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Our References — Telecommunications
DQoS Regulatory Authorities in Africa
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DQOS Brief Overview — RPM system

*RPM system [Regulators’ (QoS) Performance Monitoring System]

The RPM System, designed for QoS performance monitoring by regulators, is
an innovative NMS solution that ensures interconnection with all the network 4
monitoring systems of operators and service providers.

r\pmsvsmu (_'.Jni

ARCT QoS Monitoring System

e [t collects performance data and generates KPI reports that measure a Erar Lol o

network's performance against the established benchmarks in ARCT QoS
Guidelines.

*RPM system dedicated to regulators: Designed for QoS performance monitoring
e[nnovative NMS solution: Advanced network management for regulators.

[nterconnection with monitoring systems: Integration passively with mobile operators' monitoring
platforms.

*Data collection and aggregation: Calculation of KPIs according to ITU-T QoS evaluation categories with
formulas defined by 3GPP and aggregation of these values from the cellular level to the level of municipalities,
then provinces, up to the network level.

[P——

*Detailed KPI reports: Production of reports for network performance analysis.

*QoS Enforcement: Tool facilitating the enforcement of QoS standards down to the cellular level.. . . . \ -

*Evaluation against the QoS Specifications: Comparison of network performances based on ITU-T QoS
evaluation categories and established regulatory thresholds.

©




MOPMsysren Brief Overview : D.QoS mobile application

DQoS [Atlas de Couverture]

*The D.QoS mobile application (Delivered Quality of Service) acts as an enabling
platform for end-users, providing them with valuable data on network

performance and radio coverage.

*This information allows users to make informed decisions regarding the quality of

telecommunication services available in their respective municipalities.

*The D-QoS application allows the ARCT to monitor network performance and
improve customer experience in Burundi. It also facilitates the collection of user

feedback, which is essential for informed regulatory decisions and the development

of telecommunications in the country.

*Display of Radio Coverage: Visualisation de la couverture réseau par les utilisateurs.

*Access to QoS Delivered Data: Acces aux données sur la qualité de service fournie par les opérateurs de
télécommunication.

*Reporting of Quality of Experience (QoE) : Detailed reports on user experience..
Instant Notifications: Real-time alerts on network events.
*Survey Module (Crowdsourcing): User participation in the evaluation of network quality.

Scalability : The application's ability to scale and adapt to a growing base of users and data.

©
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Background - QoS Monitoring &
Enforcement and Radio Coverage

QoS Challenges have been addressed and solutions are given in recommendations as

seen in ITU-T E.800 Sup 9, ITU-T E.811 and ETSI EG 202 057-3.

Radio coverage propagation models and prediction methods are given in
recommendations ITU-R P1411-12, ITU-R P.2147 and ITU-R P.2108-1

H ITUPublications International Telecommunication Union I T U - T
I T U 'T Se ries E Recommendations Radiocommunication Sector E . 8 1 1
TELECOMMUNICATION TELECOMMUNICATION (03/2017)
b AT on Sreron 3“””"*'1“;2'3‘139 e STANDARDIZATION SECTOR
OFITU ( ) OF ITU

Recommendation ITU-R P.1411-12
(08/2023)

P Series: Radiowave propagation

SERIES E: OVERALL NETWORK OPERATION,
TELEPHONE SERVICE, SERVICE OPERATION AND
HUMAN FACTORS

SERIES E: OVERALL NETWORK OPERATION, Propagation data and prediction

TELEPHONE SERVICE, SERVICE OPERATION AND
HUMAN FACTORS

Supplement 9 to ITU-T E.B00-series
Recommendations (Guidelines on regulatory

methods for the planning of short-range
outdoor radiocommunication systems
and radio local area networks in the
frequency range 300 MHz to 100 GHz

Quality of telecommunication services: concepts, models,
objectives and dependability planning — Models for
telecommunication services

Quality measurement in major events

aspects of QoS)

ITU- ITU-R
Resocommunicezon Sector of U Radiocommunication Sector of ITU
ETSI EG 202 057-3 V1.1.1 (2005-04) Recommendations discussing land cover
ETSI Guide ITU-RP. Applicability
1546 Antenna height corrections
452 Clutter losses
A oo VR BRI 833 Attenuation in vegetation (especially trees)
. . . . (08/2022) - S S 5 A
Speech Processing, Transmission and Quality Aspects (STQ); 105 o — Recommiendation U P10l
T . Acquisition, presentation, analysis and
User related QoS parameter definitions and measurements; S ea of Gloftal prodiciele Sy 2nd 1146 “Antenna height corrections X
Part 3: QoS parameters specific to radiowave propagation B2 Vegetation and clutter losses Prediction of clutter loss
Public Land Mobile Networks (PLMN) 1238 Planning of indoor radiocommunication systems
2040 Effects of building materials and structures
Series
\ Kiwuve %\ P Series
\ \ \ Radiowave pi gation
\ A _ mv
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RPM System Overview

