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 The rapid evolution of mobile communications technology and increasing 

data traffic demands have necessitated fifth generation (5G) network 

development, especially in urban environments. While previous studies 

examined 3.5 GHz and 700 MHz bands, the 2300 MHz mid-band frequency 

remains unexplored despite offering optimal balance between coverage and 

capacity. This research analyzes capacity and coverage planning for 5G 

implementation at 2300 MHz in Bandung City’s urban area (167.31 km²), 

employing the urban macro (UMa) propagation model for line of sight (LoS) 

and non-line of sight (NLoS) conditions, validated through network planning 

simulations. Capacity planning projects user growth from 421,758 (2024) to 

479,453 (2028), with traffic demand increasing from 1.92 to 2.37 Gbps/km². 

Coverage analysis identifies 86 sites required for optimal deployment, driven 

by downlink requirements. Performance simulations demonstrate 

“Excellent” signal strength synchronization signal–reference signal received 

power (SS-RSRP: -75 to -70 dBm), “Good” signal quality synchronization 

signal–signal-to-interference-plus-noise ratio (SS-SINR: 10-15 dB), and 

average throughput of 137.42 Mbps, exceeding IMT-2020 requirements by 

37%. The deployment achieves 72.5% user connectivity (132,071 users). 

While simulation results confirm successful urban 5G deployment balancing 

coverage and capacity, real-world pilot validation would strengthen practical 

applicability for network planners implementing similar urban networks. 
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1. INTRODUCTION 

The rapid advancement of mobile communications has significantly reshaped the 

telecommunications landscape, leading to the development of fifth generation (5G) networks [1], [2]. This 

transformation is largely driven by the surge in data traffic and the growing demand for applications that 

require high reliability and low latency [3], [4]. As the latest global standard, 5G introduces a unified air 

interface aligned with the International Mobile Telecommunications 2020 (IMT-2020) framework, providing 

technical capabilities that extend the potential of mobile communication systems [5]–[7]. 

5G supports peak data rates of up to 20 Gbps for downlink and 10 Gbps for uplink. Latency targets 

are set at 1 ms for the user plane and 10 ms for the control plane. The system is also designed to connect up 

to 1 million devices per square kilometer (km²) [1]. With user-experienced data rates reaching 100 Mbps for 

downlink and 50 Mbps for uplink, 5G ensures consistent performance in high-density scenarios. It 
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accommodates mobility at speeds up to 500 km/h and offers energy efficiency improvements of up to 100 

times compared to 4G, along with a threefold increase in spectral efficiency. 

These technological features enable new real-time applications, ranging from intelligent automation 

in industry 4.0 [7] to large-scale deployments of the internet of things (IoT) [6]. The flexible 5G architecture 

is tailored to support a range of service types, including enhanced mobile broadband (eMBB), ultra-reliable 

low-latency communication (URLLC), and massive machine-type communication (mMTC). Despite its 

potential, deploying 5G in urban settings such as those in Indonesia presents significant technical and 

logistical challenges. These include planning infrastructure that can meet the increasing demand for capacity, 

as well as managing frequency spectrum efficiently. Indonesia, in particular, continues to face difficulties in 

scaling its telecommunications infrastructure to support the country’s digital transformation objectives while 

addressing rising bandwidth needs. 

Related work and scientific positioning: previous studies have explored 5G network deployment 

across a range of scenarios and frequency bands. At the global level, research has addressed challenges such 

as network densification in urban areas to accommodate rising capacity demands, as illustrated by the case of 

Taiz City, Yemen [8]. In parallel, other studies have focused on enabling technologies, including the use of 

multi-gNodeB simulators to support ultra-reliable communications in indoor industry 4.0 environments [9], 

as well as the deployment of networked flying platforms to enhance coverage [6]. 

Building on this global perspective, several studies have investigated 5G network planning across 

different deployment scenarios and frequency bands. A recent study evaluated 5G fixed wireless access at  

3.5 GHz and 26 GHz using a link- and flow-level planning approach, demonstrating the influence of 

propagation conditions, interference, and traffic load on network performance [10]. These findings highlight 

the importance of frequency-specific planning in balancing coverage and capacity requirements. Recent 

research on next-generation wireless networks further identifies artificial intelligence/machine learning 

(AI/ML) integration, integrated communication-sensing, immersive virtual environments, and spectrum 

advancements as important directions for future mobile network development [11]. 

