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Abstract: The increased growth of Global System for Mobile Communication (GSM)
networks is not without challenges such as dropped or blocked calls, poor internet access,
occasional service outages, and network congestions among other poor service challenges.
This paper investigated and analysed the performance of GSM networks for optimization of
Quality of Service (QoS) at Malete, Kwara State. Due to the inability to make calls, poor data
service, network congestions, etc., 2G, 3G and 4G drive test analyses were conducted and a
questionnaire method was adopted to compare customer feedbacks with the test results. Key
Performance Indicators (KPI) and parameters such as Call Setup Success Rate (CSSR), Call
Completion Rate (CCR), Call Drop Rate (CDR), and Call Handover Success Rate (CHSR)
were considered and investigated. The data collected through Test Mobile System (TEMS)
software were analyzed using map info professional to identify the cause of these problems
with a view to providing efficient and effective solutions to the problems. Destitute network
and QoS performance were encountered in some parts of the research area and parametric
optimization was given as a way of improving the network performance for better QoS,

reception, revenue generation and economic growth.
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performance indicators.

1. Introduction

The Global System for Mobile Communication (GSM) is
currently the most extensive coverage, and with highest
reliability, maximum capacity, confidentiality and strong public
wireless digital transmission system [1-3] in Nigeria. The
introduction of GSM mobile communication network system
has no doubt played significant and meaningful roles in people’s
lives [4-5]. Aside voice call, an important service from the
GSM, other value addition services such as Short Message
Service (SMS) and internet services have allowed for and
enhanced a number of applications ranging from e-mail, e-
learning, e-banking, to social networking. The revolutionary
tempo has further been raised by the internet and the web
especially through the enhancement of e-learning. E-learning
encompasses a wide set of applications and processes, such as
web-based and computer-based learning, virtual classrooms,
and digital collaboration. It involves the delivery of contents
through the internet and intranet, audio and video tape,
interactive TV, and satellite broadcast [6].
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Over time, the GSM services have witnessed transformation
from 1G to 4G and recently to 5G. It is obvious that the reasons
for this transformation are qualitative voice calls, high speed
data and internet connections. Mobile voice communication
was achieved by the first generation (1G), while the second
generation (2G) also added coverage and capacity. This was
followed by the third generation (3G), which is searching for
higher-speed data to open the gates to a truly "mobile
broadband" experience that the fourth generation (4G) further
established. The 4G offers access to a wide range of
telecommunications services, including advanced mobile
services, enabled by increasingly packet-based mobile and fixed
networks, as well as support for applications with low to high
mobility and a wide range of data rates, in line with the
requirements of multi-user services [7]. The evolution of
wireless access technology is at its fifth generation (5G) and will
interconnect the entire planet.

The telecommunication industry is faced with both rapid
growth and challenges associated with Global System for
Mobile Communication (GSM)-based cellular mobile
networks. As the number of services and subscribers of GSM in
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Nigeria increases, the demand for good Quality of Service
(QoS) has become an issue in the country [8]. More users are
connected to the existing networks on daily basis; hence the
need to continuously monitor the QoS delivered by service
providers. High QoS in this environment is a huge benefit for
service providers. With the growth of mobile services, it has
become very important for an operator to measure the QoS and
Quality of enduser Experience (QoE) of its network accurately,
effectively and cost-efficiently to achieve customer loyalty and
maintain competitive edge [9]. Since GSM services are locally
provided by Base Transceiver Stations (BTS), it is pertinent to
carry out performance analysis of a number of cells (BTSs)
covering a community or a particular location.

Service providers are increasing immensely and these
networks provide different QoS. An efficient and effective
telecommunication sector is very important in the economic
growth of a country. QoS is simply the description or
measurement of the overall performance of a service.

As the number of staff, students, civil servants and villagers
increase in Malate, Kwara State, due to the growth and progress
of the university, inability to set up calls, abrupt calls drops,
occasional service outages, cross-talks and network congestions
among others became imminent and subscribers do not receive
satisfaction due to the poor nature of the services available on
these networks. Surfing the internet has been a major issue for
staff and students. Thus, the lack of adequate amount of base
stations, poor network and overall QoS performance in the area
of study form the major reasons why this study was carried out.

