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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 (QoS) to the end users of
electronic communication services. ICASA contracted ATIO Corporation (Pty) Ltd to conduct quality of service
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 Mpumalanga Province.

The measurements were carried out in the period 30 October to 08 November 2018, covering a total distance
of over 1500 kilometres.

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.

In 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, which provides
definitions of QoS parameters and theirdicah@uli east oapp
the South African market, given that not all operators follow the identical 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, Vodacom is leading in most of the KPlIs in all tested areas in Mpumalanga. Telkom
is the least with just 1 KPI. In terms of coverage, Telkom lacks LTE coverage in the following areas: Piet Retief,
Standerton and Bethal. MTN achieved the best results for both mobile and stationary tests in eMalahleni area.
Cell C had poor performance results in Standerton for mobile testing and stationary testing in 3G preferred

scenario.

12|Page
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specialist ICT services

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 mobile data QoS, ICASA contracted ATIO Corporation (Pty) Ltd to

conduct drive testing in selected areas of Mpumalanga Province namely: eMalahleni, Bethal, Standerton, Piet

Retief and Lydenburg.

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

Vodacom.

Operators

( A MNNMOSLLOTelkom and

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

as well as measurement and KPI calculation methodologies.

The QoS monitoring was conducted in the following areas within the District Municipalities; Enhlanzeni, Gert

Sibande and Nkangala. The areas consist of major towns, townships, farm areas, rural areas, major road

arteries, economic activity nodes and areas of previous complaints. Figure 1 depicts the routes which were drive

tested in the Mpumalanga Province.
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Figure 1. Mpumalanga Province Route Map

1 ICASA Strategic Plan 2016/17 - 2021
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Drive tests were planned to ensure, as far as practicable, 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 the traffic variations over the hours

of a day and the usersd 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 (UES)
per operator, resulting in a total of eight UEs in one drive test vehicle. Details of the test case methodology can

be found on Table 1.

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 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 device was always connected to the data
network (PDP always on/always attached) between the different tests, a 10 seconds pause was inserted to allow the mobile device 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 Pref |
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 n 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
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ICASA BENCHMARKING DATA TESTING METHODOLOGY

Technology

4G Pref \
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

Test Number Test Type & Timeout

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.

3.2.3. Device Specification

Table 2 depicts device specification.

Table 2: Device Specification

Technolog Info
LTE-A Pro Cat 16 (1000/150 Mbit/s), HSDPA+ (43) 42.2 Mbit's, HSUPA 5.76 Mbit/'s, UMTS

850, 900, 1800, 1500 MHz

800, 850, 900, 1700/2100, 1900, 2100 MHz

LTE (FDD): Bands 1,2, 3,4,5/7,8, 12,13, 17. 19, 20, 26, 28, 29, 32
LTE (TDD): Bands 38, 39, 40, 41

Processor: Octa-core, 2450 MHz, Kryo 280 and ARM Cortex-A53, 64-bit
System chip: Qualcomm Snapdragon 835 MSMB398

Qualipoc version: 18.0.0.63
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3.3. Route selection

The QoS benchmark was conducted in Mpumalanga Province and covered the areas listed in Table 3.
Table 4 provides a breakdown of the distances covered and hours tested.

Table 3: Areas and Static Points tested

INCESRES

District Test Type Area and Static Tested

Ehlanzeni Mobile Drive Lydenburg 2018/11/01
Bethal 2018/11/05
) . Piet Retief 2018/11/03
Mobile Drive
2018/11/07
. Standerton

Gert Sibande 2018/11/08
Bethal Clinic 2018/11/16
Static Point Ethandakukhanya Community Hall 2018/11/02
Standerton Public Library 2018/11/17
Mobile Drive eMalahleni 2018/10/30
Nkangala . . Kwaguga Community Hall 2018/10/31

Static Point - - -
Tshwane University of Technology (eMalahleni Campus) 2018/10/29

Table 4: Distance and time driven per area

Kilometers Driven and Drive Test Areas

Kilometers Driven

Mpumalanga Bethal

eMalahleni

Lydenburg

Piet Retief

Standerton

800 1000 1200 1400 1600
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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. The 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 buildings, 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:

1 Daily integrity checks were performed on the vehicle installation and test equipment operation,
prior to the commencementof each dayds test campaign.

1 During the mobility test, there were two people in the test vehicle; a driver and technician
responsible for monitoring the equipment.
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

32-byte
ICMP Ping

HTTP

Capacity

FTP

Key Measurements

Round trip time or latency, in

Test Description

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.

milliseconds Tests were conducted on two servers:
1. The server hosted at TERACO (where all MNOs have direct peering access) makingthisanil ndependent
2. www.google.com.
The majority of downloading and uploading to the internet is currently done using the HTTP protocol and tests were done to
Download and upload ) ) ) o
. hout test the throughput that users may experience when using these services. The HTTP testing files were downloaded and
roughpu

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 the test server to the userd device to measure capacity download
2. Capacity Download and throughput, wusing the HTTP 6getd command.
Capacity Upload 2. Reference files are uploade d s i mul t an e o us |dgvicd to thertest shreer taimeasuré sapacity upload
throughput speeds are throughput, using the HTTP é6putd command.
measured
. .| Areferencefileis downloadedfr om t he test sérdevi te themeasudse downl oadg
File transfer throughput, in
command and FTP protocol.
Kbps
A reference file is uploaded fromtheuseré sl evi ce t o the test server to measu
Download and upload | command and FTP protocol.
throughput speeds are Throughput is the rate at which data is transferred from the server to the user or vice versa and is measured in Kbps. The
measured

throughput speed varies in any data transfer session.
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Test Case

Browser

YouTube

Key Measurements

Web browsing session time

(page loading) T measured for
both - HTTP and HTTPS

protocols

Test Description

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 time and were as follows:

1. Testing of the ETSI Kepler reference page hosted on a server at TERACO, with static fixed size content. This allows
repeatable test and measurement. The test server is configured in an HTML web page format, to test throughput as
well asthetimeitt akes for t he the user6s

page to display on

as a standard desktop version and both pages were tested.

