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 The growing demand for network services leads to an increase in traffic load 

on eNodeB, resulting in decreased network quality and performance, 

necessitating optimization. This research analyses the results of optimising 

4G reference signal received power (RSRP), signal to interference noise 

ratio (SINR) and throughput parameters using the automatic cell planning 

(ACP) method. ACP has been shown to significantly improve the 

performance and quality of 4G LTE networks compared to traditional cell 

planning methods. Based on the standard parameter RSRP, increased after 

ACP optimisation which is dominant in the range ≥ -100 s.d ˃ -85 dBm and 

obtained an average value of -98.59 dBm with good category. The average 

SINR has increased by 18.23 dB with a good category. The dominant 

throughput is in the 14,000 Kbps range with an average value of 50,241.08 

Kbps with the excellent category. The ACP method can enhance the 

performance of 4G LTE networks, potentially addressing operator issues of 

unstable network quality due to poor coverage. The ACP method 

significantly enhances 4G LTE network performance, coverage, and user 

experience, potentially addressing unstable network quality due to poor 

coverage. This research is crucial for both users and the telecoms industry. 
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1. INTRODUCTION 

In today's fast-paced digital world, staying connected is no longer a luxury, but a necessity [1]. With 

the widespread adoption of smartphones and other mobile devices, the demand for high-speed and reliable 

mobile communications has skyrocketed. This surge in demand has fuelled the development of advanced 

network technologies, with 4G LTE (Long-term evolution) being at the forefront [2]. 4G LTE is the fourth 

generation of wireless communication technology, which offers significant improvements over its 

predecessor, 3G. LTE uses orthogonal frequency division multiplexing (OFDM) for the downlink and single-

carrier frequency division multiplexing (SC-FDMA) for the uplink. This technology provides faster data 

transfer rates, lower latency, and better overall network performance. But to fully utilize the benefits of 4G 

LTE, network quality plays a critical role [3]. 

Network planning and optimization are key aspects for optimal performance and user experience [1]. 

Planning involves designing network layouts, estimating cell throughput, reducing equipment, and addressing 

traffic analysis needs. Optimization focuses on fine-tuning parameters like reference signal received power 

(RSRP), and signal to interference noise ratio (SINR) to improve performance and efficiency, ensuring cost-

effective and optimized network deployment. The increasing need for network services causes the traffic load 

on the eNodeB to increase [4]. The increase in traffic load greatly affects the speed and performance of the 
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network [5] This increase causes the quality and performance of the network to decrease and the effect is seen at 

the ends of eNodeB coverage, where the area becomes a new bad spot. Due to the growing number of 

customers and diverse needs, cellular network conditions must always be optimised. The increase requires the 

availability of competent network coverage, capacity, and quality [6]. 

Managing a 4G LTE network is not an easy task. Network operators face many challenges in 

maintaining and optimizing their networks [7]. One of the main challenges is the ever-increasing data 

demand. As more devices connect to the network, the load on the network infrastructure will increase, 

leading to congestion and degradation of network performance. In addition, network operators also have to 

deal with issues such as interference, signal propagation, and network capacity limitations. 

Several case studies have demonstrated the successful implementation of ACP in 4G LTE networks, 

resulting in significant improvements in network performance, reduced congestion, and improved overall 

user satisfaction. Multiobjective genetic algorithm optimisation is one of these research' methods for 

maximising BTS location in 4G LTE networks [8], Optimising Mobile Broadband Network Service Quality 

for Dense Urban Environments [9], ACP of 1800 MHz FDD LTE networks in Klaten, Central Java [10], and 

evaluation of 4G/LTE cellular network performance based on experimental data [11]. Researchers took this 

research area in Korong Gadang and Gunung Sarik villages, Kuranji District, Padang City, West Sumatra 

Province. From the data of the central bureau of statistics (BPS) in 2022, it is known that the area in the 

village is 18.13 km2 and the population is 40,377 [12]. 

