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Abstract: Quality of service is an important key performance indicator (KPI) that is used to determine how
efficient an industry is in terms of services they render to their customers. In the Mobile telecommunication
networks, connection quality or voice quality, retain ability and accessibility are some of the major factors used
to evaluate the quality of service for customers in the industry, it is expected that maximumsatisfaction be
derived for any services paid for. In this paper, a study was conducted on a major mobile network operator in
Ghana(MTN). The KPIs of this network were measured, analysed and compared with the benchmark set by the
local regulator (NCA) and international standard authority (ITU). It was observed that some of their KPIs
values (Call Drop Rate, Bit Error Rate and Network Capacity) were within to the standard set by NCA and ITU
indicating customers could experience fairly good service.
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I.  Introduction

Quality is defined as the sum of characteristics of an entity that bear on its ability to satisfy stated or implied
needs [1]. The problem of Quality has gained prominence latterly especially those pertaining to services and
become a fundamental way of managing any business anywhere for market growth and profitability in the
service industry [2] Service consumers are demanding more from their service providers much as statutory
regulatory bodies mandated to ensure standards are met in the domain within which they are mandated to
regulate.The Telecom Industry being a full-fledged service oriented industry is not spared the ordeal of having
to satisfy on the one hand sophisticated customer and on the other hand meet their licence agreements with their
regulators. This phenomenon raises the issues of service quality in the industry. The collective effect of the
performance levels of all parameters considered pertinent to a service is described as services quality. [3] The
parameters for monitoring and ensuring service quality differ from the customer’s and service provider’s point
of view, in other words Industry to Industry and Customer to Customer [3] and each of such parameters may
have different priorities and performance level requirements by different segment of users [3] and regulators.
The Standards of service quality in the Telecommunication Industry is agreed upon by bodies such as the
International Standard Organization (1SO), International Telecommunication Union (ITU) [3]and the respective
regulatory bodies of the countries within which the service providers operate. Service quality especially as
perceived by the customer or subscriber is particularly important for the service provider as this information can
serve as a guide to ensure Quality Assurance (QA) and as well avoid problems with the regulators. In Ghana,
with a total of six (6) mobile network operators and approximately over twenty eight million (28,419,649) active
subscribers, the mobile telephone industry is no doubt one of the most competitive industries in Ghana.
According to December2013 Telecom Subscription report, Ghana had a total population size of 25,627,787 and
a subscriber base of 28,026,482 different active mobile lines registered with the various mobile operators [4].
Mobile voice market share report as of February 2014 are as follow, 45.38% of the market share is owned by
Scancom (MTN), followed by Vodafone Mobile with 22.41% and Airtel with 12.36%. Millicom the operators
of Tigo hold about 14.28% and Glo Mobile having about 5.02%. Expresso controls the remaining 0.54% of the
market share (Figure 1) [4].
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Figure 1. Mobile Network Market Share (Voice)in Ghana — February 2014 [4]

The operations of these mobile networks are being monitored by National Communication Authority (NCA)
who are backed by the constitution in the National Communication Authority Act 524, 1996 in Ghana.

Table 1. NCA KPI Standards

SDCCH 1%

Call Setup Time <10sec in 95% of cases
Voice Call Drop Rate 3%

Call Congestion Rate <1%

From telecom service provider’s view, the factors associated with Quality of Services (QoS) also called KPIs
such as Call Drop Rates (CDR), Call Setup Success Rates(CSSR),Billing Errors, Delays and Switching Errors
etc. are factors that need to be monitored.

I1. Methodology

The radio network indicators are most readily measured through the statistical performance measurement
counters embedded in the base station equipment can set the performance counter to gather measurement on the
live network traffic during specified time intervals and process the data through specific formulas to calculate
various (KPIs). This way of measuring the KPIs offers the advantage of providing sufficient statistics without
generating any test traffic on the network, and helping to trend the network performance base on the actual user
traffic pattern and distribution over time and area[9]. The measurements were collected over network peak time
in each area in order to best capture the effects of congestion on call blocking and interference. Data were
collected from MTN Ghana Mobile Network. Care was taken when comparing different vendor’s equipment as
each may define the counter in different ways.

Measurement Characteristics

The method was based on three fundamental aspects:

¢ End-to-end measurements: measurement reflects all aspects that affect the quality of service.

e Impartiality: Measurements were carried out simultaneously for MTN in different locations, to guarantee
the quality of the test condition.

e Objectivity: The tests were entirely automatic, thus eliminating the subjectivity inherent to human
intervention or decision.

