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Abstract: The introduction of 4G LTE communication technology was basically designed to meet 

the increasing demand by users for high-quality multimedia services, data communication speed 

and improved quality of service (QOS). It is pertinent to note that, with an ever-increasing sub-

scriber base, it is essential to assess and analyze the network performance. To perform this task, 

there is a need to use the key performance indicators (KPI). This research study evaluates KPI’s 

gathered from field measurements, using a statistical approach to establish the performance and 

determine the present condition of the quality of service offered by a 4G LTE network in Port Har-

court, Nigeria. In this study, a drive test approach was adopted to measure the KPI’s and analysis 

was achieved with the use of TEMs Discovery software adopting a statistical approach. The result 

showed the value range of the measured KPI’s were; RSSI (-90, -49.7dBm), RSRP (-117.7, -68.6 dBm), 

RSRQ (-14.2, -22.8dB) representing minimum and maximum values. The probability distribution of 

the various KPI’s showed that the best signal ranges were distributed as 38.21%, 69.63% and 65.63% 

for RSSI, RSRP and RSRQ respectively. The KPI parameters were within the acceptable range, 

though require optimization to provide better service for a greater population. 
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1. Introduction 

Access to Mobile connectivity has today become an integral part of man’s existence. 

The proliferation of wireless technologies has transformed the way information exchange 

is carried out [1]. Except for voice calls which was the primary aim in the development 

GSM, other attractive value-added services such as Short Message Service (SMS) and In-

ternet services have been made available by the advancement of mobile technologies. The 

internet and web have further enhanced the pace in the development of e-learning plat-

forms and the provision of several applications for mobile banking, e-mail, social net-

working, teleconferencing [2]. 
The implementation of 4G network was achieved with the packet switching technology 

which aimed at meeting the growing demand of a large subscriber base with mobile connec-
tivity anytime and anywhere, a better quality of the service, and an improved capacity of traf-
fic flow through networks [3]. The intent of using these frequencies is to provide consumers 
with efficient mobile network data at high speed, offer superior quality of service better than 
the existing technologies [4]. This advancement has led to a high level of success in data 

connection on the mobile network which has resulted in an upsurge in the number users 

[5], and as such requires proper monitoring to ensure the QOS is maintained [6]. 
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Maintaining the quality of service for mobile users has become a major challenge, given 
that several factors affect the transmitted signal. Factors such as the rate of mobility of users 
and the rate at which calls are made daily contribute to the drop in quality of service. These 
challenges require adequate and continuous monitoring of key performance indicators for 
early detection of areas with degraded service. 

With the need to meet and sustain the growing demands of mobile users, several 

approaches have been adopted. We adopt the approach of generating and analyzing key 

performance indexes of the deployed 4G network within the area of study. This study will 

assist in determining the state of the network in real time, provide information on the 

handoff and adequate information on how to enhance the network for improved coverage 

and capacity. 

In this paper, we present the analysis of some KPI’s of a 4G network in real time. The 

captured KPI’s include RSSI, RSRP, RSRQ, BLER, DL Throughput and UL Throughput. 

These KPIs were measured from a 4G LTE at a frequency of 1800 MHz. 
We divide the paper as follows: Section one provides an introduction, section two, re-

view of literatures, three provides the methodology adopted, four shows the results obtained 
and five shows the conclusion. 

2. Review of Literature 

Various research works have been done in this area to ascertain the quality of service 

using KPI’S. We thus present works related to this study;  

According to [7] the authors analyzed the performance of KPI’s in fourth-generation 

Network in Smart cities. They looked at KPI’s which were related to the performance of 

the chosen network. They adopted the drive test for data collection using Genex Probe 

V16. The result was analyzed and presented using probability distribution functions. 

The work of [2] examined the quality of service of GSM service provider MTN in 

Abuja covering the eagles square during and after a political gathering. Five KPI’s were 

utilized namely (CCSF, TCH-CR, CSSR, DCR, HOSR). Results showed that some devia-

tions from the recommended values were obtained during and after the event. The au-

thors opined that the QoS required some improvement to arrest further degradation. The 

authors in [8] carried out research on the QoS of Nigerian GSM operators using a real time 

methodology. This study was carried out in Abuja Metropolis using KPI’s such as CCR, 

CSSR, CDR, CHSR, SDCCH. The results obtained showed agreement with existing works 

on QoS status in Nigeria based on the above KPIs. The work of [9], carried out a research 

work titled KPI measurement on the 4G network within the University of Ilorin campus. 

Their work was geared at obtaining the throughput and other KPI’s. They adopted a walk 

test approach for data collection where file upload, download or video streaming was 

carried out. It was observed that the 4G test showed no exceptional result. They opined 

that the 4G Network within the University of Ilorin campus needed optimization to cater 

for the population growth of students experienced. 

 According to [10], they embarked on a network performance evaluation geared at 

ascertaining the level of degradation on the WCDMA networks within Owerri metropolis. 

