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Abstract—Integrated sensing and communication (ISAC) has
attracted growing interests for sixth-generation (6G) and beyond
wireless networks. The primary challenges faced by highly
efficient ISAC include limited sensing and communication (S&C)
coverage, constrained integration gain between S&C under
weak channel correlations, and unknown performance boundary.
Intelligent reflecting/refracting surfaces (IRSs) can effectively
expand S&C coverage and control the degree of freedom of
channels between the transmitters and receivers, thereby real-
izing increasing integration gains. In this work, we first delve
into the fundamental characteristics of IRS-empowered ISAC and
innovative IRS-assisted sensing architectures. Then, we discuss
various objectives for IRS channel control and deployment op-
timization in ISAC systems. Furthermore, the interplay between
S&C in different deployment strategies is investigated and some
promising directions for IRS enhanced ISAC are outlined.

Index Terms—Integrated sensing and communication (ISAC),
intelligent reflecting surfaces, fundamental tradeoff, reciprocity
between sensing and communication, mutual assistance.

I. INTRODUCTION

The role of sensing services is poised to become more
crucial than ever for the six-generation (6G) wireless networks.
To this end, integrated sensing and communication (ISAC)
has emerged as a promising candidate technology, in which
the unified wireless infrastructures and spectrum resources are
utilized for providing both sensing and communication (S&C)
services in an energy, spectrum, and cost-efficient manner [1].
ISAC is expected to offer high-throughput and ultra-reliable
wireless communication, as well as ultra-accurate and high-
resolution wireless sensing [2]. Existing research on ISAC
predominantly investigates the integration gain to achieve a
flexible tradeoff between S&C performance, such as resource
allocation and beampattern design [3]. Beyond integration
gain, reciprocity between S&C has great potential to further
enhance the performance of both functionalities, producing
coordination gains in a mutually beneficial manner [4].

The primary challenges faced by ISAC can be summarized
as follows: 1) The S&C coverage is typically limited due to
potential obstructions, particularly for high-frequency signals
[1]; 2) The capacity region of S&C performance is notably
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constrained by the correlation between S&C channels, espe-
cially when the channel correlation is weak; 3) The research
on coordination gains to improve the performance boundaries
of S&C is still at the preliminary stage.

Recently, intelligent reflecting/refracting surfaces (IRSs),
comprising a planar array with numerous passive electromag-
netic elements, have been proposed to achieve larger com-
munication coverage and improved transmission quality [5].
In addition to enhancing communication performance, IRSs
can increase measurement dimensions and improve sensing
accuracy by establishing virtual links and manipulating the
channel environment adeptly [6]. It is worth noting that the
IRS deployment strategies in the literature mainly focus on
fixed placement, such as buildings or billboards. Differently,
deploying IRSs on mobile equipment, such as vehicles, drones,
and even terminals, is another promising solution that can
increase the flexibility of S&C channel control and improve the
ability of IRS-mounted targets/devices to be identified/served
[4]. Moreover, there are several different IRS architectures
that can further enhance the performance of S&C, e.g., in-
corporating a limited number of receive sensors for channel
estimation and environment sensing [7]. Taking into account
these advantages, this work will delve into the exploration of
the diverse roles of IRSs within ISAC systems, shedding light
on their potential to enhance integration and coordination gains
between S&C.

In this article, we aim to offer a comprehensive overview
of the IRS-empowered ISAC systems, identifying key chal-
lenges, exploring potential solutions, and pointing out in-
teresting directions to inspire future research. In Section II,
the fundamental characteristics and innovative IRS-assisted
sensing architectures are discussed. Section III presents the
new balance consideration of IRS-assisted joint S&C designs,
including fixed-deployed IRS and target-mounted IRS, re-
spectively. Section IV explores the reciprocity between S&C
with various sources of performance enhancement. Section V
outlines promising future directions in ISAC enhanced by IRS.
Finally, VI concludes this work.

II. INTELLIGENT SURFACES ENHANCED SENSING

While extensive research has explored different applications
of IRSs across diverse wireless communication scenarios, the
operational principles of IRS-assisted sensing exhibit consid-
erable variation, leaving many open issues worthy of study. In
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Fig. 1. Illustration of new sensing framework aided by IRSs.

the subsequent discussion, we will investigate the fundamental
channel characteristics of IRS-aided sensing, presenting sev-
eral efficient architectures based on these insights.