This paper investigated the performance of network in
Malete, Kwara State, analyzed the data collected through Test
Mobile System (TEMS) software and TEMS Discovery, and
then evaluated the performance of the work. The research was
organized into three phases namely: the data collection phase,
data analysis phase and the proposals for improvements. The
outcome of the research will assist network operators to
measure effectiveness against their long-term corporate
objectives. It will also help the regulatory body, Nigeria
Communications Commission (NCC), to establish a more
comprehensive  structure  for  rapid  growth  in
telecommunications. QoS and performance analysis of GSM
services ususally form the bases of Key Performance Indicators
(KPIs) by both the regulatory authorities and service providers.
The KPIs are parameters measured and obtained directly from
network infrastructures such as Base Transceiver Station (BTS)
and Base Station Controllers (BSC) [1, 4-5].

This article has been structured and presented in such a way
that Introduction which include review of related works was
given in section one, Research Method was discussed in Section
Two, the Results and Discussion were presented in Section
Three and Conclusion was given in Section Four.

1.1 Literature Review

Authors [1-6] as well as [10-21] evaluated the operational
performance of some GSM networks. In some cases, such as
[22] and others, optimization for cellular networks was also
carried out. Lawal [6] conducted his search and analysis using
network statistics method. Using drive test, Rakiya [10]
analysed two network services to address congestion issue
experienced in the area. The work in [20] optimized GSM
network performance by conducting a pilot study. Data
collected through drive test was processed. Another pilot study
conducted by [23] deployed android application to measure the
performance of five broadband operators. [24] also conducted a
pilot study to improve mobile broadband internet service. A call
admission control was proposed to reduce the rate of call drop
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associated with unsuccessful handover when a user moves out
of a serving cell and the target cell has limited resources to serve
the call connection.

The analysis performed in [12] covers the operation of a
broadcast cellular time-varying link and produced an
expression, based on the maximization of the achieved spectral
efficiency, for the optimal number of simultaneously active
users per cell. The authors in [25] emphasized optimization of
radio frequency as an essential process for verification and
monitoring of the efficiency of any cellular network. A research
on traffic modeling for capacity analysis of some GSM
networks was carried out by [26] where analysis of mobile
devices in terms of mobility and traffic was presented to
optimize capacity for both circuit and packet-switched services.
Table 1 compares some of the related works highlighting the
problems, methodologies and limitations.

Table I
Related Works
Author Problem Methodology Limitation
. Test Mobile System |2G/GSM networks
[10] GSM congestion (TEMS) only.
Test Mobile System | Study area not
(1] Call Drop problem (TEMS) clearly defined.
Mobile cellular network . Non graphical
[17] optimization and QoS Chi-Square test result presentation.
[19] |GSM network congestion Erlang B call Solutions not
W g loading formula suggested.
[20] Wireless communication | Test Mobile System | Area of study not
networks optimization (TEMS) clearly defined.
. . Android application | Bandwidth and
Mobile wireless .
[23] using My Speed Test accuracy
performance bottlenecks Y
PK limitations.
Test Mobile System | No network users’
[25] Poor cellular network (TEMS) feedback.
Channel holding
time was not
[26] GSM network traffic Knapsack model considered in the
traffic model.
Real Time Empirical data not
(27] QoS challenges Methodology included.
No project or
[28] |GSM Network challenges| Study and review |practical work was
carried out

2. Research Method

The research method, design and procedure are explained in
this section. In conducting a study related to analysis and
optimization of GSM-based cellular mobile networks, [29]
listed drive tests, network statistics and customer complaints
and feedback as the three QoS measurement methods normally
used to obtain data to monitor, analyze and evaluate QoS as well
as for optimization. The drive test method is suitable when
measurements covering a large number of cells, such as QoS
evaluation for a whole country, state, local government area, or
a city, are required. While the network statistics method
involves obtaining data through in-situ measurements that do
not require any pre-mathematical processes, the customer
feedback method involves preparing questionnaire for network
users to fill.

