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ABSTRACT: Reconfigurable Intelligent Surfaces (RIS), also known as intelligent reflecting surfaces, offer a 

transformative mechanism for shaping wireless environments—turning propagation spaces into programmable 

platforms. These capabilities align well with the emerging 6G vision, where networks demand unparalleled spectral 

efficiency, adaptability, and sustainability. RIS technology leverages planar arrays of low-power, tunable elements—

like metasurfaces with diodes or varactors—to manipulate electromagnetic waves via controlled phase shifts, thereby 

enabling dynamic beam steering, focusing, and channel reconfiguration Digital LibraryPMC. 

 

Early literature explores RIS design paradigms, channel modeling, and performance analyses of hardware 

implementations. For example, numerous varactor- and PIN-diode-based RIS prototypes operating across sub-6 GHz to 

millimeter-wave bands demonstrated phase shifts of over 180°, beam steering up to tens of degrees, and power gains in 

the tens of dB range PMC+1. RISs have also been shown to enhance spectrum and energy efficiency by creating 

favorable propagation paths with minimal active transmission hardware ResearchGateDigital Library. 

 

RISs' low-cost, passive nature allows integration into existing infrastructure (e.g., walls, street lamps), enabling broad 

deployment with minimal energy consumption—making them ideal for 6G’s sustainability goals IEEE AccessETSI. 

However, challenges remain: accurate channel state information acquisition, beamforming optimization, control 

complexity, and deployment strategies require rigorous research and innovation arXivDigital LibraryResearchGate. 

This survey synthesizes RIS principles, hardware architectures, and use-case potentials, emphasizing how RIS could 

underpin the intelligent, programmable radio environments envisioned for 6G, while recognizing critical technological 

barriers that pre-2020 research has identified. 
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I. INTRODUCTION 

 

The evolution toward 6G wireless communications is driving demand for networks that are not only faster but also 

more adaptive, energy-efficient, and intelligent. Traditional wireless systems treat the propagation environment as an 

uncontrollable channel. Reconfigurable Intelligent Surfaces (RIS) turn this notion on its head by integrating 

switchable, programmable metasurfaces into the environment to reshape electromagnetic waves dynamically 

ETSIResearchGate. 

 

RIS structures typically consist of planar arrays of passive elements—such as varactor or PIN diodes—that can 

introduce tunable phase shifts to incident signals. These enable flexible beam steering, focusing, reflection, and 

absorption, turning walls or objects into active participants in signal transmission PMC+1. Because RIS elements 

minimize electronic complexity (e.g., no RF chains or ADCs), they consume very low power, making them lightweight 

and economically feasible for broad deployment—even on building facades or street infrastructure—favoring usage in 

both indoor and outdoor environments IEEE AccessETSI. 

 

From a systems perspective, RIS supports several 6G objectives, including enhanced coverage, spatial multiplexing, 

positioning, and sustainable network design. Its adaptability fosters the concept of "smart radio environments," where 

intelligent surfaces dynamically tailor signal paths for optimal network performance Digital LibraryPMC. Yet, 

integrating RIS into communications raises complex questions around channel estimation, control mechanisms, 

hardware design, and network orchestration—challenges that early research sought to address arXivDigital 

LibraryResearchGate. 
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II. LITERATURE REVIEW 

 

RIS Hardware and Design Implementations 
Early prototypes utilized varactor-diode-based unit cells, achieving phase control (e.g., ±40°) at sub-6 GHz, and 

demonstrations of RIS arrays (e.g., 1,100 elements) showed significant signal enhancements and beam steering 

capabilities PMC+1. PIN-diode-based RIS designs extended operations to mmWave bands with stable phase control 

and efficient reflection patterns PMC. 

 

Principles and Performance Gains 
RIS-enabled environments demonstrated remarkable energy and spectral efficiency improvements. By manipulating 

wave propagation passively, RIS reduces reliance on complex RF electronics. Analytical models and channel 

performance studies underscored its potential for improving systems’ capacity and coverage ResearchGateDigital 

Library. 