A. Fundamental Characteristics of IRS-aided Sensing
One of the key distinctions of passive IRS-aided sensing

is its unique role in obtaining the channel parameters of
the target. In particular, aside from enhancing the power of
the echo signals reflected from a target, there are specific
requirements regarding the measurement direction and the
degree of freedom (DoF) of channels between the target and
the sensing receiver (e.g., base stations (BSs) and radar).

1) Channel Requirements: As shown in Fig. 1(a), the IRS
can establish a virtual Line-of-Sight (LoS) link to realize target
detection and parameter estimation in blind areas by utilizing
prior information on transceiver-IRS channels [5], [8]. Never-
theless, unlike IRS-assisted communication systems, achieving
effective target parameter estimation, even for single-target
cases, typically necessitates a high-rank channel between the
transceiver and the IRS, i.e., part 1⃝ in Fig. 1(a). This
requirement arises from the challenge of accurately conveying
multiple target parameters (e.g., reflection coefficient and angle
information) through a rank-one channel [9], in which case the
estimation performance severely degrades. By contrast, a LoS
channel is required between the IRS and the target, i.e., part
2⃝ in Fig. 1(b), with non-LoS (NLoS) links often deemed as

undesirable interference. Therefore, how to effectively design
the phase shift and IRS placement to achieve optimal sensing
performance still needs further investigation.

2) Shared Links of Multiple Targets: In IRS-aided sensing
scenarios with multiple targets, the IRS-transceiver channel

accommodates echo signals reflected from multiple targets,
leading to identical echoes’ directions observed at the sensing
receiver, as illustrated in Fig. 1(a). Therefore, in practice, it
is challenging to effectively sense multiple targets simulta-
neously via the same virtual LoS link. To tackle this issue,
a novel coding strategy was proposed in [8], where a corre-
lation between the target directions and the signal sequence
is established to distinguish targets with the help of echo
signal analysis. By adopting such an encoding method, unlike
traditional radars that mainly perform data processing at the
receiver side, the proposed scheme in [8] actively adopts a
signal pre-processing strategy at the transmitter side to assist
in distinguishing targets and speeding up the data processing
efficiency at the receiver side. While employing multiple IRSs
to achieve highly efficient multi-target sensing can enhance
coverage and measurement accuracy, it is worth noting that
identifying and distinguishing signals reflected from different
targets will become more challenging, which deserves further
investigation.

B. New Architectures

In addition to the IRS coverage enhancement methods
discussed above, there are some new architectures for more
advanced IRS-aided sensing, as shown in Figs. 1(b)-1(d).

IRS anchor: IRS can work as a standalone anchor to
provide localization services without relying on other anchors,
as illustrated in Fig. 1(b). Specifically, when a nearby target
requires positioning services, it can direct beams towards the
IRS, and then the IRS dynamically adjusts the phase shifts to
change the echo’s direction. In this case, the target’s direction
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relative to the IRS can be estimated based on the power of the
echo signals received at the target. A direct method to design
IRS phase shift is utilizing the scanning strategy, achieved by
changing the IRS phase shifts in various possible directions.
Then, the direction index with the largest received power
corresponds to the target direction. Nonetheless, such a self-
anchoring system may pose new challenges to resolve, e.g.,
the complicated balance between localization accuracy and
scanning overhead. To handle this issue, a possible solution
is the application of the hierarchical codebook-based IRS
reflection design to realize a flexible tradeoff between accuracy
and efficiency.

Target-mounted IRS: IRS-mounted targets can actively
focus the echoes in one or more desired directions according
to the location of the sensing transceivers, as shown in Fig.
1(c). This effect is particularly pronounced for targets with a
relatively small radar cross section (RCS) [7]. Furthermore, in
the case with extended targets, their positions and orientations
can be accurately calculated by strategically placing multiple
IRSs on the surfaces of these targets. However, owing to
the inherent difficulty of accurately determining the IRS’s
position, designing the IRS phase shift to reliably direct the
echo signal toward the intended sensing receiver remains a
formidable challenge, which deserves further study. In addition
to enhancing localization performance, the phase shift control
of IRSs can also help to modulate information on the echo
signals to achieve identifier correlation of multiple targets,
which is practically useful for target association in dense target
scenarios.