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;
0o MSN.comi HTTPS Protocol
o News24.comi HTTPS Protocol
0 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

Video Average Resolution
ETSI YouTube Video Play
Start
Integrity -
Visual Quality
over the stream)

Video Stream

(Average

Overall Access Success
Ratio
YouTube Number of

Freezing6s

YouTube is the most popular video-sharing service on the mobile internet platform and is therefore commonly used as 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).

The YouTube test was aimed at measuring the following elements that make up the customer experience:

How long does a subscriber wait before a video starts playing on their device?
At what resolution was the Video clip delivered to the user.
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.

A

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

This section provides a summary of the mobile om®srator
the following test areas: eMalahleni, Lydenburg, Standerton, Bethal and Piet Retief.

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.

Table 6: 3G Preferred Mobile Drive Test Summary Results

HTTP DL Throughput - Avg [kbps] 6203
_ [ HTTP UL Throughput- Avg [kbps] 1799 1578
% HTTP DL Capacity Throughput. Avg [kbps] 7199 4275
> | HTTP UL Capacity Throughput- Avg kbps] 1987 1577
=} F1p DL Throughput. Avg [Kbps] 5164 3835
FTP UL Throughput. Avg [kbps] 1810 1549

Overall HTTPS Browsing Time [s]
gumtree

HTTPS kepler

HTTPS mobilekepler

HTTPS Browser

msn

news24

Overall HTTP Browsing [s]

HTTP kepler

HTTP
Browser

HTTP mobilekepler

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

Data Latency

TERACO ICMP Ping (32 bytes) [ms]

YouTube Success Ratio

YouTube Access Time [s]

YouTube Quality MOS

YouTube

YouTube Average Resolution 351,89 359,39

[}
(4]
m;
—
%]

YouTube Number of Freezings 136

In Table 6, the values in the green blocks indicate which operator is leading in that KPI. Vodacom led in 18 of

the KPlIs, followed by Cell C which led in 3 and Telkom led in 2 KPIs.
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41.1.1. 3G Preferred File Transfer Results

Figure 2 provides a graphical view of the download file transfer results obtained in Table 6 and incorporates the
maximum and average values achieved by each operator per KPI.

HTTP Download HTTP Capacity Download FTP Download

Throughput [kbps]

MTN B \Vodacom W CelC B Telkem

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

Results in Figure 2 shows that MTN achieved the highest results for HTTP Download and FTP download
maximum throughput. Telkom achieved the highest results for HTTP Capacity Download maximum throughput.
Vodacom led in HTTP Download, HTTP Capacity Download and FTP Download average throughput.

HTTP Upload HTTP Capacity Upload FTP Upload

—
[}
a
=
=,
=
=
[=%
=
=
=
=]
=
r=
[~

MTN I \odacom M celcC M Telkem

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

Results in Figure 3 show that Vodacom achieved the highest results for HTTP Upload maximum throughput.
Vodacom and MTN were tied in achieving the highest results for HTTP Capacity Upload maximum throughput.
MTN achieved the highest results for 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]

Avg. App Video Access Time

YouTube Average Resolution YouTube Quality MOS

: I I I : I I I
MTN

M Vodacom Wcelc M Telkom
Figure 4. 3G Preferred YouTube results

Avg. Resolution

Figure 4 shows that Vodacom achieved the best results for YouTube Success ratio, YouTube Access time, and

overall best video quality. Telkom had best average video resolution.
4.1.1.3. 3G Preferred Web Browsing Results

HTTPS Browser [s]

w w
el el
« «
o o
= =
o o
o %}
o o
w0 w0

MTN M Vodacom M CellC M Telkom

Figure 5. 3G Preferred Web Browsing Results

Results in Figure 5 depict web browsing time for HTTP and HTTPS protocols. Vodacom achieved the fastest
browsing time for both HTTP and HTTPS protocols.
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HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN M Vodacom [ CellC M Telkom

Figure 6. 3G Preferred HTTP Web browsing per URL Results

Figure 6 shows that Vodacom achieved the fastest browsing time for HTTP Kepler and HTTP mobile Kepler.

HTTPS Browser [s]
6,43

HTTPS kepler

HTTPS mobilekepler

gumtree

8

Seconds [s]

MTN Hl Vodacom MCellC M Telkom

Figure 7. 3G Preferred HTTPS Web Browsing per URL Results

Figure 7 shows that Vodacom achieved fastest browsing time for HTTPS Kepler and HTTPS mobile Kepler
whilst Cell C had the fastest browsing time for Gumtree and News24 websites. Telkom had the fastest browsing
time for the MSN website.
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4.1.1.4. 3G Preferred Ping Results

Data Latency

MTN M Vodacom [ CellC M Telkom

Figure 8. 3G Preferred Average Ping Results

Figure 8 shows that Vodacom achieved the lowest overall latency for ping tests, followed by Cell C, MTN and

Telkom in ascending order.

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

MTN M Vodacom M cCellC M Telkom

Figure 9. 3G Preferred Average Ping per URL Results

Figure 9 shows that Cell C had the lowest latency for ping tests to the Google server and Vodacom 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.

