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Abstract: This review explores the potential of Intelligent Reflecting Surfaces (IRS) to address
limitations of traditional antennas and empower next-generation wireless networks. IRS technology
offers a paradigm shift by passively manipulating radio waves, enhancing signal coverage, network
capacity, and energy efficiency. IRS technology utilizes flat surfaces equipped with tiny, adjustable
reflectors. Unlike traditional antennas that actively send and receive radio waves, IRS passively
manipulates incoming signals by reflecting them in specific directions with controlled adjustments.
This approach significantly improves signal coverage and strength, particularly in areas with poor
reception. The review reveals the IRS technology offers significant advantages over traditional
antennas. It can enhance signal coverage by reflecting radio waves, boost network capacity which
allows networks to handle a larger number of users simultaneously, promote lower energy
consumption compare, and unlock potential of 6G Networks and beyond. Additionally, IRS enables
functionalities such as enhanced localization and ultra-fast data transfer. Integrating IRS with next-
generation antennas unlocks new possibilities. This includes reconfigurable antennas that
dynamically adjust radiation patterns, compact and low-profile designs, and multi-functional
antennas that support various services simultaneously. In conclusion, this paves the way for a new
generation of robust and sustainable wireless communication systems.
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1. Introduction

The increasing demands on wireless communication networks expose limitations in traditional
antenna technology. These limitations include limited coverage, network capacity constraints and
signal interference. However, Intelligent Reflecting Surfaces (IRS) offer a paradigm shift, arising as a
revolutionary technology with the potential to address these limitations and pave the way for next
generation antennas. IRS are essentially flat surfaces covered in tiny, programmable reflecting
elements. Unlike traditional antennas that actively transmit and receive radio waves, IRS passively
manipulate incoming radio signals by reflecting them in specific directions with a controlled phase
shift. Accordingly, IRS technology is a key enabler to meet the level of EE and SE of 5G and beyond
wireless networks [1].

IRS operation involves the following steps [3,4]:

1.  Signal Reception: The IRS receives a wireless signal from a transmitter or a base station.
Phase Shift Adjustment: A controller unit, often powered by advanced algorithms and machine
learning techniques, determines the optimal phase shifts to be applied to each reflecting element
based on the desired wavefront manipulation objective.

3. Wavefront Manipulation: The reflecting elements introduce the calculated phase shifts,
effectively modifying the wavefront of the impinging signal in a controlled manner.
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4. Signal Reflection: The manipulated wavefront is reflected back towards the intended receiver,
potentially enhancing the signal strength, mitigating multipath fading, or enabling advanced
beamforming capabilities.

With this ability, IRS technology introduces a new dimension to antenna design with the
capability to address the limitations faced by the traditional antennas and unlock new possibilities in
next-generation antennas.

In this study, the researcher will explore IRS technology potential benefits to address the
limitations of traditional antennas, examine its impact on coverage, capacity, efficiency, and overall
network performance. Including how IRS can work alongside next-generation antennas for optimal
performance. Additionally, to further investigate and explore IRS technology, existing researches and
literature reviews will be considered in discussing the challenges and potentials of the development
of this technology which represents a significant departure from traditional antennas.

2. Signal Coverage and Strength

Intelligent Reflecting Surfaces technology can be purposed to reflect and focus signals towards
desired locations which will improve coverage and signal strengths in areas with poor reception.
Traditional antennas often struggle to provide reliable coverage, especially in areas with obstructions
or unfavorable propagation conditions, leading to dead zones and poor signal quality.

The coverage enhancement capabilities of Intelligent Reflecting Surfaces (IRS) extend beyond
traditional sub-6GHz frequencies to the millimeter-wave (mmWave) spectrum as well. As Ahmed et
al. [1] explain, IRS technology can effectively address the propagation challenges faced by mmWave
communications, such as high path loss and sensitivity to blockages. By strategically deploying IRS
surfaces, the signals in the mmWave bands can be reflected and focused, mitigating the impact of
obstructions and extending the coverage range [1].

A study by Etcibasi and Aktas [5] provides a practical analysis of the coverage improvements
achievable with IRS-aided mmWave networks. Their analytical and simulation results demonstrate
that the deployment of IRS surfaces can significantly increase the coverage probability and reduce
outage events, particularly in densely populated urban environments where mmWave signals are
susceptible to blockages [5].

Furthermore, IRS technology can be leveraged to enhance the received signal strength and
quality in various propagation scenarios. As Okogbaa et al. [6] highlight, the ability of IRS to
manipulate the wavefront and constructively combine the reflected signals can lead to improved
signal-to-noise ratios (SNRs) and reduced multipath fading effects. This feature is particularly
beneficial in environments with rich scattering, where traditional antenna systems struggle to
provide reliable and robust wireless links [6].

It is important to note that the coverage and signal strength improvements offered by IRS
technology are highly dependent on factors such as the number and placement of IRS surfaces, the
propagation environment, and the optimization algorithms used to control the phase shifts. Hu et al.
[8] propose the concept of movable IRS elements, which can dynamically adapt to changes in the
propagation environment and user locations, potentially enhancing the coverage and signal quality
even further [8].

