | B
EDGE [ L GPRS 0.06%
GPRS o015 HSDPA+ I o5
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Figure 43. Ohlelo data technology
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7.1.4.2. EcNo
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Figure 44. Ohlelo EcNo
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7.1.43. RSCP
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Figure 45. Ohlelo RSCP

79|Page



)

ATIO

specialist ICT services

7.1.5. Ulundi
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Figure 46. Ulundi data technology
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7.1.5.2. EcNo
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Figure 47. Ulundi EcNo
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7.1.5.3. RSCP
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Figure 48. Ulundi RSCP
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7.2. 4G Signal Plots
7.2.1. Hlabisa

7.2.1.1. Data Technology

KwaDuma

Figure 49. 4G Hlabisa data technology

Vodacom
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7.2.1.2. RSRP

Figure 50. Hlabisa RSRP
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7.2.1.3. SINR

Telkom

Figure 51. Hlabisa SINR
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7.2.2. Msinga

7.2.2.1. Data Technology

Data Technol

Figure 52. 4G Msinga data technology
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71.2.2.2. RSRP

No LTE footprint for Telkom

Figure 53. Msinga RSRP
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