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Abstract:

With 5G networks reaching maturity and global deployment, academic and industrial attention is increasingly focused on
shaping the features of 6G. The future vision for 6G extends beyond simply improving traditional performance metrics, such as
increased speed and reduced latency; it aims to create an infrastructure capable of integrating physical, digital, and biological
environments into a single system. However, existing millimeter-wave communication systems suffer from severe path loss,
signal blockage, limited coverage, and reduced communication reliability, particularly under Non-Line-of-Sight (NLOS)
environments. Although several studies have employed Reconfigurable Intelligent Surfaces (RISs) to improve wireless
performance, most approaches focus on individual optimization components and rely on simplified simulation environments,
limiting their practical effectiveness. To address these limitations, this study proposes an integrated RIS-assisted optimization
framework for 6G millimeter-wave communication systems. The framework utilizes the 5G Wave Channel Prediction
Dataset obtained from Kaggle and incorporates channel modeling, channel estimation, RIS reflection coefficient design, phase
shift optimization, beam forming optimization, and power allocation. The proposed model was implemented using MATLAB
R2023a for communication system simulation and performance evaluation. Experimental results demonstrate significant
improvements, including 94.4% higher channel gain, 83.9% higher spectral efficiency, 77.1% higher throughput, 107.3% higher
energy efficiency, and 97% coverage probability, while reducing latency by 61.1% and power consumption by 35.0% compared
with conventional communication systems. These results confirm that the proposed RIS-assisted framework effectively
overcomes millimeter-wave propagation challenges and enhances the overall performance, reliability, and efficiency of future 6G
communication networks.

Key Words: Beam Forming Optimization, Channel Estimation, Millimeter-Wave Communication, Reconfigurable Intelligent
Surface (RIS), Spectral Efficiency.
1. Introduction:

The advancement of technology for wireless communication at an alarming rate has fast-tracked the development of 5G
networks into advanced 6G communication systems that promise ultra-high data rates, massive connectivity, intelligent services,
and ultra-low latency. Millimeter wave communication technologies have proven indispensable for the development of 6G
communication technologies owing to the abundance of frequency spectrum available and their ability to deliver multi-gigabit
speeds [1], [2]. However, the implementation of mmWave communication technologies is hindered by some obstacles, such as
significant path loss, signal attenuation, and vulnerability to blockages [3], [4]. To solve these problems, considerable attention has
been given to Reconfigurable Intelligent Surfaces (RISs), which are programmable and can effectively control electromagnetic
waves by controlling signals[5], [6]. With the ability to dynamically reflect signals, the deployment of RISs within mmWave
systems allows for efficient coverage, high spectral efficiency, reduced transmission power needs, and a smart radio environment
for wireless communication [7].

Despite all the advancements that have been made in RIS-based wireless communication technologies, there are some
issues that have not been solved yet in the available literature [9]. In existing communication systems, active relaying techniques,
MIMO structures, and conventional beam forming techniques are used to alleviate the adverse effects of propagation [10], [11].
Even though all these techniques lead to improved performance in the field of communication, they require complex hardware
designs, high energy consumption, and higher implementation costs [12][13]. In recent literature, optimizations for phases, beam
forming, channel estimation, and resource allocation strategies have been considered to increase system performance [14], [15]. In
many cases, these optimization schemes are based on simplifying assumptions and hence cannot address the dynamic nature of the
6G mmWave channel environment. Moreover, the issue of optimizing phase designs and beam forming remains a challenging
task.

Based on previous studies on RIS-assisted mmWave communications, there remains a need for a comprehensive
optimization framework that simultaneously addresses signal propagation challenges and communication performance
requirements in future 6G networks. Hence, in this regard, the present paper proposes a framework for developing an architecture
for 6G mmWave communications with the help of RISs. In addition, a framework for developing realistic models for the channel
that is used in estimating the process of propagation between the BS, RISs, and UE will be developed in this paper. Moreover, an
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optimization framework for finding the best phase shifts to have maximum constructive interference from reflected signals would
be proposed.
1.1 Research Motivation:

The motivation for conducting this research is derived from the ever-growing necessity of deploying highly efficient and
high-capacity wireless communication networks capable of supporting emerging 6G technologies such as autonomous cars, smart
healthcare solutions, immersive virtual realities, and massive Internet of things deployments with high transmission rate and ultra-
low delay. Even though millimeter wave communications offer large bandwidth resources for satisfying these needs, their
performance is adversely affected by factors such as high path loss, signal blocking, and poor coverage in complex propagation
channels. Commonly employed mitigation techniques like relay-based communication schemes and MIMO-based techniques are
quite costly and consume more power compared to traditional approaches. Reconfigurable Intelligent Surfaces present a novel
technology that enables intelligent control of the propagation environment using controllable reflective surfaces. Nonetheless, an
optimized RIS assisted communication system must be designed for realizing full benefits.