Hybrid IRS: Incorporating the active elements with power
amplifying function and sensors at the IRS in a hybrid setup
enhances its ability for sensing coverage and echo signal
analysis in the blind area, as illustrated in Fig. 1(d). In this
case, beyond mere data processing on the BS side, there are
two links that can be used for the target’s information analysis:
the BS-IRS-target-sensors link and the BS-IRS-target-IRS-BS
link. While integrating sensors into the IRS effectively reduces
path loss of echo signals, it is practically difficult to meet
the high timeliness requirements of sensing results due to
the IRS’s limited computing ability. A viable solution is to
transmit the results back to the BS after performing basic
preprocessing on the IRS side. Moreover, the data fusion
of these two sensing links raises critical concerns, including
determining optimal data processing strategy and striking an
effective balance in the deployment of passive/sensors/active
elements.

For the above three sensing frameworks, deploying multiple
IRSs can further create additional LoS opportunities with
targets, but the challenge arises when attempting to gather
global information from all IRSs for cooperative localization
due to the excessive overhead and complexity. One promis-
ing solution to address this concern is the development of
efficient distributed sensing methods, with the sharing of low-
dimensional local information among themselves. However,
this approach may incur a noticeable performance loss due to
incomplete data collection. Particularly, how to realize efficient
and reliable sensing data exchange and fusion among multiple
IRSs for high-quality and seamless-coverage sensing is an

open problem, deserving further investigation.

III. BALANCE FOR IRS-EMPOWERED ISAC

A. Channel Balance for Sensing and Communication

The design of IRS phase shifts needs to be tailored to
achieve distinct objectives in channel control across various
applications, including communication-only, sensing-only, and
S&C scenarios, as illustrated in Table I, thereby bringing a new
balance in IRS-assisted ISAC systems.

1) IRS-aided Communication Channel: When the BS
broadcasts the same data to multiple users, the IRS mainly
focus on introducing supplementary channel paths to amplify
the effective channel gains from the BS to all these users.
Differently, when the BS allocates the same time-frequency
resource block to send independent data signals to multiple
users, besides enhancing effective channel gain, the IRS phase
shift design should aim to reduce channel correlation between
different users, thereby suppressing multi-user interference.
The main reason is that channels highly correlated between
users will lead to limited multiplexing gain in multi-user com-
munication, particularly within the high signal-to-interference-
plus-noise ratio (SINR) region. For instance, when the IRS is
able to manipulate inter-user channels to achieve orthogonality
[10], the optimal BS transmit beamforming solution becomes
maximum-ratio transmission (MRT), leading to a reduced
complexity in precoding design. In addition to the above-
mentioned role of IRS in single cells, it can also be used to
suppress inter-cell interference in multi-cell wireless networks
[11].

2) IRS-aided Sensing Channel: In the case of the IRS-
assisted sensing model, the IRS’s role in channel control can
be primarily categorized into two types based on its contribu-
tion to the sensing link: when the IRS is positioned between
the sensing transmitter and the target, aimed at enhancing
the target’s illumination; the IRS is deployed between the
sensing receiver and the target, focused on facilitating the
analysis of target echoes [12]. In particular, for parameter
estimation (e.g., angle and RCS), it is essential to ensure
sufficient DoF in the channel between the receiver and the
IRS, guaranteeing that the channel can effectively convey all
the required measurement parameters [9]. Moreover, for multi-
target sensing, an extra aim of IRS phase shift design is
to minimize the correlation between distinct target channels,
enabling effective differentiation of echoes reflected from
different targets, as summarized in Table I. For example, in
[8], to effectively distinguish multiple targets’ echoes via the
shared IRS-BS links, the correlation between the channels
of different targets is reduced to facilitate the simultaneous
detection of multiple targets.

3) IRS-aided ISAC Channel: The ISAC system can achieve
more enhanced performance with stronger coupling between
S&C channels, allowing for more efficient utilization of uni-
fied signals for S&C tasks. Therefore, through optimizing
phase adjustments of the IRS, a weakly coupled S&C subspace
can be rotated to manifest coupling, bringing substantial
enhancements in the tradeoff between S&C performance when
IRSs are integrated. However, considering the weak channel



4

TABLE I
ILLUSTRATION OF IRS ROLES IN S&C CHANNEL CONTROL FOR VARIOUS SCENARIOS (✔: YES; ✗: NO; ⋆: DEPENDS ON TASKS).