MTN and Airtel Networks were chosen as mobile networks to be evaluated. In this, two 

networks were evaluated empirically to determine their performance using selected Key 

Performance Indicators (KPIs). The result showed that only MTN network along FUTO, 

Wetheral and Onitsha roads were in agreement with the NCC target value on CCSR. Also, 

MTN network along Onitsha Road slightly met the NCC target value on CSSR and net-

work accessibility. The work of [11] carried out performance studies on fourth generation 

LTE around shopping malls and schools in Lagos State. Huawei Technologies drive test 

(DT) equipment was used to capture data at an operating frequency of 1876.6 MHz. Key 

performance indicators monitored were listed as RSSI, RSRQ, RSRP, SINR and Through-

put. MapInfo tool was used to extract Test results and analysis done in MATLAB. The 

measured data was fitted using a ninth order polynomial to obtain fitness. The result 

showed a maximum RSRP of 2.49dBm, PDCP Throughput of 1867.41bps, PCC PHY 
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Throughput of 2256.35 bps in BS 3, RSRQ of 0.37dBm, RSSI of 2.30dBm in BS 1, and SINR 

of 2.15dB in BS 2. They concluded that the obtained results compared favorably with that 

provided by NCC. The work of [12], described the development of an automatic artificial 

neural network (ANN) predictive QoS model. They adopted five key performance indi-

cators (KPIs); CSSR, CD, SDCCH, TCH and CCR and data was collected from a GSM net-

work operator. The collected data from KPI parameters were used to develop a mathe-

matical model that was transformed into the proposed automatic QoS predicted model 

using ANN. The developed QoS prediction model, was found to be accurate and could 

perform well when compared with the existing manual approach in use by the Nigerian 

Communications Commission. The work of [13], carried out a study on a 4G LTE commu-

nication base station installed in a rural area of Peru with an aim to identify the quality-

of-service parameters. They adopted the Descriptive-Correlational type of research. Re-

search data was collected from 4G base stations in the 700MHz band. The instrument used 

for the investigation were the technical measurement reports, where the characteristics of 

the quality parameters of a Mobile Telephone Communications Base Station such as signal 

level, signal SRN and signal quality were provided. The results obtained shows that, in 

relation to the quality parameters, it can be affirmed that the results comply with what 

was showed by the investigation of the Canary Islands Government and are within an 

acceptable range. 

2.1. Key performance Indicators for LTE 

Performance evaluation through Drive Test (DT) for LTE spectrum evaluation pre-

sents reports with different measurements parameters. They are used to determine the 

quality of service rendered by a chosen network. The chosen parameters are RSSI, RSRQ, 

RSRP, and Throughput. Though in 4G Network, the KPI’s are defined differently com-

pared to that used for 2G and 3G. This is attributed to the use of packet switching tech-

nology [14], [11].  

2.1.1. RSSI 

Received Signal Strength Indicator (RSSI) this parameter describes the overall power 

received by the UE over the whole LTE and this includes the power of the serving cell, 

interference, and noise power channel. Information about the interference and noise are 

determined with the aid of the RSSI.  

2.1.2. RLC Throughput 

This is the total amount of data bits that are successfully transferred over a commu-

nication link in a given amount of time. This is measured over different distances and the 

values vary. Other measures that could impact on the productivity of the system include 

speed, which is determined by the workload at a given response time comparing when 

the request and response is received [15]. 

2.1.3. Reference Signal Received Power (RSRP) 

Reference signal received power (RSRP) is the average power which transports the 

reference signals for specific cells in a specific bandwidth. The values of RSRP range from 

-140 dBm to -44 dBm. The RSRP determine certain processes as handoff and cell selection. 

Information about the signal power is given by the RSRP. RSRP can be mathematically 

described by equation (1) [11]. 

RSRP (dBm) =
 𝑃𝑜

𝑁
       (1) 

where,  

Po represents received power 

N represents elements of the LTE signal carrier bandwidth 
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2.1.4. Reference Signal Received Quality (RSRQ) 

This parameter plays a vital role in determining the quality of the signal. They range 

from -19.5 dB to -3 dB with a half dB step. When ranking cells for handover and cell rese-

lection, the RSRQ is used. RSRQ can be expressed as equation (2) [16]: 

𝑅𝑆𝑅𝑄 =  10 𝑙𝑜𝑔10(𝑁) + 𝑅𝑆𝑅𝑃 (𝑑𝐵𝑚) − 𝑅𝑆𝑆𝐼(𝑑𝐵𝑚)    (2) 

3. Methodology 

3.1. Measurement Environment 

The study area includes Artillery and Choba (University of Port Harcourt, Abuja 

campus) in Rivers State. Artillery is located on Latitude 4°50 3́8´́ N and Longitude 

7°02 2́0´́ E within the metropolis of Port Harcourt, which is classified as an urban area 

owing to the presence of high-rise buildings and high-level traffic of persons. Choba is 

located on Latitude 4°54 0́9´́ N and longitude 6°55 1́4´́ E and classified as a suburban en-

vironment with high mobility of persons due to the presence of the school located within 

the environment. 

3.2. Data collection and analysis 

Data was collected through drive test, using various measurement tools and devices. 

