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Abstract: Mobile networks are evaluated to assess and measure network performance, thereby, 
improving customer satisfaction and revenue generation. This paper focuses on evaluating the 
performance of mobile networks, identified as Operator A, Operator B, Operator C, and Operator 
D, providing voice communication service(s) in the University of Ilorin, Ilorin, Nigeria. A drive 
test method was used to obtain the key performance indicators (KPIs) for accessibility, 
retainability, mobility, and service integrity, in comparison with the NCC-defined target for each. 
The KPI results were aggregated to give the overall network performance for each network 
operator across the selected drive route – main campus and staff quarters. The Wideband Code 
Division Multiple Access (WCDMA) network performance in both locations is far behind the 
Nigerian Communications Commission (NCC) defined KPI target and below the customers’ 
satisfaction, while the Global System for Mobile Communications (GSM) network performance 
in both locations is permissible. This paper recommends that network operators regularly 
monitor, optimize and improve on the services provided to subscribers as well as invest in 
network resources to meet customers’ satisfaction as well as increase revenue generation. 
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1. Introduction
The importance of performance evaluation of mobile networks is inspired by the need to

utilize the limited radio resource in the most efficient manner. The continuous increase in 
demand, for high-quality service, coupled with the future telecommunication network target of 
providing integrated services with multimedia applications, over low-powered mobile 
computing devices, has further increased the need for evaluating the performance of mobile 
networks [1 - 4].  From the users’ perspective, the performance of a mobile network is measured 
in subscribers’ satisfaction index, network availability, and efficiency [5 - 8]. However, from 
technical and regulatory perspectives, network performance evaluation is necessary for assessing 
and measuring the coverage, capacity, and quality of mobile networks with respect to the service 
level agreement (SLA) signed with the regulators. 

While the operators focus on metrics like the bit error rate (BER), frame erasure rate (FER), 
and mean opinion score (MOS), the Nigerian Communications Commission (NCC) has 
identified some measurable key performance indicators (KPIs) to evaluate the success of 
network operators in Nigeria vis-à-vis subscribers’ perception. These KPIs include dropped 
calls, handover success, blocked calls, interference, coverage, and quality, amongst others. 
Notably, the KPI results are obtained from the voice and data channels logs on the network [9, 
10]. However, to meet the quality of service (QoS) target set by NCC, the following KPI target 
must be met by all network operators – accessibility (call setup success rate ≥ 98%), retainability 
(call drop rate ≤ 1%), mobility (handover success rate ≥ 98%) and service integrity [11, 12]. 

As a national regulatory body vested to establish minimum QoS standards in service delivery 
for mobile network operators (MNOs) and internet service providers (ISPs), the NCC requires 
that  each  network  provider  reports quarterly,  on  customer  satisfaction  in   (rural,  urban  and 
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suburban) Nigeria [13]. This was motivated by the seeming dissatisfaction with the QoS by the 
rapidly increasing number of information and communications technology (ICT) users across 
the country [6, 13]. It has, increasingly, become evident and pronounced that the Nigerian 
telecommunication sector has been plagued with problems, causing frustration among 
consumers. In recent studies, operators have attributed the poor QoS to the vandalism of network 
equipment, lack of roads, epileptic power supply, and security breaches in the country. However, 
mobile network users expect that the increase in technological innovations will foster good 
speech quality and uninterrupted services [5, 6]. This expectation is based on the perceived 
increase in the penetration of long-term evolution (LTE) networks in the country and the 
anticipation of the deployment of 5G networks. The August 2019 to July 2020 report in [13], 
revealed that for the GSM network, all, but one of the MNOs satisfied the minimum requirement 
for network accessibility (≥ 98%). This justifies previous statistics by the NCC in May 2016 to 
April 2017, that amongst the four major MNOs, only one performed outstandingly (satisfying 
the minimum requirement and beyond) in network accessibility, while one of the MNOs 
performed poorly in network retainability [14]. 