In this study, both QoS measurement using drive test and
customer feedback methods have been adopted because of their
popularity and reliability. A popular GSM service provider
having some of the largest number of mobile subscribers in
Nigeria according to [30] was selected. All the vital drive test
tools were procured. Important information required for the
successful completion of the test including identification of the
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test routes, the type of test to be carried out, the long and short
calls duration and other necessary data were obtained.

The test locations were intended to cover all areas served by
the various sectors of the sites under investigation. Important
routes and avenues round the base stations were also selected.
The test routes entered the surrounding neighboring cells
overlapping regions. This ensured good coverage of the sites
and proper verification of the handover functions.

Drive test measurements were conducted in four strategic
study areas in Malete, namely: Kwara State University campus,
West End, Safari and Amina Castle. The tests were conducted
on a market day (Day One) expected to have heavier traffic and
a weekend day (Day Two) with relatively lesser traffic. Results
from the measurements were obtained and data containing the
major Key Performance Indicators (KPIs) such as Received
Signal Quality (RxQual), Received Signal Level (RxLevel),
Received Power Level (RSRP) — used to denote measurement
of 4G network received power level, Received Reference Signal
Quality (RSRQ), Call Set-up Succession Rate (CSSR), Call
Completion Rate (CCR), Call Drop Rate (CDR), and Call
Handover Success Rate (CHSR), etc. were statistically
computed and analyzed.

These data were collected using TEMS tool. The process
involved pre-installation of TEMS investigation software on a
laptop. CelIREF as well as the streets were also loaded. A car
was used as the mode of transportation, while the laptop was
turned on with the dongle, GPS device and hub connected. SIM
card of the network to be investigated was slotted into four MS,
turned on and later connected to the system through the hub.
The system was then activated. For data collection process, the
“Record” button was clicked to initiate and save the data
collected on the pre-determined test routes. A “Save As”
dialogue to specify the directory, file name and file type popped
up. The file type has to be TEMS log files (.log) since all TEMS
files has .log extension in which drive test data are saved. After
the test routes were covered, the “Record” button was clicked to
initiate the end of the process and acquire the log file. Figure 1
shows the flow chart of this method.

After drive test data collection using TEMS software, the
collected data was imported to analyze the event summary such
as call attempts, call completed, dropped calls, and blocked
calls. Furthermore, a questionnaire was prepared and

YES
MAVIGATE WITH THE GPS
TO THE AREA OF INTEREST

CLICK ON RECORD AND START
INVESTIGATING THE NETWORE
DITERFCE

-

STOP RECORDING AND

EQUIPMENT(S) TILL THEY
FUNCTION PROPERLY

[ PROCEED WITH THE TASE IN HAND ]

i

STOP RECORDING AND PRINT RESULT ]

OF LOGFILE OF THE TEST

i

Figure 1. Flow chart of the research method
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administered to users of the network in the areas under study to
compare the customers’ feedback data with the data obtained
from the test. This was done to efficiently investigate and
analyze the performance of the network.

2.1 Key Performance Indicators and Evaluation of Quality of
Service

Communication is said to take place when data flows from
source to destination and QoS guarantees a specified level of bit
rate, jitter, delay and packet drop probability to the flow. QoS,
in telecommunication, stands for the resource reservation
control mechanism, instead of the translation of term as
achieved service quality. QoS is simply the description or
measurement of the overall performance of a service or the level
of satisfaction a customer or an end-user gets from a service.
ITU-T Recommendation defines QoS as the collective service
performance effort which determines the degree of satisfaction
of the subscriber [31-33]. QoS assurance is important for real
time traffics such as Voice over IP (VoIP), online gaming, IP
TV and video streaming. QoS enables network administrators
to avoid network congestion and manage the network resources
efficiently. Customer satisfaction is critical for a sustainable
competitive edge in the market [8]. It plays an important role in
the growth rate and development of any business.