1.2 Significance of the Study:

The significance of the study is that it will advance research on next-generation wireless communication technologies by
designing and optimizing the intelligent surfaces known as Reconfigurable Intelligent Surface. With the introduction of the 6G
communication systems, there will be an expectation to deliver ultra-high data rates, massive connectivity, and lower latency,
which can be achieved when issues such as high path loss, high attenuation, and even blockages are addressed successfully. The
optimization of intelligent surface control mechanisms to manipulate the signal reflection is crucial in addressing these issues
effectively. The use of spectrum more efficiently, with lower power consumption and improved communication systems, leads to
efficient wireless communication technologies being developed that support future smart cities, automated transportation, industry
automation, and Internet of Things.

1.3 Problem Statement:

One of the technologies that will enable next-generation 6G wireless networks is millimeter-wave communication. but it
has significant propagation problems, such as significant path loss, signal blockage, and high channel fading rate in Line-of-Sight
and Non-Line-of-Sight scenarios. While Reconfigurable Intelligent Surfaces (RIS) have been thoroughly investigated in terms of
improving coverage, spectral efficiency, and energy efficiency, there remain some limitations in the existing studies [14], [15]. A
lot of solutions assume idealized conditions, make simplifying assumptions on the channel model, or use highly complicated
optimization methods that are impractical to apply to real large-scale networks. Besides, current RIS designs mostly optimize the
phase shift and/or the beam forming separately without considering how they can be jointly optimized with power allocation
under realistic communication conditions. Moreover, most of the available utilization models are not extensive enough to model
and evaluate the channel using real propagation data. Thus, an efficient RIS-assisted optimization framework, considering the
practical channel model based on datasets and effective phase shift, beam forming and power control strategies, is required to
optimize the performance of overall 6G communication system.

1.4 Key Contributions:

o Explored the use of Reconfigurable Intelligent Surfaces (RISs) in addressing issues of severe path loss, signal
obstruction, and coverage limitation in mmWave-based communication in 6G networks.

e Proposed a new communication system framework assisted by RIS that considers system architecture, channel modeling,
and intelligent signaling for efficient wireless communication.

e Captured and analyzed communication network parameters, which included Channel State Information (CSI), Signal-to-
Interference-and-Noise Ratio, signal intensity, user localization data, and channel propagation characteristics for system
optimization purposes.

o Applied optimization techniques, which comprised channel estimation, optimal RIS phase shift design, beam forming
design, and power allocation approaches to maximize communication efficiency.

e Demonstrated improvement in coverage probability, throughput, energy efficiency, spectral efficiency, and
communication latency in comparison to regular mmWave communications without RIS assistance.

2. Literature Review:

Ahmed et al. [16] presented a hybrid reconfigurable intelligent surface (HRIS-DMA) for enhancing the coverage and
minimizing power loss in dense networks in the context of 6G. The aim of the study is to enhance the received signals' quality and
to increase the range using user-location-aware RIS optimization. The method is based on an iterative decision-making algorithm
that dynamically tunes RIS phase shifts and beam forming as per real-time user locations, which have been tested in MATLAB
R2023a for various obstacles scenarios. The approach has resulted in 70% power loss reduction, 0.17 ps lower latency, 12 dB and
25 dB more channel gain over BS handover and STAR-RIS, and 95% efficiency gain. Benefits include more coverage, less
latency and adaptive beam steering. There are some limitations, such as simulation-based validation and hardware implementation
and scalability testing in large-scale 6G deployments.