Table 7: 4G Preferred Mobile Drive Test Results

HTTP DL Throughput - Avg [kbps] 17671 13033 10742
- HTTP UL Throughput- Avg [kbps] 11879 11058 5325
2
% HTTP DL Capacity Throughput- Avg [kbps] 17521 18540 11500
i HTTP UL Capacity Throughput- Avg [kbps] 13678 12666 4659
= FTP DL Throughput- Avg [kbps] 13148 14391 12273
FTP UL Throughput- Avg [kbps] 12512 11097 5000
Overall HTTPS Browsing Time [s] 7.34 759
;Eﬁ gumtree 11,54 12,15
E
g HTTPS kepler 6.71 6,40
= HTTPS mobilekepler . 1.97 313
B
T fmsn 561 5,37
news24 11,63 11,68
. Overall HTTP Browsing [s] . 270 3m
o L4
EE JHTTP kepler : 402 379
= HTTP mobilekepler . 1.38 2.30
E’ Overall Average Ping Latency 173
=
=5 Google ICMP Ping (32 bytes) [ms] 218
=
=2 TERACO ICMP Ping (32 bytes) [ms] 128
YouTube Success Ratio ‘ 88.92% ‘
YouTube Access Time [s] 297 3.08 ‘ 467 ‘
2
2 | YouTube Quality MOS : 341 ‘ 291 ‘
b
855,3 ‘ 642,5 ‘
YouTube Number of Freezings 24 ‘ 127 ‘

In Table 7, the values in the green blocks indicate which operator is leading in that KPI. Vodacom led in 20 of
the KPIs, followed by MTN in 2, whilst Cell C was best in one KPI.
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4.1.2.1. 4G Preferred File Transfer Results

Figure 10 below provides a graphical view of the results obtained in Table 7 and incorporates the maximum and
average values achieved by each operator per KPI.

HTTP Download HTTP Capacity Download FTP Download

Throughput [kbps]

46041

MTN B \Vodacom W CelC B Telkem

Figure 10. 4G Preferred File Transfer Download Results

Figure 10 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.
Vodacom led in HTTP Download, HTTP Capacity Download and FTP Download average throughput.

HTTP Upload

—
[}
a
=
=,
=
=
[=%
=
=
=
=]
=
r=
[~

MTN I \odacom M celcC M Telkem

Figure 11. 4G Preferred File Transfer Upload Results

Figure 11 shows that MTN achieved the highest results for HTTP Upload, HTTP Capacity Upload and FTP

Upload maximum throughput. Vodacom led in HTTP Upload and FTP Upload average throughput. MTN led in
HTTP Capacity Upload average throughput.
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4.1.2.2. 4G Preferred YouTube Results

YouTube Access Time [s]

—
[
e
W
o
=
o
Q
O
w

YouTube Quality MOS

Avg. Video Resolution
Avg. Video Quality

MTN Il Vodacom [MCellC B Telkom

Figure 12. 4G Preferred YouTube Results

Figure 12 shows Vodacom achieved the best YouTube success ratio, YouTube access time, Average resolution

and overall best video quality.

4.1.2.3. 4G Preferred Web Browsing Results

HTTP Browser HTTPS Browser [s]

Seconds [s]

—
o0
Ml
0
o
c
=]
Q
@
W

MTN M Vodacom [ CellC M Telkom

Figure 13. 4G Preferred Web Browsing

Figure 13 depicts that Vodacom achieved the fastest Web Browsing time for both HTTP and HTTPS protocols.
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HTTP Browser

HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN M Vodacom [ CellC M Telkom

Figure 14. 4G Preferred HTTP Web Browsing per URL Results

Figure 14 shows that Vodacom achieved fastest browsing time for the HTTP Kepler and HTTP Mobile Kepler

pages.
HTTPS Browser [s]

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

Seconds [s]

MTN Il Vodacom [ CellC M Telkom

Figure 15. 4G Preferred HTTPS Web Browsing per URL Results

Figure 15 shows that Vodacom achieved fastest browsing time for the HTTPS Kepler, HTTPS Mobile Kepler,
MSN and News24 websites. MTN had the fastest browsing time for the Gumtree website.
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4.1.2.4. 4G Preferred Ping Results

Data Latency

MTN Bl Vodacom [ CellC M Telkom

Figure 16 - 4G Preferred Average Ping Result

Figure 16 shows that Vodacom achieved the best latency results.

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

MTN B Vodacom M CellC M Telkom

Figure 17. 4G Preferred Average Ping Result

Figure 17 shows that Cell C had the lowest latency for ping tests to the Google server and Vodacom 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 stationary 3G Preferred testing.

Table 8: 3G Preferred Stationary Test Summary Results

HTTP DL Throughput - Avg [kbps] 5925 4524

_ [ HTTP UL Throughput- Avg [kbps] 1376 1909
% HTTP DL Capacity Throughput- Avg [Kbps] 4318 5153
> | HTTP UL Capacity Throughput- Avg [kbps] 1336 2155
=N Fre DL Throughput- Avg [kbps] 5288 3473
FTP UL Throughput- Avg [kbps] 1682 1892
Overall HTTPS Browsing Time [s] 715 8,11

E gumtree 13.41 14,87
é HTTPS kepler 3 6,02
o HTTPS mobilekepler 1.27 1,42
E msn 6,31 4,85
news24 10,88 13,62

- Overall HTTP Browsing [s] . 2.95 232
E % HTTP kepler . 436 352
“ N HTTP mobilekepler . 1.65 111
E Overall Average Ping Latency 70 133
§ Google ICMP Ping (32 bytes) [ms] 69 132
2 B TERACO ICMP Ping (32 bytes) ms] 70 134

YouTube Success Ratio

305 ‘
§
2 277 ‘
=)
=
YouTube Average Resolution 358,0 ‘
YouTube Number of Freezings 3 ‘

In Table 8, the values in the green blocks indicate which operator is leading in that KPI. Vodacom led in 18 of
the KPlIs, followed by MTN in 7 of the KPIs whilst Telkom was best in 1 KPI.

