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Abstract—In this letter, we explore the application of recon-
figurable intelligent surface (RIS) in the integrated sensing and
communication network, where a full-duplex multi-antenna base
station (BS) concurrently detects a target and communicates with
a user equipment (UE). Our objective is to maximize the UE’s
transmission rate by jointly optimizing the BS’s transmit beam-
forming, UE’s transmit power, and RIS’s phase shifts, while
satisfying the condition on the minimum required sensing power.
We develop a block coordinate ascend-based iterative algorithm
to solve the formulated problem, which guarantees the conver-
gence to at least a local optimum. Numerical results show the
efficiency of the proposed solution as well as the trade-off between
the UE’s transmission rate and the required sensing power, along
with the efficiency of employing RIS.

Index Terms—Full-duplex (FD), integrated sensing and com-
munication (ISAC), reconfigurable intelligent surface (RIS).

I. INTRODUCTION

SENSING is considered an important task of the next-
generation cellular networks [1]. Many emerging mobile

applications, such as smart manufacturing and industrial
Internet-of-Things, not only need high-rate transmission with
low latency and high reliability, but also require location
information with high accuracy. In order to offer better
performance and efficiently utilize spectrum, energy and hard-
ware resources, integrating sensing and communication func-
tions into a single network has become a favorable approach.
By jointly optimizing wireless resources, waveform and sig-
nal processing flow, a significant performance gain can be
achieved in integrated sensing and communication (ISAC)
networks [2].

In addition to the ISAC technology, the reconfigurable
intelligent surface (RIS) has also received significant atten-
tion from both academia and industry [3]. By fine-tuning
the phase shift matrix, RIS is able to concurrently modify

Manuscript received 23 April 2023; revised 19 May 2023; accepted 2
June 2023. Date of publication 12 June 2023; date of current version
9 October 2023. The work of Quang Nhat Le and Octavia A. Dobre was
supported by the Natural Sciences and Engineering Research Council of
Canada (NSERC) through its Discovery Program. The work of Van-Dinh
Nguyen was supported by the VinUniversity Seed Grant Program. The work
of Hyundong Shin was supported by the National Research Foundation of
Korea (NRF) Grant funded by the Korea Government (MSIT) under Grant
2019R1A2C2007037 and Grant 2022R1A4A3033401. The associate editor
coordinating the review of this article and approving it for publication was
Y. Zhu. (Corresponding authors: Octavia A. Dobre; Hyundong Shin.)

Quang Nhat Le and Octavia A. Dobre are with the Department of Electrical
and Computer Engineering, Memorial University, St. John’s, NL A1B 3X9,
Canada (e-mail: qnle@mun.ca; odobre@mun.ca).

Van-Dinh Nguyen is with the College of Engineering and Computer
Science, VinUniversity, 100000 Hanoi, Vietnam (e-mail: dinh.nv2@
vinuni.edu.vn).

Hyundong Shin is with the Department of Electronic Engineering, Kyung
Hee University, Yongin 17104, South Korea (e-mail: hshin@khu.ac.kr).

Digital Object Identifier 10.1109/LWC.2023.3285391

communication and sensing channels, which is beneficial for
ISAC networks [4], [5]. Specifically, RIS can be used to mit-
igate the interference between the radar and communication
systems [6], [7].

Incorporating full-duplex (FD) radio into RIS-ISAC
networks can provide great benefits owing to its potential
to double the spectral efficiency by enabling transceivers to
concurrently transmit and receive data in the same frequency
band [4], [8]. In [8], RIS was leveraged to enhance the
performance of localization and information retrieval for the
FD-ISAC system, in which a FD-base station (BS) simul-
taneously communicates and senses the position of user
equipment (UE).