/

RPM System™
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MPMissev  Configuration of ARCT Servers - RPM System &
DQoS DQoS (+Coverage Maps)

- The ARCT's RPM System tool is configured to monitor the Quality of Service
(QoS) delivered by mobile operators (MNOS) in Burundi.

- The service quality (QoS) report dashboards can be accessed on the web by
MNOs as well as by the public via the D.QoS mobile app.
‘ s -(A(oll,ATDI.elc..) Illl\

Coverage

Ppm SYSTEM Hape

Format :

RPM System PowerEdge Rack Enclosure

0\ B SHP / GeoJSON / KML
Optional
, Mandatory
Coverage
QoS DATA Admin Statistics
(automatic daily sync) Exports & import r Format :
XML /JSON/CSV
W, Admin DQOS
A ,(.:""c » Profil s g
"‘wz“”tl; 2, ah) Bl A E Sxports &fmpont
°"lq,,,::fc,p
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DQOS Objectives

> Validate the PM files shared by LUMITEL to ensure they meet the required
3GPP specifications, confirming that all necessary counters (function
setlDs) for computing high-level KPIs are activated on the network.

3GPP TS 32.401

> Confirm the completeness and accuracy of the topology file, ensuring that
all required columns are populated. This is essential for generating
coverage maps and computing KPIs at both the province and commune
levels.

&
N . @
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Validation of PM Files: (Example: HUAWEI LTE PM Files)

> Compliance with 3GPP Standards: The PM files provided in XML format adhere to the
specifications outlined in 3GPP TS 32.401. LUMITEL shared data covering four hours from
five eNBs, resulting in a total of 20 PM files. The details of these files are illustrated in the

screenshot below.

planetwo-lumitel@ftp.cluster002.hosting.ovh.net %

-

Remote site: | /LUMITEL_PM_FILES/HUAWEI/AG

NOKIA
£+ | LUMITEL_PM_FILES

- =
Filename

FEBA20240501.0900+0200-1000+0200_4BMO16.xml.gz
FEBA20240501.0900+0200-1000+0200_4BM037 xml.gz
EBA20240501.0900+0200-1000+0200_4BM116.xml.gz
E8A20240501.0900+0200-1000+0200_4BM117.xml.gz
E8A20240501.1000+0200-1100+0200_4BM001.xml.gz
EBA20240501.1000+0200-1100+0200_4BMO016.xml.gz
FBA20240501.1000+0200-1100+0200_4BM037 xml.gz
EBA20240501.1000+0200-1100+0200_4BM116.xml.gz
EBA20240501.1000+0200-1100+0200_4BM 117 xml.gz
FEBA20240501.1100+0200-1200+0200_4BM001.xml.gz
FEBA20240501.1100+0200-1200+0200_4BM016.xml.gz
EBA20240501.1100+0200-1200+0200_4BM037 xml.gz
EBA20240501.1100+0200-1200+0200_4BM116.xml.gz
EBA20240501.1100+0200-1200+0200_4BM117.xml.gz
EBA20240501.1200+0200-1300+0200_4BM001.xml.gz
FERA20240501.1200+0200-1300+0200_4BMO016.xml.gz
EBA20240501.1200+0200-1300+0200_4BM037 xml.gz
EBA20240501.1200+0200-1300+0200_4BM116.xml.gz
EBA20240501.1200+0200-1300+0200_4BM117 xml.gz

Last modified

5/2/2024 4:20:24 PM
5/2/2024 4:20:16 PM
5/2/2024 4:20:12 PM
5/2/2024 4:20:08 PM
5/2/2024 4:20:29 PM
5/2/2024 4:20:23 PM
5/2/2024 4:20:16 PM
5/2/2024 4:20:12 PM
5/2/2024 4:20:07 PM
5/2/2024 4:20:28 PM
5/2/2024 4:20:23 PM
5/2/2024 4:20:15 PM
5/2/2024 4:20:11 PM
5/2/2024 4:20:07 PM
5/2/2024 4:20:28 PM
5/2/2024 4:20:22 PM
5/2/2024 4:20:15 PM
5/2/2024 4:20:11 PM
5/2/2024 4:20:06 PM

AYYYYMMDD.HHMM+UTC-HHMM+UTC_enodeBID.xml 4G (1H)

D A20240501.0900+0200-1000+0200_4BM0O16.xm|

!