Further investigations in Indonesia have examined the low-frequency 700 MHz band for wide-area 

coverage, where one study found that 27 gNodeB sites were required to ensure adequate uplink performance 

in an urban area [12]. The main contributors’ simulations confirmed the viability of this setup, achieving an 

average synchronization signal–reference signal received power (SS-RSRP) of −94.15 dBm and a 

synchronization signal–signal-to-interference-plus-noise ratio (SS-SINR) of 13.32 dB, indicating good signal 

performance. Meanwhile, trials involving the high-frequency 28 GHz band assessed its suitability for eMBB 

use cases [13]. The key finding was a direct correlation between wider bandwidth and higher throughput, 

with the authors reporting that mmWave signal performance is highly sensitive to physical obstructions and 

power settings. Although these efforts contribute valuable insights into individual frequency bands, a focused 

assessment of the 2300 MHz mid-band remains absent from the current literature. This band, in particular, 

presents a compelling balance of coverage and capacity, making it especially well-suited for urban 

deployments in Indonesia. 

Contribution and paper structure: to address the identified gap, this study presents a detailed 

investigation into 5G network implementation using the 2300 MHz mid-band frequency in an Indonesian 

urban setting. The primary contribution of this work is a practical evaluation of this specific frequency band, 

focusing on achieving an optimal balance between broad coverage and high capacity. This balance is 

essential for efficient and cost-effective urban deployment. The study complements existing research and 

technology assessments across different spectrum bands and deployment contexts [10]–[13] by proposing a 

structured planning methodology and performance benchmarks to support network planners facing similar 

deployment challenges. 

The remainder of this paper is organized as follows. Section 2 outlines the research methodology, 

including planning concepts and technical parameter selection. Section 3 presents the results and discussion, 

covering user projection, traffic demand estimation, and network performance simulation. Section 4 

concludes by summarizing the key findings and providing recommendations for future 5G deployments in 

urban environments. 

 

 

2. METHOD 

In this section, it is explained the methodology employed for 5G network planning in Bandung 

City’s urban environment, covering both theoretical calculations and simulation-based validation approaches. 

The research methodology involves four components: research framework, capacity planning, coverage 

planning, and simulation environment setup for performance evaluation using Forsk Atoll software, an 

industry-standard network planning tool. 
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2.1.  Research framework 

The research methodology employs a structured approach beginning with parameter identification 

and collection of essential capacity and coverage metrics, as depicted in Figure 1. Network planning 

calculations are categorized into two complementary strategies: capacity planning and coverage planning. 

Both planning outcomes are subsequently implemented in the Atoll simulation environment for 

comprehensive network performance evaluation according to the research workflow. Performance analysis 

examines key KPIs including signal strength, quality, throughput, and user connectivity parameters. The 

study concludes with detailed results and specific recommendations for optimal 5G network deployment. 
 

 

 
 

Figure 1. Flowchart of the 5G network planning process 

 

 

2.2.  Capacity planning 

Capacity planning is a foundational aspect of 5G network design, intended to ensure that the 

infrastructure can sustain anticipated increases in user density and accommodate peak data demand. This 

process involves the analysis of subscriber growth forecasts and the estimation of traffic loads to determine 

the appropriate network dimensioning. This sub-section details the methodology employed for user 

population projection and traffic demand estimation, which collectively inform the capacity requirements of 

the network. The capacity planning calculation is conducted systematically as follows: 

 

2.2.1. Projection of user population 

This step considers the projected number of users and traffic requirements to ensure the network 

infrastructure can meet demand with the desired quality of service (QoS) [14]. The user projection 

calculation is expressed in (1): 

 

𝑈(𝑡)  =  𝑈0  ×  (1 +  𝐺𝐹)𝑡 (1) 

 

where 𝑈(𝑡) represents the user population in year t, 𝑈0 is the baseline user population in the reference year, t 

denotes the time period in years, and GF represents the annual user growth factor [7]. 
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2.2.2. Projection of traffic demand 

