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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 Western Cape Province.

The measurements were carried out in the period 21 January 2019 to 04 February 2019, covering total
distance of 1601 kilometres and a total of 7 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 parametersandtheircalc ul at i on. The test <cases
approach in 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.
Section 5 the report provides the summarised findings of the results in all the tested area.

Section 6 the report provides detailed breakdown of each areab s per f calt timaresclts were

calculated based on the averages of the combined results.
This section also provides the following supporting information:

- Performance per area tested.

- RF measurement maps per area tested

In summarising the results, MTN was leading in most of the KPIs in all tested areas in Western Cape for
4G preferred scenario for both mobile drive and stationary points testing. Vodacom led in most KPIs on

3G preferred scenario for both mobile drive and stationary testing.
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communication services at affordable prices!. The Authority ensures the quality of service through its

Quality of Service (Qo0S) monitoring activities. In order to monitor the QoS, ICASA contracted ATIO

Corporation (Pty) Ltd to conduct drive testing in selected areas of Western Cape Province namely: George,

Worcester, Paarl, Malmesbury, and Saldanha.

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

Telkom and Vodacom.

N e Western €apeOnhiehraeetCellrCs MTN,i MN O s ¢

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 areas within the District Municipalities; Eden, Cape Winelands,

and West Coast. 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 driven

in the Western Cape Province.

\ { %, Northern Cape
‘\\ < L
\ §
\
b

Central Karoo

Eden

Kilometers
50

Legend

& Main_Place
WC_Routes

Population Distribution
200 - 2386 Inh.
2387 - 3739 Inh.
3740 - 5315 Inh.

[ 5316 - 15601 Inh.

I 15602 - 18672 Inh.

District_Munic

L__liProvinces

Figure 1. Western Cape 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 accurately

the traffic variations over the hours of a day

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 Scenario- 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
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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 data 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 Pref 3G Pref
PDP always on
ICMP PAYLOAD PING 800 BYTES

Test Number Test Type & Timeout

1 FILE TRANSFER DOWNLOAD
135s (4G Pref) and 93s (3G Pref) wait 10s wait 10s

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

5
ICMP PING 32 BYTES
wait 10s wait 10s
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ICASA BENCHMARKING DATA TESTING METHODOLOGY
Technology
4G Pref 3G Pref
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

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

ICMP PING 32 BYTES

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
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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 devices use the Qualcomm Snapdragon 835 chipset and supports the following
technologies; GSM, WCDMA, LTE & LTE-A.

3.2.3. Device Specification

Table 2: Device Specification

Technolog Info
LTE-A Pro Cat 16 (1000/150 Mbit/s), HSDPA+ (4G) 42.2 Mbit/s, HSUPA 5.76 Mbit/'s, UMTS

850, 900, 1800, 1500 MHz

UMTS: 800, 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, 39, 40, 41

Processor: Octa-core, 2450 MHz, Kryo 280 and ARM Cortex-AS53, 64-bit

System chip: Qualcomm Snapdragon 835 MSMB8993

Qualipoc version: 18.0.0.63
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3.3. Route selection

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: Area and Static Poin t tested

Areas Tested

District Test Type Area And Static Point Tested

Static Point George Airport 2019/01/21
Static Point Zellies Taxi Rank 2019/01/21
Static Point Conville Community Library 2019/01/22
Mobile Drive George 2019/01/25
Static Point Worcester Public Library 2019/02/04
Mobile Drive Worcester 2019/01/27
. Static Point Mbekweni Youth Centre 2019/01/29
Cape Winelands - -
Mobile Drive Paarl 2019/01/29
Mobile Drive Paarl 2019/01/30
Mobile Drive Paarl 2019/02/04
Static Point Malmesbury Public Clinic 2019/01/31
Mobile Drive Malmesbury 2019/01/30
West Coast Mobile Drive Malmesbury 2019/01/31
Static Point Saldanha Taxi Rank 2019/02/01
Mobile Drive Saldanha 2019/02/02

Table 4: Area Tested, Kilometers and Hours Driven per area

Area Tested, Kilometers and Hours Driven

George
Malmesbury
Paarl
Saldanha
Worcester

0,00 10,00 20,00 30,00 40,00
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 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 Key Measurements

32-byte Round trip time or latency, in

[O\I=R=hsB milliseconds

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.

Testing was conducted to two servers:

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

Download and upload
HTTP

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

throughput
anp 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 t
2. Capacity Download and downl oad throughput, using the HTTP 6get6 command.
CEIFEELY Capacity Upload 2. Reference files are uploaded simultaneous]I| ycafacitpupload he
throughput speeds are throughput, using the HTTP O6putd command.
measured
. . A reference file is downloaded from the test server to
File transfer throughput, in
6get 6 command and FTP protocol
kbps
A reference file is uploaded from the usersd dgvibe FIP
FTP

Download and upload
throughput speeds are

measured

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 allows

Web browsing session time repeatable test and measurement. The test server is configured in an HTML web page format, to test throughput as
(page loading) i measured for wel | as the time takes for the page to display on th
both HTTP and HTTPS as a standard desktop version and both pages were tested.

ey 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;
0 MSN.comi HTTPS Protocol
0o 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

1. Video Average Resolution | voyTube is the most popular video-sharing service on the mobile internet platform and is therefore commonly used as the
ETSI YouTube Video Play | reference test by MNOs for video experience. Testing involves repeated downloading and playback of a known video clip.