©

YYYYMMDD =20240501 (15t May 2024)

.HHMM= 0900 (9:00AM start time)

+UTC = Time Zone (Universal Time Cordinated) or GMT +0200 (Burundi)
-HHMM=1000( 10:00 end time)

_enodeBID.xml| =4BM016 (eNB on LUMITEL LTE Network)

Granularity = .HHMM — HHMM: 0900-1000 = 1H
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Validation of PM Files: (Example: HUAWEI LTE PM Files)

2 Successful Parsing of PM Data: Due to the files being 3GPP specified, they were successfully
parsed by the RPM system without any issues. The effectiveness of this process is
demonstrated in the screenshot below, serving as evidence of the files' compatibility and
proper integration into the RPM systems.

— @ Network Information

E Huawei LTE
1 Network

Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
Collected File :
PROCESS : Start collecting files

A20240501.
A20240501.

PROCESS :|End collecting files (20 files
Collected File :
Collected File :
Collected File :

1000+0200-1100+0200_4BMOO1.xml
1200+0200-13004+0200_4BM117.xml

A20240501.0900+0200-1000+0200_4BM0O16.xml
A20240501.09004+0200-1000+0200_4BM116.xml
A20240501.0900+0200-1000+0200_4BM117.xml
A20240501.0900+0200-1000+0200_4BM0O37.xml

A20240501.
A20240501.
A20240501.
A20240501.
A20240501.
A20240501.
A20240501.
A20240501.
A20240501.

1200+0200-13004+0200_4BM116.xml
1100+0200-12004+0200_4BM117.xml
1100+0200-1200+0200_4BM116.xml
1100+0200-120040200_4BMOO1.xml
1000+0200-11004+0200_4BM116.xml
1200+0200-13004+0200_4BMO16.xml
1000+0200-1100+0200_4BM037.xml
11004+0200-12004+0200_4BMO16.xml
12004+0200-13004+0200_4BMO37.xml

A20240501.0900+0200-1000+0200_4BM001.xml

A20240501.
A20240501.
A20240501.
A20240501.

1100+0200-1200+0200_4BMO37.xml
1000+0200-110040200_4BM117.xml
1200+0200-1300+0200_4BMOO1.xml
1000+0200-11004+0200_4BM016.xml

|PROCESS : End Retrieve
55 Data Inserted for 2024050109
55 Data Inserted for 2024050111
55 Data Inserted for 2024050110
55 Data Inserted for 2024050112

- Cell Based A
- Cell Based A
- Cell Based A
- Cell Based A

Topology updated based on all collected hours
(2024050109,2024050110,2024050111,2024050112)

Parsing ongoing: 100 % done
Parsing ongoing: 81 % done
Parsing ongoing: 37 % done

1 MME

1 Vendor
1SGW

1 Tracking Area
5 eNodeBs

1 Provinces

1 Communes
55 Cells

20 files to parse over 4 Hour(s)(2024050109,2024050110,2024050111,2024050112)

PROCESS : End Data Compute Hourly : 01-05-2024 12:00

Compute KPI Duration :

Compute Raw Duration

PROCESS : Start Data Compute Hourly :

0.2 | 1 period(s)

: 0.5 | 1 period(s)

01-05-2024 12:00

©

PROCESS : End Data Compute Hourly :

01-05-2024 11:00

-

PROCESS : End Data Compute : 01-05-2024
Compute KPI Duration : 0.3 | 1 period(s)
Compute Raw Duration : 0.5 | 1 period(s)

PROCESS : Start Data Compute : 01-05-2024

PROCESS : End Data Compute Hourly :

01-05-2024 10:00

PROCESS : End Data Compute Hourly :

01-05-2024 09:00
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DQOS KPIs

High-Level QoS KPIs

* High-level key performance indicators intended for audit reports and status reports, based on ITU-T service
quality evaluation categories, namely: NA (network availability), SA (service accessibility), SR (service
retainability), and Sl (service integrity), monitored by radio access technology (RAT).