32|Page



A

ATIO

specialist ICT services

4.2.1.1. 3G Preferred Stationary File Transfer Results

The following charts provide a graphical view of the results obtained/highlighted in Table 8 and incorporates the
maximum throughputs achieved.

HTTP Download HTTP Capacity Download FTP Download

Throughput [kbps]

4811
3
10385

MTN B \Vodacom W CelC B Telkem

Figure 18. 3G Preferred File Transfer Download Throughput Results

Figure 18 shows that Vodacom achieved the highest results for all the values, namely; HTTP Download, HTTP
Capacity Download and FTP download maximum throughputs and the average throughput values for HTTP
Download, HTTP Capacity Download and FTP Download.

HTTP Capacity Upload FTP Upload

HTTP Upload
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a
2
=
=
=
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=
=
-
(=]
g
=
=

MTN I \odacom M celcC M Telkem

Figure 19. 3G Preferred File Transfer Upload Throughput Results

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

YouTube Success Ratio YouTube Access Time [s]

W
_—
o
=
=
-]
o
&

YouTube Average Resolution YouTube Quality MOS

Avg. Video Resolution
Avg. Video Quality

MTN B Vodacom B cellC B Telkom

Figure 20. 3G Preferred YouTube Visual Quality Results

Figure 20 shows MTN, Vodacom and Telkom achieved 100% in YouTube success ratio with Vodacom also

achieving the best access time and MTN achieving the highest average resolution and best video quality.

4.2.1.3. 3G Preferred Stationary Web Browsing Results

HTTP Browser HTTPS Browser [s]

o o
'] ]
= =
= =
o =]
5] %]
B b

MTN B vVodacom B cellC M Telkom

Figure 21. 3G Preferred Web Browsing Results
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Figure 21 show that Vodacom achieved the fastest browsing time for HTTP whilst MTN achieved fastest
browsing time for HTTPS.

HTTP Browser

HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN M Vodacom B CellC M Telkom

Figure 22. 3G Preferred HTTP Web Browsing per URL Results

Figure 22 shows Vodacom achieved fastest browsing time for HTTP Kepler and HTTP Mobile Kepler.
HTTPS Browser [s]

HTTPS kepler

HTTPS mobilekepler

gumtree

Seconds [s]

MTN Il Vodacom B CellC M Telkom

Figure 23. 3G Preferred HTTPS Web Browsing per URL Results

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 and MSN Websites.
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4.2.1.4. 3G Preferred Stationary Ping Results

Data Latency

MTN B Vodacom M cell C M Telkom

Figure 24. 3G Preferred Average Ping Results

Figure 24 shows that Vodacom achieved the lowest latency for ping testing.

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

MTN M Vodacom M CellC M Telkom

Figure 25. 3G Preferred Average Ping per URL  Results

Figure 25 shows Vodacom had the lowest latency for ping testing to both the Google and TERACO servers.
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4.2.2. 4G Preferred Summary Results

Table 9 shows summary results obtained per KPI for stationary 4G Preferred testing.

Table 9: 4G Preferred Stationary Drive Test Results

HTTP DL Throughput - Avg [kbps] 10965 10423

_ [ HTTP UL Throughput- Avg [kbps] 12642 7947
E HTTP DL Capacity Throughput- Avg [Kbps] 13894 14222
‘> | HTTP UL Capacity Throughput- Avg [kbps] 14473 8298
=N 1P DL Throughput- Avg [kbps] 12459 12179
15363 8399

FTP UL Throughput- Avg [kbps] 19242

Overall HTTPS Browsing Time [s]

gumtree

HTTPS kepler
HTTPS mobilekepler

HTTPS Browser

msn

news24

Overall HTTP Browsing [s] 2.44 1.27

HTTP kepler 3.62 1.68

HTTP
Browser

HTTP mobilekepler . 1.33 0.66

Overall Average Ping Latency 38 92

Google ICMP Ping (32 bytes) [ms] 39 132

Data Latency

TERACO ICMP Ping (32 bytes) [ms] 8 54

YouTube Success Ratio

YouTube Access Time [s] 160 | 213 ‘ 295 ‘
=
2 | YouTube Quality MOS _ 3.5 ‘ 316 ‘
=]
-
YouTube Average Resolution 9546 ‘ 6359 ‘
YouTube Number of Freezings 5 ‘ 1 ‘

In Table 9, the values in the green blocks indicate which operator is leading in that KPI. Vodacom led in 14 of
the KPlIs, followed by MTN in 8 of the KPIs whilst Cell C was best in 3 KPIs. Telkom was best in 1 KPI.
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4.2.2.1. 4G Preferred Stationary File Transfer Results

The following charts provide a graphical view of the results obtained/highlighted in Table 9.

HTTP Download HTTP Capacity Download FTP Download
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Il Yodacom M celicC M Telkom

Figure 26. 4G Preferred File Transfer Download Throughput Results

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

HTTP Upload HTTP Capacity Upload FTP Upload

Throughput [kbps]

MTN Il Vvodacom M celcC M Telkemn

Figure 27. 4G Preferred File Transfer Upload Throughput Results

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

YouTube Success Ratio YouTube Access Time [s]

W
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o
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YouTube Average Resolution YouTube Quality MOS

Avg. Video Resolution
Avg. Video Quality

MTN B Vodacom B cellC B Telkom

Figure 28. 4G Preferred YouTube Results

Figure 28 shows MTN, Vodacom and Telkom achieved 100% in YouTube success ratio. MTN achieved best

results for access time. Vodacom achieved highest average resolution and best results for overall video quality.

