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Abstract: Millimeter wave (mmWave) networks have emerged as a promising solution for high-data-

rate wireless communication, offering the potential for enhanced capacity and reduced latency. 

However, the deployment of mmWave networks poses significant challenges, particularly in mitigating 

interference issues. This paper introduces a cutting-edge interference-resolving model designed to 

address challenges in mmWave network deployment. This research contributes valuable insights into 

the evolving landscape of mmWave communication and provides a foundation for the development of 

robust interference management strategies. 
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1. Introduction 

This paper conducts a comprehensive survey of state-of-

the-art research in the rapidly evolving field of 

reconfigurable intelligent surfaces (RIS), with a focus on 

its potential to significantly enhance the performance of 

next-generation wireless communication networks. The 

primary objective is to explore the adaptability of the 

propagation environment, a key feature of RIS, and its 

implications for commercially viable future network 

deployments. The survey encompasses various facets, 

including practical hardware design considerations, the 

integration of artificial intelligence (AI) techniques, and an 

in-depth analysis of system models, use cases, and 

physical layer optimization techniques. 

As the world witnesses the widespread deployment of 

fifth-generation (5G) networks, attention is shifting 

towards beyond-5G (B5G) or 6G technological 

breakthroughs. Anticipating the demand for higher agility, 

coverage, and throughput for emerging applications like 

autonomous driving, tactile remote interaction, and 

augmented reality, the paper emphasizes the need for 

technological enablers capable of delivering a 10x 

performance gain. Reconfigurable intelligent surfaces, 

particularly intelligent reflecting surfaces (IRS), emerge as 

promising candidates to meet these demands by offering a 

software-configurable smart radio environment. 

The passive and conformal nature of RIS allows for 

straightforward integration onto existing surfaces, 

augmenting wireless networks non-invasively. The paper 

explores the potential benefits of RIS, not only in 

enhancing the performance of wireless communication 

networks but also in aiding sensing, localization, and 

wireless power transfer. Particularly, in high-frequency 

bands where blockage- and absorption-induced dead zones 

are prevalent, RIS offers a solution to optimize spectral 

and energy efficiency. Several review articles on RIS 

exist, but this paper aims to provide a more comprehensive 

understanding of recent experimental studies and practical 

system-level considerations. It delves into the system and 

channel models, emphasizing the need for physically 

consistent surface interaction models based on surface 

electromagnetic theory. Additionally, the paper discusses 

hardware design, complexities, and the reconfigurable 

nature of RIS, drawing connections to traditional 

transmitarray and reflectarray antenna research. 

Furthermore, the review paper addresses the application of 

machine learning (ML) and AI techniques to optimize 

real-world RIS networks. It acknowledges the necessity of 

a system-level tradeoff between performance, cost, and 

power consumption for a commercially viable deployment, 
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emphasizing the importance of inexpensive and low-power 

surfaces. The subsequent sections of the paper are 

organized to provide a detailed exploration of RIS system 

and channel models, physical layer designs, hardware 

considerations, and the application of ML and AI 

techniques. The paper concludes by highlighting open 

questions and challenges facing the real-world deployment 

of RIS-augmented wireless networks. This paper 

elucidates the fundamental functionalities of 

reconfigurable intelligent surfaces (RIS) and delves into 

the intricate aspects of RIS systems, system settings for 

physical layer (PHY) research, and the associated channel 

models. Reconfigurability, a hallmark of RIS, necessitates 

dynamic changes in parameters such as the direction of 

reflection/refraction and the focal point position, adding 

complexity to its design and optimization. 

RIS Systems: 

The basic RIS system configuration involves a transmitter, 

a receiver, and an RIS panel equipped with programmable 

phase shifts and/or reflective amplitudes. The RIS panel 

reflects the incident signal, altering the channel 

environment between the transmitter and the receiver. This 

transformation introduces a novel paradigm in wireless 

communication research, as the design focus shifts from 

traditional transceiver pairs to optimizing the RIS 

configurations, fostering a distinct avenue for indoor RIS 

design. 

 

2. System Settings 

The paper categorizes various system settings for RIS 

PHY research, catering to different antenna and user 

configurations. These settings, ranging from single 

antenna transceiver systems to multiple-input multiple-

output (MIMO) systems, provide diverse design objectives 

and philosophies. The exploration spans single user 

MIMO and multi-user MIMO scenarios, emphasizing the 

need for joint design considerations of RIS and transmit 

precoding, especially in dynamic environments. 

a. Channel Model: 

RIS Interaction: The paper introduces a simple channel 

model for RIS interaction, considering signal antennas at 

both the transmitter and receiver. The model incorporates 

phase shifts and amplitude scaling factors for each RIS 

element, contributing to the overall channel 

transformation. Additionally, a new RIS channel model is 

proposed, introducing a function for the scaling factor that 

accounts for practical considerations. Channel Model for 

Transmitter-RIS-Receiver Link: The discussion extends to 

channel models for different scenarios, including pathloss 

models, fading models, and considerations for near-field 

channel modeling. The paper emphasizes the importance 

of accurate RIS interaction modeling, as errors in phase 

shift representation can significantly impact system design 

and performance. 