The authors in [15] conducted a drive test to evaluate and compare the network performance 
of four networks (W, X, Y, and Z) in Minna, Nigeria, using Test Mobile System (TEMS). The 
study validated the claim by NCC that X network had the best network quality in Nigeria. A 
related study in [5] employed the drive test method with statistical analysis models (chi-square 
and Fisher’s tests) for the performance benchmarking of GSM and Universal Mobile 
Telecommunications System (UMTS) network operators in Ankara, Turkey. Another study in 
[4], revealed an analytical survey on the performance evaluation of wireless cellular networks 
under more realistic assumptions. This study explained that the premature termination of calls 
(call drop) is possible due to unsuccessful handover of calls when a user moves out of the 
coverage area of a serving cell, and the target cell has no or limited resources to serve the call 
connection. A call admission control (CAC) scheme was proposed to reduce the call drop rate 
[4] [16 - 18]. Results in [5, 15] emphasize the role of regulatory organizations in monitoring and
administering wide-scale benchmarking of operators.

The exponential increase in the penetration of broadband communication requires evaluating 
its performance from an end-user perspective [5, 19]. The authors in [19], conducted a pilot study 
to benchmark and evaluate the QoS experienced by mobile wireless users in Pakistan by 
deploying an android application (My Speed Test PK) for mobile customers to measure the 
performance of the five broadband operators (Ufone, Telenor, Zong, Warid, and Mobilink) in 
Pakistan. The analysis of the performance obtained by mobile wireless users revealed 
performance bottlenecks. Improving the mobile broadband internet services (3G and LTE) in 
Pakistan formed the basis of the pilot study in [20]. The results reinforced the 2015 QoS survey 
of 3G and 4G for the Pakistan Telecommunication Authority (PTA). 

Communication has become the backbone of societal development, with GSM and UMTS 
being the most used mobile technology for voice and data communications in Nigeria. The 
adoption of empirical analysis methods [6] and customer perception models [5] in evaluating the 
degradation of WCDMA networks in Owerri, Nigeria, corroborates the need for the NCC [13, 
14] to sanction erring MNOs providing poor services to mobile subscribers. The authors in [6]
conducted a survey on the QoS performance of two dominant MNOs in the Owerri metropolis;
structured questionnaires were administered to 250 mobile subscribers and results were
harvested based on the coverage, accessibility, and mobility KPIs. The authors in [21], mapped
out a comparative study of two GSM networks (ZAIN and Globacom) and two CDMA networks
(Starcomms and Visafone) by collecting data on calls made in Zaria, Kaduna state. The research
considered some KPIs set by NCC such as service accessibility, call setup success rate (CSSR),
call setup time, and call completion rate (CCR).

Further study in [22], revealed the performance of GSM networks in Portugal. Results from 
the study revealed accessibility KPI values of 97.1%, 97.0%, and 96.8% and audio quality KPI 
values of 56.6%, 50.9%, and 56.9% respectively for the three operators (OPTIMUS, 
VODAFONE, and TMN) studied. In 2017, P3 Communications carried out a rigorous and 
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meticulous measurement for the mobile network operators (EE, O2, Vodafone, and Three) in the 
United Kingdom [23]. The measurements carried out were based on the drive tests and walk tests 
conducted across 20 large cities and 11 cities in the UK respectively. EE, Vodafone, O2, and 
Three were rated very good, good, satisfactory, and good respectively. 

To effectively cater to subscribers’ demand, [24] carried out a research on maximizing 
coverage, capacity, and quality with guaranteed QoS using a cell cluster optimization approach. 
Two types of drive tests were conducted to optimize the network – initial drive test and post-
drive test. The initial drive test was conducted to serve as a reference level for verifying the 
performance of the network. The study area was divided into three clusters with each of the 
clusters having 26 to 40 sites on air. From the drive test analysis, the problem identified across 
the three GSM clusters were – reduced power output, poor transmission line, increased 
interference, coverage hole, cross feeder, overshooting, amongst others. After the optimization, 
the coverage reliability results revealed better coverage performance as well as better quality 
performance. 