 

Integration & Deployment Considerations 
Standard reports and surveys highlight RIS as complementary, easily integrated technology for transforming wireless 

channels into controllable systems. The architecture supports compact deployment and poses minimal overhead for 

existing networks IEEE AccessETSI. 

 

Challenges and Research Gaps 
Channel estimation remains challenging due to the passive nature of RIS. Optimization of phase configurations for 

beamforming poses computational complexity. Additional open problems include deployment strategy, CSI 

acquisition, and integration with network protocols—issues flagged by early surveys arXivDigital 

LibraryResearchGate. 

 

III. RESEARCH METHODOLOGY 

 

This pre-2020 synthesis is grounded in reviewing: 

1. Hardware Development 
2. Examination of RIS prototypes based on varactor and PIN diodes, including element design, phase tuning range, 

and experimental deployment scenarios PMC+1. 

3. Channel & Performance Modeling 
4. Analysis of theoretical models and signal performance metrics enabled by RIS, such as path loss improvements and 

beamforming capabilities ResearchGateDigital Library. 

5. Network Integration Strategies 
6. Evaluation of RIS deployment in real-world infrastructure and its interoperability with existing wireless systems, 

including 5G components IEEE AccessETSI. 

7. Obstacle Identification 
8. Documentation of computational, control, and estimation challenges, particularly those prohibiting seamless scaling 

into 6G networks arXivDigital LibraryResearchGate. 

 

Each source contributes insights toward understanding RIS as a foundational 6G technology, mapping strengths and 

delineating barriers identified before 2020. 

 

IV. ADVANTAGES 

 

 Programmable Wavefront Control: RIS enables dynamic beam steering, focusing, and environmental 

manipulation. 

 Low Power & Cost: Passive design obviates expensive active components, controlling waves efficiently. 

 Seamless Integration: Can be embedded into infrastructure with minimal changes to existing systems. 

 Spectral and Energy Efficiency: Improves channel quality and coverage with minimal overhead. 

 Supports 6G Vision: Fundamental enabler for smart radio environments and adaptive channel design. 
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V. DISADVANTAGES 

 

 Channel Estimation Complexity: Passive nature makes accurate CSI challenging. 

 Optimization Burden: Determining phase shifts across numerous elements is computationally intensive. 

 Deployment Complexity: Optimal placement and control mechanisms remain open problems. 

 Hardware Limitations: Proto-designs used limited component counts; scalable manufacturing was immature. 

 

VI. RESULTS AND DISCUSSION 

 

RIS prototypes demonstrated practical feasibility—varactor- and PIN-driven surfaces achieved significant beam 

steering and signal gains. Analytical models and early experiments confirmed RIS's capacity to augment SNR and 

coverage effectively. Yet, these studies also revealed essential gaps in control and integration for real-world networks. 

RIS's adaptability offers a blueprint for 6G's smart environment aspirations, but operational complexity must be 

managed through advances in estimation, control algorithms, and scalable fabrication. 

 

VII. CONCLUSION 

 

By 2020, RIS had emerged as a transformative technology for wireless communication, capable of turning passive 

environments into dynamic, programmable channels. Its low-power, cost-effective design, coupled with beamforming 

capabilities, aligned well with 6G’s vision for intelligent networks. Yet, technical challenges—including channel 

estimation, beam control, and deployment logistics—remain critical roadblocks to realization. 

 

VIII. FUTURE WORK 

 

 Robust Channel Estimation: Develop lightweight CSI acquisition protocols for passive RIS deployment. 

 Efficient Beamforming Algorithms: Innovate scalable optimization techniques for real-time RIS tuning. 

 Infrastructure-Aware Deployment: Design guidelines for integrating RIS into buildings, urban spaces, and 

vehicles. 

 Fabrication Standardization: Advance manufacturing techniques for high-element-count RIS with consistency. 

 Autonomous RIS Control: Leverage AI/ML for adaptive RIS management responsive to network changes. 
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