Applications
Objectives Increasing

channel gain
Increasing
correlation

Decreasing
correlation

High
rank

Sensing
Transmitter-IRS-target ✔ ✔ ✗ ✗

Target-IRS-receiver ✔ ✗ ✔ ✔

Communication
Multicast ✔ ✔ ✗ ✗

Unicast ✔ ✗ ✔ ✔

ISAC
Single user/target ✔ ✔ ✗ ⋆

Multiple users/targets ✔ ✔ ⋆ ✔

correlation requirements for multi-user communications and
the high-rank channel demand for target parameter estimation,
a key challenge for IRS-assisted ISAC scenarios is how to
simultaneously achieve these different control objectives for
S&C tasks. Moreover, the difference in channel coherence
time between users and targets gives rise to varying phase
shift control frequency demands for S&C, necessitating a more
efficient phase shift design strategy that capitalizes on this
frequency disparity.

In addition, for target-mounted IRSs, it is possible to achieve
a new vehicle localization and communications tradeoff by
balancing the power/time resources of the received signal at
IRSs for refraction and reflection [4]. Specifically, when the
IRS’s phase shift design prioritizes maximizing the power over
a longer period at the sensing receiver, it enhances target
localization accuracy. By contrast, when more signal energy
is refracted towards the devices within the vehicle, it brings
improved communication performance.

B. Deployment Balance Between S&C

In this subsection, we mainly discuss two IRS deployment
strategies and their corresponding balance between S&C: fixed
deployment and target mounting.

1) Fixed Deployment Intelligent Surfaces: The optimal
fixed deployment strategy of IRSs in wireless networks to
maximize the network capacity is discussed in [5]. However,
unlike communication, sensing operations primarily rely on
(IRS-established virtual) LoS links between targets and sens-
ing receivers. Accordingly, an IRS positioned at a higher
altitude and open environment is more inclined to establish
strong LoS links with targets, thereby facilitating the utiliza-
tion of a larger quantity of reflected signals by nearby sensing
receivers. Conversely, the sensing quality may suffer from
the poor DoF of the LoS-dominated links between IRSs and
sensing receivers, as discussed in Section II-A1. Hence, the
ideal deployment location for IRS-assisted sensing necessitates
a robust LoS connection with the target and a high-rank
multiple-input and multiple-output (MIMO) channel with the
sensing receiver. Furthermore, deploying multiple IRSs in
ISAC networks is a promising solution to achieve larger S&C
coverage and significantly improve both S&C performance,
as shown in Fig. 2, which is a new problem of high practical
interest.

2) Target-mounted Intelligent Surfaces: From the perspec-
tive of target sensing, it is demonstrated that the RCS of the

IRS can be effectively changed by controlling its phase shifts
[13]. Therefore, deploying IRS on specific targets can either
boost echo power at the legitimate receiver to enhance its
localization accuracy or attenuate echo power at the unau-
thorized station to guarantee sensing security. In addition,
targets such as vehicles are generally deemed as extended
targets, and in this case, deploying multiple IRSs at distinct
and predefined locations, such as the four corners of the
vehicle, can significantly enhance the acquisition of its attitude
information, such as azimuth angle, rotation speed, etc. In
contrast, centralized IRS can maximize passive beamforming
gain, which can enhance echo power received at the IRS and
further improve the communication performance of users in-
side the vehicle. Consequently, a fundamental tradeoff between
target sensing accuracy and vehicular user communication
performance emerges, rendering it an ongoing area of research.

IV. RECIPROCITY BETWEEN SENSING AND
COMMUNICATION

In this section, we provide three paradigms of reciprocity
between S&C with the assistance of IRSs in ISAC systems,
including sensing-assisted communication, communication-
assisted sensing, and reciprocity between S&C, and discuss
the corresponding IRS roles, advantages, and challenges, as
summarized in Table II.

A. Sensing-assisted Communication

Based on the source of communication performance gain
brought by sensing, we mainly discuss two categories of
sensing-assisted communication schemes empowered by IRSs:
those leveraging sensing results for communication (e.g., angle
and range) and those utilizing sensing resources for commu-
nication (e.g., sensing waveforms).