A vehicle with the measurement instrument installed in it drove through a defined route 

at a speed of 40km/hr. An Acer Aspire personal computer installed with TEMS investiga-

tion software was deployed. The various Key performance indicators were captured and 

stored as logs in the personal computer system during active download. Huawei LTE mo-

dem and a Samsung Galaxy S5model (SM G900i) with 4G capability were used for down-

load during the drive test. A GPS unit was used to capture the distance traveled, longitude 

and latitude of the area. Acquired data was analyzed with the TEMS Discovery Profes-

sional (10.0.1 Build: 5007).  

3.3. Measurement Parameters 

The measurement parameters for this study are shown in Table 1. 

Table 1. Measurement Parameters 

Measurement Parameters Values 

Operating Frequency 1800 

UE Transmit power 14.2 (Min) 22.8 (Max) 

Receiver Height 15m 

Transmitter Height 35m 

4. Result and Discussion 

In this section, we present a summary of results gathered from the measurement 

campaign. The results of the key performance indicators measured are presented: Refer-

ence Signal Received Power (RSRP), Reference Signal Received Quality (RSRQ), Received 

Signal Strength Indicator (RSSI), RLC Throughput (DL), RLC Throughput (UL), PDSCH 

BLER is presented. We adopt a statistical approach to present the performance of the in-

vestigated 4G LTE network as shown in Table 2 and Table 3 respectively. 
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Table 2. Statistical Summary of key Metrics for RF conditions 

Name of Key Metrics Bin Count Mean Min. Max. St. Dev. Median 

 

Top Cell Channel RSSI (dBm)  2018  -71.29  -90 -49.7 6.83  -71.9 

Top Cell RSRP (dBm) 2018 -96.01 -117.7 -68.6 7.09  -96 

Top Cell RSRQ (dB) 1996 -15.46  -27.1  -5.8 3.13  -15.5 

UE TX Power (dBm) 10  19.65 14.2 22.8 2.81  20.3 

Table 3. Statistical Summary of key Metrics for Performance Indicators  

Name of Key Metrics Bin Count Mean Max St. Dev 

PDSCH BLER (%) 2 3.85 7.69 3.85 

RLC Throughput DL (kbps) 6 0.04 0.25 0.09 

RLC Throughput UL (kbps) 6 0.03 0.2 0.07 

 

   

Figure 1. Graph of PDF, CDF against RSSI 

The statistical analysis in Figure 1 shows the probability distribution of the measured 

RSSI of the 4G network signal. The probability density of 61.69%, 38.21% and 0.1% were 

recorded for RSSI range (-90, -70dBm), (-70, -50dBm) and (-50, -30dBm) respectively. For 

the RSSI range (-90, -70dBm), the distribution shows 61.69%. which showed that a greater 

portion of the area experienced fair signal coverage strong enough to provide fast and 

reliable data speed. The RSSI range of (-70, -50dBm), the distribution of 38.21% probability 

density was recorded. This range of signal offers the best RSSI and is strong enough to 

offer good data speed. The (-50, -30dBm) RSSI range recorded the least in distribution of 

0.1%. 
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Figure 2. Graph of PDF, CDF against RSRP 

The distribution of RSRP is shown in Figure 2. The graphical distribution analysis 

shows that the recorded RSRP values in are in three different ranges; (-120, 100dBm), (-

100, -80dBm) and (-80, -60dBm) respectively. The RSRP range (-120, -100dBm) has a dis-

tribution of 28.54%. This range of signal is poor and capable of causing drop outs. The 

signal range of (-100, -80dBm) has a distribution of 69.47%. This range of signal is strong 

and will most likely offer reliable and good data speed. The third category is within the 

range of (-80, -60dBm). The range offers the least distribution and could provide good data 

speed.  

 

Figure 3. Graph of PDF, CDF against RSRQ 

Figure 3 shows the distribution of the RSRQ signal provided by the 4G LTE. The 

distribution of the RSRQ signals shows that range (-30, -18dBm), (-18, -12dBm) and (-12, -

6dBm) are 20%, 65.63% and 14.23% respectively. The best signal is found in the category 

of (-18, 12dBm) with a probability density of 65.63% of the entire population. This signal 
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range could offer strong signal with maximum data speed. The probability density of sig-

nals within the range of (-30, -18dBm) is 20% followed by (-12, -6dBm) which is 14.23%. 

From the distribution, the population that requires handover could be shown as 20% de-

picting signals within the signal range (-30, -18dBm).  

Conclusion 

This paper focused on evaluating the performance of KPI’s of a 4G network in Port 

Harcourt. The performance of a 4G LTE network has been evaluated using measured 

KPI’s. Key parameters analyzed are the RSSI, RSRQ and RSRP. A greater distribution of 

the RSSI signal was categorized as being fair, though they were within the recommended 

range. While the RSRQ has a greater distribution classified to be good. The RSRP analysis 

showed a greater distribution of the good signal and the least distribution fair to offer 

good and reliable service. Though the throughput showed a very negligible variation in 

both Uplink and downlink measurements. The results showed that the 4G network pa-

rameters were not out of the recommended range, they network required optimization to 

ensure the QOS is improved upon. 
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