4.2.2.3. 4G Preferred Stationary Web Browsing Results

HTTP Browser HTTPS Browser [s]

) )
o n
= =
= c
=] ; =]
o : o
2 g 2

MTN B Vodacom W cellC B Telkom

Figure 29. 4G Preferred Web Browsing Results

Figure 29 depicts MTN achieved fastest browsing time in both HTTP browser and HTTPS browser applications.
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HTTP Browser
152 :

HTTP kepler

HTTP mobilekepler

2

Seconds [s]

MTN M Vodacom B CellC M Telkom

Figure 30. 4G Preferred HTTP Web Browsing per URL Results

Figure 30 shows MTN achieved fastest browsing time for HTTP Kepler. Vodacom achieved fastest browsing

time for HTTP mobile Kepler.
HTTPS Browser [s]

HTTPS kepler

HTTPS mobilekepler

gumtree

Seconds [s]

MTN Il Vodacom B CellC M Telkom

Figure 31. 3G Preferred HTTPS Web Browsing per URL Results

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

for the Gumtree website.
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4.2.2.4. 4G Preferred Stationary Ping Results

Data Latency

MTN B Vodacom B celiC M Telkom

Figure 32. 4G Preferred Average Ping Results

Figure 32 shows that Vodacom achieved the lowest latency for the ping tests.

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

MTN B Vodacom M cellC M Telkom

Figure 33. 4G Preferred Average Ping per URL Results

Figure 33 shows Vodacom 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 cellular network industry. The test devices are configured in

Table 10: Signal Strength Explanation

Signal Strength Signal Quality

Technology

Metric Comment Metric ‘ Comment

Average LTE signal quality [dB]
for best-measured LTE serving
cell. A high positive value
represents good signal quality
(e.g. 20) and a low negative value
represents poor signal quality
(e.g. <0).

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

Average 3G signal level [dBm] for
the best measured 3G serving cell.
High negative value represents
poor signal strength (e.g. -130)
and low negative value represents
good signal strength (e.g. -85).
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 shows technology distribution per operator. GSM or 2G samples are limited to only areas that had no

3G coverage in both test scenarios.

Table 11.: Technology Coverage Footprints

3G Preferred Technology

4G Preferred Technology

MTN Vodacom CellC Telkom MTN Vodacom CellC Telkom

97.35% 96.93% 98.04%

T1.73% 75.87T% 27.59%

2.65% 3.07% 0.29% 1.96% 20.36% 21.03% 18.96% 68.59%

1.91% 3.10% 0.42% 3.82%
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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 while MTN had the
best signal levels for 3G. Vodacom had the best signal quality on 3G and Telkom had the best signal quality on
LTE.

Table 12: Signal Level & Quality Reference Information

LTE Coverage

RSRP [dbm]

MTN Vodacom CellC Telkom Vodacom CelliC Telkom

-50,90 -48,20 -53,00 -59,50 30,00 30,00 3o,00 30,00

-137,10 -135,10 -138,30 -140,00 -20,00 -20,00 -20,00 -17,50

3G Coverage

RSCP [dbm] EcNo [db]

MTN Vodacom CellC Telkom MTN Vodacom CellC Telkom

0,80 1,40 1,90 1,70

14,7 1,0 1,0 1,0

-127,0 -126,1 -127,9 1274 -23,10 -22,70 -22,00 -22,30
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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 that the end-useré gual ity of service and operatorsd net wor k

tested as well as different KPIs tested.

As we benchmark the mobile network operators, Vodacom is leading in most of the KPIs in the respective areas.
The results also show that Telkom did not have LTE coverage in the following areas: Piet Retief, Standerton
and very few samples in Bethal. MTN achieved the best results for both mobile and stationary tests in eMalahleni
area only for 4G preferred scenario. Cell C had poor results in Standerton for mobile testing and stationary

testing in 3G preferred scenario.
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6. Appendix 17 Performance per Area
6.1. 3G Preferred Mobile Test Results

6.1.1. 3G Preferred Average Throughput

Table 13: 3G Preferred Average Throughput per Area

Bethal

eMalahleni

Lydenburg

Piet Retief

Standerton

Total

HTTP DL Throughput - Avg [kbps] _ 5959 5565 7002 5916 3318 5203

3182 6897 7047 5328 5371 5938
5094 3214 5111 4362 1698 4283
HTTP UL Throughput- Avg [Kbps] _ 1480 2228 2159 1661 1665 1934
1316 2330 2146 1426 1384 1799
1509 1277 1987 1547 1371 1578
HTTP DL Capacity Throughput- Avg _ 3975 6548 6311 6769 969 5561
6o
2875 3516 5364 5395 1153 4275
HTTP UL Capacity Throughput- Avg m 2326 2574 2341 1803 1617 2220
[kbps]
1301 2609 2431 1562 1472 1987
1772 1111 1311 1895 1157 1577
FTP DL Throughput- Avg [kbps] m 3931 4682 5151 3588 1405 4155
2774 5702 6362 4950 4588 5164
3389 2859 5243 4228 1204 3835
FTP UL Throughput- Avg [kbps] m 1594 2476 2414 1921 1544 2075
1334 2300 2365 1393 1303 1810
1419 1218 1738 1859 1304 1549
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6.1.2. 3G Preferred Web Page Time

Table 14.: 3G Preferred Webpage download time per area

eMalahleni Lydenburg Piet Retief Standerton
11.49

HTTP kepler

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

Bethal

HTTPS kepler

eMalahleni

Lydenburg

Piet Retief

Standerton

Total

[ N S B 17.21
554

HTTPS mobilekepler

gumtree

294

12,82 457 529 5,60 538
11,98 10,03 6.88 6,24 21,16 8,95
10,73 1,58 1,84 218 14,55 4,64

2,90 2,70
268 11,97 521
14,63 23,36 13,92
13,50 13,18 13,68

1313
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6.1.3. 3G Preferred YouTube Results

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

Bethal

eMalahleni Lydenburg

YouTube Success Ratio

Piet Retief Standerton Total

76.74% 38.67%

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

Bethal

[ TN

eMalahleni Lydenburg

YouTube Quality MOS

Piet Retief Standerton Total

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

Bethal

eMalahleni Lydenburg

YouTube Access Time [s]