While past studies have critically evaluated the performance of GSM and WCDMA/UMTS 
networks from customers’ viewpoint, the study in [25] demystifies the root cause of poor 
network signal strength and its impact on the QoS provisioning by MNOs. Specifically, the 
handover procedure and power control were observed in a dense (saturated) network 
environment using drive test methods. Results from the study emphasized the need for optimal 
coverage on all the mobile networks, as well as to have the radio frequency (RF) air interface 
parameters configured to avoid problems of ping-pong handovers, and poor power control, 
which causes interference and low RSSI among mobile stations (MSs). 

In a populated urban area with a literate population such as the University of Ilorin, radio 
resource availability and reliability is a factor that determines the success of mobile 
communication. Students and staff, each, complain of poor network accessibility mostly in the 
academic areas of the University. This incessant complaint which has made many staff and 
students, each, to subscribe to more than one network operators’ service, is an indicator of poor 
QoS in the University of Ilorin, and by extension most urban centers in Nigeria. On the evidence 
of this, the networks need to be under continuous monitoring and control, to maintain and 
improve the performance of the system – an approach that this study seeks to evaluate. 

As increase in population and infrastructural development is continuous in any higher 
institution of learning, the need for improvement in telecommunication services is necessary. 
This study forms a basis for the regular inspection and optimization of mobile networks in the 
University of Ilorin, as well as creates a guide for path loss modeling suitable for the campus 
terrain. Real-time monitoring of radio frequency in the GSM and WCDMA band was conducted. 
Three drive test locations were selected in the University of Ilorin - University main campus, 
senior staff quarters, and Jalala junior staff quarters. Possible solutions to improve the network 
in the selected locations are recommended. 

2. Research Method

Table 1. Frequency Definition 

Technology Band 
(MHz) 

Uplink 
Frequency 

Downlink 
Frequency 

Duplex 
Distance 

GSM 900 890---------915 935-----------960 45 
DCS 1800 1710------1785 1805--------1880 95 

UMTS 2100 1920------1980 2110--------2170 190 

The measurement method employed in this study is the radio frequency drive test – a network 
test performed to diagnose the root cause of specific radio network problems which are not 
limited to dropped calls, blocked calls, handover failure, missing neighbor, interference, 
coverage, and quality [5, 6, 25]. In this study, the measurement is taken for each radio access 
technology (GSM and WCDMA) and across different bands as shown in Table 1. 
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A. Measurement Setup 
The first phase of the experiment in this study is the data collection phase which requires the 

use of drive testing tools. These tools are connected to capture and store, as log files, network 
data in real-time for post-processing and analysis. The tools used in this study include TEMS 
Investigation, used to capture real-time drive test data, and Test Mobile System (TEMS) used to 
monitor and analyze mobile networks’ performance. Additional tools which constitute the 
measurement procedure include Sony Ericsson W995, equipped with TEMS software connected 
to the laptop to capture the network information, activity and data during the period of the drive 
test, a Power Inverter, and a Global Positioning System (GPS) device for location logging. 

 
B. Drive –Test Route 

The University of Ilorin was measured by mapping out routes in the academic area (main 
campus) and staff residence. The senior and junior staff quarters have access routes linking them, 
hence, the merger as “Staff Quarters”. The drive test was carried out over a total distance of 6.0 
kilometers and 7.16 kilometers across the main campus and staff quarters respectively, as shown 
in Figures 1 - 3. 
 

 
Figure 1. Main Campus Drive Route 

 

 
Figure 2. Jalala Junior Staff Quarters Drive Route 
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Figure 3. Senior Staff Quarters Drive Route 

 
C. Measurement Call Types 
 In order to obtain the KPI results for GSM and WCDMA networks in the University of Ilorin, 
two different measurement methods were used – short call and long call, as shown in Table 2. 
 

