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Abstract— The rapid deployment of 5G networks has 

introduced new challenges in coverage limitations, power 

consumption, and signal attenuation, especially in urban 

environments. To address these issues, this research explores the 

integration of a 64×64 MIMO array with Reconfigurable 

Intelligent Surfaces (RIS) to enhance network coverage while 

reducing power consumption. 

MIMO technology improves spectral efficiency and enables 

beamforming, directing signals toward users for better 

connectivity. However, the high power requirements of MIMO 

systems make them less energy-efficient. RIS, a passive 

metasurface-based technology, helps in reflecting and 

redirecting signals without consuming excessive power. By 

strategically placing RIS panels, we can optimize signal 

propagation, reduce path loss, and improve overall network 

efficiency. 

This study analyzes different system configurations, 

including standalone 64×64 MIMO, individual RIS panels, and 

a hybrid MIMO-RIS setup. Results show that: 

• A 64×64 MIMO system provides strong coverage but 

at high power consumption. 

• RIS panels reduce power usage but have limited 

coverage individually. 

• A hybrid system combining MIMO and RIS offers the 

best balance, significantly extending coverage while 

lowering energy consumption. 

Simulation results confirm that the hybrid system improves 

coverage area by nearly 100% while reducing power 

consumption by up to 60% compared to traditional MIMO 

setups. Additionally, optimizing RIS placement and reflection 

angles further enhances signal quality and minimizes 

interference. 

This research provides a practical and energy-efficient 

solution for 5G coverage enhancement. Future work will focus 

on real-world implementation of RIS in 5G networks and 

potential applications in next-generation wireless 

communication technologies. 

Keywords— Metasurface, millimeter wave, path-loss model, 

reconfigurable reflector, reconfigurable intelligent surface (RIS), 

wireless communication 

I. INTRODUCTION  
 

The increasing demand for high-speed, low-latency, and 
energy-efficient wireless communication has driven extensive 
research into 5G network coverage enhancement. While 
Massive Multiple-Input Multiple-Output (MIMO) technology 
has significantly improved spectral efficiency and user 
connectivity, challenges such as high power consumption and 
coverage limitations in urban environments persist [1]. To 
address these issues, researchers have explored 
Reconfigurable Intelligent Surfaces (RIS), which utilize 
metasurfaces to reflect and manipulate electromagnetic waves 
efficiently, thus enhancing signal propagation without 
additional power-hungry transmitters [2]. 

A 64×64 MIMO array can significantly improve network 
performance through beamforming and spatial diversity, 
allowing precise targeting of users. However, this system 
alone requires substantial power consumption and may not be 
the most energy-efficient solution [3]. On the other hand, RIS 
technology, which consists of passive reflective elements, can 
redirect signals intelligently, extending coverage without 
increasing transmission power. The combination of RIS with 
Massive MIMO presents an innovative hybrid solution that 
optimizes both coverage area and energy efficiency [4]. 

This research investigates the integration of a 64×64 
MIMO array with RIS to enhance 5G coverage while 
minimizing power consumption. The study focuses on: 

1. Analyzing the coverage area and power efficiency of 
standalone 64×64 MIMO systems. 

2. Evaluating the effectiveness of individual RIS panels 
in improving signal strength. 
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3. Determining the optimal placement and 
configuration of RIS panels. 

4. Assessing the performance of a hybrid MIMO-RIS 
system in terms of coverage, power consumption, and signal-
to-noise ratio (SNR) improvements. 

Preliminary findings suggest that while Massive MIMO 
provides extensive coverage, its power requirements are 
substantial. In contrast, RIS technology offers a power-
efficient alternative but cannot achieve the same coverage 
independently. The hybrid system of MIMO and RIS emerges 
as the most promising approach, balancing coverage, energy 
efficiency, and signal reliability [5]. Through analytical 
modeling and simulations, this study aims to provide practical 
insights into the optimal deployment of MIMO and RIS for 
next-generation 5G networks [6]. 

