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Abstract: In this study, the authors assess the performance of 5G networks in urban and  rural areas 

with respect to key characteristics such as downlink speed, latency, signal strength, and packet  loss. 

Through actual field measurement and simulation-based modeling, the study identifies the 

performance variations, which are  ascribed to the dissimilarities in the infrastructure, 

environmental factors, and user population. Some of  the hybrid network solutions that have been 

explored include satellite-terrestrial systems, fibre-wireless systems  and aerial platforms in an effort 

to minimize these differences. Figure has also been used to enhance key findings  and several 

practical recommendations are made with the view of providing equal service and closing the 

digital divide between the  urban and rural areas. 
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1. Introduction 

1.1 Background 

5G wireless networks provide very high data rates, low latency, and extremely high 

connection density which makes it possible to implement new use cases in the smart city, 

self-driving cars, and telemedicine, among others [1], [2]. However, the performance of the 

5G networks is not the same across the different environments. This paper classifies the 

urban area with well-developed infrastructure and technologies while the rural area 

present a major challenge in terms of scarce BS sites, environmental factors and limited 

backhaul [3]. 

1.2 Research Problem 

Alas, the current 5G networks are still plagued by  numerous issues that lead to the 

deterioration of rural coverage although the network has the ability to change the lives  of 

people. This disparity poses a threat to the attainment of equal access to the next generation 

communication networks [4], [5]. 

1.3 Objectives 

a. Assess the effectiveness of 5G  networks in cities and in the countryside. 

b. Determine factors that make for the difference in the performance. 

c. Evaluate the potential of the hybrid network architecture as a future solution for 

enhancing the rural coverage 
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 1.4 Significance 

This paper presents findings that network operators, policy makers and researchers 

can use in  order to address returns Overview challenges of of in this 5G the technology 

Technology applied, deployment [6]. 

1.5 Literature Review 

1.5.1 5G Technology Overview 

5G networks are built  on the latest technologies such as millimeter-wave (mmWave) 

frequencies, sub-6 GHz  bands, Massive MIMO, and beamforming. The mmWave has high 

data speed but has low range  and penetration and is therefore more suitable for urban 

settings. Sub-6 GHz bands are slower than the  former but cover a larger distance and are 

therefore suitable for rural coverage [7], [8]. 

 1.5.2 Urban Environments 

The network enhancement factors such as the small cell stations and fiber backhaul  

that are deployed in the urban areas to enhance the data throughput and reduce the 

latency. However, there  are still issues such as interference and high user traffic that 

require optimal dynamic spectrum management and the application of  artificial 

intelligence in traffic control [9], [10]. 

1.5.3 Rural Environments 

In the  rural environment, there are constraints in the deployment of the networks 

due to limited resources, obstacles in the  geographical environment including trees and 

other natural barriers. Such network models as satellite backhauls and aerial platforms  

have been recognized as potential solutions to the above challenges, but these need to be 

optimized further  [11], [12]. 

1.5.4 Hybrid Networks in 5G 

Hybrid networks are defined as  the networks that incorporate several 

communication systems to enhance the coverage and throughput of 5G. Examples  

include: a) Satellite-Terrestrial Integration: Examples of LEO satellites include Starlink 

which provide a high  data transfer backhaul to the rural areas [13]. b) Fiber-Wireless 

Combinations: This  is because FWA enhances the coverage of the fixed optic network in 

providing access to the unconnected and  poorly connected populations [14]. c) Aerial 

Platforms: This includes the high altitude balloons and drones as  a temporary 5G 

networks in the affected areas or remote regions [15]. 

1.5.5 Research  Gaps 

Nevertheless, the present study found that the existing research on the performance 

of rural  5G is scarce and more so concerning physical barriers such as vegetation. Also, 

the effectiveness of hybrid networks  in closing the digital divide in rural areas needs 

further investigation [16, 17]. 

 

2. Materials and Methods 

2.1 Study Design 

This research therefore uses actual field measurements together  with simulated 

based modeling in assessing the performance of 5G in different areas of region. 