Table 2. Measurement Call Type 
Call Type Duration (seconds) Parameter Measured KPI 

Short call 60 Blocked call Call Setup Success 
Rate (CSSR) 

Long call 600 Dropped call Call Drop Rate 
(CDR) 

 
D. Active Transmitters during Drive-Test 
 During the drive test, a number of transmitters were on air as shown in Table 3. Specifically, 
a total of 13, 12, 14 and 8 transmitters were on air for Operator A, Operator B, Operator C and 
Operator D respectively, during the GSM drive test at the main campus. A total of 15, 8, 6 and 
8 transmitters were on air for Operator A, Operator B, Operator C and Operator D respectively, 
during the GSM drive test at the staff quarters. A total of 21, 12, 17 and 11 transmitters were on 
air for Operator A, Operator B, Operator C and Operator D respectively, during the WCDMA 
drive test at the main campus. A total of 14, 8, 8 and 8 transmitters were on air for Operator A, 
Operator B, Operator C and Operator D respectively, during the WCDMA drive test at the staff 
quarters. 
 

Table 3. Active Transmitters 

 GSM (BCCH ARFCN) WCDMA (PSC) 
Main Campus Staff Quarters Main Campus Staff Quarters 

 
OPERATOR A 

78, 80, 84, 
662, 664, 666, 
668, 671, 673, 
674, 676, 678, 

689 

77, 78, 79, 
662, 663, 665, 
666, 670, 672, 
673, 674, 677, 
678, 679, 680 

0, 1, 2, 21, 26, 
27, 36, 63, 125, 
205, 206, 207, 
217, 218, 219, 
291, 301, 307, 
325, 357, 420 

21, 22, 23, 28, 
29, 30, 38, 63, 
64, 334, 359, 
372, 449, 457 
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 GSM (BCCH ARFCN) WCDMA (PSC) 
Main Campus Staff Quarters Main Campus Staff Quarters 

 
OPERATOR B 

3, 5, 7, 8, 10, 
83, 618, 812, 

816, 818, 819, 
829 

3, 5, 7, 16, 
812, 814, 820, 

831 

37, 73, 75, 77, 
115, 253, 282, 
291, 294, 399, 

409, 413 

39, 115, 157, 
253, 286, 294, 

413, 419 

 
OPERATOR C 

53, 57, 80, 84, 
102, 105, 106, 
107, 110, 111, 
112, 114, 618, 

662 

56, 103, 106, 
108, 109, 112 

6, 66, 71, 101, 
117, 125, 142, 
163, 188, 259, 
291, 299, 307, 
330, 432, 478, 

480 

71, 101, 125, 
259, 311, 339, 

374, 475 

 
OPERATOR D 

52, 54, 58, 
618, 619, 624, 

626, 633 

54, 57, 62, 
616, 626, 630, 

631, 633 

125, 129, 133, 
291, 299, 301, 
307, 334, 403, 

449, 450 

131, 133, 300, 
301, 302, 307, 

334, 449 

 
E. Performance Evaluation Metrics 
 There are four active mobile cellular service providers of the five licensed by the NCC. In 
this paper, the four active operators, are referred to as Operator A, Operator B, Operator C and 
Operator D. The operators’ network performance is evaluated using two approaches involving 
two categories of KPI. The first category is the industry defined KPI and the second is the NCC 
defined KPIs. Table 4 shows the NCC benchmark for each KPI. 
1. Industry Defined KPI: Mobile network operators, other than the NCC defined KPIs, use a 

unique metric - network quality index (NQI) in comparing their overall network performance 
against other competitors in the industry. 
a. Network Quality Index (NQI): This is a single number that aggregates values of coverage 

and quality reliability, accessibility, retainability and handover success based on specified 
weight for each KPI. Accessibility, retainability, speech quality index (SQI), quality 
reliability, handover success and coverage reliability are allotted weight factors of 30%, 
20%, 20%, 15%, 5% and 10% respectively. As shown in equation 1, the NQI is obtained 
by summing the KPI values with respect to the weight factors. 