II.  SYSTEM MODEL AND METHODOLOGY 
 

1. System Model: 

 The proposed system integrates a 64×64 MIMO 

antenna array with Reconfigurable Intelligent Surfaces 

(RIS) to enhance 5G network coverage, reduce power 

consumption, and optimize signal strength. The 

system is evaluated in a simulated urban environment, 

considering path-loss effects, reflection coefficients, 

and adaptive beamforming. MATLAB is employed for 

modeling the signal propagation, power efficiency, 

and optimization of RIS deployment. 

 

The system consists of the following key components: 

1. Massive MIMO Base Station (BS): A 64×64 

MIMO array is deployed at the BS to enable 

spatial multiplexing and beamforming, allowing 

targeted signal transmission. However, due to 

signal blockages in dense urban areas, achieving 

full coverage remains a challenge. 

2. RIS Panels: RIS consists of a passive 

metasurface with tunable reflective elements 

that redirect signals towards users in coverage 

gaps. Each panel is controlled using a phase-

shifting algorithm to optimize wavefront 

reflections dynamically. 

3. User Equipment (UE): Mobile devices within 

the coverage area receive signals directly from 

the MIMO BS or through RIS reflections, 

depending on their location and obstructions. 

 

To assess system performance, we consider the path-loss 

model introduced in [1], incorporating the impact of RIS-

based signal redirection. The signal power at the receiver, 

Pr, is modeled as: 

Pr = Pt Gt Gr (
𝜆

4𝜋𝑑
)2 hRIS   ……(1) 

 
where: 

• Pt is the transmitted power, 

• Gt and Gr are the transmitter and receiver antenna gains 

•  𝜆  is the wavelength, 

• d is the distance between the transmitter and receiver 

• hRIS represents the RIS reflection efficiency. 

2. Methodology:  

To evaluate the system’s performance, we adopt the 

following methodological approach: 

1. MATLAB-Based Simulation Setup MATLAB is 

used for: 

• Modeling the 64×64 MIMO antenna radiation 

pattern and beamforming behavior. 

• Simulating RIS-assisted signal redirection with 

phase-shifting optimizations. 

• Computing path-loss and received power for 

different configurations (MIMO-only, RIS-only, 

and Hybrid). 

 

2. Coverage and Power Consumption Analysis 

We measure the coverage area for different 

configurations: 

• 64×64 MIMO only 

• RIS Panel 1 & Panel 2 separately 

• Hybrid MIMO-RIS system 

Coverage is determined by identifying areas with 

received power above a predefined threshold (-85 dBm). 

Power consumption analysis follows the model in [2], 

incorporating RIS element power requirements and active 

beamforming energy costs. 

 

3. SNR Improvement Estimation 

To quantify the signal-to-noise ratio (SNR) improvement, 

we define: 

SNR =  
Pr

No
     …..(2) 

where No is the noise power density. MATLAB's Monte 

Carlo simulations are used to evaluate SNR variations 

across different locations and RIS placements. 

 

4. Adaptive Beamforming with MATLAB 

Optimization 

An adaptive beamforming algorithm is implemented in 

MATLAB to: 

• Optimize MIMO precoding for different user 

positions. 

• Adjust RIS phase shifts dynamically based on 

real-time user feedback. 

 
 

Fig. 1. Structural design of a reconfigurable intelligent surface (RIS) unit 

cell, illustrating the layered architecture with PIN diodes, vias, and biasing 

structure. 

Fig. 1 illustrates the design of an RIS unit cell, comprising 

multiple layers, including a dielectric substrate, copper layer, 
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and biasing circuit. The PIN diodes embedded in the structure 

enable dynamic control over signal reflection, making RIS a 

key technology for enhancing 5G communication 

performance 
 

5. Comparative Performance Evaluation 

We compare: 

• Coverage area (m²) for different setups 

• Power consumption (W) per configuration 

• SNR gains (dB) achieved by RIS vs. traditional 

setups 
 

 

3.Summary of expected findings: 

Initial results indicate that the hybrid system 

significantly outperforms standalone MIMO or 

RIS systems in terms of coverage and power 

efficiency. The incorporation of RIS reduces 

power consumption while maintaining high 

SNR, making it a viable solution for next-

generation 5G deployments. 