Parameters that become a reference for 4G LTE network measurements are RSRP, SINR, and 

Throughput parameters [13], [14]. Methods that can be used to solve the problem of bad spot 4G LTE 

network area is using physical method [15], the results of RSRP parameter optimization of 70.08% and SINR 

parameter of 78.13%. Using the Electrical Tilt method, the coverage area on RSRP parameters above -100 

dBm decreased from 83.379% to 83.066%, and the RSRP signal below -100 dBm decreased from 17.621% 

to 13.934%. The automatic cell planning (ACP) technique is used, the optimization results meet the 

operator's KPI standards for RSRP of 90.037% ≥-100 dBm and SINR of 94.8% ≥ 0 dBm [10]. 

In general, network optimization using the ACP method can extend the range of the antenna and can 

maximize network performance in the coverage area of each eNodeB [16], [17]. The ACP method is the most 

effective method to overcome the problem of bad coverage [18] in this case study area. The advantages of 

this method are detailed calculations to get the best combination of sectoral antenna reconfiguration 

calculations (tilting, azimuth, and antenna height) [19]. Indirectly, network optimization with the ACP 

method can extend antenna coverage and maximize network performance in the coverage area of each 

eNodeB [16], [20]. With ACP, operators can optimize network parameters dynamically, based on traffic 

patterns and user demand. This ensures that the network always operates at its peak efficiency, minimizing 

signal interference, coverage gaps, and congestion. 

Implementing ACP in 4G LTE networks provides many benefits, including increasing efficiency 

However, it is important to recognise the challenges and limitations associated with ACP and endeavour to 

overcome them through technological advancements in the future. Maintaining high network performance is 

critical for network operators to retain customers and remain competitive in the rapidly evolving digital 

landscape. However, it is important to recognize the challenges and limitations associated with ACP and 

work towards addressing them through future technological advancements. 

As 4G LTE networks continue to expand and accommodate growing data demands, the future 

outlook for ACP is promising. With the advent of 5G technology in the future, ACP algorithms can be further 

improved to optimize the coexistence of 4G and 5G networks. The future of ACP in 4G LTE is undoubtedly 

to deliver outstanding network performance. 

 

 

2. RESEARCH METHOD  

Drive test is data collection with signal measurements carried out using a vehicle in a relatively 

large area (outdoor) [21], [22], used to collect data on the quality of a network in real-time in the field, 

measuring radio signals received by users in real-time such as uploading and downloading which aims to 

determine the performance of cellular networks and improve the quality of a network. Drive tests are carried 

out using TEMS Pocket software and logfile data analysis software, namely TEMS discovery [23]. The 

parameter used, namely RSRP, is a parameter that shows the signal strength received by users at a certain 

frequency [24], [25]. Furthermore, the ratio of received signal power to interference power or noise by 

service consumers is known as the Signal Interference to Noise Ratio, or SINR [26], [27]. Then the 

Throughput parameter is the bit rate or the amount of data transmitted on a network with a unit of time [28], 

[29]. ACP is a network optimization method with the working principle of searching algorithms to maximize 

eNodeB performance [30], [31]. The ACP module in Atoll 3.3.0 allows for network design and optimization of 

network settings to increase network coverage and capacity. 
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3. RESULTS AND DISCUSSION  

3.1.  Drive test data processing results before optimisation 

The results of the driving test obtained several parameters that will be analyzed and optimised, 

namely RSRP, SINR, and Throughput. To determine whether the three parameters have met the KPI 

standards. The KPI target data for each parameter needed to be used as a reference for achievement targets as 

in Table 1. 

RSRP is a power received by the user from the eNodeB [32]. The closer the user's position to the 

eNodeB, the better the signal will be received and the greater the RSRP value [33]. Vice versa, if the user's 

position is far from the eNodeB, the RSRP value received will be smaller. Based on Figure 1. the Korong 

Gadang and Gunung Sarik areas are dominated by the good yellow category (-100 to -85 dBm) as many as 

777 samples with a percentage of 46.61%. Category very good green color (-85 s.d -75 dBm) as many as 455 

samples with a percentage of 27.29%. Category excellent blue color (-75 s.d 0 dBm) as many as 123 samples 

with a percentage of 7.38%. The orange color bad category (-110 s.d -100 dBm) has as many as 288 samples 

with a percentage of 17.28%. Very bad category in red color (-120 s.d -110 dBm) as many as 24 samples 

with a percentage of 1.44%. 