One of the fundamental considerations in QoS measurement
is the traffic over the network [9]. Although the QoS parameters
are not always directly measurable, however, the performance
of cellular radio networks can be measured using different KPIs.
For effective radio network optimization, it is necessary to pre-
select relevant KPIs to be considered, and closely observe when
the network monitoring process is going on. In voice telephony,
QoS majorly depends on some properties such as voice clarity,
call set-up time delay, traffic congestion and network failure
which can prevent setting-up calls or prematurely terminate a
live call. The most important KPIs from the operator’s
perspective as described in [3] include bit error rate (BER),
frame erasure rate (FER), bit error probability (BEP), and mean
opinion score (MOS). However, the main KPIs that are used by
the NCC for effective communication and evaluating the QoS
of cellular networks in Nigeria [33-34] include the following:

Call Set-up Success Rate (CSSR): this indicator measures
the ease with which calls are established or setup. It is the ratio
of the number of successive calls initiated by callers to the total
number of attempted calls. The higher the CSSR, the better the
performance of a cell. High call setup success rate is achieved
when standalone dedicated control channel (SDCCH) seizures
and traffic channel (TCH) allocation are easily achieved to set
up a call [1]. CSSR can be determined by dividing the number
of the unblocked call attempts by the total number of call
attempts as expressed in (1).

No of Successful Call Setup

R (%) = 1
CSSR (%) Total No of Call Attempts * 100 (1)

Call Drop Rate (CDR): this indicator measures the network
ability to retain call conversation when it has been established
or setup. CDR is also called Drop Call Rate (DCR). A dropped
call is a call that is prematurely terminated before being released
normally by either the one initiating the call or the one being
called. They occur as a result of degraded signal quality,
interference, poor handover success rate (HOSR), hardware
faults, high traffic channel (TCH) congestion rate and other
related coverage issues [6]. Service providers pay attention to
CDR values because its increase signifies serious network
problem that needs to be urgently fixed. The CDR is the number
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of dropped calls divided by the total number of call attempts as
in (2).
CDR (%) = No of Dropped Call % 100 )
(%) = Total No of Call Attempts @)
Traffic Channel Congestion Rate (TCHCR): this indicator
measures how busy a cell is during call setup due to traffic
congestion. A higher TCHCR shows difficulty in setting up a
call or establishing a channel [6]. Once the channels configured
or allocated to a BTS are exhausted, it becomes impossible to
establish a new call to the other party. BTS usually have high
number of traffic channels (TCHs) which must be higher than
the maximum number of users within the BTS coverage area.
The maximum TCHCR recommended by the regulatory agency
is 2%. The traffic channel availability can be mathematically
determined as:

TCHCR (%)
_ No of calls blocked due to unavailable resources

®)
Total No of Requests * 100

Hand Over Success Rate (HOSR): this is the ability of
established channels or ongoing call on a particular network
core to be successfully transferred to another network core. The
HOSR is an important KPI that indicates the percentage of
successful handovers of all handover attempts. Handover
success rate directly affects the user performance when an
active network user traverses different cells unhindered. In other
words, it is the ratio of successful handover to the total handover
requests [35] as given in (4).

No of successfully completed handovers

HOSR (%) =

No of initiated handovers x 100 (4)

While the NCC recommended value or target for HOSR
stands at 99%, some of the possible causes of poor HOSR
include poor radio coverage, network congestion, high
interference, link connection, error associated with locating
parameter setting and handover relations [1].

It is important to note that the KPIs, some of which have
been discussed above, are associated with what can be classified
as accessibility (e.g. CSSR, TCHCR), retainability (e.g. CDR,
HOSR), service integrity (e.g. Receive Quality or RxQUAL,
Received Signal Strength Indicator or RSSI).

3. Results and Analysis

This In this section, the results of the research have been
presented and explained. Analysis and comprehensive
discussion of the results obtained for 2G, 3G and 4G are also
given. The data obtained from the drive tests covering the
research area on both eventful and non-eventful days, the
processed data from the administered questionnaire, the
statistics obtained from necessary mathematical computations

Figure 2. 4G RSRP route overview
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and their analysis have been presented either in graphs, figures
or tables, as the case may be, in this section.

3.1. 4G Networks

Figure 2 shows the 4G RSRP route overview for the eventful
and non-eventful days for the study location.

In Figure 2 and other subsequent similar figures, the Serving
Cell RSRP (dbm) box at the top of the overview shows the RX
Level dBm values from its minimum to maximum range and the
corresponding counts and percentages to each number of
occurrence.