III. PERFORMANCE EVALUATION AND RESULTS 
 

In this section, we analyze the performance of the proposed 

64×64 MIMO and RIS-assisted 5G system using MATLAB 

simulations. The key metrics considered are coverage area, 

power consumption, and SNR improvement under different 

configurations. 

A. SIMULATION SETUP AND PARAMETERS 

We perform simulations in MATLAB to evaluate 

the system's effectiveness in an urban environment, 

considering both line-of-sight (LOS) and non-line-

of-sight (NLOS) conditions. The key simulation 

parameters are presented in Table I. 

TABLE I.  SIMULATION PARAMTERS 

Parameter Value 

Carrier Frequency 28 Hz 

MIMO Configuration 64×64 Elements 

RIS Panel Size 20×20 Elements 

Transmit Power 40 Bm 

Path Loss Model Hybrid Model  

Noise Power Density -174 dBm/Hz 

Receiver Sensitivity -85 dBm 

Simulation Area 500m × 500m 

 

B. Coverage Area Analysis 

The coverage area is evaluated for different configurations: 

i. Standalone 64×64 MIMO 

ii. RIS Panel 1 Only 

iii. RIS Panel 2 Only 

iv. Hybrid MIMO-RIS System 

The coverage area (in m²) is computed using MATLAB, 

where a grid-based approach is used to estimate signal 

strength at different locations. The coverage analysis results 

are visualized in the bar chart (Figure 2), which shows that: 

a. MIMO alone covers ~800m². 

b. Each RIS panel provides additional coverage (~300-

350m²). 

c. The Hybrid system significantly improves coverage 

(~1600m²). 

Thus, RIS enhances network reachability, especially in 

blocked or shadowed regions. 
 

C. Power Consumption Analysis 

To evaluate energy efficiency, we compare the power 

consumption across different configurations. The power 

consumption model follows the approach in [2] and accounts 

for: 

i. Active beamforming power (MIMO). 

ii. Passive reflection power (RIS). 
 

From the results (as shown in Figure 2), we observe that: 

a. MIMO alone has the highest power consumption 

(~150W). 

b. RIS panels consume minimal power (<5W per 

panel). 

c. The Hybrid system optimizes power efficiency 

while ensuring maximum coverage. 

This indicates that RIS technology can significantly reduce 

power consumption in 5G networks while maintaining 

performance. 

 

D. SNR Improvement Analysis 

The signal-to-noise ratio (SNR) is an important metric to 

assess link quality. We compute SNR across different 

configurations using MATLAB’s Monte Carlo simulations. 

The findings suggest: 

i. MIMO alone achieves an SNR improvement of ~12 

dB. 

ii. RIS-only configurations offer a moderate SNR 

boost (~6-8 dB). 

iii. The Hybrid system achieves the highest SNR 

improvement (~15 dB), ensuring a more reliable 

connection. 

SNR improvements can be attributed to optimized phase 

shifts in RIS, which enhance constructive interference and 

mitigate path loss effects. 

 

E. Summary of Key Findings 

The results from MATLAB-based evaluations indicate: 

i. RIS integration improves coverage by ~100% 

compared to MIMO alone. 

ii. The Hybrid system significantly reduces power 

consumption while maintaining high performance. 

iii. SNR gains in the Hybrid system ensure strong and 

reliable signal reception. 
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These findings validate that RIS-assisted hybrid systems are 

a promising approach for enhancing 5G network coverage 

and energy efficiency. 

 

    Visual Representation of Performance Metrics 

 

To better illustrate the coverage, power consumption, and 

SNR improvements, Figure 2 presents a comparative analysis 

of different configurations: 

 

i. 64×64 MIMO alone 

ii. RIS Panel 1 and RIS Panel 2 separately 

iii. Hybrid MIMO-RIS system 

 

 

 

 

 

 

 

 

 

Fig. 2. Coverage,Power Consumption and SNR Comparison 

From Figure 2, we observe: 

• Coverage Area (blue bars): The Hybrid system 

significantly extends coverage (~1600m²), 

compared to standalone MIMO (~800m²) and 

individual RIS panels (~300-350m² each). 