1) Sensing Results for Communication: The sensing results
(user location and environmental information) can be exploited
to facilitate the IRS phase shift design and BS resource al-
location, thereby improving communication performance. For
example, an IRS passive beam tracking mechanism can be im-
plemented by analyzing the users’ location information based
on the echoes reflected from users, all without incurring any
signalling overhead. It is also possible to predict potentially
blocked areas with the help of environmental information,
enabling IRSs to establish supplementary channels in advance.
This greatly reduces the outage probability, especially for high-
mobility communication users, thereby achieving ultra-reliable
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data transmission. Additionally, semi-passive IRS (refers to the
IRS incorporated with sensors) can leverage its sensory data
to predict the positions of nearby users requiring services,
thus assisting in the IRS phase shift configurations and BS
beamforming optimization. As a result, signalling overhead is
reduced significantly and a low-latency communication service
is more likely to be provided.

For IRS-mounted vehicles, sensing results can also be
leveraged to enhance the communication performance for
users within the vehicle. For instance, in [4], a novel two-
stage ISAC protocol for vehicular communication networks
was proposed. This protocol includes a joint S&C stage and
a communication-only stage, where the state estimation and
measurement results from the joint S&C stage are efficiently
exploited to optimize IRS phase shifts for communication
enhancement in the subsequent communication-only stage. In
practice, reflections from various vehicles can lead to mutual
interference among different sensing transceivers, as shown
in Fig. 2. Therefore, the network positioning performance
critically relies on the effectiveness of utilizing the beam steer-
ing capabilities of IRSs to actively establish the correlation
between targets and transceivers, thereby facilitating target
association.

2) Sensing Resource for Communication: Utilizing
time/frequency/space division multiple access techniques,
communication data can be modulated on the sensing beam
to send messages to the receiver [14]. In this case, the IRS
can not only improve the effective channel gain from the

transmitter to the receiver but can also modulate sensory data
on the sensing signals to enable low-power data transmission
of the IRS. Considering that modulating data on the IRS
impacts the communication rate at the transmitter side and
elevates the complexity of data demodulation at the receiver,
a delicate balance is required in managing the phase control
of the IRS to optimize both the transmitter’s and IRS’s data
transmission performances. Moreover, previous ISAC studies
primarily concentrate on assessing the S&C performance
throughout the entire considered period. However, sensing
tasks are generally performed at regular intervals, such as
periodic target detection in areas of interest, routine updates of
the environment status, etc. These periodic sensing resources
are well-suited for providing delay-tolerant communication
services, such as Internet of Things (IoT) data collection.
However, utilizing such regular sensing resources to ensure
the quality of time-sensitive communication tasks presents
new challenges and is worthy of further research.

B. Communication-assisted Sensing

In this subsection, based on the source of the sensing per-
formance gain, two kinds of communication-assisted sensing
schemes are discussed: communication data for sensing, and
communication waveform for sensing.

1) Transmission Data for Sensing: Sensing performance is
determined not only by the quality of the original sensory
data, but also by data transmission performance in practice,
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TABLE II
IRS ROLES FOR RECIPROCITY BETWEEN S&C.

Paradigms
Source of

coordination gain IRS roles Advantages Challenges

Sensing-assisted
communication

Sensing results
Improve echo power,

channel estimation
for semi-passive IRSs

Overhead reduction,
reliable communication,

enhance echo power

Target association, high
timeliness requirements

Sensing resource Improve channel quality,
modulation data at IRSs

Energy efficiency
improvement Discontinuous resource

Communication-
assisted sensing

Communication
data

Assist data transmission
and data fusion

Improve sensing
efficiency Time synchronization

Communication
resource

Estimate signal direction,
extend sensing coverage

Increased sensing
diversity

Limited signal
processing ability

Reciprocity between S&C
Balance between S&C,

control channel correlation,
enhance coordination gain

More flexible
tradeoff, higher
integration gain

Describe accurate
performance boundary

such as transmission delay and distortion rate, especially for
remote sensing scenarios. In this case, the IRS-empowered
sensing system brings a fundamental tradeoff in sensing data
acquisition and transmission under limited spectral resources,
which has not been studied yet and deserves further inves-
tigation. Moreover, the data fusion performance in multiple
sensor systems also depends heavily on effective wireless
communication techniques, e.g., the accuracy of multi-static
sensing systems. An appealing strategy for enhancing data
fusion efficiency for the above-mentioned sensing scenarios
is to utilize over-the-air computation [15]. This method cap-
italizes on the inherent waveform superposition capability
of wireless channels, enabling the simultaneous transmission
of aggregated data by multiple sensors, and eliminating the
need for separate data demodulation and fusion processes.
In this case, IRSs can adjust the phase shifts according to
the sensor channel to improve the quality and timeliness of
sensory data transmission. However, for distributed large-scale
sensing systems, the deployment and phase shift optimization
of IRSs poses significant challenges due to the non-negligible
transmission delay differences of multiple sensors and the
complicated interference between various sensing systems,
which deserves further study.