244

Piet Retief

257

Standerton Total
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Table 19: 3G Preferred YouTube Video resolution results

Bethal eMalahleni Lydenburg Piet Retief Standerton

YouTube Average Resolution m 3222 2889

6.1.4. 3G Preferred Ping/RTT Results

Table 20: 3G Preferred Ping/RTT per area

Bethal eMalahleni Lydenburg Piet Retief Standerton

Google ICMP Ping (32 bytes) ] (11 N I I 63 123
114 136 92

Terraco ICMP Ping (32 bytes) [ms] m
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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

Bethal eMalahleni Lydenburg Piet Retief Standerton Total
21440
cellC 10931 17663 10913 11313 2407 13033
4225 14040 12781 6619 4051 10742
HTTP UL Throughput- Avg [kbps] _ 7185 15612 9971 11416 11879
13691 10795
6347 8895 9500 8968 11058
1762 7383 7892 2633 1464 5325
HTTP DL Capacity Throughput- Avg _ 5658 25850 15319 17962 4082 17521
[kbps] 26998
6795 16788 18402 3033 18540
16031 6570 1146 11500
HTTP UL Capacity Throughput- Avg _ 11393 12138
kbps] 14480 11044 12330 13678
9626 16293 11098 10739 11566 12666
1638 6317 7727 2285 1264 4659
FTP DL Throughput- Avg [kbps] m 9723 19190 9408 10004 6393 13148
9547 22147 9464 10589 4065 14391
4561 16620 14518 6746 3734 12273
FTP UL Throughput- Avg [kbps] _ 6410 9674 10817 12049 12512
15372
6477 16093 8169 9953 8886 11097
1642 7170 7907 2685 1490 5000
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6.2.2. 4G Preferred Web Page Time

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

Bethal eMalahleni

MIN =00 0 | 2 |

HTTP kepler

Lydenburg

Piet Retief

Standerton

HTTP mobilekepler

Table 23: 4G Preferred HTTPS Webpage download time per area

Bethal eMalahleni

Lydenburg

HTTPS kepler 15.42

451

/AL IEF

448

Piet Retief

3,03

463

Standerton

13,34

16,66

Total

6.71

13,19

507

4,86

6,12

0,90

0.95

0,89

1.01

552

1,82

HTTPS mobilekepler 6.62

0,73

0.92

147

17,37

6.40

8,03

557

224

1,97

7.96 132 1481 313
MTN | 1554 9,87 10,34 23.90
1419 1121 12,20 12,37
gumiree 14,11 1128 26,31 1154
437 12,05 10,54 12,03 24.96 12,15
MTN | 12,75 433 443 459 12,81 553
124 479 181
17.42 5.61
493 2163 537
LI 2% %
12,58
news24 8,05 21,17 11,63
0,49 7368 1168
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6.2.3. 4G Preferred YouTube Results

Table 24.: 4G Preferred YouTube results per area

Bethal eMalahleni Lydenburg

YouTube Success Ratio u_ 81.58% 97.40%

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

Bethal eMalahleni Lydenburg

VouTube Qualiy MOS (71 I NS =

Piet Retief Standerton Total

97.22% 94.06%

Piet Retief Standerton Total

344

325

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

Bethal eMalahleni Lydenburg

Piet Retief Standerton Total

274
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Table 27: 4G Preferred YouTube v ideo resolution results

Bethal eMalahleni Lydenburg Piet Retief

1,7

YouTube Average Resolution m 6286 9380 7933 B4T 6

Standerton

6.2.4. 4G Preferred Ping Results

Table 28: 4G Preferred Ping/RTT per area

Bethal eMalahleni Lydenburg Piet Retief

Google ICMP Ping (32 bytes) (ms] (1LY SNNE T N 63
51 78

Standerton

162

Terraco ICMP Ping (32 bytes) [ms] L
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6.2.5. 3G & 4G Preferred Mobile Drive Statistical Counts

Table 29: 3G & 4G Preferred Mobile Counts

HTTP Download

HTTP Upload

HTTP Capacity Download

HTTP Capacity Upload

FTP Upload

FTP Download

File Transfer

HTTP kepler 239

HTTP
Browser

HTTP mobilekepler 274

gumtree 227

HTTPS kepler 231

HTTPS mobilekepler 271

msn 241

news24 232

Google ICMP Ping (32 bytes) 1340

Terraco ICMP Ping (32 bytes) 1394

YouT Data
H m HTTPS Browser

CellC Telkom
3G Preferred 4G Preferred 3G Preferred 4G Preferred 3G Preferred 4G Preferred 3G Preferred 4G Preferred
284 283 an 245 274 212 246
294 282 305 248 274 247 268
257 272 305 229 246 194 234
290 280 310 241 280 208 245
292 286 307 251 276 251 273
267 279 306 236 261 208 238
267 274 309 215 251 202 238
1351 1420 1533 1235 1315 1240 1363
1472 1485 1504 1340 1439 1312 1420
320 312 325 an 318 309 316
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6.3. 3G Stationary Test Results

6.3.1. 3G Preferred Throughput

Table 30: 3G Preferred Throughput per area

HTTP DL Throughput - Avg [kbps] _

HTTP UL Throughput- Avg [kbps] LY

HTTP DL Capacity Throughput- Avg LY

HTTP UL Capacity Throughput- Avg [[ILY 2657

[kbps] 2398

FTP DL Throughput- Avg [kbps] m 4293

FTP UL Throughput- Avg [kbps] MTN 2175

cetalcinic  handakukhanta  Kuapuas Community Sanderion sanderion Isbwane Unbrstof 1o

11657
4828 8704 413 4651 5925
4179 1975 8601 3479 4524
2766 2273 2591 2728

2599
2040 796 95 1390 1376
2588 927 2160 1649 1909
5005 11203 2728 8062

14204
4818 5789 201 5075 4318
3686 2089 13375 2989 5153
3149 37 2975 2752 316
448 2625 538 616 1512 1336
2196 824 3397 2002 2155
3539 4980 2713 4811

6655
BATT 3464 7212 6314 4438 5288
5288 2555 1874 6092 3517 3473
2426 2786 3005

2154 2921 360
2375 2170 795 1647 1828 1692
2102 860 1975 2046 1892
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6.3.2. 3G Preferred Web Page Time

Table 31.: 3G Preferred HTTP web page time results

Bethal Clinic Ethandakukhanya Kwaguga Community Standerton- Tshwane University of
Community Hall Hall Standerton Public Li.. Technology (eMalahl..