 

𝑁𝑁𝑁𝑁𝑁𝑁 = ∑ �
𝐾𝐾𝐾𝐾𝐾𝐾𝑖𝑖

4∗𝑊𝑊𝑊𝑊𝑖𝑖�

100
  ∗ 100   �𝑁𝑁

𝑖𝑖  (1)

  
2. NCC Defined KPI: The relevant KPIs used by NCC to rate the QoS delivered by mobile 

network operators in Nigeria are: 
a. Call Setup Success Rate (CSSR): This is the measure of the calls established to the total 

number of call attempts on a network at a given period of time [5]. Specifically, it is used 
to evaluate the accessibility of a network, and it is mathematically calculated as: 

 
CSSR =  Number of call established

Total number of call attempt
∗ 100 (2)

  
b. Call Drop Rate (CDR): This metric is used to evaluate the retainability of a network when 

a call is established on a channel. Call drop rate is mathematically calculated as: 
 

CDR =  Number of dropped calls
Total number of call established

∗ 100 (3)
 
Retainability = 100 −  CDR (4) 
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c. Handover Success Rate (HSR): Handover success rate is used to evaluate the performance 
of network operators relative to user mobility. It is mathematically calculated as: 

 
HSR =  Number of successful handover

Total  handover attempt
∗ 100 (5) 

 
d. Call Setup Time (CST): This is the time taken to establish a call after a successful call 

attempt.  
e. Coverage Reliability: This is the measure of the downlink coverage penetration. Voice, 

SMS and data services depend on the penetration of the downlink coverage. It is 
mathematically computed as: 

 
Coverage =  Samples ≥ −85dBm

Total  coveage sample
∗ 100 (6) 

 
f. Network Quality: This is the measure of the signal quality during a call. The RxQuality 

(GSM) and Ec/No (WCDMA) are measured and used to evaluate a network’s quality of 
reliability. The RxQuality is a parameter which measures the amount of bit errors received 
by the MS. 

 
Table 4. NCC KPI Definition 

KPIs CSSR CDR HSR CST Rx 
Level 

Rx 
Quality RSCP Ec/No 

NCC 
Target ≥ 98% ≤ 1% ≥ 98% ≤ 6sec ≥ 

-85dBm ≤ 4 ≥ 
-85dBm 

≥ 
-9dBm 

 
3. Results and Discussion 
 The GSM and WCDMA radio frequency drive test data collected at the main campus and 
staff quarters of the University of Ilorin, were used to evaluate the performance of the four mobile 
network operators, identified as Operator A, Operator B, Operator C and Operator D in this 
study. TEMS discovery device and Microsoft Excel 2013 were used to obtain the KPI results for 
evaluating both technologies (GSM and WCDMA). Graphs, diagrams and charts were used to 
reveal the deviation from the NCC defined KPI target for coverage, quality, accessibility, call 
setup time, retainability and mobility. Also, results from the data revealed which operator had 
the best performance in these locations. Table 5 and Table 6 show the GSM KPI summary for 
the main campus and staff quarters respectively, while Table 7 and Table 8 show the WCDMA 
summary for the main campus and staff quarters respectively. 
 