2) Communication Resource for Sensing: Various com-
munication signals from BSs and users can be used for
sensing tasks, including pilot signals and data signals. Pilot
signals transmitted by BSs generally employ an omnidirec-
tional waveform to facilitate wide-ranging channel acquisition,
whereas the waveforms of data signals are customized to
match the unique characteristics of users’ channels. Therefore,
the challenge lies in how the IRS can continuously harness the
dynamic waveforms of these signal sources to maintain stable
performance in sensing. To overcome this issue, one potential
solution is to employ the semi-passive IRS for statistical
analysis of data source directions and then fine-tune IRS
phase shifts to steer the beam toward the intended sensing
area or target. Moreover, for IRS-mounted targets, the IRS
can reflect the communication signal in the direction of the
sensing receiver to facilitate their localization. In practice, BSs

may be deployed in a distributed manner, leading to dispersed
communication data sources and sensing receivers. In this
case, how to design the IRS phase shift for precise control
of echo signals towards several distributed sensing receivers
is a captivating and unresolved challenge.

C. Mutual Assistance Between Sensing and Communication

When the above two reciprocity between S&C mechanisms
are employed at the same time, S&C tasks can be innova-
tively designed to assist each other for achieving a more
efficient win-win integration. Considering that performance
improvements in S&C appear to be intertwined with each
other, one challenging issue is theoretically characterizing the
boundaries of S&C performance with mutual assistance. One
possible solution is to analyze the outer performance bound.
For instance, without taking mutual assistance into account, we
denote the S&C performance as S1 and C1, respectively, when
all resources are dedicated solely to sensing or communication.
An outer bound can be established through the following
process. Leveraging the sensing results from S1 to enhance
communication leads to the upper bound of communication
performance, denoted as C2. Likewise, utilizing the commu-
nication outcomes from C1 to improve sensing yields the
upper bound of sensing performance, represented by S2. In
practice, due to the coupling of S&C resources, it is difficult
to achieve optimal S&C performance S2 and C2 even with
mutual assistance between S&C.

Another interesting question is whether sensing or com-
munication always leads to performance improvements for
each other. Note that if we only focus on optimizing the
performance of communication (sensing), incorporating ad-
ditional sensing (communication) tasks may not necessarily
enhance the system performance, as it leads to extra resource
consumption. For instance, [4] provided a sufficient and nec-
essary condition on whether the sensing is needed or not
in IRS-assisted vehicle ISAC systems to improve the data
transmission performance. Specifically, when the accuracy
of estimated angles is higher or the accuracy of measured
angles is lower, i.e., the communication performance gain
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brought by sensing cannot compensate for the performance
loss caused by the time and power consumption. Under these
circumstances, opting for pure communication (sensing) is
the most favourable choice. Furthermore, how to explore the
effective utilization of IRS for interference suppression and
collaborative design of S&C tasks in network-level ISAC is a
promising issue for future research. In addition, the exploration
of leveraging IRSs to enhance interference suppression and
facilitate collaborative S&C tasks within network-level ISAC
is a question worthy of further study.

D. Case Study: Mutual Assistance Between Sensing and Com-
munication

As illustrated in Fig. 3, we explore an IRS-aided ISAC
system for mutual assistance between S&C. In this setup, one
BS transmits independent signals to several mobile vehicles
equipped with IRS, employing a time-division approach and
analyzing the echo signals simultaneously reflected by the IRS
for localization. The BS employs a single transmit antenna
and a general uniform linear array (ULA). The vehicles are
assumed to travel along a straight road, with each vehicle
equipped with an IRS featuring both reflection and refraction
modes. As illustrated in Fig. 3, an example of the synergy
between S&C is provided as follows.

• Sensing-assisted communication: During the kth time
slot, the BS transmits signal sk to vehicle k, while IRS
k operates in the refracting mode, with its phase shifts
designed for communication according the sensing results
of time slot k − 1.