4G (Data Service only)

ITU-T QoS Category LICENSE KPI NAME TRA KPI NAME
Downtime for Radio Access CELL DOWNTIME (H)
CELL AVAILABILITY (%)
NETWORK AVAILABILITY
Uptime for Radio Access CELL UPTIME (H)
DATA SERVICE AVAILABILITY (%)
DATA SERVICE ACCESS FAILURE RATE DATA SERVICE ACCESS FAILURE (%)
SERVICE ACCESSIBILITY
DATA SERVICE ACCESS SUCCESS RATE DATA SERVICE ACCESS SUCCESS RATE (%)
SERVICE RETAINABILITY DATA SERVICE DROP RATE DATA SERVICE DROP RATE (%)
DOWNLOAD DATA SPEED DATA DL THROUGHPUT (Mbps)
SERVICE INTEGRITY
UPLOAD DATA SPEED DATA UL THROUGHPUT (Mbps)

3G (Voice and Data Services only)

2G (Voice Service only)
7 ITU-T QoS Category TRA KP1 NAME
CELL DOWNTIME (H)
ITU-T QoS Category TRA KPI NAME
Ty Terre—— NETWORK AVAILABILITY CELL AVAILABILITY (%) ITU-T QoS Model
CELL UPTIME (H " - . o
NETWORK AVAILABILITY CELL AVAILABILITY (%) T I(IA)TE = The International Telecommunications Union - Telecommunications (ITU-T)
CELL UPTIME (H) VoicE Pc‘suucc‘ R{MJE = has described a general model for Quality of Service (QoS) from an end-user
CALLSETU Fog e d :
TCH CONGESTION RATE (%) SERVICE ACCESSIBILITY VOICE S0 ATE (9‘)‘ ) perspective to use in mobile networks.
SDCCH CONGESTION RATE 5 s
SERVICE ACCESSIBILITY AL SUCCESs RATE t'%lt%. DATA ACCESS SUCCESS RATE (%) The QoS categories for Serveability are:
AL SETUP SUGEESS RATE ) VOICE CALL DROP RATE (%)
P — SERVICE RETAINABILITY VOICE CALL COMPLETION RATE (%)
‘ .i SERVICE RETAINABILITY b DATA DROP RATE (%)
LA TN SERVICE INTEGRITY DATA DL HS THROUGHPUT (Kbps)
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PM Files Analysis: (Example: HUAWEI LTE PM Files)

2 Below is a summary of the ITU-T QoS categories along with their corresponding KPIs:
Network Availability (NA): The key performance indicator for this category is Cell Availability, which
measures the proportion of time that the cell is available for use.

Legend Label KP"RJ:I":"‘;W"‘H Coﬁ::lel:?.‘;vbel Product || Family Formula Comment
Cell _ . . KPI is calculated based on the
Over Cells on 01/05/2024 ﬁ};;’i\',,azb"“y gEILL_AVAILABILITY_ aaLeLry |loe |l Beteda ;aogtur(eLjGuer:ﬁg;?ILDw measurerment hours abserved in the
| 4 cell Avallabllity (%) V2(Left) |
1010 Day =01/052024 - Cells =ALL [ Top 20 Order By Cell Availability (%) V2 Desc]
100.8
100.6
100.4 -
100.2
P19 MNP D 'S AR A A S A A A A A A AR (D A ) Over eNodeB on 01/05/2024
99.8 |
99.4
ol 110 Day =01/05/2024 - eNodeBs = ALL [ Top 20 Order By Cell Availability (*:) V2 Desc ]
0.0 | | | | | | | | | | | | | | | 100.8
F & & & F & £ $& & 02 0 F F 2 F & & & wsr
AN A A A B B S A B A B B A A A A A A
100.2
100,0 - - - .
99.8
99.6 [
90.4 [
99.2 [
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PM Files Analysis: (Example: HUAWEI LTE PM Files)

2 Service Accessibility (SA): For this category, the Data Service Access Success Rate is the crucial KPI,
reflecting the percentage of successful attempts to access the data service.