A. GSM Received Signal Level 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 1st, 4th, 2nd 
and 3rd with percentage values of 80.54%, 60.24%, 62.21% and 61.68% respectively. At the 
staff quarters, Operator A, Operator B, Operator C and Operator D came 2nd, 3rd, 4th and 1st 
with percentage values of 58.19%, 53.15%, 48.94% and 76.44% respectively. Figure 4 shows 
the coverage (RxLevel) performance of the operators on the GSM network. 
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Figure 4. (L-R) Received Signal Level in Main Campus and Staff Quarters 

 
B. GSM Call Setup Success Rate 
 Call setup success rate, is the ratio of established circuit-switched voice call to the total 
number of call attempts, expressed in percentage. Good downlink coverage penetration and 
signal quality, foster high call setup success rate, that is, the higher the received signal strength 
and quality, the higher the number of calls that can be established over a period of time. Channel 
capacity is also a determinant. However, it is the responsibility of the operators to ensure users 
of their network have all-time access to network resources (SDCCH/TCH/Cell-DCH) for voice 
communication. 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 3rd, 4th, 2nd 
and 1st with percentage values of 91.67%, 87.67%, 93.33% and 100% respectively. At the staff 
quarters, Operator A, Operator B, Operator C and Operator D came 2nd, 4th, 3rd and 1st with 
percentage values of 95.45%, 72.13%, 85.71% and 100% respectively. Figure 5 shows the 
network accessibility performance of the operators on the GSM network. 
 

 
Figure 5. (L-R) Summary of GSM CSSR in Main Campus and Staff Quarters 

 
C. GSM Call Setup Time 
 All operators except Operator D, had call setup time within the NCC defined threshold. This 
implies that Operator D defined a longer call setup time on the network against the NCC defined 
threshold of ≤ 6 seconds, thereby increasing call setup success rate. Figure 6 shows the 
performance of each operator with respect to call setup time on the GSM network. 
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Figure 6. (L-R) Summary of GSM CST in Main Campus and Staff Quarters 

 
D. GSM Call Drop Rate 
 The call drop rate is used to evaluate the retainability of a network when voice traffic is on a 
channel. The higher the call drop rate, the lower the network retainability and vice versa. At the 
main campus, Operator A, Operator B, Operator C and Operator D came 4th, 2nd, 1st and 3rd 
with percentage values of 72.73%, 84.62%, 85.71% and 83.33% respectively in network 
retainability. At the staff quarters, Operator A, Operator B, Operator C and Operator D came 1st, 
4th, 1st and 3rd with percentage values of 100%, 87.50%, 100% and 90.91% respectively in 
network retainability. Figure 7 shows the network retainability performance of the operators on 
the GSM network. 
 

 
Figure 7. (L-R) Summary of GSM CDR in Main Campus and Staff Quarters 

 
E. GSM Handover Success Rate 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 1st, 1st, 4th 
and 3rd with percentage values of 100%, 100%, 85.71% and 90.00% respectively. At the staff 
quarters, Operator A, Operator B, Operator C and Operator D came 1st, 1st, 1st and 4th with 
percentage values of 100%, 100%, 100% and 90.91% respectively. Figure 8 shows the 
performance of each operator with respect to mobility on the GSM network. 
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Figure 8. (L-R) Summary of GSM HOSR in Main Campus and Staff Quarters 

 
F. GSM Network Quality Index 
  

Table 5. GSM KPI Summary for Main Campus 

 
Table 6. GSM KPI Summary for Staff Quarters 

GSM Staff Quarters 
Values (%) Ranks 

A B C D A B C D 

NQI 69.50 40.76 67.78 87.58 2nd 4th 3rd 1st 

Coverage ≥ -85 dBm 58.19 53.15 48.94 76.44 2 3 4 1 

RxQuality ≤ 4 75.32 81.46 79.75 98.46 4 2 3 1 

SQI 84.34 68.83 92.18 99.45 3 4 2 1 

Accessibility 95.45 72.73 85.71 100 2 4 3 1 

Retainability 100 87.50 100 90.91 1 4 1 3 

HSR 100 100 100 90.91 1 1 1 4 
 

GSM Main Campus 
Values (%) Ranks 

A B C D A B C D 
NQI 73.36 63.98 58.85 71.11 1st 3rd 4th 2nd 

Coverage ≥ -85 dBm 80.54 60.24 62.21 61.68 1 4 2 3 

RxQuality ≤ 4 96.43 93.65 72.03 85.32 1 2 4 3 

SQI 98.89 87.97 85.43 91.56 1 3 4 2 
Accessibility 91.67 86.67 93.33 100 3 4 2 1 

Retainability 72.73 84.62 85.71 83.33 4 2 1 3 

HSR 100 100 85.71 90.00 1 1 4 3 
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Figure 9. (L-R) GSM NQI Summary for Main Campus and Staff Quarters 