To reap all the above benefits, in this letter we study
the joint active and passive beamforming (BF) design for
an RIS-assisted ISAC system, where an FD multi-antenna
BS simultaneously communicates with a single antenna UE
and detects a target. The BS’s transmit beamforming, UE’s
transmit power, and RIS’s reflection coefficients are jointly
optimized to maximize the UE’s transmission rate subject to
the minimum sensing power constraint, transmit power bud-
gets of BS and UE, and unit modulus property of the reflecting
elements. The ensuing problem is strongly non-convex and the
strong coupling between variables makes it NP-hard. To solve
this problem more effectively, we adopt a block coordinate
ascend (BCA) algorithm to transform it into two tractable sub-
problems and develop newly approximated functions to solve
them in an iterative fashion. The proposed solution is com-
pared with the maximum ratio transmission (MRT) case, which
serves as a benchmark. Simulation results show the notable
performance gain achieved with the assistance of RIS, the
trade-off between the UE’s transmission rate and the required
sensing power, and the enhanced performance of the proposed
solution compared to the MRT.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model

We consider an RIS-ISAC system, as depicted in Fig. 1,
which consists of a dual-functional radar communication
(DRC)-BS equipped with Mt transmit antennas and Mr

receive antennas; a single-antenna user; an RIS composed of
the set K � {1, 2, . . . ,K} of K elements; and a sensing
target. It is supposed that the BS and UE have the knowl-
edge of the location of the RIS [9]. The UE’s location can be
either obtained by global positioning system or estimated by
uplink signals [9]. Let us denote by f ∈ C

Mr×1, h ∈ C
1×K ,

Au ∈ C
Mr×K , bd ∈ C

Mt×1, Ad ∈ C
Mt×K , dd ∈ C

K×1,
bu ∈ C

Mr×1, du ∈ C
K×1, and HSI ∈ C

Mr×Mt the channels
(matrix/vector) from UE to DRC-BS, from UE to RIS, from
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Fig. 1. The RIS-ISAC system.

RIS to DRC-BS, from DRC-BS to target, from DRC-BS to
RIS, from RIS to target, from target to DRC-BS, from target
to RIS, and the self-interference link of DRC-BS, respectively.
The phase shift matrix of RIS is represented by Φ ∈ C

K×K .
We also denote by ξ ∈ R

+ and v ∈ C
Mt×1 the transmit

power of the UE and the transmit beamforming of DRC-
BS, respectively. The signal received at the DRC-BS can be
expressed as

y(θ , ξ, v) =
(
f + AuΦh

H
)√

ξxc +HSIvxs

+(bu + AuΦdu )
(
bHd + dHd ΦAH

d

)
vxs + nn

= (f + Audiag(h)θ)
√

ξxc

+(bu + Audiag(du )θ)
(
bHd + θ

Tdiag(dd )A
H
d

)
vxs

+HSIvxs + nn , (1)

where xc and xs are the communication and sensing sig-
nals, respectively, and nn ∼ CN(0, σ2) is the additive
white Gaussian noise (AWGN) with zero-mean and vari-
ance σ2. To simplify the mathematical notations, we denote
Φ � diag(ejψ1 , ejψ2 , . . . , ejψK ) = diag(θ1, θ2, . . . , θK ),

θ = [θ1, θ2, . . . , θK ]T , f̂(θ) = f+Audiag(h)θ , and b̂
H
(θ) =

(bu +Audiag(du )θ)(bHd + θTdiag(dd )A
H
d ) = b̂u (θ)b̂

H
d (θ).

As a result, we can rewrite (1) as y(θ , ξ, v) = f̂(θ)
√
ξxc +

b̂
H
(θ)vxs + HSIvxs + nn . The signal-to-interference-plus-

noise ratio (SINR) of UE at DRC-BS is given as

γc(θ , ξ, v) =

∥
∥f̂(θ)

∥
∥2ξ

∥
∥b̂H (θ)v

∥
∥2+

∥
∥HSIv

∥
∥2+σ2

. (2)

B. Problem Formulation

We are interested in maximizing the UE’s transmission rate
subject to the required sensing power at the DRC-BS by jointly
optimizing the involved variables (ξ, v , θ). The optimization
problem is formulated as

max
ξ,v ,θ

R(ξ, v , θ) � ln(1 + γc(θ , ξ, v)) (3a)

s.t. ξ ≤ Pmax
UE (3b)

‖v‖2 ≤ Pmax
BS (3c)

∥
∥b̂H (θ)v

∥
∥2≥ Psense (3d)

|θk | = 1, ∀k ∈ K, (3e)

where (3b) and (3c) indicate the power constraints at the UE
and DRC-BS with the maximum transmit powers Pmax

UE and

Pmax
BS , respectively. Constraint (3d) describes the required sens-

ing power at the DRC-BS with Psense being the minimum
sensing power. Finally, (3e) presents the RIS phase shift con-
straint. From (3d), the target’s location can be estimated by the
BS as long as the received signal strength of the echo probing
signal is larger than or equal to the required sensing power.