3. Boosting Network Capacity

In addition to enhancing signal coverage and strength, Intelligent Reflecting Surfaces (IRS)
technology holds significant potential for boosting the capacity of wireless networks. As the need for
faster data speeds and reliable connections keeps growing, traditional antenna systems are struggling
to keep up. They are not able to use the available radio waves as efficiently as possible, and there are
limitations to how many devices they can support in a given area. IRS offers a promising solution to
address these capacity constraints.

Shafique and Alhassoun [10] discuss the potential of IRS to create well-separated clusters of
users, enabling efficient NOMA implementation and minimizing inter-user interference. This
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capability can lead to higher spectral efficiencies and increased overall network capacity, particularly
in dense user environments.

Another aspect of IRS technology that contributes to capacity boosting is its ability to support
user mobility. Odeyemi et al. [11] investigate the performance of IRS-assisted mobile networks with
randomly moving users over fading channels. Their analysis demonstrates that IRS can effectively
improve the ergodic capacity and outage probability in such scenarios, highlighting the potential of
IRS to support high-capacity mobile networks [11].

As the development of IRS technology progresses towards the realization of 6G wireless
networks, researchers are exploring various advanced techniques and architectures to further
enhance the capacity-boosting capabilities. Pan et al. [13] discuss several promising research
directions, such as multi-panel IRS configurations, hybrid IRS-active antenna systems, and the
integration of IRS with other emerging technologies like cell-free massive MIMO and terahertz
communications.

4. Enhanced Efficiency

One of the key benefits of Intelligent Reflecting Surfaces (IRS) technology is its contribution to
creating more sustainable and environmentally friendly wireless communication systems. Unlike
traditional antennas that actively use power to send and receive signals, IRS surfaces are passive.
They simply reflect and control incoming radio waves, which means they use much less energy [1].
This passive approach makes IRS technology an attractive option for building more sustainable
wireless communication networks.

A key advantage of IRS for energy efficiency is its ability to direct signal strength precisely
towards users. This reduces signal loss along the way and allows base stations to transmit at lower
power levels [2]. By strategically placing IRS panels and adjusting how the signals bounce off them,
engineers can significantly improve the signal strength received by users without needing to boost
transmission power, ultimately saving energy [3].

Additionally, the energy consumption of the control and signal processing units associated with
IRS systems should be carefully considered and minimized to ensure overall energy efficiency [6].
Advancements in low-power electronics and energy-efficient hardware implementations will be
crucial in fully realizing the energy efficiency potential of IRS technology.

5. Integration with Massive MIMO and 6G Networks

Intelligent Reflecting Surfaces (IRS) technology is widely recognized as a key enabler for the
realization of 6G wireless networks, and its integration with other advanced technologies, such as
massive Multiple-Input Multiple-Output (MIMO), IRS has the potential to significantly improve the
performance of next-generation wireless systems.

The combination of IRS and massive MIMO can provide significant performance gains in terms
of spectral and energy efficiency, as well as enhanced coverage and capacity [13]. By leveraging the
ability of IRS to reshape the propagation environment and create favorable channel conditions, the
deployment of large-scale MIMO systems can be facilitated, enabling advanced beamforming and
spatial multiplexing techniques [9].

As highlighted by Algahtani et al. [16], the integration of IRS with user equipment (UE)
association can enable efficient resource control in 6G networks. By optimizing the association
between UEs and IRS surfaces, as well as managing the phase shifts of the IRS elements, the overall
system performance can be significantly improved, leading to more efficient resource utilization and
enhanced user experience [16].

Long et al. [17] provide a comprehensive overview of the potential of IRS technology in the
context of 6G wireless networks. They discuss various aspects, including the integration of IRS with
massive MIMO, the potential for energy-efficient communications, and the challenges associated
with channel estimation and optimization in dynamic environments.

Furthermore, IRS technology is expected to play a crucial role in enabling other key features of
6G networks, such as localization and sensing capabilities. Sanusi et al. [18] highlight the potential of
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IRS to enhance the accuracy and reliability of localization and sensing systems, enabling a wide range
of applications in areas such as autonomous vehicles, smart cities, and emergency response.

The integration of IRS with terahertz (THz) communications is another promising avenue for 6G
networks. Wang et al. [19] discuss the advantages of IRS in mitigating the propagation challenges
associated with THz frequencies, such as high path loss and sensitivity to blockages. By strategically
deploying IRS surfaces, the coverage and capacity of THz systems can be significantly improved,
enabling the realization of ultra-high data rates and low-latency communication.

Chen et al. [20] provide a comprehensive survey on the integration of IRS technology with THz
communications for 6G networks. They discuss various aspects, including channel modeling,
beamforming techniques, and hardware implementation challenges, highlighting the potential of IRS
to overcome the limitations of traditional antenna systems in the THz spectrum [20].