 

 

Table 1. Target KPI [27] 
No Parameter Target KPI 
1 RSRP 80% > -100 dBm 
2 SINR 90% > 5 dB 
3 THROUGHPUT > 12Mbps 

 

 

 
 

Figure 1. RSRP parameters 

 

 

The ratio of noise interference to signal is displayed by the KPI parameter SINR, which indicates the 

quality of the signal on the 4G LTE network [13], [34], The signal quality is positively correlated with the 

SINR value, which indicates minimal noise and low levels of interference to the signal, the obstacle or 

latency will shrink, causing an increase in signal quality and speed on the 4G network. Based on Figure 2, the 

SINR parameter value in the Korong Gadang and Gunung Sarik areas is dominated by the yellow fair 

category (0 to 13 dB) with a total of 972 samples and a percentage of 58.27%. The good category of green 

color (13 to 20 dB) obtained a total of 349 samples with a percentage of 20.92%. The excellent category of 

blue color (20 s.d 30 dB) obtained 68 samples with a percentage of 4.08%. Poor category of red color (-15 s.d 

0 dB) as many as 279 samples with a percentage of 16.73%. 

Throughput on the LTE drive test is the value of data rate (Kbit/s) from UE to eNodeB [35], [36]. 

Based on Figure 3, it is known that the throughput in the Korong Gadang and Gunung Sarik area is 

dominated by the very good category in blue (7,000 to 14,000Kbps) with as many as 1068 samples with a 

percentage of 64.18%. The excellent category of purple color (≥14,000 Kbps) was 28 samples with a 

percentage of 1.68%. Category good green color (1,000 to 7,000) with 508 samples with a percentage of 

30.53%. The fair category in yellow (512 to 1,000 Kbps) was 10 samples with a percentage of 0.60%. Poor 

category in red color (<512 Kbps) were 50 samples with a percentage of 3%. 
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Figure 2. SINR parameters 

 

 

 
 

Figure 3. Throughput parameters 

 

 

3.2.  ACP optimisation results 

3.2.1. RSRP parameter 

Figure 4 is the result of the simulation of RSRP parameter prediction, Figure 4(a) shows the range of 

values -120 to  -110 dBm obtained 9.88%, in the range of values -110 s.d -100 dBm obtained 36.68%, in the 

range of values -100 s.d -85 dBm obtained 48.08%, in the range of values -85 s.d -75 dBm obtained 5.1%, and 

in the range of values -75 s.d 0 dBm obtained 0.23%. With an average RSRP value of ACP optimization results 

of -98.59% is show in Figure 4(b). obtained a value of 37.03%. The average value in the computation zone after 

ACP optimization is 8.23 dB. 
 

 

 
(a) 

 
(b) 

 

Figure 4. RSRP ACP optimization results (a) bad spot area 1 and (b) bad spot area 2 
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3.2.2. SINR parameter 

Figure 5 is the result of SINR parameter prediction simulation. Figure 5(a) shows the range of values -20 

to 0 dB obtained 2.08%, in the range of values 0 to 13 dB obtained 38.75%, in the range of values 13 to 20 dB 

obtained 28.86%, and in the range of values 20 to 30 dB obtained a value of 30.29%. The average value in the 

computing zone after ACP optimization is 17.03 dB as shown in Figure 4(b). This distribution of SINR values 

indicates that the majority of the predicted SINR values fall within the 0 to 30 dB range, with a significant portion 

concentrated in the 0 to 13 dB and 20 to 30 dB ranges, demonstrating the effectiveness of the ACP optimization in 

improving the overall SINR performance within the specified computing zone. Figure 5(b) further illustrates the 

cumulative distribution function (CDF) of the SINR values, highlighting the probability that the SINR will be 

below a certain threshold. This CDF analysis confirms that after ACP optimization, the SINR values consistently 

achieve higher levels, reducing the instances of low SINR which could adversely affect system performance. 