Figure 4. 4G data throughput route

Areas where the RSRP value is greater than —105 dBm
represent the red dots with poor signal levels. Areas with RSRP
from -85 to 0 dBm represent the light green and dark green dots
with good signal levels. The fan-like signs, with their respective
cell identification codes, depict the cell sites. Figure 3,
established using the TEMS discovery, is the chart for the 4G
RSRP. It is a plot of the percentage of minimum to maximum
range, i.e. from -115 to -75. Count represents the number of
occurrence of each range. For instance, the minimum range -
115 with red as identification color recorded 12 and 9 (red dots)
for eventful day and non-eventful day respectively. While pdf'is
the corresponding percentages to each number of occurrence or
counts, sum is the total counts and percentage.

Figure 4 and Figure 5 respectively show the overview and
the chats of the 4G data throughput route for the eventful and
the non-eventful days. The red spots depict weak data rates with
throughput less than 2500mb/sec to 0. While the light green and
dark green patches depict strong data rates with throughput
above 7500mb/sec, the fan-like signs, with their respective cell
identification codes, depict the cell sites. The PDCP DL
throughput (at the top of the overview) shows the RX Level
dBm values from minimum to maximum range and the
corresponding counts and percentages to each number of
occurrence. This is further succinctly shown in Figure 5. The
Figure shows a percentage range from 0 to 10000 as well as 123
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and 284 as the Sum for eventful day and non-eventful day
respectfully.

Figure 7. Chart for the 3G RSCP

3.1.1. 4G KPI Calculations

RSRP (%)
_ Noof occurence MS receives Rx Level at acceptable range (5)
a Total no of occurence MS receives Rx Level
x 100
Data throughput
_ Noof occurence MS receives data at acceptable range (©)

Total no of occurence MS receives data
x 100

While the 4G RSRP for the eventful and the non-eventful
days are 2.47% and 35.05% respectively, the 4G data
throughput are 60.97% and 79.57%. Average data speed per
seconds of 7018.3 Mb/Sec and 8271.12 Mb/Sec are obtained
using (7).

5rx

A =
verage mean 57 (7)
3.2. 3G Netwroks
s . ‘~,‘,_{xf:’

Figure 6. 3G RSCP route overview
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The results of the 3G networks are analyzed here. Figure 6
and Figure 7 are the 3G RSCP route overview and chats for the
eventful day and non-eventful day. Areas where RSCP is greater
than —105 dBm represent the red dots with poor signal levels.
Areas with RSCP from -85 to 0 dBm represent the light green
and dark green dots with good signal levels.

Figure 8. 3G EC/Io route overview

Figure 8 to Figure 11 show the overviews and the
corresponding chart of the 3G EC/Io route and the 3G data
throughput. In Figure 8, areas where EC/Io is greater than —16
dBm represent the red dots with poor signal levels while those
with EC/lo from -12 to 0 dBm represent the light green and dark
green dots with good signal levels. Figure 9 shows the
percentage of each minimum to maximum range from -18 to -
10.

WCDMA Call

Figure 9. Chart for 3G EC/lo.

For the data throughput presented in Figure 10, the red spots
depict weak data rates with throughput less than 512mb/sec to
0. The light green and dark green patches depict strong data
rates with throughput above 2048mb/sec. The HS-DSCH
throughput total (kbps) in Figure 10 and Figure 11 show the RX
Level dBm values from minimum to maximum range (i.e. from
1 t0 4096) and the corresponding counts and percentages to each
number of occurrence.

Figure 10. 3G data throughput route.
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Figure 11. Chart for 3G data throughput (%)

3.2.1. 3G KPI Calculations

From the 3G event statistics and using the appropriate
equations, the Accessibility (CSSR), EC/IO (3G Signal
Quality), RSCP (3G Signal Strength) and the 3G data
throughput are determined and presented in Table 2. Similarly,
those of 2G especially the Rx Level and RxQual are also
determined and recorded.

3.3. Summary of KPI Analysis

The summary of the results obtained are presented in this
section. Table 2 presents the results of the KPI analysis acquired
from Drive Test for 2G, 3G and 4G. In Table 3, the KPI analysis
obtained from customers’ feedbacks are also presented.