6. IRS Empowering Next-Generation Antennas

The potential of Intelligent Reflecting Surfaces (IRS) technology extends beyond addressing the
limitations of traditional antennas. IRS is expected to be a key part of developing and using next-
generation antennas. This technology will allow for completely new features and designs that weren't
possible before.

One of the key areas where IRS can revolutionize antenna technology is in the realm of
reconfigurable and adaptable antennas. Zhang et al. [21] highlight the potential of IRS to enable
dynamic beam pattern control and wavefront shaping, allowing antennas to adapt their radiation
characteristics to changing environmental conditions and user requirements. By strategically
integrating IRS elements into antenna structures, the radiation patterns can be dynamically
reconfigured, enabling enhanced directivity, beamforming capabilities, and interference mitigation
[21].

Moreover, IRS technology can facilitate the realization of compact and low-profile antenna
designs, which are in high demand for various applications, such as Internet of Things (IoT) devices,
wearable electronics, and mobile devices [2]. By leveraging the ability of IRS to manipulate the
propagation environment, the physical size and complexity of antenna structures can be reduced
while maintaining or even improving their performance [2]. This capability can lead to more efficient
and cost-effective antenna solutions, enabling the seamless integration of advanced wireless
capabilities into a wide range of devices and systems.

Another promising area where IRS can contribute to next-generation antennas is in the
development of energy-efficient and sustainable antenna solutions. As discussed earlier, the passive
nature of IRS surfaces and their ability to focus signal energy towards intended receivers can lead
to significant energy savings [1,3]. By integrating IRS elements into antenna designs, the
energy efficiency of wireless communication systems can be further improved, reducing the
overall energy consumption and carbon footprint of next-generation networks.

Furthermore, IRS technology can enable the development of multi-functional antennas, capable
of simultaneously supporting multiple wireless services and applications [10]. By using IRS to create
focused beams and manage radio waves efficiently, these antennas could support various
communication standards, operate on different frequencies, and handle diverse applications
simultaneously [10]. This eliminates the need for separate antennas for different purposes, leading to
more efficient, cost-effective, and versatile solutions for complex communication systems and
environments.

While the integration of IRS technology into antenna designs presents numerous opportunities,
it also introduces several challenges that need to be addressed. These include the development of
efficient optimization algorithms for phase shift control, practical hardware implementations that can
integrate IRS elements seamlessly into antenna structures, and the establishment of appropriate
design methodologies and guidelines [9]. Interdisciplinary collaboration between researchers in the
fields of antennas, electromagnetic theory, signal processing, and materials science will be crucial in
overcoming these challenges and fully realizing the potential of IRS-empowered next-generation
antennas.
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As the development of IRS technology continues to advance, its impact on next-generation
antennas is expected to be profound, enabling the realization of highly reconfigurable, energy-
efficient, compact, and multi-functional antenna solutions that can meet the stringent requirements
of future wireless communication systems and applications.

7. Conclusion

This literature review explored the potential benefits of Intelligent Reflecting Surfaces (IRS) in
addressing limitations such as weak signal strength in certain areas, limited network capacity for
handling many users, and high energy consumption. Beyond addressing limitations, this review
highlighted how IRS can empower next-generation antennas with entirely new functionalities. The
analysis showed that IRS technology can significantly improve signal coverage and strength. By
strategically reflecting signals, IRS can extend coverage to areas that currently have weak reception,
such as rural locations, building interiors, and even crowded cities.

Furthermore, IRS technology can significantly improve the ability of a network to handle a large
number of users at once. This makes the network more efficient and lets it handle crowded areas with
smooth, reliable connections. Unlike traditional antennas that constantly blast signals, IRS simply
reflects them, using much less power. On top of that, IRS can optimize how signals travel, further
reducing the energy needed to maintain a good connection. Intelligent Reflecting Surfaces (IRS)
technology is expected to be a key part of building 6G networks. When combined with large antenna
systems (massive MIMO), IRS can boost data efficiency, save energy, and enable cool new features
like super precise location tracking and ultra-fast data transfer speeds.

The potential of IRS extends beyond simply fixing existing problems. This technology opens
doors to entirely new functionalities and antenna designs that weren't previously possible. By
integrating IRS elements, antennas can dynamically adjust how they radiate signals. This translates
sharper signal direction, improved beamforming, and reduced interference for more robust
connections. IRS can be integrated into antenna designs to create multi-functional antennas that can
support various wireless services and applications simultaneously. This eliminates the need for
separate antennas for different purposes, resulting in a more versatile and cost-effective approach.

In conclusion, Intelligent Reflecting Surfaces and next-generation antennas have the potential to
revolutionize wireless communication. By working together, these technologies can overcome
limitations of traditional systems. It promises to create a new generation of wireless communication
systems that are more reliable, efficient, and powerful. As research progresses, we can expect further
advancements in IRS design and control, allowing us to fully develop this revolutionary technology.
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