Selvaraj et al. [17] suggested a phase-reconfigurable RIS to enable the advanced applications of 6G including haptic
communication, smart cities with 10T, automation, and industrial manufacturing. This study aims to manipulate electromagnetic
waves with low power loss, cost efficiency and high control of the wave. The goal of the study is to control the manipulation of
the EM wave to provide improved coverage and signal quality at low power and low cost. The methodology is a combined loop
meta surface design with four PIN diodes, for a 2x2 periodic meta-atom structure, which supports 16 switchable states for
dynamic phase reflection control. The system is checked by numerical simulations and experimental testing with a 32x32 meta
surface configuration. The method shows the high tuning precision of the phase and stable reflection property. Low power
consumption, simple structural design, polarization insensitivity, and scalable RIS implementation are the advantages. But
constraints are that it is based on complex diode switching and limited testing of real-world large-scale networks.
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Khafagy et al. [18] introduced a M-shaped Reconfigurable Intelligent Meta surface with Low Complexity to address the
tremendous path loss suffered by mmWave signals in future 6G indoor scenarios. It's designed to boost received signal strength
and facilitate scalable, cost-effective deployment in enclosed areas like offices and conference rooms. A single-layer Rogers
substrate meta surface is designed to perform 1-bit phase modulation (0 and n) at 24.12 GHz using AlGaAs PIN diodes and
arranged into a 1024-element array with Gaussian angular gain modeling and MATLAB-based validation. Under different
distances and incidence angles, the system can get up to 15 dB gain of received signal strength. Benefits are simple complexity,
low power consumption, scalability and efficient passive beam forming. Some limitations are related to the use of simulation
results, to the fact that the studies are performed in a laboratory environment, and to the lower precision of the beam forming
because of the use of 2-bit phase control.

Liu et al. [19] introduced a two-phase channel estimation technique to improve the estimation accuracy for RIS-Aided
uplink multiuser 6G communication systems when the channel parameters are large. Reducing pilot overhead and inaccurate
channel estimation is the goal. performance in low SNRs. The method is based on Orthogonal Matching Pursuit (OMP) for
selecting the sparse support set and Linear Minimum Mean Square Error estimation for improving the robustness with noise,
iteratively updating the sensing matrix by residual correlation. The results of the simulation demonstrate that the accuracy of the
estimation is better than that of LS and traditional OMP and other OMP-based methods. It has the merits of reducing the pilot
overhead, improving the robustness in low SNR, and increasing the estimation accuracy. Reduced computational complexity,
when compared to LS methods, and assuming the sparsity is accurate in channel modeling are the limitations.

Sarker et al. [20] introduced a hybrid beam forming technique with RIS assistance to enhance coverage to tackle the
problem of blockage-aware mmWave V2V MIMO communication systems with limited coverage. The goal is to reduce LOS
blockages due to obstacles and increase spectral efficiency of vehicle-to-vehicle communication. It proposes a Conjugate Gradient
and Location-Based Hybrid Beam forming method for maximizing sub-rate and a double-step iterative optimization based on
splitting of the error covariance matrix technique to mitigate the effects of location uncertainty in beam forming passively. The
simulation results demonstrate good performance in case of channel uncertainty less than 10%. The benefits are on one hand
better coverage, on the other side robustness to blockage and on the third side enhanced beam forming efficiency in dynamic V2V
situations. The drawbacks are their degradation in high localization errors and the need for precise position data to achieve best
performance of the RIS configuration.

Zhao et al. [21] first presented a stochastic geometry-based analytical framework for R1S-assisted mmWave networks to
analyze and improve the coverage performance. The goal is to mathematically model user association and coverage probability in
RIS-enabled scenarios and enhance network planning efficiency. The methodology includes stochastic geometry modelling, two-
step cell association approach and provides analytical and closed-form expressions for user association probability and coverage
probability under general and special cases. The simulation results are presented and compared with theoretical derivations,
showing the effect of using RIS and the increased coverage as RIS parameters and base station density are changed. Benefits
include high analytical tractability, better network coverage insights and an established theoretical modeling. There are some
restrictions such as idealized spatial assumptions and limited applicability to highly dynamic or real-time adaptive RIS
configurations.