The improvement in SINR due to ACP optimization can be attributed to several factors. Firstly, the 

optimization process effectively manages interference and allocates resources more efficiently, leading to an 

increase in signal quality. Secondly, the deployment of advanced algorithms within the ACP framework ensures 

that SINR is maximized by dynamically adjusting parameters in response to real-time network conditions. 
 

 

 
(a) 

 
(b) 

 

Figure 5. SINR ACP optimization results (a) bad spot area 1 and (b) bad spot area 2 
 

 

3.2.3. Throughput parameter 

Figure 6 is the result of the simulation prediction of Throughput parameters. Figure 6(a) shows the value 

range < 512 Kbps obtained 0%, in the value range 512 to 1,000 Kbps obtained 0%, in the value range 1,000 to 

7,000 Kbps obtained 2.32%, in the value range 7,000 to 14,000 Kbps obtained 10.43%, and in the value range ≥ 

14,000 Kbps obtained a value of 37.03%. The average value in the computation zone after ACP optimization is 

18.23 dB, with 87.23% of the values falling within this optimized range. The average throughput value in the 

computation zone after ACP optimization is 50,241.08 Kbps as shown in Figure 6(b). 

This data suggests that the ACP optimization has significantly improved the throughput performance, 

with the majority of throughput values exceeding 14,000 Kbps. The negligible percentages in the lower throughput 

ranges indicate that the network experiences very few instances of low throughput, thus ensuring high efficiency 

and performance. The considerable average throughput value of 50,241.08 Kbps further underscores the 

effectiveness of the ACP optimization in enhancing network capacity and data transmission rates. 
 
 

 
(a) 

 
(b) 

 

Figure 6. Throughput of ACP optimization results (a) bad spot area 1 and (b) bad spot area 2 
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3.3.  Comparison of simulation results 

Based on the operator's RSRP parameter standards, Table 2 shows a comparison of the existing site 

simulation results and ACP, where the RSRP value at bad spot 1 before the ACP optimization simulation is 

obtained on average of -99.24 dBm, the value has increased after ACP optimization which is dominant in the 

range of -100 s.d -85 dBm and obtained an average value of -98.59 dBm with the good category. The RSRP 

value in bad spot 2 before the ACP optimization simulation was obtained at an average of 14.58 dB, the 

value increased after optimization with the dominant ACP simulation results in the range of -110 s.d -100 

dBm with the fair category. Based on the operator's SINR parameter standards, Table 3 shows a comparison 

of the existing site simulation results and ACP, where the SINR value in bad spot 1 before the ACP 

optimization simulation was obtained an average of 14.58 dB, the value increased after ACP optimization 

which is dominant in the range of 20 to 30 dBm and obtained an average value of 18.23 dB with the good 

category. The SINR value at bad spot 2 before the ACP optimization simulation was obtained at on average 

of 16.77 dB, the value increased after optimization with the dominant ACP simulation results in the range of 

0 to 13 dBm with an average of 17.03 dB in the good category. 

Based on the operator Throughput parameter standard, Table 4 shows a comparison of the existing 

site simulation results and ACP, where the Throughput value at bad spot 1 before the ACP optimization 

simulation was obtained an average of 39,801 Kbps. The value has increased after ACP optimization which 

is dominant in the range ≥ 14,000 Kbps and obtained an average value of 50,241.08 Kbps with an excellent 

category. The throughput value in bad spot 2 before the ACP optimization simulation was obtained at an 

average of 47,239.47 Kbps, the value has increased after optimization with the dominant ACP simulation 

results in the range ≥ 14,000 with an average of 47,952.91 Kbps in the excellent category. 
 