Start The clip selected was 60 seconds long.  (https://www.youtube.com/watch?v=mRUMsvWIJOQ).
3. Integrity - Video Stream

. . The YouTube test was aimed at measuring the following elements that make up the customer experience:
Visual Quality (Average

YouTube

over the stream) How long does a subscriber wait before a video starts playing on their device?

4. Overall Access Success At what resolution was the Video clip delivered to the user.
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.

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 mobil e opesandt or
stationary points in the following test areas: George, Worcester, Paarl, Malmesbury and Saldanha. It must be noted
that 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.

Table 6: 3G Preferred Mobile Drive Test Summary

HTTP DL Throughput - Avg [kbps] 7317 6930 6762
HTTP UL Throughput- Avg [kbps] 2189 2338
HTTP DL Capacity Throughput- Avg [kbps] 8927
HTTP UL Capacity Throughput- Avg [kbps]
FTP DL Throughput- Avg [kbps]
FTP UL Throughput- Avg [kbps]

Overall HTTPS Browsing Time [s]
gumtree

HTTPS kepler

HTTPS mobilekepler

File Transfer

msn

HTTPS Browser

news24

Overall HTTP Browsing [s] 3,69 224
HTTP kepler 565 3,33
HTTP mobilekepler 1,78 114

HTTP
Browser

Overall Average Ping Latency 97 96
Google ICMP Ping (32 bytes) [ms] 113 115
Terraco ICMP Ping (32 bytes) [ms] _ 82 77

YouTube Success Ratio 94.24% 80,47% | 92.01% |
YouTube Access Time [s] 367 4,00 | 348 |
YouTube Quality MOS 2,71 2,61 | 2,68 |

48]
[ 4y}
W
[45]
M

YouTube Average Resolution 358,09 358,80

Data
m m

YouTube Number of Freezings 207

In Table 6, the values in the green blocks indicate which operator was leading in that KPI. Vodacom led in 14 of the

KPIs, followed by Telkom in 5 KPIs, Cell C and MTN led in 2 KPIs each.
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Below find the charts providing a graphical view of the results obtained/highlighted in Table 6.

4.1.1.1.

Throughput [kbps]

3G Preferred File Transfer Results

HTTP Capacity Download FTP Download

HTTP Download

MTN

il

M Vodacom

M CelC

H L

M Telkom

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

Figure 2 shows that MTN achieved the highest results for HTTP Download maximum throughput. Telkom achieved

the highest results for HTTP Capacity download and Vodacom achieved the highest results for FTP Download
maximum throughput. MTN led in HTTP Download, Telkom led in HTTP Capacity Download and Cell C FTP

Download average throughput.

4

o
O
0
x
=
-
3
o
=
3
]
£

[}
=

o
&

HTTP Upload

MTMN

M vodacom

M cCelC

HTTP Capacity Upload FTP Upload

N
|

Telkom

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

Figure 3 shows 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

uTube Success Ratio

Seconds [s]

YouTube Average Resolution

Avg. Video Quality

Avg. Video Resolution

MTN M Vodacom M cellic M Telkom

Figure 4. 3G Preferred YouTube

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

quality (MOS) results whilst Telkom achieved the best average resolution.

4.1.1.3. 3G Preferred Web Browsing Results

HTTP Browser HTTPS Browser [s]

Seconds [s]

—
0
M
5]
o
=
(=}
(4]
@
w

MTN Bl Vodacom [ CellC M Telkom

Figure 5. 3G Preferred Web Browsing Results

Figure 5 depicts web browsing time for HTTP and HTTPS protocols. Vodacom achieved the fastest browsing time

for HTTP Protocol whilst Telkom achieved the fastest browsing time for HTTPS protocol.
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HTTP Browser

HTTP kepler

HTTP mobilekepler

Seconds [s]

MTN Bl Vodacom [ CellC M Telkom

Figure 6. 3G Preferred HTTP Web browsing per URL

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

HTTPS Broser []

HTTPS kepler

HTTPS mobilekepler

gumiree

news24

Seconds [s]

MTN B Vodacom [ CellC M Telkom

Figure 7. 3G Preferred HTTPS Web Browsing per URL

Figure 7 shows that Telkom had the fastest browsing time for HTTPS Kepler and HTTPS mobile Kepler websites.
Vodacom had the fastest browsing time for Gumtree website. MTN had the fastest browsing time for MSN whilst

Cell C achieved fastest browsing time for News24 website.
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4.1.1.4. 3G Preferred Ping Results

Data Latency

MTN Bl Vodacom [ CellC M Telkom

Figure 8. 3G Preferred Average Ping

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

MTN in ascending order.

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

MTN Bl Vodacom [ CellC M Telkom

Figure 9. 3G Preferred Average Ping per Server

Figure 9 shows that Vodacom had the lowest latency for ping tests on both Google and TERACO servers.
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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

HTTP DL Throughput - Avg [kbps] 10078 15116

E HTTP UL Throughput- Avg [kbps] 10538 7480
E HTTP DL Capacity Throughput- Avg [kbps] [RELELY 17322 _
'; HTTP UL Capacity Throughput- Avg [kbps] 13389 12684 8675
i FTP DL Throughput- Avg [kbps] 19465 18167 21112
FTP UL Throughput- Avg [kbps] 11884 7618

Overall HTTPS Browsing Time [s]
gumtree

HTTPS kepler

HTTPS mobilekepler

msn

HTTPS Browser

news24

Overall HTTP Browsing [s]
HTTP kepler
HTTP mobilekepler

HTTP

Browser

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

-
i
|
YouTube Success Ratio 83 .07% | 93 29% |
o [ YouTube Access Time [s] 4,03 | 2,81 |
Ke]
=]
= [l YouTube Quality MOS 3,06 | 325 |
(=]
)—
YouTube Average Resolution 88119 ‘ 784 52 | 760 66 |
YouTube Number of Freezings 60 ‘ 610 | 171 |