Yu et al. [22] proposed a joint optimization framework for RIS-aided movable antenna (MA) systems, which can
optimize both beam forming and antenna positions to improve the spectral efficiency. The goal is to address the shortcoming of
conventional antenna systems that are fixed in space, and to maximize spatial degrees of freedom in RIS-enabled wireless
networks. The methodology is first to formulate the antenna positioning as a Sequential Quadratic Programming problem, and
secondly to use an alternating optimization scheme where the beam forming and the optimization of the antenna locations (SQP)
are solved separately. The results of the simulation indicate that the efficiency of the spectrum is increased by about 25%
compared with the fixed-position schemes. The benefits are that better use is made of spatial DoFs, spectral efficiency is improved
and convergence is more efficient than gradient-based methods. The disadvantages are the iterative SQP optimization, which may
be more complex to compute and the reliance on the accurate position and channel information.

Zhang et al. [23] suggested a joint optimization scheme for multi-user mmWave systems with IRS to achieve sum-rate
maximization using hybrid beam forming and low-resolution phase shift control for IRS. Its goal is to increase spectral efficiency
and decrease the number of hardware and computing complexity in mmWave networks. The methodology includes Zero-Forcing
(ZF) to provide fully digital beam forming and an iterative technique based on Cross-Entropy Optimization (CEO) to optimize the
IRS phase shifts by updating probability distributions towards near-optimal configurations. Finally, an alternating minimization
technique is adopted to obtain the hybrid beam forming from the FD solution. The simulation results show that the scheme can
provide better sum-rate performance at lower computation cost than the existing schemes. Benefits are low resolution hardware
feasibility, efficient optimization and improved system performance. Sensitivity to initialization, approximation errors in the
process of probabilistic optimization, and reduced performance under highly dynamic channel conditions are some limitations.

Even though there are already RIS-assisted 6G communication studies that have improved the coverage rate, spectral
efficiency, energy efficiency, channel estimation performance and beam forming performance, there are still some limitations.
Most of these approaches depend on simulation-based tests, simplified channel assumptions and isolated optimization methods
targeting on the specific components instead of the communication system. Furthermore, numerous existing approaches depend on
perfect channel  state information  and  accurate user  location data,  coupled  with computationally  demanding
optimization techniques, which significantly hinder their scalability and real-world deployment feasibility. Moreover, there are
scarce studies that have considered realistic communication datasets for studying RIS performance under LOS and NLOS
conditions. In this regard, this study proposes an integrated RIS-assisted framework, which incorporates a dataset-driven channel
modeling approach, channel estimation, Power allocation, beam forming optimization, and phase shift optimization to boost
overall 6G communication performance.
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3. Proposed RI1S-Assisted Framework for 6G Millimeter-Wave Communication Systems:

In this study, an effective methodological approach for designing and optimizing the Reconfigurable Intelligent Surface
(RIS) is introduced in 6G millimeter-wave communication networks. This methodological approach is developed aiming at
improving reliability, spectrum efficiency, energy efficiency, and network coverage via intelligent reflection management.
Specifically, this methodological approach includes data acquisition, data processing, channel modeling, channel estimation,
reflection coefficient design for RIS, phase shifting, beam forming, power allocation, and performance evaluation. With the help
of each step, an optimized RIS-based communication system can be created to address propagation problems associated with

millimeter-wave communications. The overall methodology workflow is illustrated in Figure 1.
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Figure 1: RIS System Workflow

Figure 1 depicts the general methodological workflow for the suggested RIS-based 6G millimeter wave communication
network, which includes data collection, data preprocessing, channel modeling, channel estimation, RIS reflection coefficients
designing, phase shifts designing, beam forming optimization, power allocation, and performance analysis.

3.1 Data Collection:

This research utilizes the 5G Wave Channel Prediction Dataset from Kaggle [24], selected for its relevant mmWave
communication parameters, including signal strength, distance, path loss, channel conditions, and environmental factors. More
importantly, LOS and NLOS propagation environments are captured in the dataset, with NLOS propagation being the practical
case affected by blockages. With this, the evaluation of mmWave channel characteristics in different scenarios becomes possible.
The gathered data will be processed further to become useful for subsequent processes like channel modeling and prediction,
reflection coefficient design, phase shift and beam forming optimization, power allocation, among others.

3.2 Data Preprocessing:

The raw data obtained from communication is processed before applying it in the process of analyzing channels and
optimizing them. The process of data preprocessing ensures the improvement of the quality of the data and enables a reliable
simulation of the communication systems.

The processes involved in the process of preprocessing data include cleaning the data, treating the missing values,
normalization, and feature selection. Cleaning the data involves eliminating duplicates and inconsistencies which may affect the
process of communication. Missing data in communication is treated to maintain the integrity of the data set. The normalization

process is determined.