 

Table 2. Comparison of RSRP site existing and ACP optimization 
RSRP (dBm) Category Legend Bad spot 1 site existing ACP Bad spot 2 site existing ACP 

-75 ≤ RSRP < 0 Excellent  0,31% 0,23% 0,11% 0,11% 

-85 ≤ RSRP < -75 Very Good  2,63% 5,10% 1,24% 1,28% 

-100 ≤ RSRP < -85 Good  48,96% 48,08% 27,33% 27,76% 
-110 ≤ RSRP < -100 Fair  38,99% 36,68% 38,19% 37,10% 

-110 ≤ RSRP < -120 Poor  9,09% 9,88% 33,11% 33,73% 

 

 

Table 3. Comparison of SINR site existing and ACP optimization 
SINR (dB) Category Legend Bad spot 1 site existing ACP Bad spot 2 site existing ACP 

20 ≤ SINR < 30 Excellent  26,75% 37,03% 2,63% 30,29% 

13 ≤ SINR < 20 Good  16,22% 28,66% 29,26% 28,86% 
0 ≤ SINR < 13 Fair  49,82% 28,48% 39,16% 38,75% 

-20 ≤ SINR < 0 Poor  7,19% 5,82% 2,50% 2,08% 

 

 

Table 4. Comparison of existing site throughput and ACP optimization 
Throughput (Kbps) Category Legend Bad spot 1 site existing ACP Bad spot 2 site existing ACP 

>= 14000 Excellent  75,74% 87,23% 88,24% 90,30% 

>= 7000 THP < 14000 Very Good  19,71% 10,43% 10,18% 8,53% 
>= 1000 THP < 7000 Good  4,53% 2,32% 1,57% 1,16% 

>= 512 THP < 1000 Fair  0,00% 0,00% 0,00% 0,00% 

< 512 Poor  0,00% 0,00% 0,00% 0,00% 

 

 

4. CONCLUSION  

Based on the results of ACP optimization simulations that have been carried out, the average value of 

RSRP in bad spot 1 is 98.59 dBm in the good category, and RSRP in the excellent category with a percentage 

increase of 2.47%, bad spot 2 in the good category 27.76%. The average SINR value in bad spot 1 is 18.23 

dB with a percentage of 12.44% in the good category, and bad spot 2 is 17.03 dB with an increase of 0.26% 

in the good category. The average Throughput value in bad spot 1 is 50,241.08 Kbps with a percentage 

increase of 11.49% in the excellent category, bad spot 2 obtained an average value of 47,952.91%. 

Network optimization with the ACP method can expand antenna coverage and maximize network 

performance in the coverage area of each eNodeB. Based on the results of simulations that have been carried 

out on Atoll 3.3.0 software, it is found that the ACP method optimization is able to improve the performance 

of 4G LTE networks so that the ACP method can be a solution to the problem of unstable 4G LTE network 

quality in operators due to bad coverage. Several case studies have shown the successful implementation of 

ACP in 4G LTE networks, which resulted in significant improvements in network performance, reduced 

congestion, and improved overall user satisfaction. 
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In the future, ACP is expected to continue to evolve with new technologies and algorithm 

improvements. With 5G technology on the rise, ACP may become an even more important method of 

optimizing mobile networks. By keeping abreast of technological developments and implementing best 

practices, network operators can remain competitive and provide the best user experience in the 4G LTE era. 

The application of the ACP method in information and communication technology (ICT) can provide many 

benefits for telecommunications operators and users in improving service quality, optimizing resource usage, 

and increasing data transfer rates. 

When designing a 4G LTE network, the ACP technique has a significant positive effect on network 

quality. By performing accurate analysis and modeling, ACP can identify and address problems in the 

network to improve signal quality and internet speed. This method can optimize the use of network resources 

and reduce operational costs associated with network planning and management. 

 

 

REFERENCES 
[1] P. S. C. Goh and N. Abdul-Wahab, “Paradigms to drive higher education 4.0,” International Journal of Learning, Teaching and 

Educational Research, vol. 19, no. 1, pp. 159–171, 2020, doi: 10.26803/ijlter.19.1.9. 

[2] M. Banafaa et al., “6G mobile communication technology: requirements, targets, applications, challenges, advantages, and 
opportunities,” Alexandria Engineering Journal, vol. 64, pp. 245–274, 2023, doi: 10.1016/j.aej.2022.08.017. 

[3] I. Selinis, K. Katsaros, M. Allayioti, S. Vahid, and R. Tafazolli, “The race to 5G Era; LTE and Wi-Fi,” IEEE Access, vol. 6, no. 