In Table 7, the values in the green blocks indicate which operator is leading in that KPI. MTN led in 9 of the KPIs
followed by Vodacom which led in 8 of the KPIs, Telkom led in 4 KPIs then Cell C in 3 of the KPlIs.
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Below find the charts providing 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

126839

Throughput [kbps]

B
g

MTN M Vodacom M cCelC M Telkom

Figure 10. 4G Preferred File Transfer Download

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

HTTP Upload HTTP Capacity Upload FTP Upload

MTN M vodacom W CelC 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

Seconds [s]

Avg. Video Quality

Avg. Video Resolution

MTN M Vodacom M cellic M Telkom

Figure 12. 4G Preferred YouTube

Figure 12 shows that Vodacom achieved the best YouTube success ratio and best YouTube access time. MTN

achieved the best Average resolution and overall best video quality (MOS) results.
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4.1.2.3. 4G Preferred Web Browsing Results

HTTP Browser HTTPS Browser [s]

Seconds [s]
Seconds [s]

MTN Bl Vodacom [ CellC M Telkom

Figure 13. 4G Preferred Web Browsing

Figure 13 depicts that Vodacom achieved the best Web Browsing time for HTTP browser. Cell C achieved the best
Web Browsing time HTTPS browser?.

HTTP Browser

HTTP kepler

HTTP mobilekepler

3
Seconds [s]

MTN Bl Vodacom [ CellC M Telkom

Figure 14. 4G Preferred HTTP Web Browsing per URL

Figure 14 shows that Telkom achieved fastest browsing time for HTTP Kepler whilst Vodacom achieved fastest

browsing time for HTTP Mobile Kepler.

2 Cell CHTTPS Browser resultsarebased on a significantly | ower number of samples compared to ot
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HTI'P Brower Is]

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

Seconds [s]

MTN Bl Vodacom [ CellC M Telkom

Figure 15. 4G Preferred HTTPS Web Browsing per URL

Figure 15 shows that Cell C achieved fastest browsing time for the HTTPS Kepler®. Vodacom achieved fastest
browsing time for HTTPS Mobile Kepler. MTN achieved fastest browsing time for Gumtree. Telkom achieved the

fastest browsing time for both MSN and news24 websites.

3CellCresultsarebased on a significantly | ower number of samples compared to other
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4.1.2.4.

4G Preferred Ping Results

Data Latency

MTN

B Vodacom M CellC

M Telkom

Figure 16. 4G Preferred Average Ping

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

Google ICMP Ping (32 bytes) [ms]

Terraco ICMP Ping (32 bytes) [ms]

MTN Bl Vodacom [ CellC

M Telkom

Figure 17. 4G Preferred Average Ping Result  per Server

Figure 17 shows that MTN and Vodacom had the lowest latency for ping tests to Google server whilst Cell C
achieved the lowest results for TERACO server.
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4.2.

Stationary Results

4.2.1. 3G Preferred Stationary Summary Results

Table 8 shows summary results obtained per KPI for 3G Preferred testing.

Table 8: 3G Preferred Stationary Test Summary

File Transfer

e
O
5
]
]
]
7]
i =

HTTP

Browser

Data
m M

In Table 8, the values in the green blocks indicate which operator is leading in that KPI. Vodacom led in 18 of the
KPIs, followed by Cell C that led in 3 KPIs*, MTN led in 2 KPIs and then Telkom led in 1 of the KPI.

HTTP DL Throughput - Avg [kbps]
HTTP UL Throughput- Avg [kbps]

HTTP DL Capacity Throughput- Avg [kbps] 13466

11965

2475

HTTP UL Capacity Throughput- Avg [kbps] 2408

FTP DL Throughput- Avg [kbps]
FTP UL Throughput- Avg [kbps]

Overall HTTPS Browsing Time [s]
gumtree

HTTPS kepler

HTTPS mobilekepler

msn

news24

Overall HTTP Browsing [s]

HTTP kepler
HTTP mobilekepler

Overall Average Ping Latency

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

YouTube Success Ratio
YouTube Access Time [s]
YouTube Quality MOS

YouTube Average Resolution

|

YouTube Number of Freezings

4 Cell CHTTPS Browsing re sultsarebased on a

significantly

2219

10,25

136

10,37 10,79

6107 7435
2774 2286
10521 11535
3221 2333
8207 6926
3109 2069

8,55

373

1,43

512

10,58
2,29 1,90
3,38 2,75
1,20 1,04
125 85
125 102
125 68

398,49

359,90

|l ower

number

25 |

of

sampl es

compared
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Below find the charts providing a graphical view of the results obtained/highlighted in Table 8.

4.2.1.1. 3G Preferred Stationary File Transfer Results

HTTP Download HTTP Capacity Download FTP Download

2
£
% =
= =
= 8
'_

B! -

- .

—
MTN M vodacom Mcelc M Telkom

Figure 18. 3G Preferred Stationary File Transfer Download Throughput

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

HTTP Upload HTTP Capacity Upload FTP Upload

m
=

b
o
5

o
O
0
x
=
-
3
o
=
o
3
]
£

Telkom

9
[ |

MTN M vodacom M CelC

Figure 19. 3G Preferred Stationary File Transfer Upload Throughput

Figure 19 shows 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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4.2.1.2. 3G Preferred Stationary YouTube Results

YouTube Success Ratio

Seconds [s]

Avg. Video Quality

Avg. Video Resolution

MTN M Vodacom M cellic M Telkom

Figure 20. 3G Preferred Stationary YouTube Visual Quality

Figure 20 shows that Vodacom and Telkom achieved the best YouTube Success ratio achieving 100%. Vodacom
led with best YouTube Access time. Cell C achieved the best average resolution and overall best video quality

(MOS).