 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 1st, 3rd, 4th 
and 2nd with percentage values of 73.36%, 63.98%, 58.85% and 71.11% respectively in network 
quality index. At the staff quarters, Operator A, Operator B, Operator C and Operator D came 
2nd, 4th, 3rd and 1st with percentage values of 69.50%, 40.76%, 67.78% and 87.58% 
respectively in network quality index. Figure 9 shows the overall performance of each operator 
using the NQI for the GSM network. 
 From Table 5 and Table 6, it is apparent that the accessibility, retainability and mobility 
success of a GSM network hinges on the coverage penetration and signal quality, as shown in 
Figures 10 – 13. 
 

 
Figure 10. Received Signal Level Penetration in Main Campus 
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Figure 11. Received Signal Quality in Main Campus 

 

 
Figure 12. Received Signal Level Penetration in Staff Quarters 
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Figure 13. Received Signal Quality in Staff Quarters 

 
G. WCDMA Received Signal Code Power (RSCP) 
 The coverage in WCDMA is defined succinctly by the field strength which is measured by 
the RSCP. At the main campus, Operator A, Operator B, Operator C and Operator D came 3rd, 
4th, 2nd and 1st with percentage values of 39.70%, 20.54%, 54.31% and 64.54% respectively. 
At the staff quarters, Operator A, Operator B, Operator C and Operator D came 2nd, 4th, 1st and 
3rd with percentage values of 32.32%, 10.12%, 39.58% and 32.05% respectively. Figure 14 
shows the coverage (RSCP) performance of the operators on the WCDMA network. 
 

 
Figure 14. (L-R) Summary of RSCP in Main Campus and Staff Quarters 
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H. WCDMA Call Setup Success Rate 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 1st, 4th, 1st 
and 1st with percentage values of 100%, 90.00%, 100% and 100% respectively. At the staff 
quarters, Operator A, Operator B, Operator C and Operator D came 4th, 1st, 1st and 1st with 
percentage values of 87.50%, 100%, 100% and 100% respectively. Figure 15 shows the network 
accessibility performance of the operators on the WCDMA network. 
 

 
Figure 15. (L-R) Summary of WCDMA CSSR in Main Campus and Staff Quarters 

 
I. WCDMA Call Drop Rate 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 3rd, 4th, 2nd 
and 1st with percentage values of 78.57%, 77.78%, 80.00% and 88.89% respectively in network 
retainability. At the staff quarters, Operator A, Operator B, Operator C and Operator D came 1st, 
3rd, 4th and 2nd with percentage values of 100%, 62.50%, 60.00% and 93.33% respectively in 
network retainability. Figure 16 shows the network retainability performance of the operators on 
the WCDMA network. 
 

 
Figure 16. (L-R) Summary of WCDMA CDR in Main Campus and Staff Quarters 

 
J. WCDMA Network Quality Index 
 At the main campus, Operator A, Operator B, Operator C and Operator D came 3rd, 4th, 2nd 
and 1st with percentage values of 43.23%, 35.39%, 44.25% and 50.24% respectively in network 
quality index. At the staff quarters, Operator A, Operator B, Operator C and Operator D came 
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2nd, 4th, 3rd and 1st with percentage values of 45.30%, 32.68%, 34.78% and 51.36% 
respectively in network quality index. Figure 17 shows the overall performance of each operator 
using the NQI for the WCDMA network. 
 