DL, pp. 56598–56636, 2018, doi: 10.1109/ACCESS.2018.2867729. 
[4] N. A. Salim, V. N. Sulistyawan, and F. T. Intan, “Analysis and solutions of traffic shift on 4G networks in the campus 

environment during the COVID-19 pandemic,” IOP Conference Series: Earth and Environmental Science, vol. 969, no. 1, 2022, 

doi: 10.1088/1755-1315/969/1/012027. 
[5] N. Ansari, Q. Fan, X. Sun, and L. Zhang, “SoarNet,” IEEE Wireless Communications, vol. 26, no. 6, pp. 37–43, 2019, doi: 

10.1109/MWC.001.1900126. 

[6] A. Shahraki, M. Abbasi, M. J. Piran, and A. Taherkordi, “A comprehensive survey on 6G networks: applications, core services, 
enabling technologies, and future challenges,” arXiv preprint arXiv:2101.12475, pp. 1–21, 2021, [Online]. Available: 

http://arxiv.org/abs/2101.12475 

[7] M. Agarwal, H. Kwon, S. Park, and H. Jin, “A survey on 4G-5G dual connectivity: road to 5G implementation,” IEEE Access, 
vol. 9, pp. 16193–16210, 2021, doi: 10.1109/ACCESS.2021.3052462. 

[8] J. Isabona et al., “Accurate base station placement in 4G LTE networks using multiobjective genetic algorithm optimization,” 

Wireless Communications and Mobile Computing, vol. 2023, 2023, doi: 10.1155/2023/7476736. 
[9] A. L. Imoize, F. Udeji, J. Isabona, and C. C. Lee, “Optimizing the quality of service of mobile broadband networks for a dense 

urban environment,” Future Internet, vol. 15, no. 5, pp. 1–35, 2023, doi: 10.3390/fi15050181. 

[10] S. Rahmatia, D. Martin, M. Ismail, O. N. Samijayani, D. Astharini, and R. Safitri, “Automatic cell planning of LTE FDD 1800 
MHz network in Klaten, Central Java,” 2nd 2020 International Conference on Electrical, Communication, and Computer 

Engineering (ICECCE 2020), no. June, pp. 12–13, 2020, doi: 10.1109/ICECCE49384.2020.9179483. 

[11] M. Ayad, S. Medjedoub, B. Mourad, K. Saoudi, and A. Arabi, “Evaluation of 4G / LTE mobile network performances based on 
experimental data,” 2020 2nd International Workshop on Human-Centric Smart Environments for Health and Well-being 

(IHSH'2020), pp. 137–141, 2021, doi: 10.1109/IHSH51661.2021.9378732. 

[12] I. Sukarno, H. Matsumoto, L. Susanti, and R. Kimura, “Urban energy consumption in a city of Indonesia: General overview,” Int. 
J. Energy Econ. Policy, vol. 5, no. 1, pp. 360–373, 2015. 

[13] Z. Shakir, A. Y. Mjhool, A. Al-Thaedan, A. Al-Sabbagh, and R. Alsabah, “Key performance indicators analysis for 4 G-LTE 

cellular networks based on real measurements,” International Journal of Information Technology, vol. 15, no. 3, pp. 1347–1355, 
2023, doi: 10.1007/s41870-023-01210-0. 

[14] S. Pramono, L. Alvionita, M. D. Ariyanto, and M. E. Sulistyo, “Optimization of 4G LTE (long term evolution) network coverage 
area in suburban,” AIP Conference Proceedings, vol. 2217, no. April, 2020, doi: 10.1063/5.0000732. 

[15] L. M. Silalahi, I. U. V. Simanjuntak, S. Budiyanto, F. A. Silaban, A. D. Rochendi, and G. Osman, “Analysis of Lte 900 

implementation to increase coverage and capacity of 4g Lte network on Telkomsel Provider,” Proceedings of the Conference on 
Broad Exposure to Science and Technology 2021 (BEST 2021), vol. 210, no. Best 2021, pp. 166–172, 2022, doi: 

10.2991/aer.k.220131.028. 