 2.2 Data Collection 

2.2.1 Locations: 

a. Urban: These are highly populated areas with  well developed infrastructure. 

b. Rural: These are the hard to access regions with low populace and other obstacles  

such as environment. 

2.2.2 Parameters Measured: 

a. Download/upload speeds (Mbps). 

b. Latency (ms). 

c. Signal strength (dBm). 

d. Packet loss (%). 
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 2.2.3 Tools Used: 

a. The real world measurements were made with portable network analyzers. 

b. Performance modeling can be done on simulation platforms like NS-3 and 

MATLAB. 

c. GIS mapping for assessing  the effects of physical environment on the network.  

2.3 Simulation Scenarios 

1. Urban Scenario: 

a. Dense small-cell networks using mmWave frequencies. 

b. Modeled challenges include interference  and high user density. 

2. Rural Scenario: 

a. Large-cell networks relying on sub-6 GHz  bands. 

b. Hybrid satellite-terrestrial systems for extended coverage. 

c. Environmental modeling includes vegetation density and  terrain elevation. 

2.4 Data Analysis 

For the comparison of the performance in urban and rural  areas, the statistical 

methods such as ANOVA and regression have been used. The optimal placement of base  

station in the rural areas has been done with the help of machine learning algorithms. 

 

3. Results  

3.1 Urban Environment Performance 

a. Download Speed: Averaged 920  Mbps, with peaks exceeding 1.2 Gbps. 

b. Latency: Consistently low  (2.5–4 ms). 

c. Signal Strength: Averaged -53 dBm. 

d. Packet Loss: Negligible (<0.1%). 

This figure 1 compares performance metrics, such as download speed, latency, 

signal strength, and packet  loss, between urban and rural environments [18]. 

 

 
Figure 1. Urban vs Rural Performance  Comparison. 

 

3.2 Rural Environment Performance 

a. Download Speed: Averaged 180 Mbps, with  peaks of 260 Mbps achieved through 

hybrid networks. 

b. Latency: Between 20-35 ms. 

c. Signal Strength: The average was –75 dBm with a very poor signal in the  vegetated 

areas. 

d. Packet Loss: Low to moderate (1.5-3%) [19].  
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This scatter plot depicts the relationship between download speed and latency  in  

urban and rural areas, see Figure 2. 

 

 
Figure 2. Download Speed vs Latency. 

 

3.3 Novel Findings 

1. Impact of Vegetation Density: 

 Signal  strength and download speeds were down by 30% in highly dense 

vegetation areas. 

2. Hybrid  Network Effectiveness: 

o Using backhaul through the satellite enhanced the latency by 25-30%  while 

enhancing the download speeds by 15%. 

3. AI-Driven Optimization: 

o Packet  loss was reduced to 20% and signal quality enhanced in the rural areas 

through intelligent antenna steering. 

This box plot illustrates the signal strength variation  between urban and rural areas 

and the difficulties in rural regions, see Figure 3. 

 

 
Figure 3. Signal Strength Distribution (Urban vs Rural). 

 

4. Discussion 

4.1 Key Observations 

It has been seen that cities always  outperform villages because of more number of 

networks and their technological advancement. Satellite and terrestrial networks and the  

fiber-wireless hybrid are also used to solve the problem of the lack of connectivity in rural 

areas [20]. 
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4.2 Recommendations 

1. Infrastructure Expansion: The number of base stations in the rural areas  needs to be 

increased. 

2. Hybrid Networks: Satellite and aerial platforms should be combined to enhance  

coverage. 

3. AI-Based Resource Management: In this regard, machine learning is to be used  for 

the best control of resources and management of interference. 

4. Policy Interventions: This  includes the subsidization of 5G deployment in the rural 

areas to address the existing gap between the  urban and rural areas in terms of access 

to digital infrastructure. 

  

5. Conclusion 

Thus, this paper has also established that there is a significant difference in  the 

performance of urban and 5G rural networks and how such solutions can be adopted to 

bridge the  digital divide. To this end, advanced technology and concept of optimal 

deployment can be used to guarantee access  to the 5G network and in turn improve the 

quality of life in the unconnected  regions. 
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