 
Figure 17. (L-R) WCDMA NQI Summary for Main Campus and Staff Quarters 

 
Table 7. WCDMA KPI Summary for Main Campus 

WCDMA Main Campus 
Values (%) Ranks 

A B C D A B C D 
NQI 43.23 35.39 44.25 50.24 3rd 4th 2nd 1st 

Call Setup Time ≤ 6 sec 100 100 90.00 62.50 1 1 3 4 

RSCP ≥ -85 dBm 39.70 20.54 54.31 64.54 3 4 2 1 

Accessibility 100 90.00 100 100 1 4 1 1 

Retainability 78.57 77.78 80.00 88.89 3 4 2 1 
Soft HSR 91.58 92.00 94.03 97.30 4 3 2 1 

 
 

Table 8. WCDMA KPI Summary for Staff Quarters 

WCDMA Staff Quarters 
Values (%) Ranks 

A B C D A B C D 

NQI 45.30 32.68 34.78 51.36 2nd 4th 3rd 1st 

Call Setup Time ≤ 6 sec 100 100 80.00 35.71 1 1 3 4 

RSCP ≥ -85 dBm 32.32 10.12 39.58 32.05 2 4 1 3 

Accessibility 87.50 100 100 100 4 1 1 1 

Retainability 100 62.50 60.00 93.33 1 3 4 2 
Soft HSR 97.40 71.43 98.25 97.54 3 4 1 2 
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 From Table 7 and Table 8, it is evident that the accessibility, retainability and mobility 
success of a WCDMA network hinges on the coverage penetration (RSCP) and signal quality, 
as shown in Figures 18 – 21. However, in contrast to the GSM network, the perception of users 
on the WCDMA network is relatively bad, owing to the poor channel conditions as we traverse 
the route, thus, making staff and students, each, experience very poor voice quality and more 
importantly, data dissatisfaction on the WCDMA network. 
 

 
Figure 18. RSCP in Main Campus 

 

 
Figure 19. Ec/No in Main Campus 
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Figure 20. RSCP in Staff Quarters 

 

 
Figure 21. Ec/No in Staff Quarters 

 
 Intuitively, the KPI results obtained, show that the GSM network performance in the main 
campus is better than the performance in the staff quarters. Also, in each location, the WCDMA 
network performance for Operator A, Operator B, Operator C and Operator D is below the NCC 
defined KPI target. Problems such as poor RF coverage and quality, dropped call, blocked call 
and handover failure were prevalent in both locations. At the main campus, the WCDMA 
network performance is better in the academic areas than at the computer based test (CBT) area 
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of the institution; contrariwise, at the staff quarters, it is relatively bad for all the operators. 
Reasons for these problems include – high user equipment transmit power (UE TxPower) and 
low number of active sites. 
 
4. Conclusion 
 This study addresses the problems faced by mobile subscribers in the University of Ilorin. 
Results from the study, show that it is imperative that all network operators regularly monitor, 
optimize and improve on the services provided to subscribers. Also, the NCC should periodically 
publicize all operators’ KPI results which are obtained by unbiased researchers and sternly 
criticize/sanction any non-complying operator. This study, however, also serves as a basis for 
evaluating the preparedness of the mobile network operators in deploying high speed 
heterogeneous networks (HetNet) – 4G, 5G, in the University of Ilorin. 
 This research in its entirety, has only addressed the performance of mobile network operators 
providing circuit-switched voice services in the University of Ilorin. However, for future works 
related to the scope of this study, researchers should not only evaluate and demystify network 
problems for voice traffic, but also propose machine learning models to classify radio link 
problems using parameters such as GPRS link usage, EDGE HTTP uplink/downlink throughput, 
HSDPA uplink/downlink throughput, latency, amongst others. It is noteworthy that a major 
challenge militating against teletraffic engineering as well as KPI problem analysis in Nigeria, 
is the unwillingness of network operators to provide researchers with detailed cell reference data. 
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