Lfg§:|d KPI/RAW Counter Name KPIRAW Counter Label || Product || Family Formula
100 *
Data (L_RRC_CONNREQ_SUCC/
Aecoms || orince nocess. sucoess e || SASERAGEACOESS | el | Gy | £S1SI comiesT oo
Success — — — — A J'L781S|G CONNEST_ATT)
.
Over Communes on 01/05/2024 Rate (%) " (LE_RAB_SUCCEST/
L_E RAB_ATTEST)
‘ B Data Service Axess Suaxcess Rate (%)(Left) L] Data Session Attempts (Nbr)(Right) |
Day =01/05/2024 - Communes =ALL [ Top 20 Order By Data Service Access Success Rate (%)Desc]
100.8 160
100.6 [~ 140
100.4
100.2 120
100.0 | 100
9.8 -
- - 80
99.6 -
4 F 460
= Over eNodeB at 9AM on 01/05/2024
9.2 a0
99.0 -
420 | i pata service Acess Success Rate (% )(Left) [] Data Session attempts (Nbr)(Right) |
98.8
98.6 0
f .80 Hour =01/05/2024 0900 -eNodeBs = ALL [ Top 20 Order By Data Service Access Success Rale (%)Desc) 16
4 ' -
& 99.75 e 1
Loveumes 99.70 F I
\\
g99.65 F — 1
. ]
99.60 | "
99,55 F 1
18
99.50
99.45 F 16
99.40 | 14
99.35 F
< 12
99.30 [ | |
99.25 L L 1 L 0
° 3 > & &
3 § §
& Fd & B &
eNodebs
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DQoS

PM Files Analysis: (Example: HUAWEI LTE PM Files)

2 Service Retainability (SR): The Data Service Drop Rate serves as the primary KPI here, indicating the
percentage of data sessions that were unexpectedly terminated before completion.

Lfg;:;’ KPI/RAW Counter Name KPI/RAW Counter Label || Product || Family Formula
100~
'g::ice ) buawei [ C1 (L_E_RAB_ABNORMREL
: DATA SERVIGE DROP RATE Based ||/
Drop Rate || DATA_SERVICE_DROP_RATE LTE A (L E RAB ABNORNMREL
+L_E_RAB_NORMREL))

(%)
Over eNodeB at 9am 01/05/2024

0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.39
0.30
0.25
0.20

0.15

| ~@- Data Service Drop Rate (%)(Left) [0 successful Data Sessions (Nbr)(RIght) |

Hour =01/0522024 09:00 -eNodeBs = ALL [ Top 20 Order By Data Service Drop Rate (%)Desc]

Over PROVINCE at 9am 01/05/2024

]
ot ./

| @ Dot Service Drop Rate (%)(Left) [] Successful Data Sessions (Wbr)(Right) |
q2
Hour =01/0572024 09.00 - Provinces = ALL [ Top 20 Order By Data Service Drop Rate (%)Desc]
0.3380 — 135
0
.3370 |
0.33 10
0.3360 -
eNodeBs 15
0.3350 [
0.3340 | : Kad
0.33%0 | . 15
0.3320 -
10
0.3310 -
0.3300 - 1°
0.3290 o
&
&
Provinces




ppm.SYSTEM
DQoS PM Files Analysis: (Example: HUAWEI LTE PM Files)

2 Service Integrity (Sl): This category is evaluated by the Download and Upload Data Speeds, which
measure the throughput performance in Mbps.

KPI/RAW Counter KPIRAW )
Legend Label Name Counter Label Product || Family Formula ‘
Average DL Speed . DL SPEED Huawei Cell (L_THRP_BITS DL/
(Mbps) KPI- DL_SPEED (Mbps) LTE BasedA || L Thrp_Time_Cell_DL_HighPrecision) / 1000 ‘
Average UL _ UL SPEED Huawei || Cell (L_THRP BITS UL/
Speed (Mbps) KFI-UL_SPEED (Mbps) LTE BasedA || L Thrp Time_Cell_UL_HighPrecision) / 1000

Over Cells at 11am 01/05/2024 Over Communes for day 01/05/2024

[fquﬂqnpmm[mnp:]{un] T cowniink ata Tratfic voluma (GB){RighE) | Speed (Mbps){Left) [] Downlink Cata Traffic volume (GB)({Right) ‘
o[RS TRREY IR Fo  Ce  ms DOS et O b e S8 Day =01/052024 - Communes = ALL [ Top 20 Order By Average DL Speed (Mbps) Desc ]
17,3 - %00
% 1
J‘ 17.25 F =| w0
Erys
1
w2 f e
2 r
12 {600
20 17.15 |
w ] bk
Ed 17.40 |
{400
26
17,05
24 b 00
17.00 F ]
- 200
i 16.95 | 100
1 | HEHEHENS NSNS HEN I 1690 N
S & & & T T ;o2
& & & & 3 B £
Fi7iiiiiiTiiiis7 f.’a‘s" 4
Cells j
| - Aversge UL Speed (Mbps)(Left) ] Uplink Cata Traffic volume (G8){Right) Communes
W aversge uL Speed (Mbps)(Left)  CJ uplink cata Traffic volume (G8)(Right)
Hour =01/052024 1100 - Calls =ALL [ Top 20 Order By Average DL Speed (Mbgs) Desc ]
10.0 Fi 25
— ) w ] Day =01/052024 - Communas =ALL [ Top20 Order By Average DL Speed (Mbps) Desc)
2.0 \ / 430 140
M | Jz.0 4.380
120
8.0 o
. 7 4.3
/ 100
” \ & | \ | 1.5 4.%0
o ‘ / | \ | w30 ®
L { ! \ 1 \ / -
\ / [ \ Il 4340 - o
\ [ 11.0
5.0 \ N1 LNy = 4.3%0
\ N I / 40
a0 \ J | = / 430
Ho.s
\ 4.310 w
3.0 Nt
i kY o '
* . P 5 I 5 5 I S L Al 00 F
fEFFEFE f* ] & & f
FPFi i .f‘f:;;; a;!
Cells
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DQoS PM Files Analysis: (Example: HUAWEI LTE PM Files)

