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ABSTRACT

There has been tremendous growth in Global Systerldbile (GSM) services in Nigeria in the last two
decade. The rapid development of GSM telecommioricatdustries have given rise to need for how the
GSM services are delivered to customers efficienthis paper is on GSM quality of service (QoS)
performance in, Abuja Nigeria. The study investgatetwork transmission impairment and offers some
useful remedies. The method involved use of SaogdarW-995 phone to gather data on physical nekwor
impairments in selected densely populated areasbofa. The data obtained were from four major GSM
service providers MTN, Etisalat, Glo and Airtel.sBssment in terms of Key Performance Indicator YKPI
using Transmission Environment Monitory System (SEMiscovery professional software carried out on
the networks under test. The results obtained fiferanalysis indicated that QoS performance ofeAig
slightly better than the other three GSM services/jalers tested within Nyanyan, Gwagwalada, and &Vus
areas in Abuja.
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1.INTRODUCTION

The GSM system is the most widely used cellular enafdcommunication used in Nigeria today.
The GSM service has been successful for a varfatyason which include portable service while
on the move and roaming capabilities. The era oMGfetwork service in Nigeria started in
August, 2001[Hassan et al, 2009] This era has completely changed the face of easpgct
human life in Nigeria, today there over 147,398,84M subscribers across Nigeridigeria
Telecommunication Service Sector Report, 2016

Despite all the aforementioned advantages of GElas some challenges that make it difficult
to access for the emerging robust applications. @nthe biggest problems is poor network
performance. In spite of the low level in QoS perfance experienced in many part of the
country, the GSM subscription is rapidly increasimgNigeria. The application of GSM generates
high traffic in which several multimedia componeimt$orm of speech, video, and other forms of
data are multiplexed. These voluminous data cabeaffectively handled due to high variable
bit rates. The bandwidth offered is rigid and cari®dynamically varied as needed. Conversely,
GSM capabilities have been improved considerabti wrie development of High-Speed Circuit-
Speed Data (HSCSD), General Packet Radio Servib®k8} and Enhance Data rate for GSM
Evolution (EDGE). Upon this development there dii## some shortcomings in the network
performance. The introduction of 2.5G and 3G whégk designed to handle some of these
problems but the Operators still experience netviaitkres on some occasion. Fiber optics is one
of the widely used medium for data transmissionsth®y GSM providers. However, frequent
vandalizations of fiber networks which link the Icsites severely affect GSM network QoS
performance. Thus, there are need for protectionthisf critical network infrastructure from
willful damage by vandals and construction actesti
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2.KEY PERFORMANCE |NDICATOR FOR QOS ASSESSMENT

Key performance indicator is one of the measured &8 evaluate the services provided by GSM
networks. This is accomplished by monitoring thieafveness of some network impairments.
QoS in § Lawan 2013 is defined as a set of specific requirements ipgext by a network
necessary to achieve the required functionalitgestice. According tqV.E Idigo, 2012),the
Nigerian Communication Commission (NCC) in 2007dhalpublic forum in the use of KPI to
identify issues affecting (QoS). KIP is also apglie improve the unacceptable QoS delivered on
the various networks. Network impairments suchdi&sortion, noise and congestion limits
transmission effectivenesgollor, 2008) stated that KPIs on which the GSM network were
tested according includes Call Set Up Success REESR), Call Drop Rate (CDR) , Call
Completion Success Rates (CCSR), Handover Successs RHSR) and Traffic Channel
Congestion rate (TCHR). Others are Handover SucBede (HOSR), Network congestion,
Stand-Alone Dedicated Control Channel (SDCCH) Cetiga Rate and Dedicated Control
Channel Congestion (DCCHC). According @motoye et al, (2014)monitoring tools of the
GSM network performance may involve different egesitid subsystem that are sometimes refers
to as statistics and traffic measurement subsy$&h%). In some case a common, dedicated,
traffic and pulse code modulation (PCM) channets make use of for the assignment for the
incoming or outgoing network perforce service rexue

3. RESuLTs OF FOUR GsM NETWORK PROVIDERS PERFORMANCE IN
ABUJA

Bench marking test on the performance of four GS¥work providers namely: Airtel, MTN,
GLO and ETISALAT was carried out on some selecteobi\d Station (MS) in Abuja. The
performance was described according to differentmi®asurements and a comparative analysis
was carried out. Aonvenienandpowerful phonenetwork software known a&EMS Pocket
Professional (w995 Phone) was the equipment usedbfmining relevant data. This software
allows for great flexibility in network monitoringndpromotes multiple uses of the same data.
The area of study covers most parts of Abuja whiels subdivided into clusters. This cluster
includes Kubwa, Airport, Nyanyan, Jabi, Central &usiness District and Wuse/maitama. The
subdivision in to clusters is necessary becausgaBity possesses the high and large number of
networks of different kinds.