Beyond user projections, the expected traffic demand serves as a critical factor influencing network 

design considerations [15]. The traffic demand requirements are determined using (2): 

 

𝐷(𝑡) =  𝜌 ×  𝐻𝑏  ×  𝐷𝑚  ×  𝜑 (𝑡) ×  𝐴𝑚 (2) 

 

where 𝐷(𝑡) represents the projected traffic demand, 𝜌 denotes the user density, 𝐻𝑏  is the number of busy 

hours per day, 𝐷𝑚 represents the number of days per month, 𝜑 (𝑡) indicates the percentage of active users at 

a given time (used to calculate peak traffic demand), and 𝐴𝑚 represents the average traffic demand per user 

per month. The active user ratio and per-user traffic parameters are derived from 5G NR traffic modeling 

guidelines [14], [15]. 

 

2.3.  Coverage planning 

Once the capacity dimensioning has been completed, coverage planning becomes the subsequent 

critical phase to ensure uniform signal quality across the entire service area. This stage involves detailed 

technical analysis, including link budget computations and path loss modeling, to estimate the effective cell 

radius and determine the total number of required sites. The methodology described in this sub-section forms 

the analytical basis for quantifying site requirements and defining their spatial distribution within the network 

simulation framework. The coverage planning calculation is conducted systematically as follows: 

 

2.3.1. Link budget 

Coverage planning in cellular networks represents a complex technical process centered on the 

calculation of maximum allowable path loss (MAPL). Accurate path loss estimation is essential in coverage 

planning because it directly influences the predicted service range and reliability of the network [16]. MAPL 

serves as a critical parameter that determines the maximum achievable cell coverage radius while 

maintaining adequate signal quality. MAPL calculation contains multiple parameters including effective 

isotropic radiated power (EIRP), receiver gain, receiver sensitivity, and various margins necessary to 

compensate for additional losses in the radio environment. Table 1 presents the key parameters required for 

effective link budget calculations. 

 

 

Table 1. Key parameters for coverage planning 
Parameter Value 

Subcarriers spacing 30 kHz 

Bandwidth 30 MHz 

Number of resource blocks 78 

 

 

2.3.2. Path loss propagation model 

The UMa propagation model is designed for high population density areas and considers for both 

line-of-sight (LoS) and non-line-of-sight (NLoS) scenarios [17]. This model effectively characterizes 

environments where the received signal comprises a combination of direct and indirect components. The 

UMa model defines distinct path loss calculations [18]–[20], similar to the urban micro (UMi) model, with 

specific formulations for different propagation scenarios. The UMa propagation model was selected for this 

study based on its alignment with Bandung’s urban characteristics. With a population density of 14,979 

people/km² and typical building heights ranging from 5-50 meters, the deployment environment matches 

UMa scenario specifications defined in 3GPP TR 38.901 [21]. This model is validated for the 2300 MHz 

frequency range and provides industry-standard predictions for macro-cell deployments in high-density urban 

areas. Alternative models such as UMi are optimized for small-cell scenarios with lower antenna heights, 

while rural macro models apply to lower-density environments, neither of which accurately represents the 

planned macro-cell deployment in Bandung’s urban core. However, it should be acknowledged that the UMa 

model parameters defined in 3GPP TR 38.901 [21] were derived from measurements conducted in 

temperate-climate dense urban environments with building material compositions that may differ from those 

in tropical Indonesian cities. Factors such as tropical humidity, local vegetation density, and Bandung’s 

specific building materials (predominantly brick and lightweight concrete) could introduce propagation 

variations not captured by the standard model. Validating these parameters through field measurements in 

Bandung remains a limitation of this study and a recommended direction for future research. 