4.2.1.3. 3G Preferred Stationary Web Browsing Results

HTTP Browser HTTPS Browser [s]

L
[=]
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(4]
@
w

=
[4)]
|

=
o

MTN Bl Vodacom [ CellC M Telkom

Figure 21. 3G Preferred Stationary Web Browsing
Figure 21 depicts that Vodacom achieved fastest browsing time for both HTTP Browser and HTTPS browser

protocols.
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HTTP Browser

HTTP kepler

HTTP mobilekepler e

p
Seconds [s]

MTN Bl Vodacom [ CellC M Telkom

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

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

HTTPS kepler

HTTPS mobilekepler

gumiree

news24

Seconds [s]

MTN B Vodacom [ CellC M Telkom

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

Figure 23 shows that Vodacom achieved fastest browsing time for HTTPS Kepler and news24. MTN achieved
fastest browsing time for HTTPS mobile Kepler, MSN and News24 Websites. Cell C had the fastest browsing time
for Gumtree website®.

SCell CHTTPS Browsing resul ts are based on a significantly | ower number of samples compe
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Data Latency

MTN Bl Vodacom [ CellC M Telkom

Figure 24. 3G Preferred Stationary 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] Terraco ICMP Ping (32 bytes) [ms]

MTN Bl Vodacom [ CellC M Telkom

Figure 25. 3G Preferred Stationary Average Ping per Server

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

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

Table 9: 4G Preferred Stationary Test Results

HTTP DL Throughput - Avg [kbps] 10116 16027
HTTP UL Throughput- Avg [kbps] 12348 6168
HTTP DL Capacity Throughput- Avg [kbps] 36877 22452 40813
HTTP UL Capacity Throughput- Avg [kbps] 15191 6450

FTP DL Throughput- Avg [kbps] 22847 18721 22867
FTP UL Throughput- Avg [kbps] 13932 6299

File Transfer

Overall HTTPS Browsing Time [s] . 555
gumtree 10,64

HTTPS mobilekepler 1,06
msn 463

news24 9,02

HTTPS Browser

Overall HTTP Browsing [s]
HTTP kepler
HTTP mobilekepler

HTTP
Browser

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

-2
o 0
0§
|
YouTube Success Ratio 95 09% | 99 64% ‘
~ YouTube Access Time [s] 1,68 234 255
s
£ [ YouTube Quality MOS 352 | 344 | 339 ‘
o
> N YouTube Average Resolution 903,38 | 878.06 | 832 50 ‘
YouTube Number of Freezings 5 | 27 | 27 ‘

In Table 9, the values highlighted in green blocks indicate which operator is leading in that KPl. MTN led in 14 of
the KPlIs, followed by Vodacom in 8 of the KPIs, Telkom led in 2 KPIs and then Cell C only led in 1 KPI®,

6 Cell C failed all of their HTTPS browsing tests.
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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

Throughput [kbps]

P
==

§

MTN M vodacom Mcelc M Telkom

Figure 26. 4G Preferred Stationary 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 average throughput whilst Vodacom led in HTTP Capacity Download and FTP Download average

HTTP Capacity Upload FTP Upload

throughput.

HTTP Upload
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—
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=
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=
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=

MTN M vodacom M celcC M Telkom
Figure 27. 4G Preferred Stationary File Transfer Upload Throughput

Figure 27 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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4.2.2.2. 4G Preferred Stationary YouTube Results

YouTube Success Ratio YouTube Access Time [s]

Seconds [s]

Avg. Video Quality

Avg. Video Resolution

MTN M Vodacom M cellic M Telkom

Figure 28. 4G Preferred Stationary YouTube

Figure 28 shows that MTN and Vodacom achieved the best YouTube success ratio, the best YouTube access time,

best average resolution and overall best video quality (MOS).

4.2.2.3. 4G Preferred Stationary Web Browsing Results

HTTP Browser HTTPS Browser [s]
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MTN Bl Vodacom [ CellC M Telkom

Figure 29. 4G Preferred Stationary Web Browsing

Figure 29 depicts that Vodacom achieved the best Web Browsing time for HTTP and HTTPS protocols.
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Figure 30. 4G Preferred Stationary HTTP Web Browsing per URL
Figure 30 shows that Vodacom achieved fastest browsing time for both HTTP Kepler and for HTTP mobile Kepler.

HTTPS Browser [s]
g

HTTPS kepler

HTTPS mobilekepler

gumiree

news24

Seconds [s]

MTN Hl Vodacom M Telkom

Figure 31. 4G Preferred Stationary HTTPS Web Browsing per URL

Figure 31 shows that Vodacom achieved the fastest browsing time for HTTPS Kepler and News24 website. MTN
achieved the fastest browsing time for HTTPS mobile Kepler, Gumtree and MSN websites. Cell C failed in all of
their HTTPS Browsing tests.
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4.2.2.4. 4G Preferred Stationary Ping Results

Data Latency

MTN Bl Vodacom [ CellC M Telkom

Figure 32. 4G Preferred Stationary Average Ping

Figure 32 shows that MTN and Vodacom achieved the best latency results followed by Cell C and Telkom in
ascending order.