> Required List of “functionsetIDs(measinfold)” to be activated in Huawei 4G XML PM files submitted
should be: “152xxx” group.

*Minimum List that MUST be activated

Family g Function SetIDs g3 Imporjg
eNodeBCell 1526726657 YES
eNodeBCell 1526726659 YES
eNodeBCell 1526726660 YES
ALL Radlio <NodeBCel 1526726661 vES

::It::‘;k eNodeBCell 1526726662 YES
I Measurements cNodeBCell 1526726664 YES

Function Set eNodeBCell 1526726700 YES
IDs- eNodeBCell 1526726705 YES
eNodeBCell 1526726706 YES
eNodeBCell 1526726708 YES
eNodeBCell 1526726709 YES
eNodeBCell 1526726719 YES
eNodeBCell 1526726722 YES

Present

e CELL CELL CELL CELL | DATA SERVICE ACCESS| DATA SERVICEACCESS| DATA SERVICE | DATASERVICE | DL SPEED |  OLTRAFFIC INITIAL ERAE 1 SIGNALING | TOTAL DATA TRAFFIC| UL SPEED |  ULTRAFFIC UL USER P F— - -

¥ | AVAILAEILITY | DOWNTIME | DOWNTIME (H) UPTIME{H)  FAILURE RATE SUCCESS RATE AVAILABILITY DROP RATE (Mops) | VOLUME (28] | ESTABLISHMENT ATTEMFTS | SUCCESS RATE VOLUME (GB) {Mbps) | VOLUME[GE] | THROUGHPUT {Mbgs) C Y TEIT [T
220501 100 o o é4 103416 6 9656 LR 0790051 95205 107157 16089 a0 ETE 124745 2 548408 175875 2 45883 4BMO011 | dBMOO1T nu'j\i:‘g?gm E\ul:!riv:;u.: Huawei
2240501 100 o 0 4 a.40631 sa.5097 o844 0892531 74308 aa7403 w0727 ag g5 108748 217082 1.50056 1.08678 aBmpaM [4Bmog1 | TIRMEURA | Bl
20240501 100 o o 4 285222 s.7048 6728 p8E73Es 846163 4167 20825 a8 5768 781478 228032 1.48606 183524 aBMo01D [dBmont | BRRRMBURA | Bubembum |y
220501 100 o 1] a4 032354 S0.6TES 9697 0183548 25 463 448334 100583 95 GAdd 535764 BE0BS B7420d 2 52885 4BMODTA | dBMOOT Bu'j:.MR?éJRA &ul::i"::uu Huawei
2240501 100 o 0 4 0.083309 .08z oatre 0.0706484 232871 100820 218042 ag gas 45015 634202 0.63B5E 444568 4BM0018 |4 | TIRMEURA | B
Z0240501 100 o o 4 a.1eam s.aEi agEatt p3giE03 137567 o7 25641 saom 127448 285812 167171 213288 aBmo01C [4mont | BURRMEURA [ Bubemburs [y e
z0z40501 100 o o 4 o.18ee27 s.8054 124 o7a04 123074 142445 30114 85 16.414a 35133 27028 4z 4BMDOTET|4BMDOT | UHARSURA | Bakemiun
20240501 100 o o 4 0.328755 996712 006984 0.944713 105329 128425 40441 90.0747 14.9667 290228 21240 2.B8276 4BMO001CT | 4BMOO1 EU,;:::{?&JRA B Huawei
Z0240501 100 o o 4 037421 w6258 o08747 0728305 760958 112028 21088 806508 12,5278 315688 223803 334508 aBMo0tN [4Bmont | BRIRMBURA [ Bubmburs {4y
znz40501 100 o o 4 0108877 e sa8a74 0183011 10128 328853 13884 a0 ea26 aTnzss 28841 0.484218 274251 Moot |apmont | BUMEDRA | Bulemura e

0 All KPIs are computed because all function setlds required are activated
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DQoS Verification of Topology Files Adequacy

> The topology data lacked specific details such as TX Power and Antenna Gain, but was still
sufficient for updating the RPM system with the topology for Commune and Province levels
using the Burundi geojson file.