For LoS conditions, with cell radii distances (𝑑2𝐷) ranging from 10 meters to the breakpoint 

distance (𝑑′𝐵𝑃), the path loss is calculated using (3): 
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𝑃𝐿𝐿𝑜𝑆 = 28.0 + 22𝑙𝑜𝑔10(𝑑3𝐷) + 20𝑙𝑜𝑔10(𝑓𝑐) (3) 

 

For NLoS conditions, applicable for cell radii distances (𝑑2𝐷) between the breakpoint distance (𝑑′𝐵𝑃) and  

5 km, the path loss is calculated using (4):  

 

𝑃𝐿𝑁𝐿𝑜𝑆 = 28.0 + 40𝑙𝑜𝑔10(𝑑3𝐷) + 20𝑙𝑜𝑔10(𝑓𝑐) − 9𝑙𝑜𝑔10((𝑑′
𝐵𝑃)2 + (ℎ𝐵𝑆 − ℎ𝑈𝑇)2) (4) 

 

where 𝑑3𝐷 represents the three-dimensional distance between transmitter and receiver in meters, 𝑓𝑐 is the 

carrier frequency in GHz, ℎ𝐵𝑆 is the base station height in meters, and ℎ𝑈𝑇 is the user terminal height in 

meters. 

 

2.3.3. Calculation of cell coverage area and site requirements 

In 5G network implementation, a 3-sector antenna configuration provides an optimized service 

coverage area [22]. The coverage area served by one cell with a 3-sector antenna configuration can be 

calculated using (5): 

 

L𝑐𝑒𝑙𝑙 = 1.95 × 2.6 × d2 (5) 

 

where L𝑐𝑒𝑙𝑙 represents the area that can be served by one cell in km², and d represents the cell radius in km. 

 

2.4.  Simulation environment and performance metrics 

The 5G network simulation in this study was conducted using the Atoll application, an industry-

standard software platform designed for wireless network planning and optimization. This software facilitates 

precise propagation modeling, scenario creation, parameter configuration, and detailed 5G network 

performance analysis [23], [24]. The network key performance indicators (KPIs) evaluation focuses on four 

critical parameters: signal strength (SS-RSRP), signal quality (SS-SINR), throughput, and the traffic of users 

connected as detailed in Table 2. 

 

 

Table 2. 5G network KPIs 
Parameter Category Range Unit 

SS-RSRP Excellent ≥−85 dBm  
Good −100 to −85 dBm  
Fair −115 to −100 dBm  
Poor <−115 dBm 

SS-SINR Excellent ≥15 dB  
Good 10 to 15 dB  
Fair 5 to 10 dB  
Poor <5 dB 

Throughput Peak DL >100 Mbps  
Peak UL >50 Mbps 

User connected Coverage >95 % 

 Density 1 Million/km² 

 

 

3. RESULTS AND DISCUSSION 

In this section, it presents the findings from our 5G network planning study for Bandung City. The 

analysis reveals critical insights into infrastructure requirements, network performance, and optimization 

opportunities specific to this urban environment. 

 

3.1.  Capacity planning results analysis 

3.1.1. Projection of user population and demand traffic analysis 

Based on the analysis of user projections and traffic demand in Bandung City for 5G network 

planning, results indicate a significant increase in traffic demand from 2024 to 2028. This analysis 

incorporates Bandung City’s population density of 14,979 people/km², derived from a total population of 

2,506,203 residents distributed across an area of 167.31 km² [24]. The 5G user projection demonstrates 

consistent growth, beginning with 421,758 users in 2024 and increasing steadily to 479,453 users by 2028. 

Concurrently, the generated traffic demand exhibits upward trajectory, starting at 1.92 Gbps/km² in 2024, and 

progressively increasing to 1.99 Gbps/km² (2025), 2.09 Gbps/km² (2026), 2.22 Gbps/km² (2027), eventually 

reaching 2.37 Gbps/km² in 2028. This traffic density trajectory is consistent with demand projections 

reported for comparable Indonesian urban deployments [24]. 
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As illustrated in Figure 2, the graph effectively visualizes the correlation between user population 

growth and escalating data traffic demands. The blue line represents the steady increase in 5G user adoption, 

while the orange line demonstrates the more pronounced rise in generated demand traffic, particularly 

evident during the 2027-2028 period. This captures the 5G technology adoption and utilization patterns in 

Bandung City throughout the five-year forecast period. 