HTTP kepler

HTTP mobilekepler

Table 32: 3G Preferred HTTPS web page time results

Bethal Clinic Ethandakukhanya Kwaguga Community Standerton- Tshwane University
Community Hall Hall Standerton Public Li.. of Technology (eMal..

Total

2,96
HTTPS kepler

555 3,91
9,32 2,50 408 6,02
1,01 1,05
0,96
HTTPS mobilekepler 1,37 127
161 1,42
13,42
21,48 16,96
gumtree 13,41
16,33 14,87
4,97
6,63 6,31
6,55 4,85
11,96 10,87
news24 11,33 10,88
15,16 13,62
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6.3.3. 3G Preferred YouTube Results

Table 33: 3G Preferred YouTube Success ratio results

Bethal Clinic Ethandakukhanya Kwagugqa Community Standerton Public = Tshwane University
Community Hall Hall Library of Technology (eMal..

YouTube Success Ratio m
I 1429% 16 3%

Table 34. 3G Preferred YouTube MOS quality results

Bethal Clinic Ethandakukhanya Kwaguga Community Standerton Public = Tshwane University
Community Hall Hall Library of Technology (eMal..

YouTube Success Ratio _

I 1429% 76 3%

Table 35: 3G Preferred YouTube access time results

Bethal Clinic Ethandakukhanya Kwagugqa Community Standerton Public Tshwane University of
Community Hall Hall Library Technology (eMalahl..

279

1.50

YouTube Quality MOS _

277
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Table 36.: 3G Preferred YouTube Video resolution results

e Ethandakukhanya HKwaguga Community Standerton Public = Tshwane University
fr tlE = Community Hall Hall Library of Technology (eMal.. et

6.3.4. 3G Preferred Ping/RTT Results

Table 37: 3G Preferred Ping/RTT results

.. Ethandakukhanya Kwagugqa Community Standerton- Tshwane University
fau el Community Hall Hall Standerton Public Li.. of Technology (eMal.. Total

Google ICMP Ping (32 bytes) [ms] II_““
95

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

6.4.1. 4G Preferred Throughput

Table 38: 4G Preferred Throughput per area

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]

Bethal Clinic

Ethandakukhanya
Community Hall

HTTP DL Throughput - Avg [kbps] m 13695 14281

Kwaguga Community Standerton-Standerton Tshwane University of
Hall Public Library Technology (eMalahle..

Total

7000 24446

8452 10965
17539 10423
9808 18666
13202 12642
7356 7947
6516 27266
25409
9858 13894
14222
21384
15108 14473
7726 8298
7740 17830
23311
9772 12459
12179
16107 13981 15363
2699 T686 8399
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6.4.2. 4G Preferred Web Page Time

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

Bethal Clinic Ethandakukhanya Kwaguga Community Standerton- Tshwane University of
Community Hall Hall Standerton Public Li.. Technology (eMalahl..

L 120
MTN |

HTTP kepler

HTTP mobilekepler

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

Ethandakukhanya Kwaguqga Community Standerton- Tshwane University of Total
Community Hall R E Standerton Public Li.. Technology (eMalahl..

Bethal Clinic

HTTPS kepler

HTTPS mobilekepler

gumtree

news24
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6.4.3. 4G Preferred YouTube Results

Table 41: 4G Preferred YouTube Results

Bethal Clinic

YouTube Success Ratio m

Ethandakukhanya
Community Hall

Kwagugqa Community  Standerton Public = Tshwane University
Hall Library of Technology (eMal..

33.33% 94.20%

Table 42: 4G Preferred YouTube MOS quality results

Bethal Clinic

YouTube Quality MOS _

Ethandakukhanya
Community Hall

Table 43: 4G Preferred YouTube Access time results

Bethal Clinic

YouTube Access Time [s] m

Ethandakukhanya

Community Hall

Kwaguga Community  Standerton Public Tshwane University of Total
Hall Library Technology (eMalahl..

Kwaguga Community  Standerton Public = Tshwane University
Hall Library of Technology (eMal..
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Table 44.: 4G Preferred YouTube video resolution results

e Ethandakukhanya Kwaguga Community Standerton Public = Tshwane University
D Community Hall Hall Library of Technology (eMal.. et

YouTube Average Resolution u_ 954,3 9151 9545 954.7 9155 9372

9548

6.4.4. 4G Preferred Ping/RTT Results

Table 45: 4G Preferred Ping/RTT results per are a

e Ethandakukhanya Kwaguga Community Standerton- Tshwane University
D Community Hall Hall Standerton Public Li.. of Technology (eMal.. Lot

Google ICMP Ping (32 bytes) (ms] (1L N LN NS I N E S A S

Terraco ICMP Ping (32 bytes) [ms] LLLL!
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6.4.5. 3G & 4G Preferred Mobile Drive Statistical Counts