A comparison of the main KPIs involving CSSR, CDR,
network coverage and call quality for MOS values in Table 3
with the Drive test analysis in Table 2 shows that the users’
feedback suggested that the network performance was
satisfactory, but not close to being excellent. Furthermore, it is
observed from the results that the QoS a user will most likely
experience in the area of study is not unexpected.

Throughout the study, all 2G and 3G calls attempted in the
area of study were established successfully, which proved that
the call set-up success rate was very high and efficient.
Likewise, a dropped call never occurred. This is an indication
that the network retainability in the investigated areas was very
high. Furthermore, this study revealed that the 2G network
voice quality gave a better performance than the 3G network.
However, the 4G coverage was terrible and does not come close
when compared with the results obtained from 2G and 3G.

Table I1
KPI analysis acquired from Drive Test (QoS)
Networks KPI Eventful Days Non-
Eventful
Days
Rx QUAL 95.44% 95.41%
2G Rx Level 27.27% 45.24%
CSSR 100% 100%
CSSR 100% 100%
RSCP 93.57% 98.83%
3G EC/lo 84.31% 95.61%
Data throughput 96.03% 97.21%
Average data speed (Mb/secs) 3502.83 3874.22
. RSRP 2.47% 35.05%
Data quality 60.97% 79.57%
Average data speed (Mb/secs) 7018.3 8271.12
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Table IIT
KPI analysis from customers (MoS)
Networks KPI Values
CSSR 86%
CDR 10%
G Network coverage 76%
Call quality 73%
Data speed 78%
3G
Data coverage 83%
Coverage 46%
4G
Data speed 80%

Furthermore, the internet access performance via 3G and 4G
was reliable both during the eventful and the non eventful days.
Expectedly, 4G performed better in terms of speed, as it was on
an average speed of 7478.022Mb/Sec on eventful day and
9026.87 Mb/Sec on non eventful day. These were higher than
the 3502.83M Mb/Sec and 3874.22Mb/Sec result respectfully
obtained for the 3G network.

4. Conclusion

This work examined and evaluated the performance of GSM
networks in Malete, Kwara State of Nigeria. The relevant KPIs
were used as key parameters for both carriers and subscribers.
Log files from the active GSM networks were generated using
Ericson W995 phone with built-in TEMS software package.
The post analysis of these log files identified parametrical
problems. The research results revealed that the network failed
to meet the regulatory (i.e. NCC) recommendations for CSSR,
CDR, HSR, and call blocking in some instances. Generally, the
KPIs values from the BTS on non-eventful day rarely meet up
with the NCC’s recommendations. This was observed to be
worst-off during the eventful period. The eventful period is
characterized by higher population of subscribers.

The GSM operators have only L800 4G band in the area of
study, which made all the available 4G devices operate on the
single band causing reduction in the efficiency of the band due
to high traffic. The addition of L1800 or L2600 band will bring
a huge increase in the coverage as well as the QoS of the 4G
network. The GSM operator needs to increase the number of
BTS or implement sector addition, as only one BTS was
available in the area of study. This will increase the network
coverage, decrease the traffic, and a possibility of inter-
frequency handovers.

Parametrical optimization was given as a way of network
improvement for better reception and revenue generation.
Physical optimization measures such as swapping of RF antenna
cables, azimuth adjustment and retune of broadcast control
channel (BCCH) frequencies are required in order to resolve the
problems associated with some of the networks. Finally, the
NCC is advised to inspect the GSM performance profile of
operators, so as to ensure that the operators are meeting the ever
increasing needs of subscribers.

Some of the problems faced in the course of this research
include cell site authorization, unavailability of cell reference
data of some network providers, and difficulties associated with
tools used. Aside the highlighted strengths of the solutions being
proposed, which include but not limited to network accuracy,
proficiency and improved QoS, a similar research may be
recommended to cover higher speed heterogeneous networks
such as 5G whenever it is deployed. However, the effectiveness
of the proposed solutions may not be as good in such scope. This
is a weakness that can serve as future scope.
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