 

b. Challenges and Future Studies: 

The paper identifies challenges in RIS modeling, 

particularly in accurately representing the phase shift and 

scaling factor. The modeling error, especially in scenarios 

where amplitude is a function of phase shift, raises 

questions about the practicality of proposed models and 

their alignment with hardware implementations. The 

coupling between closely spaced RIS elements is 

acknowledged as a crucial aspect for future research, 

requiring a balance between fidelity and tractability in 

modeling. Furthermore, the paper highlights the need for 

extensive near-field channel modeling, especially in indoor 

environments with large RIS configurations. The research 

community is encouraged to explore robust design 

methodologies and address modeling uncertainties to 

advance the practical implementation of RIS technology. 

Future studies should focus on refining RIS interaction 

models and accommodating various hardware designs, 

ultimately contributing to the evolution and optimization 

of RIS-augmented wireless networks. 

 

3. Physical Layer Design and Algorithms  

The focus is on addressing challenges and devising 

strategies for channel estimation and reconstruction in 

Reconfigurable Intelligent Surface (RIS)-assisted 

communication systems. RIS systems involve a 

transmitter, a receiver, and a programmable RIS panel, 

enabling dynamic adjustments in parameters such as 

reflection direction and focal point position. 

Two primary categories of channel estimation schemes for 

RIS systems are explored. The first category involves 

channel estimation with baseband processing capability at 

the RIS. This approach separately estimates channel links, 

utilizing techniques from massive MIMO channel 

estimation, including compressive sensing and matrix 

completion. Examples of algorithms include sparse 

reconstruction formulations and ADMM-based methods. 

The second category considers channel estimation without 

baseband processing capability at the RIS, assuming 

passive RIS elements. Two-stage schemes in this category 

employ message passing techniques and matrix 

factorization, exploring sparsity and low-rank properties 

for effective channel reconstruction. 

The text acknowledges challenges in RIS channel 

modeling, emphasizing the importance of accurate phase 

shift modeling and addressing errors in amplitude scaling 

factors. It also identifies near-field channel modeling, 

particularly in indoor RIS deployments, as a potential area 

for future research. The section concludes by delving into 

the optimization of RIS-assisted communications. Various 

algorithms are discussed, designed to achieve throughput 

gains, coverage improvements, and enhanced energy 

efficiency in RIS systems, assuming accurate channel state 

information. Recent work considers non-ideal RIS 

elements, introducing a tradeoff between phase alignment 
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and amplitude attenuation. The text underscores the 

significance of explicitly incorporating non-idealities in 

optimization formulations to accurately model and 

improve the performance of RIS-assisted communication 

systems. 

The section provides an in-depth exploration of the 

hardware design aspects of Reconfigurable Intelligent 

Surfaces (RIS). RIS, envisaged as an electrically thin 2D 

structure, introduces complexities due to its intended use 

in modifying the radio environment. The text notes that, 

when considering a small area of the RIS, there's no 

significant difference between RIS and traditional 

reflectarray/transmitarray antennas. However, RIS must 

handle more complex wavefronts arising from multi-path 

propagation. The conceptual architectures of RIS are 

discussed, presenting straightforward designs involving 

receive and transmit antenna arrays with tunable beam-

forming networks. Two variations include analog and 

digital beam-forming networks. Challenges arise in the 

analog version's complexity, especially with large arrays, 

and the digital version's limitation in supporting non-local 

interactions. 

The section delves into implementations such as 

programmable mirrors and prototypes, discussing their 

advantages and limitations. It introduces conceptual 

architectures like reflectarray antennas, where the design 

simplifies to an antenna array with tunable reflecting 

loads. The transition to meta-surfaces is explored, 

emphasizing the shift from traditional antenna elements to 

smaller, densely packed elements forming electrically thin 

surfaces. The hardware design overview extends to the 

historical context of reflectarray and transmitarray 

antennas, providing insights into their structures and 

components. Technologies like PIN diodes, varactor 

diodes, and RF-MEMS are discussed as means of 

achieving reconfigurability. The text concludes with 

challenges and potential research directions. It highlights 

the need for innovative solutions to address trade-offs 

between size, cost, and complexity, emphasizing the 

importance of understanding near-field phenomena in 

large-scale RIS applications. The integration of RIS with 

building materials and the exploration of near-field 

communication are identified as intriguing directions for 

future research. Overall, the section provides a 

comprehensive review of RIS hardware design, offering 

insights into its conceptual foundations, historical context, 

and potential challenges. 