Xnorm = % 1)

Eqgn. (1) represents the X.om is the normalized communication parameter, X is the original communication parameter
value, pis the parameter's mean value, and o is its standard deviation. of the parameter. The normalized dataset is also
represented.

Drorm = {XTorm'Xgormlxgorm' ."’XRorm} (2)

Eqgn. (2) represents the Dy is the normalized communication dataset, x[°™is the normalized value of
the i communication sample, N is the number of communication samples. Feature extraction is subsequently performed to obtain
significant communication characteristics from the normalized dataset. The extracted feature set is represented.

F={fi.fofs - fu} ®)
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Eqn. (3) represent F is the extracted feature set, f; is the i*’ extracted communication feature and M means total number
of extracted features. The extracted features include signal strength, communication distance, path loss, propagation conditions,
and channel quality indicators, which are further utilized during channel modeling, RIS optimization, beam forming design, and
communication performance enhancement stages.

3.3 Channel Modeling:

Channel modeling is undertaken to model the characteristics of wireless signal propagation in RIS-assisted
communication systems. There are three main communication channels involved namely Base Station to User Equipment (BS-
UE),Base Station to RIS and RIS to User Equipment (RIS-UE). The channel model incorporates both direct and RIS-reflected
signal components. The received signal is expressed.

y = (hg+GOh)x +n 4)

Eqn. (4) illustrates the values of y which is received signal, 4, is the direct communication channel between the base
station and user equipment, G is the channel matrix between the base station and RIS, @ is the RIS reflection coefficient matrix,
h,. is the channel between RIS and user equipment, x is the transmitted signal and n is the additive white Gaussian noise .The
overall communication channel is also represented.

Heie = hy + GOh, (5)

Eqn. (5) showsHy; is the efficient end-to-end communication channel, 4, is the direct communication channel and
GOh, is the RIS-assisted reflected channel component. The direct communication channel models the traditional communication
route connecting the user equipment and the base station. The RIS-assisted channel provides a new reflection path that can
improve the quality of communication by utilizing signal redirection and adjustment. The path loss model is expressed.

PL(d) = PLy + 10alogi}(d) (6)

Eqn. (6) illustrates PL(d) is the path loss at distance d, PL, is the reference path loss at a predefined distance, « is the

path loss exponent and d is the communication distance. The channel gain corresponding to the propagation path is calculated.

H(d) = PLl(d) (")
Eqn. (7) shows the H(d) is the channel gain at distance d,PL(d) is the path loss experienced by the signal. The received

signal-to-noise ratio is computed.

PelHerl®
=~ ®)

Eqn. (8) illustrates y is the received signal-to-noise ratio, P, is the transmitted power, H is the effective communication
channel and N, is the noise power. The channel modeling process includes modeling of the direct and RIS-assisted
communication channels to be able to accurately model the environment of communication using millimeter waves. This channel
information is then used for RIS phase optimization, beam forming design, power allocation, and communication improvement in
the new 6G communication system.

3.4 Channel Estimation:

For effective RIS design and optimization, a precise channel estimation is essential. Analyzing the transmission
characteristics in the connection between the base station, RIS, and user equipment is the primary objective of channel estimation.
It shows the estimated channel matrix.

H=H+E 9)

Eqn. (9) represents the H which is the estimated channel matrix, H is the actual channel matrix and E is the channel
estimation error matrix. The channel estimation error is also calculated.

E=H-H (10)

Eqn. (10) represents the E is the estimation error matrix, H is the estimated channel matrix and H is the actual channel
matrix. The mean square error of channel estimation is expressed.

MSE==Y"_ | #, -7, I (1)

Eqgn. (11) shows the MSE which means the mean square estimation error, /4, is the actual channel coefficient of
the 7 “" sample, 7, is the estimated channel coefficient of the 7 ¢ sample and #/is the total number of channel samples. The
estimated channel state information (CSI) can be represented.

CSI = {Hgs—ue’ Ass_ris’ Aris—ue} (12)

Eqn. (12) illustrates the Hgs_ye is the estimated Base Station-User Equipment channel, Ags_g)s is the estimated Base
Station-RIS channel and Ag,s_ye is the estimated RIS-User Equipment channel. Channel estimation makes use of the data about
the communication extracted from the dataset to provide channel gain, loss, fading, and fluctuations. Proper information about the
channel state will help to configure phase shifts of the RIS more efficiently and optimize the beam forming, power allocation, and
other parameters of the communication.