VENDOR MME ID SGW NAME | Tracking Area eNodeB NAME CELL NAME PCl | CHANNEL | AZIMUTH | LONGITUDE | LATITUDE
Nokia MME1 SGSN1 4001 4BB003 4BB003A 303 21 199 1452 40 29.41922 -3.2668|
Nokia MME1 SGSN1 4001 4BB003 4BB003B 803 22 236 1452 230 29.41922 -3.2668|
Nokia MME1 SGSN1 4001 4BB003 4BBO03C 803 23 237 1452 340 29.41922 -3.2668|
Nokia MME1 SGSN1 4001 4BB005 4BBO0SA 805 21 445 1452 70 29.3426 -3.1224]
Nokia MME1 SGSN1 4001 4BB005 4BBO0SB 805 22 356 1452 170 29.3426 -3.1224]
Nokia MME1 SGSN1 4001 4BB005 4BBO0SC 805 23 357 1452 285 29.3426 -3.1224]
Nokia MME1 SGSN1 4001 4BB007 4BBOO7A 807 21 6 1452 50 29.3043 -3.19789
Nokia MME1 SGSN1 4001 4BB007 4BBOOTB 807 22 18 1452 160 29.3043 -3.19789
Nokia MME1 SGSN1 4001 4BB007 4BBO07C 807 23 24 1452 320 29.3043 -3.19789
Network Vendor eNodeBs  eNodeBs label Provinces Communes Cells Cells label azimuth longitude latitude
LUMITEL  Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie | 100001_100 4BMO001| 280 29.37137 -3.38046
LUMITEL  Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie || 100001_1  4BM001M 30 29.37137 -3.38046
LUMITEL  Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie || 100001_20 4BM001D 280 29.37137 -3.38046
LUMITEL  Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie || 100001_21 4BMO001A 30 29.37137 -3.38046
LUMITEL  Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie || 100001_22 4BMO001B 150 29.37137 -3.38046
LUMITEL Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie || 100001_23 4BMO001C 270 29.37137 -3.38046
LUMITEL Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie § 100001_25 4BMO001BT 150 29.37137 -3.38046
LUMITEL Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie § 100001_26 4BMO001CT 270 29.37137 -3.38046 -
LUMITEL Huawei 100001 4BM001 BUJUMBURA MAIRIE Bujumbura Mairie § 100001_2 4BMO01N 150 29.37137 -3.38046 V' ©® ARCT LUMITEL 4G QGIS 042024
1 v [] Burundi Provinces 18

V| [ Burundi_Communes 119 2017

r— @ Network Information

B Huawei LTE
1 Network

1 MME

1 Vendor
1sGwW

1 Tracking Area
5 eNodeBs

1 Provinces

1 Communes
55 Cells




ppm-SYSTEM
DQoS Coverage Map Generation

> Although the topology data lacked specific details such as TX Power and Antenna Gain. However, for
accurate coverage mapping, we defaulted to using standard antenna TX power(43dBm) and antenna
gain(17dBi) values in accordance with ITU-R recommendations, combined with DTM with 5m spatial
resolution, to generate the coverage maps effectively.