Measurement Procedure

The measurement profile includes process standardization to guarantee the reliability of the test and the
definition of testing parameters, thus making it possible to perform analysis and compare results. The
measurements were carried out in the months of December to March 2015 in Kumasi.Voice calls were
performed in series of two (2) attempts with five (5) seconds for a delay of 15 seconds between series. A
successful call was made to last for a maximum of 60 seconds and was made to be completed in a window of 90
seconds. The minimum time required for a call set up before the end of a call window was 30 seconds. The
maximum call set up was 30 seconds. The relationship between Mobile Originating Calls (MOC) and Mobile
Terminating Calls (MTC) is one is to one (1:1) [10].

Tools Used for Measurements
e GPS
e TEKRONIX M366Plus
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¢ MAPINFO
e Report Software

I11. Results And Discussion
The data collected in the study area is hereby presented and the analysis done for all the KPIs under
consideration for all the selected network operators. In order to analyse the data, mean values were determined
for all the study areas and presented in a graph form.

Call Set-up Success Rate (CSSR)
This parameter measures the capability of the network to normally set up a call successfully. It is the ratio of
unblocked call attempt to the total number of call attempts
Unblockedcallattempts
CSSR = TotalNumberofCallatt:mpts (1)
CSSR can also be expressed in (2) as
CSSR = (1 — ProbabilityofCallBlocking)x100% (2)

The call set-up success rate (CSSR) in fig. 2, shows the fraction of the attempt to make a call that resulted in a
connection to the dialled number in 2G and 3G MTN network.

CSSR Statistics From Network Provider
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Figure 2: Call Setup Success Rate in MTN Ghana Mobile Network

It is observed from fig. 2 that, an average of 99.38% of calls generated over the Second Generation (2G)
network and 99.37 of calls generated over the Third Generation (3G) network within the network were largely
successful and acceptable in the duration of the study as compared to the benchmark set up by the local
regulator (NCA) and International Standard body (ITU) that is (CSSR>95%).

Call Drop Rate (CDR)

Drop-call probability is one of the key performance indicators (KPI) used by various mobile cellular networks
operators for measuring QoS. It generally refers to the phenomenon of call/packet dropping in both voice and
data networks [5]. Call/packet dropping refers to the event described as the termination of calls in progress
before either involved party intentionally ends the call.

Numberofcallsterminatedunwillingl

CallDropRate (CDR) = Totrflnumberofcallattempts =
CDR can also be written as in (4)

CDR = (1 — CallCompleteProbability)x100% (4)
Call drop rate should be equal or less than three percent (3%) that is (CDR = 3%).

«100% (3)
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CDR Statistics From Network Service Provider
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Fig. 3: Call Drop Rate for MTN mobile network in Ghana

It can be shown in Fig. 3 that at the time of the duration of this study, the results from both 3G and 2G fell
within the acceptable values of the regulator(CDR = 3%). Though the values recorded from the 3G network
showed better (CDR > 1%) as compared to that of the 2G ((CDR = 1.4%).

Network Capacity

Is the maximum traffic intensity that can be carried by network resources under given constraints on call —level
in voice calls and packet-levels in data performance parameters [11]A detailed review of the network capacity
statistics shows that in January, the capacity of the network increased from 60386.01 to 61193, which
subsequently dropped to 60688.40 in February 2014. In March however, the capacity increased to 62509.81.

Network Capacity Statistices From Network Service
Provider
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Fig 4: Network Capacity for MTN network

Bit Error Rate (BER)

The performance of mobile network can be measured in terms of BER, every network service provider has a
certain level (threshold) set for BER (QoS) for which it will provide service. In the event that the BER increases
above the set threshold value, this may lead to service discontinuity or poor quality of service and in the case of
voice calls the network may experience call drops.Fig. 5 shows the measured BER from December to March
2015, and it can be seen that, in the month of December, the values of BER was extremely high (approximately
9.8) as compared to the other months (January to March which< 3).This means subscribers will experience
some poor services such as call drops, poor voice quality, slow data rate etc. in the month of December because
of high values of BER and improved services from January to March.
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BER Statistics From Network Service Provider
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Fig. 5: Bit Error Rate (BER)

1VV. Conclusion

This study was carried out in Kumasi Metropolis on quality of service rendered by the major mobile network
operator (MTN). Some KPIs such as CSSR, CDR, Network Capacity and BER were measured and a thorough
analysis performed on these measurements and the outcome showed that, some of the KPIs of the Operator were
below the recommended values set by regulator (NCA) and other standard bodies (ITU) while others were in
agreement with the regulators and standard bodies. This means that subscribers in the areas with good KPIs will
experience good services while subscribers in the areas with KPIs below recommended values will experience
poor services.
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