• Power Consumption (red dashed line): While 

MIMO alone consumes the highest power (~150W), 

the Hybrid system optimizes power efficiency while 

maximizing coverage. 

• SNR Improvement (green dotted line): The Hybrid 

system achieves the highest SNR gain (~15 dB), 

outperforming other configurations. 

These results align with our MATLAB-based evaluations and 

confirm that RIS integration enhances 5G network efficiency. 

 

IV. Optimal Angle Placement for RIS Panels 
 

An essential factor in maximizing the effectiveness of 

Reconfigurable Intelligent Surfaces (RIS) in a hybrid 5G 

communication system is the precise angular placement of 

the RIS panels relative to both the transmitting base station 

(BS) and the receiving user equipment (UE). Given that RIS 

panels act as passive reflectors, their alignment must satisfy 

the law of reflection, i.e., the incident angle from the base 

station should equal the reflected angle toward the user. 

To mathematically determine the optimal reflection angle, 

the cosine law and vector geometry were applied. Using the 

coordinates of the base station, RIS panel, and the user, the 

angle between the incident and reflected signal vectors is 

calculated using the formula: 

 

        θopt=cos−1((𝑥𝑅𝐼𝑆−𝑥𝐵𝑆)+(𝑦𝑅𝐼𝑆−𝑦𝐵𝑆)
∥𝑣𝐵𝑆−𝑅𝐼𝑆∥⋅∥𝑣𝑅𝐼𝑆−𝑈𝐸∥

)        ...(3)     
 

This equation helps determine the orientation of the RIS 

surface that results in constructive interference at the UE 

location. To further analyze this relationship, a cosine-

squared signal gain model was simulated using Python. The 

resulting graph, based on the function G(θ)=10⋅cos2(θ−90∘) 

indicates that the maximum signal gain occurs at a 

reflection angle of 90°. This means the RIS panel should 

ideally bisect the angle between the base station and the UE 

to maximize energy redirection. 
 

 

      
                               Fig 3. angular placement graph 

The graph confirms that even minor misalignments from 

the optimal 90° orientation lead to a steep drop in gain, 

which reinforces the importance of precise angular placement 

in real-world deployments. This finding is implemented in 

the MATLAB simulations of this project, where RIS panels 

are positioned at a ~120° spread around a central building to 

maximize coverage in Non-Line-of-Sight (NLOS) regions. 

 

V. CONCLUSION  

This study explored the integration of 64×64 MIMO array 

antennas with Reconfigurable Intelligent Surfaces (RIS) to 

enhance 5G network coverage while optimizing power 

consumption. Through extensive MATLAB-based 

simulations and empirical evaluations, we demonstrated that 

a hybrid MIMO-RIS system significantly improves coverage 

and SNR while reducing energy consumption compared to 

conventional MIMO-only systems. 

Our findings, supported by Figure 2, illustrate that: 

i. The Hybrid MIMO-RIS system extends coverage 

area (~1600m²), outperforming standalone MIMO 

(~800m²) and individual RIS panels (~300-350m²). 

ii. Power consumption is optimized, as RIS elements 

operate passively, reducing the energy requirements 

compared to active MIMO transmission. 

iii. SNR improvement is maximized (~15 dB) in the 

Hybrid system, confirming its effectiveness in 

improving signal reception and transmission. 

VI. FUTURE RESEARCH DIRECTIONS  

Future research can focus on optimizing RIS placement and 

dynamic beamforming strategies to further enhance 

efficiency. Additionally, exploring ai-driven adaptive RIS 

configurations and multi-user MIMO scenarios could lead to 

even greater improvements in coverage and energy 
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efficiency. experimental validation in real-world 

environments will be crucial to advancing this technology. 
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