3.1MAP OF GEOGRAPHICAL AREA UNDER TEST

Bench marking test carried out on both 2G and 3fBrtelogy across the Four Major Telecom
service provider, the map of the geographical &rea shown in Figure 1.

Figure 1: Abuja Map of Geographical Area under Test
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3.2PERFORMANCE OF AIRTEL 2G IDLE MODE

Figure 2 shows thAirtel performance level that had been plottedZGr IDLE MODE. From
the diagram the overriding colour is the sky blugch indicate (-65, 0) dB coordinate. The
counts and percentage of the cluster are (2849581®% respectively. This pointed out that
the received signal for AIRTEL was at its best gldhe routes illustrated in the diagram. It
was discovered that network performance of thosasathat are dotted with dark green
colours are 45.62% lower than the required qualdgyal.

Figure 2:Airtel performance level plotted for 2G IDLE MODE.

3.3AIRTEL AND MTN PERFORMANCE 2G IDLE M ODE

Figure 3 compare the permance of AITEL and MTN mekiservices along the area under
test. It was obseved thAtrtel coverage has no bad patches when compargdMAN as more
of (-95 to -85) dBm was recorded for MTN.

Figure 3: Performance of AITEL and MTN network sees

3.4AIRTEL AND GLO PERFORMANCE 2GIDLE MODE

Airtel coverage was observed to be having bettédbé count when compared with GLO as
illustrated in Figure 4. The count for Airtel is£8L amounting to 69.19%, while, for Glo count is
slightly lower, recoded as 25565 amounting to 68,65
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Figure 4: Performance of AITEL and Glo network seeg

3.5AIRTEL AND ETISALAT PERFORMANCE 2G IDLE MODE

From figure 5, the map plotted for Etisat containgate yellow (-95, -85) with count of 2881
amounting to 8.05 %, at the same time Aritel reedrdount of 362, amounting to 0.93%.
Thus, Airtel coverage was observed to be having no batthpa when compared with
ETISALAT.

Figure 5: Performance of AITEL and Etisalat netwsekvices

4.PLOT FORAIRTEL 2G DEDICATED M ODE

An analysis of the data by 2G dedicated mode Ishelws that higher levels of throughput
correspond to higher levels of network QoS for élithroughout the test. Figure 6 shows Airtel
dominance performance of (0, 3) counting 24852 arting to 87.89%.

------

Figure 6: Performance of AITEL network services 28 Dedicated Mode
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4.1PLoT FOrR AIRTEL AND MTN 2G DEDICATED MODE

A steady but significant rise can be seen in thregrgage of the network QoS between Airtel and
MTN for dedicated 2G services as own in Figure ffe TJust half of the red patches which (7,8)
count 179 equivalent to 0.635 was quality obsefeedirtel as compared with MTN.

L MTN

Figure 7: Performance of AITEL and MTN networksvees for 2G Dedicated Mode

4.2PLoT FOR AIRTEL AND GLO 2G DEDICATED M ODE

It is apparent from Figure 8, that Airtel qualityasvobserved to be having better counts at <=3
when compared with GLO.

Figure 8:Plot for Airtel and Glo 2G Dedicated Mode

4.3PLoT FOR AIRTEL AND ETISALAT 2G DEDICATED MODE

From Figure 9, it is observed data services pralige Airtel is to some extent better in terms of
performance than the Etisalat as 24852 was recdodeirtel as against 26531 for Etisalat . The
handover success rate and dual band successeaqually fair.
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Figure 9:Plot for Airtel and Etisalat 2G Dedicated Mode

The 2Gnetwork competitive KPI events Abuja is shawTable 1. From all test carried out, it
was discovered as highlighted on the table thaeAoame first in all Key Performance Indicators
(KPI) and coverage level. Except in Quality and elawver Success Rate (HOSR) where Airtel
came Second. Consequently, Airtel has very higliopmance compared to the values for the
other three GSM providers. The handover success(lbath inter cell and dual band) improved.
This shows that the concentration of bad handoigetscalized where the network was down.

Call success rate also improved on that same dag.ehables the view of different KPI ranking
at a glance.

Table 4.1: 2g Network Competitive Kpi Events-Abuja

KPISi Drive Test Data based) | UNIT [ATRTEL |Ranking| MTN |Eanking | (GL0) | Renking |[EMTS| Ranking
Fxley (e BSdhm) % | oaed | 1° |Bi4T| £ [o7Ee| 1™ |ongs| 3°
Fexual (0-5) % 94T3 ™ | oay| 4 |oEen| 3@ |oR1| ®
SO0 16-300 % S dqT = |owor| ¥ |smoe| 4% |ozas| o
S0 (23 ko 30) % [ seos | 1 |soa7| 2™ [mozel 3 [ o | 4f
{Call Dvop raie % | 1285 I |omdE 4% (320 3 |1md o™
fall Block e % | im0 |zez] 2 (258 £ |soo|
HOSE % | oaods 1 essTl 4% |onas] 3 emaz]  f
JCS5E % | OREER Ry ol T I BT I
Aooess Delay S 192 295 11l G
[Call Alsermpt Coumex| 358 350 655 358
Biocked Call Coumis 4 13 170 a
Kall Fabiished Conmis | 350 346 435 33T
{Call Sensp Commix| 354 340 483 33T
Dropped Call Cloamnis 8 3 l& B
Hamdover Attempied Coumiz| 1801 1536 1535 1304
Handover Failure Comniz| 55 o8 54 Fid
[Call Initiation Cowmis| 358 350 655 355
Kall Fomd Comis | 342 3ld Aty k¥
ICall Attempt Katry Commiz| 12 23 n 1E
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5.QosFor 3G IDLE MODE