 

 

 
 

Figure 2. Projected 5G user growth and generated traffic demand over time 

 

 

3.1.2. Site requirements analysis 

Based on capacity planning calculations containing projected traffic demand and network 

throughput analysis, Table 3 presents the site requirements for 5G network implementation in Bandung City. 

The analysis indicates that 64 sites are necessary to support the projected 2028 traffic density of  

2.37 Gbps/km² across Bandung City’s 167.31 km² area. Each site must accommodate approximately 7,491 

users while maintaining optimal service quality. The calculated cell radius of 0.73 km reflects the balance 

between coverage requirements and capacity demands in this urban deployment scenario. 

 

 

Table 3. Site requirements calculation results 
Parameter Results 

Network throughput 2.37 Gbps/km² 
Total users (2028) 479,453 

Surface area 167.31 km² 

Number of sites required 64 
Users per site 7,491 

Cell radius 0.73 km 

 

 

3.2.  Coverage planning results analysis 

3.2.1. Link budget analysis 

The link budget calculation focuses on determining the MAPL using the components detailed in 

Table 4 [21]. Based on the analysis of link budget calculations for 5G network planning in the 2300 MHz 

frequency band, distinct parameters emerge for both uplink and downlink transmission scenarios. These 

parameters are critical in determining the MAPL between the base station and user equipment, ensuring 

optimal signal transmission and reception throughout the network. 

The link budget parameters in Table 4 are consistent with commonly used 5G radio network 

planning approaches for urban deployments [14], [18], [21], [25]. Body loss accounts for signal attenuation 

from user device positioning during typical handheld usage. Interference margin compensates for co-channel 

interference from neighboring cells, with higher downlink values reflecting multi-cell interference patterns 

characteristic of macro deployments. Penetration loss values represent signal attenuation through typical 

urban building materials (concrete and brick) at 2300 MHz, based on ITU-R propagation models for indoor 

coverage scenarios [21]. 
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Table 4. Link budget calculation results 
Parameter Uplink value Downlink value 

TX power 23 dBm 53 dBm 
Antenna gain 5 dB 15 dB 

Body loss 2 dB 5 dB 

EIRP −5.833 dBm 34.169 dBm 

SINR 5 dB 5.53 dB 

Interference margin 2 dB 15 dB 
Penetration loss 10.84 dB 22 dB 

MAPL 81.886 dB 80.696 dB 

 

 

3.2.2. Path loss analysis 

The path loss analysis for 5G network deployment employs the UMa model for both LoS and NLoS 

scenarios in the urban environment. For the LoS scenario, calculations yield a path loss value of 100 dB with 

a three-dimensional distance coverage of 600 meters and corresponding cell radius (𝑑2𝐷) of 600 meters. In 

contrast, the NLoS scenario demonstrates significantly reduced coverage capabilities with a three-

dimensional distance of 85.9 meters and cell radius of 85.9 meters. This LoS-to-NLoS coverage reduction is 

consistent with UMa propagation behavior at mid-band frequencies documented in [21] and observed in 

similar planning study [20]. 

 

3.2.3. Coverage area and site requirements analysis 

Based on the coverage planning approach incorporating site calculation results and network 

coverage requirements, Table 5 presents the key parameters for 5G network implementation in Bandung 

City. The analysis reveals that each site can effectively cover 2.25 km² for uplink and 1.97 km² for downlink 

transmission. This coverage differential necessitates additional sites for downlink requirements, resulting in 

the final determination of 86 sites to ensure comprehensive network performance throughout the target area, 

aligning with infrastructure dimensioning strategies for urban 5G deployments [22]. 

 

 

Table 5. Coverage planning key parameters results 
Parameter Results 

Total coverage area 167.31 km² 

Uplink coverage per site 2.25 km² 
Downlink coverage per site 1.97 km² 

Uplink sites required 75 

Downlink sites required 86 
Uplink reuse distance 3.23 km 

Downlink reuse distance 3.1261 km 

 

 

3.3.  Simulation and network performance result analysis 

To validate the theoretical findings, a network deployment simulation was conducted using the 

Forsk Atoll network planning tool. The simulation implemented 86 sites derived from downlink coverage 

planning calculations across the 167.31 km² target area. Figure 3 visualizes the simulation results for network 

coverage and performance. Figure 3(a) shows the coverage distribution simulation, Figure 3(b) presents the 

SS-RSRP level distribution, Figure 3(c) presents the SS-SINR level distribution, and Figure 3(d) shows the 

throughput level distribution. These results are used to evaluate the network performance in terms of signal 

strength, signal quality, and data throughput. 