VENDOR | BSCMNaME | BSCID ETS NAME ETSID CELL NAME |CELLID| LAC |AZIMUTH|LONGITUDE| LATITUDE | CHAMMEL RANGE  PNTENNA HEIGHT (] M-TILT | E-TILT | ANTENMA NAME ANT GAIN (dEm) ‘ T POWER [dBm) ‘ T LOSSES [dBm) ‘ Province ‘
Nokia BUBCOS BUBCO5 BE000Z 623 BE00031 46031 | tore 40 2941822 -3.2688 B 56 0 4 APRTBEY Bubanza
Nokia BUECOS BUBCIS BB0003 523 BB0003Z 46032 | mome 230 2941922 -3.2668 27 56 a € APRIBEY Bubanza
Nokia BUBCOS BUBCS BE0003 523 BB00033 46033 | mome 340 2941922 -3.2668 33 55 a 6 APRIGEY Bubanza
MNokia BUBCOS BUECTS BEONNE 03 EB0003+ 45034 | 1oTe L] 2341922 -3.2668 763 55 0 4 APKIEGY Bubanza
MNokia BUBCOS BUECOS BEONNE 03 EEM003E 46035 | note 230 2341922 -3.2668 75z 55 0 3 APKIEGY Bubanza
Nekia BUBCOS BUBCO5 EE0003E o3 BE0003E 4E036 | noTe 340 2341922 -3.2668 82 55 a 3 APKIEGEY Bubanza
Nokia BUBCOZ BUBCOZ BB0004 526 BE0004 46041 1016 110 23,2687 3232 23 B0.5 a 7 AFRIBGEY Bubanza
Nokia BUBC0Z BUBC0Z BBO004 526 BE0004Z 4E042 0§ 180 23,2687 31292 25 BO5 o 4 AFHIAEY Bubanza
Nokia BUBC0Z BUBC0Z BE0004 626 BB00043 46042 | moe 340 29.2887 311282 30 BE 0 7 APRTBEY Bubanza
Nokia BUECOS BUBCIS BB0005 523 BE000G! 4E051 o7e m 29.426 31224 22 495 a 4 APRIBEY Bubanza
Nokia BUBCOS BUBCS BE0005 523 BB0005Z 46052 | mo7e 70 293426 31224 27 495 a 5 APRIGEY Bubanza
MNokia BUBCOS BUECTS EB0005 529 EB00053 46053 | 1ote 265 233426 e 32 435 0 5 APKIEGY Bubanza
Mokia BUBCOZ BUECT2 EB0006 1732 BEDO0G! 46061 | 106 50 2331955 30571 21 ) 0 3 APKIBGY Bubanza
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Conclusion
DQoS

In summary, all PM file samples and Topology Files shared have been validated and are satisfactory for our
needs. Despite the absence of TX power and antenna gain data, the topology file remains sufficient for
operational purposes. Moving forward, ARCT expects LUMITEL will continue to update the topology file
monthly and ensure it is shared.

Next step, we are preparing to deploy a 1U form factor server at LUMITEL OSS premises. This equipment will
facilitate automatic retrieval of PM files from the OSS, streamlining the QoS monitoring process for ARCT
Burundi. This setup will ensure that we maintain near- real time network performance monitoring.

POWEREDGE R240

Compute made simple

The Dell EMC PowerEdge R240 is an affordable
single-socket 1U rack server designed for small
businesses and service providers.

Fonctionnalité Caractéristiques techniques

Processeur Un processeur Intel Xeon série E-2300 avec jusqu'a 8 cceurs
Mémoire * 4 logements DIMM DDR4, prise en charge max. de 128 Go UDIMM, vitesses allant jusqu'a 3 200 MT/s
+ Prend en charge uniquement les barrettes DIMM DDR4 ECC sans registre
Remarque : pour le processeur Pentium, Ia vitesse de mémoire maximale prise en charge est de 2 666 MT/s.
Contréleurs de stockage « Controleurs internes : PERC H345, H355, H755, HBA355i, S150

+ Démarrage interne : module SD interne double, USB ou Boot Optimized Storage Subsystem (BOSS-S1) :
2 disques SSD M.2 HWRAID

« Adaptateurs HBA externes (non RAID) : HBA355e

Baies de disque Baies avant :

FO rm F actor 1 U_1 9 ” « Jusqu'a 4 disques (durs/SSD) SAS/SATA de 3,5 pouces max. 30,72 To

+ Jusqu'a 2 disques (durs/SSD) SAS/SATA/NVMe de 3,5 pouces, max. 15,36 To
« Jusqu'a 4 disques (durs/SSD) SAS/SATA de 3,5 pouces max. 30,72 To

Blocs d'alimentation + 450 W Bronze 100-240 VCA, cablé
Specification of the FTP server on the * 450 W Platinum 100-240 VCA, cablé
' H Options de idi F idi 't par air
M N O S p remises. Ventilateurs = Jusqu'a sept ventilateurs cablés
Dimension * Hauteur : 42,8 mm (1,68 pouce)

+ Largeur : 482 mm (18,97 pouces)
« Profondeur : 598,64 mm (23,56 pouces) avec panneau

[ ] 585 mm (23,03 pouces) sans panneau
Format Serveur au format rack 1U




Ppm. SYSTEM

DQOS ARCT-MNO Connectivity / VPN Connection
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