[16] M. Manalastas et al., “Design considerations and deployment challenges for TurboRAN 5G and Beyond Testbed,” IEEE Access, 
vol. 10, pp. 39810–39824, 2022, doi: 10.1109/ACCESS.2022.3166947. 

[17] P. Seda, M. Seda, and J. Hosek, “On mathematical modeling of automated coverage optimization in wireless 5G and beyond 

deployments,” Applied Sciences, vol. 10, no. 24, pp. 1–25, 2020, doi: 10.3390/app10248853. 
[18] C. Ren, X. He, C. Wang, and Z. Zhao, “Adaptive consistency prior based deep network for image denoising,” Proceedings of the 

IEEE Conference on Computer Vision and Pattern Recognition (CVPR), pp. 8592–8602, 2021, doi: 

10.1109/CVPR46437.2021.00849. 
[19] K. Maliatsos, P. S. Bithas, and A. G. Kanatas, “A low-complexity reconfigurable multi-antenna technique for non-terrestrial 

networks,” Frontiers in Communications and Networks, vol. 2, no. June, pp. 1–16, 2021, doi: 10.3389/frcmn.2021.696111. 

[20] M. A. Amanaf, A. Hikmaturokhman, and A. F. Septian, “Calibrating the standard propagation model (SPM) for suburban 
environments using 4G LTE field measurement study case in Indonesia,” IOP Conference Series: Materials Science and 

Engineering, vol. 982, no. 1, 2020, doi: 10.1088/1757-899X/982/1/012029. 

[21] M. Ji, J. Jeon, K. S. Han, and Y. Cho, “Accurate long-term evolution/Wi-Fi hybrid positioning technology for emergency rescue,” 
ETRI Journal, pp. 1–13, 2022, doi: 10.4218/etrij.2022-0234. 

[22] S. Royo and M. Ballesta-Garcia, “An overview of lidar imaging systems for autonomous vehicles,” Applied Sciences, vol. 9, no. 

19, 2019, doi: 10.3390/app9194093. 
[23] R. Zhohov, D. Minovski, P. Johansson, and K. Andersson, “Real-time performance evaluation of LTE for IIoT,” Proc. - Conf. 

Local Computer Networks, LCN, vol. 2018-October, pp. 623–631, 2018, doi: 10.1109/LCN.2018.8638081. 

[24] M. Tayyab, G. P. Koudouridis, X. Gelabert, and R. Jantti, “Uplink reference signals for energy-efficient handover,” IEEE Access, 
vol. 8, pp. 163060–163076, 2020, doi: 10.1109/ACCESS.2020.3020618. 



                ISSN: 2252-8776 

Int J Inf & Commun Technol, Vol. 13, No. 2, August 2024: 231-238 

238 

[25] M. Kassim, Z. Hisam, and M. N. Ismail, “Campus quality of services analysis of mobile wireless communications network signal 

among providers in Malaysia,” International Journal of Advanced Computer Science and Applications., vol. 13, no. 9, pp. 181–
187, 2022, doi: 10.14569/IJACSA.2022.0130921. 

[26] S. Chatterjee, D. Sabui, G. S. Khan, and B. Roy, “Signal to interference plus noise ratio improvement of a multi-cell indoor 

visible light communication system through optimal parameter selection complying lighting constraints,” Transactions on 
Emerging Telecommunications Technologies, vol. 32, no. 10, pp. 1–20, 2021, doi: 10.1002/ett.4291. 

[27] A. L. Yusof, A. E. Azhar, and N. Ya’Acob, “Enhanced direct sequence spread spectrum (eDSSS) method to mitigate SINR 

mismatch in LTE-Wi-Fi integrated networks,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, 
no. 3, pp. 2644–2650, 2020, doi: 10.11591/ijece.v10i3.pp2644-2650. 

[28] F. Sun, X. Wen, Z. Chen, Y. Zhu, and H. Lv, “Improvement of a microseismic monitoring data-transmission system based on a 

load-balancing scheme and a high-throughput polling mechanism,” IET Communication, vol. 13, no. 20, pp. 3595–3600, 2019, 
doi 10.1049/iet-com.2018.5510. 