 

3.3.1. Analysis of synchronization signal–reference signal received power distribution 

SS-RSRP measures the signal strength emitted by the sites. Based on simulation results presented in 

Figure 3(b), the SS-RSRP coverage analysis demonstrates distinct signal strength distributions across the 

covered area. The histogram analysis shown in the yellow region between -75 and -70 dBm, falls within the 

“Excellent” category (SS-RSRP ≥ −85 dBm). This distribution pattern indicates effective site placement 

strategy with significant portions of the coverage area experiencing optimal signal strength. Previous  

3.5 GHz measurement studies have similarly demonstrated that propagation conditions and path loss 

characteristics significantly influence received signal performance in urban environments [16]. The SS-RSRP 

performance obtained in this study also exceeds the −94.15 dBm (“Good”) value reported for the 700 MHz 

deployment [12]. 
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(a) (b) 

  

  
(c) (d) 

 

Figure 3. Simulation results of the 5G network performance in; (a) coverage distribution, (b) SS-RSRP level 

distribution histogram, (c) SS-SINR level distribution histogram, and (d) throughput level distribution 

histogram 

 

 

3.3.2. Analysis of synchronization signal–signal-to-interference-plus-noise ratio distribution 

SS-SINR serves as a critical parameter that quantifies signal quality by measuring the ratio of 

desired signal strength relative to interference and noise levels, expressed in decibels (dB). The histogram 

analysis in Figure 3(c) reveals that the majority of the coverage area experiences signal quality ranging from 

5 dB to 30 dB. The highest concentration appears in the green region (approximately 5-10 dB), 

corresponding to the “Fair” category according to standardized SS-SINR classifications. A significant portion 

extends into the yellow and orange regions (10-20 dB), indicating “Good” signal quality. The mean SS-SINR 

value of 14.59 dB with a standard deviation of 7.59 dB confirms overall “Good” signal quality throughout 

the deployment area, with most locations experiencing interference levels that support reliable data 

transmission consistent with IMT-2020 performance expectations [1]. The mean SS-SINR of 14.59 dB is 

comparable to the 13.32 dB reported for the 700 MHz deployment [12], with the slight improvement 

attributable to higher site density compensating for increased mid-band propagation loss [21]. It should be 

noted that this simulation assumes a single-operator scenario. In a multi-operator environment where service 

providers operate simultaneously in the 2300 MHz frequency band, co-channel interference will reduce the 

SS-SINR value, particularly at the cell edges, depending on the channel association policy implemented. 

Orthogonal sub-band allocation minimizes inter-operator interference but reduces bandwidth per operator, 

whereas full-band sharing maintains capacity at the cost of increased interference [21]. 

 

3.3.3. Analysis of throughput distribution 

The throughput analysis evaluates network performance against established 5G network key 

performance indicators, which specify minimum thresholds of 100 Mbps for downlink and 50 Mbps for 

uplink transmission. The histogram analysis in Figure 3(d) reveals a highly asymmetric distribution with a 

pronounced concentration in the highest throughput range, represented by the tall red bar at the right side of 

the graph. The mean peak RLC channel throughput of 137,415.85 kbps (137.42 Mbps) significantly exceeds 

the minimum downlink requirement of 100 Mbps established in the IMT-2020 performance criteria [1]. This 

performance metric indicates that the network design provides substantial value above minimum 

requirements, ensuring reliable service delivery even during peak demand periods. The substantial standard 

deviation of 103,352.67 kbps (103.35 Mbps) reflects the significant variability in throughput across different 
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coverage zones, which is expected in a complex urban environment with varying signal conditions. Despite 

this variability, the concentration of results in higher throughput ranges confirms that the vast majority of the 

coverage area achieves optimal performance levels that comfortably meet or exceed target specifications.  