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

MTN Bl Vodacom [ CellC M Telkom

Figure 33. 4G Preferred Stationary Average Ping per Server

Figure 33 shows that MTN had the lowest latency for ping tests to Google server whilst Cell C achieved lowest
results to TERACO server.
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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

It can be seen in Table 11 what the technology distribution per operator is. 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

99,34% 99,03% LTE 85,99% 90,32% | 88,06%
ﬂ 176% | 0,66% | 052% | 0,97% UMTS 13,90% | 449% | 9.53% | 11,40%

GSM 0,12% 0,58% 0,15% 0,54%

98,24%
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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. MTN had the best signal level for both LTE and 3G Coverage.
Telkom had the best signal quality on LTE Network and 3G Network.

Table 12: Signal Level & Quality Reference Information

LTE Coverage

RSRP [dbm]

MTN Vodacom CellC Telkom Vodacom CellC Telkom

-46,10 -48,50 -46,00 -44,00 30,00 30,00 30,00 30,00

-131,80 | -136,40 | -139,80 | -140,00

-20,00 -20,00 -20,00 -20,00

3G Coverage

RSCP [dbm]

MTN Vodacom CellC Telkom MTN Vodacom CellC Telkom

-14,5 -14,5 -14,6 -15.4 1,70 1,40 1,60 1,60

-126,6 -126,8 -127,0 -127,2

-21,60 -20,80 -24,30 -22,90
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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 perforwelhnce

as different KPIs tested.

As we benchmark the mobile network operators, MTN was leading in most of the KPIs in all tested areas in Western
Cape Province for 4G preferred scenario for both mobile drive and stationary points testing. Vodacom led in most

KPIs on 3G preferred scenario for both mobile drive and stationary testing.

Cell C had poor performance on throughput in Saldanha affecting overall results negatively. It was observed that

majority of Cell C6 BITTPS Browser tests failed on both test scenarios for 3G preferred and 4G preferred tests.

Vodacom had poor throughput results in George. Cell C performed poorly with regard to throughput in Saldanha
and Paarl and this affected overall results negatively on 4G preferred mobile drive. Vodacom had high number of
retainability failures on the HTTP Download KPI resulting in less count of successful attempts compared to other

operators mostly in Paarl and George mobile drive and respective stationary points tested in 4G preferred scenario.

MTN performed poorly in Zellies Taxi Rank and Worcester Public Library on 3G preferred stationary points test
whilst Vodacom had poor performance in Malmesbury Public Library and Worcester Public Library stationary points

affecting overall results poorly on 4G preferred stationary points test.

MTN had most of their samples in Paarl and Worcester on HSPA+ out of the five areas tested and this can be
observed on the data technology maps. These are the areas where MTN had lowest performance on 3G Preferred

mobile drive.
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6. Appendix 1 7 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

George

HTTP DL Throughput - Avg [kbps]

6296

Malmesbury

7740

7433

7668

6592

7661

Paarl

6603
6960

5526

Saldanha

Worcester

6896 7
4212 6649 6930
7619 6289 6762

2546

HTTP UL Throughput- Avg [kbps]

2321

2313

2244

2348

1758

2195

2004

2198

2385

2333

2189

2441

2467

2008

2532

2164

2338

HTTP DL Capacity Throughput- 8963 10423 6623 10043 8127 8927
Avg [kbps] 9252 10055 9847 9498
7943 7183 8448 8775 8808
Telkom | 10875 8290 7774
HTTP UL Capaciy Throughput
Avg [kbps]
2676 2046 2104 2367 2348 2330
2533 2473 2015 2710 2143 2395
FTP DL Throughput- Avg [kbps] 6805 6850 5563 6762 5750 6400
4224 6696 5259 4926 5845
6266
6126 6924 5931 6923 5719 5332
FTP UL Throughput- Avg [kbps] 2576 1955 2230 2067 2230 2225
2532 2137 2304 2647 2308 2396
2292 2327 1951 2499 2011 2230
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6.1.2. 3G Preferred Web Page Time

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

George Malmesbury Paarl Saldanha Worcester Total

S N S N =

HTTP kepler

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

George Malmesbury Paarl Saldanha Worcester

3,07 224 3,16
HTTPS kepler

HTTPS mobilekepler

gumtree

news24

48| Page



ATIO

specialist ICT services

6.1.3. 3G Preferred YouTube Results

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

George Malmesbury Paarl Saldanha Worcester Total

YouTube Success Ratio _ 99 08% 97 40% 99,32%

99,09%

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

George Malmesbury Saldanha Worcester Total
YouTube Quatiy MOS [N PR

278

2,78

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

George Malmesbury Saldanha Worcester

YouTube access Time ] [ N
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Table 19: 3G Preferred YouTube Video resolution results

George

YouTube Average Resolution m 35768

Malmesbury Saldanha Worcester Total

359,68

360,00 359,22 359,55 382,73 380,26

6.1.4. 3G Preferred Ping/RTT Results

Table 20: 3G Preferred Ping/RTT per area

George

Google ICMP Ping (32 bytes) [ms] [LLLEG_ G

Malmesbury Paarl Saldanha Worcester Total

I T T

Terraco ICMP Ping (32 bytes) [ms] [LILNEGE
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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