4. Reconfigurable Intelligent Surfaces 

The integration of Artificial Intelligence (AI) and Machine 

Learning (ML) into Reconfigurable Intelligent Surfaces 

(RIS) solutions marks a significant advancement in 

wireless network design. In response to the escalating 

complexity of RIS-assisted networks, AI/ML serves as a 

pivotal technology capable of transforming wireless 

communication. The motivation behind employing AI/ML 

in RIS solutions stems from both the escalating intricacies 

of RIS-assisted systems and the compelling success of 

data-driven knowledge learning in various domains. RIS 

applications, such as communication, sensing, and wireless 

charging, present intricate challenges owing to the 

multitude of parameters that need optimization based on 

contextual information. The real-time decision-making 

demanded by dynamic network conditions, such as 

changing channel states and user positions, amplifies the 

complexity further. Traditional analytical solutions face 

challenges in supporting RIS systems, leading to a push 

for AI/ML as a key enabling technology for 6G networks. 

AI/ML for RIS-aided applications experiences a pull from 

the success of data-driven knowledge learning, witnessed 

in domains like computer vision and natural language 

processing. Conventional communication design relies on 

theories and models that assume minimal or zero 

knowledge of the surrounding environment. The new era 

of industrial transformation, enabled by sensing, 

digitization, and connectivity, ushers in a paradigm where 

digital twins can be constructed for real-world entities. 

This digital twin framework allows communication 

systems to self-learn relationships among high-

dimensional factors, leveraging discovered knowledge for 

optimal decision-making. The potential benefits of AI/ML 

in RIS applications include low overhead, real-time 

control of RIS elements, predictive control, and broad 

deployment scenarios. These advantages position AI/ML 

as a transformative force in overcoming the challenges 

posed by RIS-aided systems. 

However, challenges persist in the application of AI/ML to 

RIS. The effectiveness of learned models depends on data 

availability, granularity, and quality. Domain knowledge 

plays a critical role in designing input/output for ML 

models, emphasizing the importance of understanding 

underlying causal relationships. Striking a balance 

between site-specific models and generalizable knowledge 

learning remains a challenge. Furthermore, transitioning 

from simulation-based experiments to real-world 

applications presents hurdles that require careful 

consideration for practical feasibility and effectiveness. 

Addressing these challenges is essential for unlocking the 

full potential of AI/ML in revolutionizing RIS-aided 

wireless communication systems. 

5. Conclusion  

In conclusion, the deployment of Reconfigurable 

Intelligent Surfaces (RIS) in wireless networks introduces 

a spectrum of challenges that necessitate innovative 

solutions for successful commercial viability. The 

development of RIS-integrated networks must outperform 

existing networks in terms of cost, power consumption, 

performance, and deployment ease, especially in scenarios 

involving multiple panels or users. This demands careful 
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consideration of surface design costs, computation 

complexity, power consumption, and protocol overhead. 

Striking a balance between protocol overhead and network 

capacity, optimizing computational complexity, and 

addressing cost-effective hardware architectures are 

critical aspects for the overarching success of RIS-

embedded networks. Moreover, the optimization of 

network architecture for RIS-integrated networks may 

deviate significantly from traditional architectures. The 

dynamic nature of RIS surfaces, especially nearly-passive 

ones, requires frequent channel probing, potentially 

leading to protocol overhead dominance. Solutions 

involving surfaces with sensing capabilities or additional 

probing endpoints need meticulous design of low-power 

protocols. Additionally, multi-operator compatibility 

issues arising from shared RIS surfaces in overlapping 

network environments present a unique challenge that 

requires further investigation. 

Looking forward, the identification of key industrial 

applications that maximize return on investment and total 

cost of ownership remains an open question. Applications 

requiring widespread spatial coverage with moderate 

mobility, coupled with synergistic combinations of 

communication and near-field functionalities, are poised to 

reap the most benefits. The paper underscores the 

importance of addressing system-level challenges through 

advancements in AI/ML techniques, emphasizing the need 

for scalable solutions in the high-dimensional space 

enabled by RIS, as well as the quest for a defining "killer" 

application that justifies the added complexities associated 

with RIS integration into wireless networks. 
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