The study for QoS performance of the four servigevigers was investigated under 3G idle
modes. Figure 10 depicts the performance of Aségliices provided with qualitywltiple-
megabit internet services, and simultaneous voitk data access with multiple parties at the
same timeAlmost 37.62% accepted 3G radio standards are as@DMA.

Figure 10: Performance of Airtel services

5.1AIRTEL AND MTN 3G IDLE MODE

From Figure 11, it is observed that the Airtel 3&werage was observed to have less bad patches
when compared with MTN.

From Figure 11Airtel and MTN 3G Idel Mode

5.2AIRTEL AND GLO 3G IDLE MODE

From Figure 12 shows that, Airtel 3G coverage waseoved to have 10.52 % less bad patches
when compared with GLO.
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Figure 12:Airtel and GLo 3G Idle Mode

5.3AIRTEL AND ETISALAT 3GIDLE M ODE

From Figure 13 shows that, Airtel 3G coverage waseoved to have 37.62 % better performance
as compared to that of etisalat 12.72%.

Figure 13:Airtel and Etisalat 3G Idle Mode

6. 3G DEDICATED M ODE

The 3G dedicate mode is design with a good diffeemode transmission as shown in Figure
14. From the figure, Airtel 3G quality was observedave less bad patches when compared with
MTN, GLo and Etisalat.

Figure 14:3G Dedicated Mode
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6.1MATHEMATICAL EXPRESSION

The mathematical expression in equation 1-4 showvg Gall Set Up Success Rate (CSSR) is
calculated which is among the KPI used in rankiaggrmances of GSM.

6.23G NETWORK COMPETITIVE KPI EVENTS

Table 2 shows the 3G counts and ranking of KeydPerdnce Indicator (KPI) of the four mobile
networks. This enables the view of different KRikiag at a glance.

Table 2: 3g Network Competitive Kpi Events (Abuja)
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These inferred that Airtel took first position it the KPI and coverage level. Table 3 illustrates
the overview of the sample collected and Airtel Rag for 2G and 3G.

Table 3 Overview of 2G and 3G Key Performance latticon Voice

6.3.RECOMMENDED REMEDIES FOR IDENTIFIED FAILURE

From the above studies, the following identifiedui@es /problems in 2G and 3G network and
their recommended remedies are summarized in 4able

Table 4: Causes And Remedies For 2g Networks

7.CONCLUSION

This study investigated the failures and remedig€5$M network in Abuja Nigeria. The aim is to
provide better understanding to the GSM networthametwork architecture. The GSM network
which is divided into the three major systems casgs of the Switching System (SS), the Base
Station System (BSS), and the Operation and Sugysiem (OSS).  The constants change
and evolution of GSM network have necessitatecctmginuous optimization of the offered QoS.
QoS is user oriented, while network performance)(IRprovider oriented. The subscriber will
have a strong influence on the subjective perceiuality. The factor that really affects the QoS
as perceived by the subscriber are the call selelay and the end to end blocking, even though
the QoS parameter are not always directly measumedigeria, mobile network are leading the
evolution of the information and communicationsistctowards the MIS (Mobile Information
Society). This means that subscriber numbers aménzong to increase as mobile penetration
reached new heights. The network capacity tendslitdnish as the network converge is
improved considering the fact that the most valeavld limited resources of the capacity. In this
project, the failures and remedies to GSM netwogkennvestigated; the impact of Channel state
consistency, network performance, connectivity emerconnectivity on the performance of four
GSM network providers. Analyses were made on feduhat occurs on the GSM networks, to
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provide a deeper understanding of the QoS and Nkt®Rerformance (NP) provided by the
service providers to the subscribers.

TEMS Professional Phone w995 and TEMS Software vi&re used to survey and perform
drive test for optimization of GSM network. The @aatollected were processed and analyzed
using TEMS Discovery for percentage analysis anesgmted in tabular forms for better
understanding.

Possible remedies to the problems were givenoitilshbe noted that optimization solutions vary
in different areas and networks but as discussethi project the general approach can be
developed to monitor and optimize the QoS as ndtvemntinuously change in response to
change in offered traffic and business prioritiehecame obvious from this study that Airtel's
GSM operations is far preferable than that of tiree¢ other GSM Operators, hence, they should
borrow the technical approach of Airtel and imprdiveir own operations.
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