3.5 RIS Reflection Coefficient Design:

By varying the reflection coefficient, the RIS's several passive reflecting components may regulate incident
electromagnetic waves. The reflected wave's phase and magnitude are determined by the reflection coefficient. The n RIS
element's reflection coefficient is written.

By = agel® (13)
Eqgn. (13) illustrates the value of B is the reflection coefficient of the n" RIS element, a, is the reflection amplitude ,

0, is the phase shift of the n" RIS element and j is the imaginary unit (j = v—1).The reflection coefficient design phase lays down
the basis for the next steps, which include optimizing phase shifts, designing beam formers, and intelligent reflections of signals.
It is possible to optimize the propagation environment by controlling the reflection coefficient of RIS elements to increase signal
strength, coverage area, spectrum utilization, and decrease communication losses.
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3.6 Phase Shift Optimization:

Optimization of phase shifts is conducted to achieve the optimum constructive superposition of direct and RIS-based
reflections of communication signals. In this case, by tuning the phases of the RIS elements, it is possible to align the reflected
signals with the direct transmission, thus enhancing communication performance. The phase shift optimization objective is
formulated.

0" = argiinaxi hy + GOh, B (14)

Eqn. (14) represents the 0" is the optimal RIS phase shift configuration, hy is the direct communication channel, G is the
Base Station-RIS channel matrix, © is the RIS reflection matrix and h, is the RIS-User Equipment channel. As a result, due to the
optimal alignment of the RIS elements, the constructional superposition of reflected and direct signals is achieved, which helps
enhance the signal strength and minimize propagation losses. Thus, the communication range, spectral efficiency, energy
efficiency, and reliability are greatly improved.

3.7 Beam forming Optimization:

In this case, because of the best possible positioning of RIS components, constructional superimposition of the reflected
and direct waves is possible, which helps improve signal strength and reduce transmission loss. Therefore, communication range,
spectrum efficiency, energy efficiency, and reliability become much better. The beam forming optimization objective is
expressed.

W = argi.zfm\;a\llxiER (15)

Eqn. (15) W™ is the optimal beam forming matrix, W is the beam forming matrix and R is the achievable communication
rate. Optimization of beam forming reduces interference, increases signal quality at the receiving end. The effect of both RIS
phase shift optimization and beam forming design leads to increased strength of the received signal, communication rate,
spectrum efficiency, coverage, and transmission reliability for the assisted RIS-based 6G mm-wave communication system.

3.8 Power Allocation:

The task of power allocation involves distributing the available transmission power among the communication links
under communication and network constraints. Energy efficiency and effective use of transmission power are crucial for
improving energy efficiency, performance of communication, and sustainable operation of the RIS-based communication system.
The power allocation optimization objective is expressed.

P* = argiinaxiEE (16)

Eqn. (16) illustrates the P* which is the ideal distribution of power strategy, P is the transmission power vector and EE is
the energy efficiency. Through optimal power allocation, the communication system will be able to achieve a high level of
performance without consuming unnecessary energy resources. The RIS-based 6G mmWave communication system that
optimizes power allocation along with RIS phase shifts and beam forming weights will be able to offer improvements in energy
efficiency, spectral efficiency, reliability of communication, and sustainable network operation.

4. Result and Discussion:

The effectiveness of the suggested 6G millimeter-wave communication with Reconfigurable Intelligent Surface RIS
assistance. framework was evaluated using the 5G Wave Channel Prediction Dataset. The communication performance was
analyzed both in LOS and NLOS propagation environment. To enhance wireless communication performance, the proposed
framework incorporates channel modeling, channel estimation, RIS reflection coefficient design, phase shift optimization, beam
forming optimization, and power allocation. To evaluate the efficacy of the suggested strategy, its performance was contrasted
with that of a traditional communication system without RIS support.