George Malmesbury Paarl Saldanha Worcester Total
HTTP DL Throughput - Avg [kbps] [ILTINENEG
11819 15774 15375 23024 23937 16944
11320 11232 B354 9368 9716 10078
11150 17971 16098 16377 15120 15116
HTTP UL Throughput- Avg [kbps] [ILTINEG
12457 11648 13226 13779 13254 12820
11947 10784 7004 13427 9632 10538
6548 10532 6623 6879 7315 7480
HTTP DL Capacity Throughput- 26073 24048 [ 3909 ] 26587 [ 25987 ] 28560
Avg [kbps] 24181 23347 28419 27224 25269 25685
21437 17945 16137 18010 8143 17322
27880 24775
HTTP UL Capacity Throughput- 13032
Avg [kbps] 11538 14084 14545 11366 13389
11604 9994 16244 10109 12684
7030 7513 8556 B675
FTP DL Throughput- Avg [kbps] 17082 15003 20015 19465
19714 22819
16067 16523 16180 14242 16167
20149 24014 20169 21112
FTP UL Throughput- Avg [kbps]
11503 13944 14835 12872 13545
12118 10114 12717 11570 11884
10912 6465 7178 6942 7618
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6.2.2. 4G Preferred Web Page Time

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

George Malmesbury

HTTP kepler

HTTP mobilekepler

Paarl

Saldanha

Worcester
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Table 23: 4G Preferred HTTPS Webpage dow nload times per area

George Malmesbury Paarl Saldanha Worcester

3,07 224 3,16
HTTPS kepler

HTTPS mobilekepler

gumtree

news24
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6.2.3. 4G Preferred YouTube Results

Table 24.: 4G Preferred YouTube results per area

George Malmesbury Paarl Saldanha Worcester Total

YouTube Success Ratio _ 98 88% 99,07% 99 55%
96,23%

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

George Malmesbury Saldanha Worcester Total

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

George Malmesbury Saldanha Worcester

YouTube Access Time s [[1 I IR I N
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Table 27: 4G Preferred YouTube video resolution results

George Malmesbury Paarl Saldanha Worcester

YouTube Average Resolution m 931 1 848.9 930,7

6.2.4. 4G Preferred Ping Results

Table 28: 4G Preferred Ping/RTT per area

George Malmesbury Saldanha Worcester Total

Google ICMP Ping (32 bytes) [ms] (LN 74 | 68

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

Table 29: 3G & 4G Preferred Mobile Counts

File Transfer

HTTP
Browser

HTTPS Browser

YouT
ube

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
HTTP kepler 434 442 433 438 409 415 418 428
HTTP mobilekepler 432 439 404 408 47 415 411 424
gumtree 423 429 426 434 5 0 407 414
HTTPS kepler 431 444 436 438 0 1 418 427
HTTPS mobilekepler 435 439 433 437 3 0 412 421
msn 429 437 433 437 4 412 422
news24 426 443 433 442 8 412 425
Google ICMP Ping (32 bytes) 2139 2178 2155 2174 2122 2107 2062 2100
Terrace ICMP Ping (32 bytes) 2180 2234 2231 2245 2180 2174 2181 2185
. 1372 1321 1382 1323 1352 1276 1377 1312
7
7 Vodacom had many retainability failures for HTTP Download KPI affecting their overall successful count mostly in George and P aarl. Cell C failed most their HTTPS Browser attempts resulting very low count of

successful attempts in respective web pages.
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6.3. 3G Preferred Stationary Test Results

6.3.1. 3G Preferred Stationary Throughput

Table 30: 3G Preferred Stationary Throughput per area

oo tonle | CeopCedtie  CooUeTesTal ety g, "M Youh Saibatoions Woresrionest o
HTTP DL Throughput - Ava (kops] LT I 1 A £ I I A N
B934 6869 B576 B517 7182 2664 2803 6107
8480 7078 6568 8592 9345 8549 3724 7435
HTTP UL Throughput- Avg [kbps] 3230 3621 1376 2003 3018 2246 1316 2475
3107 3405 2129 2140 2724 2661 2774
2665 2023 2708 2404 2847 2078 1354 2286
HTTP DL Capacity Throughput. 18998 25595 6833 9271 12932 13694 3806 13466
Avg [ops 11969
4475 6025 5951 10521
Telkom | 13950 11824 3793 11535
HTTP UL Capacity Throughput- 2489 1732 1336 2408
Avg [kbps]
4029 4053 1813 3202 2132 3346 3221
Telkom | 2424 2037 3026 2580 2532 2170 1533 2333
FTP DL Throughput- Avg [kbps] 8449 9650 5507 6734 7394 3588 7334
8430 8584 5361 7066 B840 11255 8207
Telkom | 7457 6704 6498 8697 B537 6698 4062 6926
FTP UL Throughput- Avg [kbps] 3406 2950 1486 1884 2140 1788 1328 2219
2913 1887 3082 3750 3109
2322 1869 2633 221 2145 1946 1401 2069
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6.3.2. 3G Preferred Stationary Web Page Time
Table 31: 3G Preferred Stationary HTTP web page time results

_ _ _ . _ Malmesbury- _
] ¥ [: - i a1 - : -
George-Conville George-George George-Zellies Taxi Malmesbury Public Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester Total

Community Library Airport Rank Library Youth Centre Taxi Rank Public Library

o = O O NS

HTTP kepler

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

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

George-George George-Zellies Taxi

Malmesbury-

Paarl-Mbekweni

Saldanha-Saldanha

Worcester-Worcester

Community Library Airport Rank Malmel_si:l'.lar]:yF'ublic Youth Centre Public Library =
1,85

1.4 0,91 1,06
1,00 0,94 1,03 1,03
1,06
9,90 13,68 10,39
10,64
4,48
4,63
9,05
9,02
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6.3.3. 3G Preferred Stationary YouTube Results