[29] H. Lee, H. I. Krebs, and N. Hogan, “Multivariable dynamic ankle mechanical impedance with relaxed muscles,” IEEE 

Transactions on Neural Systems and Rehabilitation Engineering, vol. 22, no. 6, pp. 1104–1114, 2014, doi: 
10.1109/TNSRE.2014.2313838. 

[30] T. Wen et al., “A cost-effective wireless network migration planning method supporting high-security enabled railway data 

communication systems,” Journal of the Franklin Institute, vol. 358, no. 1, pp. 131–150, 2021, doi: 
10.1016/j.jfranklin.2019.01.037. 

[31] Z. Han and J. Liang, “The analysis of node planning and control logic optimization of 5G wireless networks under deep mapping 

learning algorithms,” IEEE Access, vol. 7, pp. 156489–156499, 2019, doi: 10.1109/ACCESS.2019.2949631. 
[32] Z. Frias, L. Mendo, and E. J. Oughton, “How does spectrum affect mobile network deployments? Empirical analysis using 

crowdsourced big data,” IEEE Access, vol. 8, pp. 190812–190821, 2020, doi: 10.1109/ACCESS.2020.3031963. 

[33] G. M. Putra, E. Budiman, Y. Malewa, D. Cahyadi, M. Taruk, and U. Hairah, “4G LTE experience: reference signal received 
power, noise ratio and quality,” 3rd 2021 East Indonesia Conference on Computer and Information Technology (EIConCIT 

2021), pp. 139–144, 2021, doi: 10.1109/EIConCIT50028.2021.9431853. 
[34] P. Campos, Á. Hernández-Solana, and A. Valdovinos-Bardají, “Analysis of hidden node problem in LTE networks deployed in 

unlicensed spectrum,” Computer Networks, vol. 177, no. March, 2020, doi: 10.1016/j.comnet.2020.107280. 

[35] J. Teizer et al., “Construction resource efficiency improvement by long range wide area network tracking and monitoring,” 
Automation in Construction, vol. 116, no. April, 2020, doi: 10.1016/j.autcon.2020.103245. 

[36] F. Pang and X. Wu, “A Win-win mode: The complementary and coexistence of 5g networks and edge computing,” IEEE Internet 

Things Journal, vol. 8, no. 6, pp. 3983–4003, 2021, doi: 10.1109/JIOT.2020.3009821. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Afrizal Yuhanef     is a lecturer at the Telecommunication Engineering Study 

Programme, Department of Electrical Engineering, Padang State Polytechnic, West Sumatra, 

Indonesia. Obtained a Bachelor of Engineering degree from the Telecommunication 

Engineering study program, Department of Electrical Engineering, Sepuluh November 

Institute of Technology Surabaya in 1996. Then in 2006 received a Master's degree in 

Computer Science and 2017 received a Doctorate in Education Science. He specializes in 

mobile communication and is currently a lecturer in the courses of Connection Engineering 

and Traffic Engineering. He can be contacted via email: afrizal@pnp.ac.id. 

  

 

Sri Yusnita     is an Assistant Professor at the Department of Telecommunication 

Engineering, Department of Electrical Engineering, Padang State Polytechnic, West Sumatra, 

Indonesia with expertise in Mobile Communication and Satellite Communication. She 

graduated from Brawijaya University in 2002 and Bandung Institute of Technology in 2008. 

She can be contacted via email: sriyusnita@pnp.ac.id. 

  

 

Redha Anadia Khairani     is a student of D4 Telecommunication Engineering 

majoring in Electrical Engineering, at Padang State Polytechnic. Previously attended SMA N 

1 Lembah Gumanti, Solok Regency. Areas of research interest: radio frequency, and radio 

network planning. She can be contacted via email: redhaanadia@gmail.com. 

 

mailto:afrizal@pnp.ac.id
mailto:sriyusnita@pnp.ac.id
mailto:redhaanadia@gmail.com
https://orcid.org/0000-0001-5859-8648
https://orcid.org/0009-0002-8706-560X
https://orcid.org/0009-0003-7358-3526