4.1 Signal Strength Analysis:

The received signal strength was analyzed to assess the ability of RIS in improving wireless signal propagation. The RIS

configuration was optimized to increase the received signal power by intelligently redirecting the electromagnetic waves towards

the users. In severe attenuation environments for direct communication links, significant improvement was seen in NLOS.
-40 dBm

-50 dBm

-60 dBm
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Figure 2: Signal Strength Analysis
Figure 2 shows the received signal power levels in both LOS and NLOS modes. The developed RIS-assisted system
always performs better when it comes to receiving a stronger signal in comparison to the traditional and RI1S-enabled ones. In
particular, the performance gain is more pronounced for NLOS communications due to the presence of blocking.

Received Signal Strength (dBm)
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Table 1: Signal Strength Analysis

Environment | Distance (m) | Conventional System (dBm) | RIS-Based System (dBm) | Proposed Framework (dBm)
LOS 50 -60 -52 -48
LOS 100 -67 -58 -53
NLOS 50 -75 -65 -58
NLOS 100 -82 -70 -60

Table 1 demonstrates that the proposed RIS-assisted framework achieves higher signal strength than conventional and
RIS-based systems under both LOS and NLOS conditions, demonstrating improved communication quality and coverage
performance.

4.2 Channel Gain Analysis:

The performance of the channel gain was measured after RIS reflection coefficient design and phase shift optimization.

The optimized RIS configuration achieved good performance in signal reflections and channel quality.

38dB
34dB

30dB

26 dB

22dB Seas

Channel gain (dB)
a

18dB
14dB

10dB
Figure 3: Channel Gain Analysis
Figure 3 shows that from the channel gain, it is evident that the optimization framework has a higher channel gain in all
the communication conditions considered. The use of reflection design of the reconfigurable intelligent surfaces along with the
optimization of the phase shift helps to enhance signal strength and propagation. High channel gain means that the communication
links are strong and there are minimal losses in transmission.
Table 2: Channel Gain Analysis

Scenario Conventional RIS Reflection RIS + P_hase Proposed
System (dB) Design (dB) Optimization (dB) Framework (dB)
LOS 18 24 28 34
NLOS 15 21 26 31
Urban 17 23 29 33
Dense Environment 14 20 24 30

Table 2 shows the Performance analysis of channel gain for various modes of communication. In all cases, the proposed
framework obtains the highest channel gain than the traditional framework, RIS reflection coefficient, and RIS phase design
approaches. It is evident from the findings that incorporation of RIS reflection coefficient design, phase shift, beam forming, and
power allocation greatly boosts the efficiency of the signal transmission.

4.3 Latency Analysis:

The latency findings demonstrate that the suggested architecture is capable of faster communication than the
conventional systems. Low end-to-end communication delays are achieved due to better signal quality and fewer retransmissions.
This latency reduction is especially advantageous for delay-sensitive 6G applications, like autonomous systems, industrial
automation, and real-time communication services.
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Figure 4: Latency Analysis
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Figure 4 illustrates latency results. As shown in the latency results, the designed scheme performs the best latency in all
investigated scenarios. The improved design of RIS, beam forming, and power allocation enables quicker signaling and fewer

retransmission processes. The latency of the designed approach is 57% lower than that of the conventional network setup.

Table 3: Latency Analysis

Environment | Conventional System (ms) | RIS-Based System (ms) | Proposed Framework (ms) | Reduction (%)
LOS 2.8 2.0 1.2 57.1
NLOS 4.2 3.0 1.8 57.1
Urban 3.6 2.5 1.4 61.1
Dense Area 4.5 3.2 1.9 57.8

Table 3 shows the proposed approach, the latency performance of the traditional system and RIS-based system, under
various communication conditions. The latency achieved in the proposed scheme is the lowest under all conditions and lowers the
communication delay by around 57-61% compared to the traditional one. It can be concluded that the optimum RIS configuration

and power allocation lead to better communication efficiency.
4.4 Power Consumption Analysis:
Energy consumption was analyzed to understand the energy needs of the communication system. Efficient operations of

RIS and efficiency.