Table 33: 3G Preferred Stationary YouTube Success ratio results

George-Conville George-George George-Zellies Taxi
Community Library Airport Rank

YouTube Success Ratio _

Malmesbury-
Malmesbury Public

Library

Paarl-Mbekweni Saldanha-5Saldanha Worcester-Worcester
Youth Centre Taxi Rank Public Library

Table 34.: 3G Preferred Stationary YouTube MOS quality results

George-Conville George-George George-Zellies Taxi
Community Library Airport Rank

YouTube Quality MOS MTN 2,78 2,78

2,79 2,78

Malmesbury-
Malmesbury Public

Library

Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester
Youth Centre Taxi Rank Public Library

2,79

2,78

Table 35: 3G Preferred Stationary YouTube access time results

George-Conville George-George George-Zellies Taxi

Community Library Airport Rank

YouTube Access Time ] (11T R NE N I = T

Malmesbury-
Malmesbury Public

Library

3.00

Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester
Youth Centre Taxi Rank Public Library

233

Total
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Table 36.: 3G Preferred Stationary YouTube Video resolution results

George-Conville George-George George-Zellies Taxi Malnrln:':ls“bel.lsbulgl-blic-
Community Library Airport Rank Libra?lry . Youth Centre Taxi Rank

YouTube Average Resolution m
cac

Paarl-Mbekweni Saldanha-Saldanha Worcester-Worcester
= - Total
Public Library

6.3.4. 3G Preferred Stationary Ping/RTT Results

Table 37: 3G Preferred Stationary Ping/RTT results

George-Conville George-George George-Zellies Taxi Ma:::rsrl.:eumuF'wu-hlb Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester
vy = Youth Centre Taxi Rank Public Library

Community Library Airport Rank Library

Google ICMP Ping (32 bytes) ] 1 N NN N I 2 S S [ R

54

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

6.4.1. 4G Preferred Stationary Throughput

Table 38: 4G Preferred Stationary Throughput per area

George-Conville George-George
Community Library Airport

HTTP DL Throughput - Avg [kbps] [ILTINENEG 26209

George-Zellies Taxi Ma:-lnaelz-lbe:buﬁ-blic Paarl-Mbekweni Youth Saldanha-Saldanha Worcester-Worcester
Rank Lihr;yry . Centre Taxi Rank Public Library

23726

HTTP UL Throughput- Avg [kbps] [ILTINEG

HTTP DL Capacity Throughput-
Avg [kbps]

Total

HTTP UL Capacity Throughput-
Avg [kbps]

FTP DL Throughput- Avg [kbps]

FTP UL Throughput- Avg [kbps]

25366

10116

16027
10951

12348
1527 6168
31530 36877
11981

22452
11215

15191
1811 6450
21047 22847
11793

18721
11751

13932
1644 6299
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6.4.2. 4G Preferred Stationary Web Page Time
Table 39: 4G Preferred Stationary HTTP Web page Download time results

George-Conville George-George George-Zellies Taxi Malnl:‘n:':a!:-lbe:bull’—fl_blir Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester
Community Library Airport Rank Libr:lry : Youth Centre Taxi Rank Public Library

O I

HTTP kepler

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

HTTPS kepler

HTTPS mobilekepler

gumtree

news24

George-George George-Zellies Taxi

Malmesbury-

Paarl-Mbekweni

Saldanha-Saldanha

Worcester-Worcester

Community Library Airport Rank Malmel_si:l'.lar]:yF'ublic Youth Centre Public Library =
1,85

1.4 0,91 1,06
1,00 0,94 1,03 1,03
1,06
9,90 13,68 10,39
10,64
4,48
4,63
9,05
9,02
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6.4.3. 4G Preferred Stationary YouTube Results
Table 41.: 4G Preferred Stationary YouTube Results

Malmesbury-
Malmesbury Public
Library

Paarl-Mbekweni Saldanha-5Saldanha Worcester-Worcester

George-Conville George-George George-Zellies Taxi
Youth Centre Taxi Rank Public Library

Community Library Airport Rank

YouTube Success Ratio _

94,12% 82,35% 96,15%

Table 42: 4G Preferred Stationary YouTube MOS quality results

Malmesbury-
Malmesbury Public
Library

Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester

George-Conville George-George George-Zellies Taxi
Youth Centre Taxi Rank Public Library

Community Library Airport Rank

Table 43: 4G Preferred Stationary YouTube Access time results

Malmesbury-
Malmesbury Public
Library

Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester

George-Conville George-George George-Zellies Taxi
Youth Centre Taxi Rank Public Library

Community Library Airport Rank

Total

YouTube Access Time s [N

1,56
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Table 44. 4G Preferred Stationary YouTube video resolution results

George-Conville George-George George-Zellies Taxi LA AT T = Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester
Malmesbury Public " o
Taxi Rank Public Library

Community Library Airport Rank Library Youth Centre

YouTube Average Resolution m 917.8 8617 928.8

6.4.4. 4G Preferred Stationary Ping/RTT Results
Table 45: 4G Preferred Stationary Ping/RTT results per area

George-Conville George-George George-Zellies Taxi M L=l - Paarl-Mbekweni Saldanha-5aldanha Worcester-Worcester
almesbury Public

Community Library Rank Library Youth Centre Taxi Rank Public Library

Google ICMP Ping (32 bytes) ms] [N

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

Table 46.: 3G & 4G Preferred Stationary count

1oy
£
7]
=
o
s
2
=

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)

8 Vodacom had many retainability failures for HTTP Download KPI affecting their overall succe

except for 2 tests to Gumtree page.