• Communication-assisted sensing: Signal sk arriving at
IRS k+1 during the kth time slot is deemed redundant;
however, it can be harnessed to amplify echo signals and
assist in localizing vehicle k+1 by configuring IRS k+1
into the reflecting mode.

Based on the above design, the echo signal generated by
interference provides new opportunities to improve localiza-

Performance gain of 

mutual assistance

Fig. 4. Performance enhancement brought by mutual assistance between S&C.

tion performance. To verify the effectiveness of reciprocity
between S&C, the proposed scheme is compared with three
benchmarks: Without sensing assistance (w/o s-assistance);
without communication assistance (w/o c-assistance); without
S&C assistance (w/o s&c-assistance). In Fig. 4, it can be
observed that the communication rate, as obtained by all
schemes, decreases as the sensing SNR requirement increases.
This observation aligns with expectations, as larger SNR
requirement values impose more stringent constraints on the
resource allocated for communication. From Fig. 4, it is evi-
dent that the achievable rate of the proposed scheme surpasses
that of the scheme without sensing assistance, particularly
when the sensing requirement is lower. This is attributed to
the optimized time allocation in the proposed scheme, thereby
amplifying the communication benefit derived from sensing.
Furthermore, at a fixed achievable rate of 4.9 bps/Hz, the
sensing performance of the proposed scheme markedly outper-
forms that of the scheme without communication assistance.
This is primarily due to the increased utilization of information
signals, which aids in localization and consequently reduces
the time required for dedicated sensing.

V. OTHER EXTENSIONS

Some open issues and challenges related to ISAC with IRSs
are discussed as follows.

A. Cooperation between Multiple IRSs

Multiple distributed IRSs can be strategically deployed to
assist BSs in offering ISAC services within distinct LoS-
blocked regions. Utilizing the same total number of IRS
elements, in comparison to centrally deployed IRS, while
distributed IRSs naturally decrease the power of echoed signals
due to a reduced aperture, it can largely expand the coverage
area and enhance sensing diversity. Consequently, there arises
a tradeoff concerning the division sizes of distributed IRSs,
which deserves further study.

B. Near-field ISAC with IRSs

Compared to the conventional far-field system, near-field
ISAC introduces an additional distance dimension to allocate
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resources and improve performance for both S&C. In turn,
the estimation of user channel and target parameters becomes
more complicated due to the new involved distance domain. In
this case, with the assistance of IRSs in ISAC scenarios, it mo-
tivates new techniques to design BS transmit beamforming and
IRS phase shift for achieving better integration/coordination
gains between S&C.

C. Artificial Intelligence for IRS-assisted ISAC

In the context of distributed machine learning architec-
ture, the incorporation of IRSs can enhance the efficiency
of parameter learning and accelerate algorithm convergence.
Furthermore, IRSs play a crucial role in enhancing the ac-
curacy and quality of sensing data, leading to a substantial
improvement in machine learning efficiency. Consequently,
within the unified ISAC learning framework, IRSs need to
strike a balance in terms of learning gradient transmission and
sensing data acquisition.

D. Secure ISAC assisted by IRSs

Security is another critical challenge for ISAC networks
due to the inherent broadcast nature of wireless signals. The
existing IRS secure research primarily focuses on exploiting
IRSs to prevent eavesdroppers from acquiring information.
Moreover, mounting the IRS on the target allows precise
control of the reflected echo signals. Thus, the IRS phase
shift design enables the management of received power for
the intended sensing receivers while minimizing the power at
potential eavesdroppers. While IRSs provide a more flexible
balance in simultaneously achieving secure S&C, the high
complexity of obtaining the locations and channels of poten-
tial eavesdroppers makes securing ISAC services particularly
challenging.

VI. CONCLUSIONS

In this article, we have delved into the potential of IRSs
to enhance ISAC systems, aiming to unveil the integration
benefits and reciprocal relationships between S&C. We shed
light on novel design considerations and highlighted essential
challenges when incorporating IRS in ISAC setups. Partic-
ularly, we emphasize practical applications demonstrating the
coordination gain in ISAC, such as sensing-assisted communi-
cation, communication-assisted sensing, and mutual assistance
between S&C, to demonstrate that S&C can be implemented
in a complementary way. Furthermore, we validate these
concepts through a complete case study. Given the relatively
uncharted territory of IRS-empowered ISAC, this paper aims
to serve as a useful reference for future research in this
domain.
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