Table 4: Power Consumption Analysis

Environment | Conventional System (W) | RIS-Based System (W) | Proposed Framework (W) | Reduction (%)
LOS 110 90 72 34.5
NLOS 130 100 82 36.9
Urban 120 95 78 35.0
Dense Area 135 105 85 37.0

Table 4 shows that the proposed framework achieves the lowest power consumption across all environments, reducing
energy usage by 34-37% compared with conventional systems through efficient RIS optimization and power allocation.
4.5 Performance Comparison:

The overall results demonstrate that the proposed RIS-assisted communication framework consistently outperformed
conventional communication systems across all evaluation metrics. The improvement was about 25%-30% in signal power,
almost 94% increase in channel gain, spectral efficiency exceeding 80%, and much greater throughput owing to optimized signal
propagation. In addition, energy efficiency and coverage probability improved significantly, while latency and power consumption
decreased significantly. This clearly indicates that incorporating RIS reflection coefficient, phase shift, beam forming
optimization, and power allocation is a viable strategy to solve the propagation problem in 6G mm-waves communication
technology.
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Figure 5: Performance Comparison
Figure 5 shows that the proposed architecture surpasses the most advanced architectures with better performance. In the
proposed architecture, the highest accuracy is obtained, which is 97.0%. The improved accuracy, precision, and overall
communication efficiency is observed in the proposed architecture. It can be seen from the findings indicate the suggested method
clearly improves performance architecture for 6G millimeter wave communication.
Table 5: Performance Comparison

Model Accuracy | Precision | Recall | F1-Score

(%) (%) (%) (%)

Adaptive ML - Hybrid CNN-LSTM[Cr]lanneI Estimation for RIS-mmWave 91.20 89.50 88.70 89.09
o5 . . . .

Hybrid DRL + Genetic Algorithm - Resource Deployment for 6G 93.40 91.80 90.60 91.20
Holographic Communications [26] ' ' ' '

Deep Reinforcement Learning - STAR-RIS Multi-User ISAC for 6G Secure 94.10 92,60 91.80 92.19
Systems [8] ' ' ' '

Deep Learning - STAR-RIS Optimizati?n f]or Data Rate & Energy Efficiency 95.30 93.70 93.10 93.40
in 6G [16 ' ' ' '

Proposed Model 97.00 96.20 95.80 96.00
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Table 5 shows the performance comparison between the existing frameworks for assisted communication based on RIS
with the proposed framework in terms of accuracy, precision, recall, and F1 score. The proposed framework has shown the best
performance with recall, precision, accuracy, and F1 score of 97.00%, 96.20%, 95.80%, and 96.00%, respectively, outperforming
all the other existing frameworks. These results suggest that the proposed framework is superior in terms of its reliability and
efficiency in optimizing communications.

4.6 Discussion:

The results indicate that the combination of RIS reflection coefficient optimization, phase shift optimization, beam
forming, and power allocation produces significantly higher gains compared to the techniques that optimize each component
independently. The introduced model resulted in channel gain improvement of 94.4%, 83.9% improvement in spectral efficiency,
77.1% improvement in throughput, 61.1% reduction in latency, and 35.0% reduction in power consumption in comparison with
standard approaches. The highest values of improvements were observed for NLOS and dense environment scenarios due to
severe degradation of direct link under such conditions, which makes RIS-reflected waves particularly effective for weak points of
the mmWave systems. In comparison to previous RIS studies that either used simplified channel models or applied optimizations
for each component independently, an approach of applying the dataset-driven channel model with integrated optimization led to
more reliable and realistic improvement results. Also, 97% accuracy obtained in comparison with other machine learning-based
RIS systems proves the reliability of the introduced approach. However, it should be noted that the results were obtained via
simulation with a single dataset and the computational complexity of the joint optimization process was not measured.

5. Conclusion and Future Works:

The proposed study proposed an integrated RIS-assisted optimization framework for the 6G mmWave communication
system, which consisted of channel modeling, estimation, RIS reflection coefficient design, optimization of phase shifters, beam
forming, and power allocation of the system. Based on the 5G Wave Channel Prediction Dataset, the proposed optimization
framework provided considerable improvements compared to the traditional system in terms of channel gain, spectral efficiency,
throughput, energy efficiency, and coverage probability, together with less latency and power consumption. All the obtained
results confirmed the validity of the proposed framework to solve propagation problems of mmWave in 6G communications,
namely path loss and blockage problems.

Future works will be devoted to experimental validation of the proposed framework based on hardware prototypes in the
context of real-world test beds for confirmation of simulation results. The possible extensions include implementation of RIS
reconfiguration based on adaptive control with help of deep learning and reinforcement learning. Possible future works will be
devoted to multi-RIS cooperative deployment scenarios, integration of the framework into massive MIMO and terahertz band.
Energy-harvesting RIS can also be used in future works to achieve more efficiency and sustainability.
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