MTN

Vodacom

CellC

Telkom

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

105 103 105 102 104 99 98 103
103 102 99 99 103 98 97 102
101 99 101 102 2 97 102
104 102 104 102 97 103
103 101 103 101 97 102
103 102 102 102 97 102
103 102 103 102 a7 102
510 504 515 505 513 489 485 503
529 535 533 530 533 510 500 529
253 280 254 279 253 265 247 274

ssful count mostly in George,

Paarl and Saldanha stationary point

. Cell C failed all their HTTPS Browser attempts
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7. Appendix 2 T RF Measurements per Area

7.1. 3G Signal Plots
7.1.1. George

7.1.1.1. Data Technology

E

o
" %
i

By \L Rennaoord

R9S(CELL_FAC.. . 5,29% I
o Boo |
. 0,59%

HSUPA

Figure 34. George Data Technology

Vodacom

i

Pelethu

HSPA DC . 85,52%

R99(CELL_FAC.. . 6,24%

..m o
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7.1.1.2.  EcNo

Vodacom

Eclo [db]

Telkom

Eclo [db]

Figure 35. George EcNo
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7.1.1.3. RSCP

Vodacom

-105to -120

Telkom

Figure 36. George RSCP
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7.1.2. Worcester

7.1.2.1. Data Technology

™.

Data Technology

HSPA+ | EER=
HSPA 0,97%
HSPADC | BEED

RIS{CELL_FAC.. . 2,549%

Ve

\ EDGE oo
Branduiei \ GPRS 0,04%
HSDPA+ .0,?1%
R99 0,06%

e

Data Technology

HSPA+ . 13,68%
HSPA 2,52%
(]
ierve HSPADC . 76,96%

R9S(CELL_FAC.. . 5,60%

Brandylei L EDGE . 0,01%
HSDPA+ . 1,1%%
R399 0,04%

Data Technology

= .y HSPA s
- HSPA 0,93%
HSPA DC . 72,53%

R9S{CELL_FAC.. . 7,68%

. 013%

1,86%

\
Q

Telkom

Brandvlei L 3

HSDPA

RS9

tha
HSPA+ . 12,78%
HSPA 2,07%
o HSPADC | Sl
ros(ceLL_Fac.. [ 7.52%
Brandvlei \\ EDGE . 9,02%
L GPRS 0,04%
HSDPA+ | FEEY
R99 0,29% 1

Figure 37. Worcester Data Technology
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7.1.2.2. EcNo

Figure 38. Worcester EcNo
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7.1.2.3. RSCP

b,osssJ

Figure 39. Worcester RSCP
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7.1.3. Paarl

7.1.3.1. Data Technology

MTN

ngton
Win L 4

Haweqwa
Mature Reserve

|ngton
b 4

Haweqwa

el

Botha

Data Technology

HSPA+ | EXED

HSPA 3,14%
31,66% |

HSPA DC [ E !

RIS{CELL_FAC.. . 3,849%

EDGE | ERED
GPRS 0,18%
HSDPA+ . 0,24%
R99 0,08%

Data Technology

HSPA+ | EEEY
HSPA 2,87%
HSPA DC I s8.33%

MNature Reserve R99(CELL_FAC. . 4,35%

EDGE | EGED
GPRS 0,20%
HSDPA+ Il o.0s
LTECA 0,10%
R99 0,95%

\ Data Technology
ngton
HSPA+ | A
win > HSPA 0,36%
Haweqwa || yspa pc | ESEEE

Nature Reserve| gogrcpy rac. [0 755

EDGE | B

GPRS 0,05%

HSDPA Il o.os

LTE CA 0,02%

R93 1,81%

Data Technology

c@ngton HSPA+ . 1,26%
Win o S *» HSPA 2,88%
\ Haweqwa
HSPA DC B87,06%
Nature Reserve .

R9S(CELL_FAC.. . 7,34%

EDGE . 0,98%
GPRS 0,24%
R3S 0,25%

Figure 40. Paarl Data Technology
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7.1.3.2. EcNo

Vodacom

Eclo [db]

Figure 41. Paarl EcNo
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7.1.33. RSCP

Vodacom

Figure 42. Paarl RSCP
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7.1.4. Malmesbury

7.1.4.1. Data Technology

M

Riebeek-
K aste Data Technology
HSPA+ . 11,58%
HSPA 2,65%
u HSPA DC . 81,65% l

R9S(CELL_FAC.. . 2,81%

Abb a
EDGE . 0,86%
GPRS 0,14%
HSDPA+ . 0,31%

¥,

Riebeek-

& ov recnoeny
HSPA+ I 033
HSPA 0,57%
HSPA DC | ek
ros(ceLL_Fac.. [ 6,03%
EDGE Wor
GPRS 0,09%
HSDPA | [EAREY
LTE CA 0,06%
R99 1,70%
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Figure 43. Malmesbury Data Technology
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Figure 44. Malmesbury EcNo
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Figure 45. Malmesbury RSCP
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7.1.5. Saldanha
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Figure 46. Saldanha Data Technology
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Figure 47. Saldanha EcNo
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Figure 48. Saldanha RSCP
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7.2. 4G Signal Plots
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Figure 49. 4G George Data Technology
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7.2.1.2. RSRP
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Figure 50. George RSRP
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7.2.1.3. SINR

Figure 51. George SINR
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7.2.2. Worcester
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Figure 52. 4G Worcester Data Technology
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Figure 53. Worcester RSRP

87|Page

