Table 46. 3G & 4G Preferred Stationary count

File Transfer

HTTP
Browser

YouT Data
H m HTTPS Browser

HTTP Download

3G Preferred

4G Preferred

3G Preferred

4G Preferred

3G Preferred

4G Preferred

3G Preferred

4G Preferred

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)

54 70 55 70 41 48 53 69
55 70 55 70 41 48 54 T0
55 69 55 70 42 47 55 i)
55 69 55 70 41 48 54 69
55 70 54 70 42 v 54 i)
272 345 275 339 275 33 270 339
284 350 285 355 27 344 280 343
55 70 55 70 55 i) 55 70
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7. Appendix 21 RF Measurements per Area
7.1. 3G Signal Plots
7.1.1. eMalahleni

7.1.1.1. Data Technology

g Data Technology

Telkom

Figure 34. eMalahleni data technology
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7.1.1.2. EcNo

Figure 35. eMalahleni EcNo
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7.1.1.3. RSCP

Vodacom

-85 to-105

-65t0-75

-55to-105

-95to-105

Figure 36. eMalahleni RSCP
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7.1.2. Lydenburg

7.1.2.1. Data Technology

Figure 37. Lydenburg data technology
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7.1.2.2. EcNo

db]

Above-5

-13to-15

Figure 38. Lydenburg EcNo

68|Page



ATIO

specialist ICT services

7.1.2.3. RSCP

5510-105

Figure 39. Lydenburg RSCP

7.1.3. Piet Retief
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7.1.3.1. Data Technology

Vodacom

Data Technology
Driefo

CellC

Telkom
!

Figure 40. Piet Retief data technology

7.1.3.2. EcNo
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Eclo [db]

Eclo [db] Eclo [db]

Figure 41. Piet Retief EcNo

7.1.3.3. RSCP
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RSCP [dbm]

Telkom

85t0-75
75t0-85

-35to-105

Figure 42. Piet Retief data RSCP

7.1.4. Bethal

7.1.4.1. Data Technology
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s
Rriel A L=

Bre Bre
HSPA+ . 31.42% HSPA+ . 12.51%
HSPA 0.57% _ HSPA 5.03%
Evander HSPA DC . £2.94% Eyanter HSPA DC . £9.5%%
Ro9(CELL_FACH) [ ] 0.54% RS(CELL_FACH) |1 2.14%
Secunda EDGE . 335% I Secunda EDGE . 08 f
GPRS 0.01% GPRS 0.03%
HSDPA+ . 0.65% HSDPA+ . 2.68%
R99 0.02% 0.02%

t } Bri Bre
4 Data Technolo
ata fechnology Data Technology
o "
H5PA+ Il 525 HEPAS W =5
J— HSPA 175% ol | HSPA 0.76%
Evander 2 i HSPA DC I 3530 Evancder HSPA DC s
R99{CELL_FACH) . 1.09% R99{CELL_FACH) . 1.09%
Secunda EDGE | EEW Secunda EDGE Wosss o«
GPRS 0.25% GPRS 0.10%
HSDPA* [ EES HSDPA+ | EELS
R99 1.13% R99 0.86%

Figure 43. Bethal data technology

7.1.4.2. EcNo
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Figure 44. Bethal EcNo

7.1.4.3. RSCP
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' 85t0-105

-35to-105

Figure 45. Bethal RSCP

7.1.5. Standerton
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7.1.5.1. Data Technology

Data Technology

B 3157%

HSPADC | EEes

e

Figure 46. Standerton data technology

7.1.5.2. EcNo
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Eclo [db]

Figure 47. Standerton EcNo

7.1.5.3. RSCP
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LN
RSCP [dbm]

L%

85t0-75
75t0-85

-35to-105

Figure 48. Standert on RSCP
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7.2. 4G Signal Plots
7.2.1. eMalahleni

7.2.1.1. Data Technology

MTN
Kosmis

Data Technology

HsPA+ . 1.46%
HSPA 0.06%
GPRS 0.02%
LTE . 79.22%
LTECA 18.50%

Data Technology
HSPA+ . 2.20%

HSPa 0.12%
HSPA DC | EEES
ReB(CELL_FACH) [ 0.04%

EDGE . 0.01%
LTE . 76.12%

LTECA 15.55%
RSS9 0.02%

Data Technology

HSPA+ o
HSPA 0.10%
HSPA DC B oz
EDGE B oo
GPRS 0.00%
HSDPA+ B oo
LTE | EES
LTECA 115%
R99 0.02%

ita Technology

HSPA+ . 0.58%
HSFA 0.53%
HSPADC | 10655
RE9(CELL_FACH) [ 0.23%
EDGE | pE
GPRS 0.03%
HSDPA+ [ oo3
LTE [ 5334
LTECA 177%
RS9 0.353%

Figure 49. 4G eMalahleni data technology

79|Page




A &

ATIO

specialist ICT services

7.2.1.2. RSRP

Vodacom

Figure 50. eMalahleni RSRP
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SINR

7.2.1.3.

E
=]
=
=
=1
>

Telkom

Figure 51. eMalahleni SINR
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7.2.2. Lydenburg

7.2.2.1. Data Technology

Figure 52. 4G Lydenburg data technology
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7.2.2.2. RSRP

Vodacom

Telkom

Figure 53. Lydenburg RSRP
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7.2.2.3. SINR

Telkom

Figure 54. Lydenburg SINR
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7.2.3. Piet Retief

7.2.3.1. Data Technology

Vodacom

CellC

!

RI9{CELL_FACH) I
5.78%
0.35%

Figure 55. 4G Piet Retief data technology
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7.2.3.2. RSRP

Vodacom

i RSRP C

Figure 56. Piet Retief RSRP
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7.2.3.3. SINR

Voda

SINR

Figure 57. Piet Retief SINR
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7.2.4. Bethal

7.2.4.1. Data technology

Figure 58. 4G Bethal data technology
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