 

3.3.4. Analysis of traffic parameter (user connected) 

Beyond network performance metrics, analyzing the simulation’s traffic parameters is essential to 

evaluate the network’s capacity to effectively serve its user base. This analysis includes assessing the total 

number of connected users and their distribution across different service types. Figure 4 provides a detailed 

overview of these traffic parameters, presenting the total number of successfully connected users and their 

traffic coverage distribution on the simulation map. 

As shown in Figure 4(a), the simulation indicates that the network successfully connects 132,071 

users, accounting for 72.5% of the potential user base. Among these active connections, the majority utilize 

downlink services (71,849 users), while 58,552 users access uplink services, and 1,669 users engage in 

simultaneous data transmission. The cumulative application throughput reached 95,113.19 Mbps for downlink 

and 96,920.37 Mbps for uplink, demonstrating the network’s capability to deliver high-performance service. 

The corresponding simulation map in Figure 4(b) visually confirms the effective spatial distribution of user 

connectivity across the region, highlighting that the 86-site deployment sufficiently covers the target area. 
 

 

  
(a) (b) 

 

Figure 4. Traffic performance simulation results in; (a) analysis of connected users and (b) spatial distribution 

of traffic coverage across the simulated area 
 

 

The 72.5% user connection rate, while substantial, indicates opportunities for optimization. This 

level falls below the 95% IMT-2020 coverage target [1], a gap also observed in other simulation-based 

macro-cell planning studies [8], [22] largely attributable to static site placement without iterative 

optimization or small-cell augmentation. From a QoS perspective, the 27.5% unconnected user share would 

experience service denial during peak periods, potentially resulting in increased call setup failures and 

degraded perceived network reliability. Analysis of the spatial distribution in Figure 4(b) indicates that 

unconnected users are concentrated primarily at cell-edge boundaries where SS-RSRP falls below the 

connection threshold identified in subsection 3.3.1 targeted antenna adjustment and transmit power 

optimization at sites adjacent to these coverage gaps could improve cell-edge SS-SINR by 3–5 dB [21], 

shifting a portion of these users above the attachment threshold without requiring additional infrastructure 

investment. The unconnected 27.5% of users likely fall into two categories: those at cell edges experiencing 

signal degradation below connection thresholds, and those in high-density areas during peak traffic periods 

where capacity limitations prevent additional connections. Strategies to improve connectivity include 

targeted site densification in identified coverage gaps, deployment of small cells in high-traffic zones, and 

implementation of advanced features such as carrier aggregation and coordinated multipoint transmission to 

enhance cell-edge performance. These optimization approaches would not only increase the connection 

success rate but also improve the user-perceived QoS, particularly in edge-of-coverage scenarios and during 

network congestion periods. 

 

 

4. CONCLUSION 

The primary contributions of this study to the field include: i) a systematic evaluation of the 

previously unexplored 2300 MHz mid-band frequency for Indonesian urban deployments, complementing 

existing research on other spectrum bands; ii) a validated methodology combining capacity and coverage 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Assessing capacity and coverage planning: 5G NR performance using 2300 MHz in … (Putri Rahmawati) 

4011 

planning that network operators can adapt for similar urban environments; and iii) empirical evidence 

demonstrating that this mid-band frequency provides an optimal balance between coverage reach and 

capacity requirements for dense urban areas. The present analysis relies on simulation-based modeling using 

the UMa propagation model and Atoll planning tool. While these industry-standard approaches provide 

reliable predictions, real-world deployments may encounter additional factors such as specific building 

geometries, local interference sources, and variable user behavior patterns that could affect performance. 

Future research should prioritize: i) pilot deployments with drive-testing to validate simulation findings 

against measured data; ii) investigation of dynamic spectrum sharing techniques to improve spectral 

efficiency; iii) exploration of advanced antenna configurations including massive MIMO and beamforming to 

optimize user experience in high-density areas; iv) quantitative assessment of the impact of multi-operator 

coexistence; and v) comparative techno-economic analysis across multiple frequency bands (700 MHz,  

2300 MHz, and 3.5 GHz) to guide spectrum allocation decisions for Indonesian operators. 
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