III. PROPOSED SOLUTION

We adopt the BCA approach and decouple (3) into two sub-
problems corresponding to (ξ, v) and θ , each of which will
be solved by the inner approximation (IA) method [10]. At
iteration η, let (ξ(η), v (η), θ (η)) be the feasible point for (3)
that is found from the (η − 1)-th round. By BCA, we solve
problem (3) to obtain the optimal solutions (ξ�, v�) for given
θ (η), and then update (ξ(η+1) := ξ�, v (η+1) := v�) to
solve (3) with respect to θ .

A. Transmit Power and Beamforming Iteration

For a given θ (η), (3) is rewritten at iteration η + 1 as:

max
ξ,v
R(ξ, v , θ (η)) � ln

(

1 +

∥
∥f̂(θ (η))

∥
∥
2
ξ

∥
∥b̂H (θ (η))v

∥
∥
2
+
∥
∥HSIv

∥
∥
2
+σ2

)

(4a)

s.t. ξ ≤ Pmax
UE (4b)

‖v‖2 ≤ Pmax
BS (4c)

∥
∥b̂H (θ (η))v

∥
∥
2≥ Psense, (4d)

where the objective (4a) is non-concave while (4d) is the non-
convex constraint. The concave lower bound of (4a) can be
found as [11, eq. (62)]:

ln
(

1 +

∥
∥f̂(θ (η))

∥
∥2ξ

∥
∥b̂H (θ (η))v

∥
∥2+

∥
∥HSIv

∥
∥2+σ2

)

≥ ln
(

1 +

∥
∥f̂(θ (η))

∥
∥2ξ(η)

∥
∥b̂H (θ (η))v (η)

∥
∥2+

∥
∥HSIv

(η)
∥
∥2+σ2

)

+

∥
∥f̂(θ (η))

∥
∥2ξ(η)

∥
∥b̂H (θ (η))v (η)

∥
∥2+

∥
∥HSIv

(η)
∥
∥2+σ2 +

∥
∥f̂(θ (η))

∥
∥2ξ(η)

×
(

2− ξ(η)

ξ
−

∥
∥b̂H (θ (η))v

∥
∥2+

∥
∥HSIv

∥
∥2+σ2

∥
∥b̂H (θ (η))v (η)

∥
∥2+

∥
∥HSIv

(η)
∥
∥2+σ2

)

:= R(η)(ξ, v |θ (η)). (5)

Next, the left-hand side (LHS) of (4d) is a quadratic function
which can be innerly approximated as

2	{(v (η))H b̂(θ (η))b̂H (θ (η))v} − ∥∥b̂H (θ (η))v (η)
∥
∥2≥ Psense.

(6)

In summary, the approximate convex program of (4) solved
at iteration η + 1 is expressed by

max
ξ,v

R(η)(ξ, v |θ (η)) (7a)

s.t. (4b), (4c), (6). (7b)

B. Phase Shift Iteration

For given (ξ(η+1), v (η+1)), (3) is rewritten at iteration
η + 1 as:
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max
θ
R(ξ(η+1), v (η+1), θ) �

ln

(

1 +

∥
∥f̂(θ)

∥
∥2ξ(η+1)

∥
∥b̂H (θ)v (η+1)

∥
∥2+

∥
∥HSIv

(η+1)
∥
∥2+σ2

)

(8a)

s.t.
∥
∥b̂H (θ)v (η+1)

∥
∥2≥ Psense (8b)

|θk | = 1, ∀k ∈ K, (8c)

where the objective (8a) is non-concave, while constraints (8b)
and (8c) are non-convex. According to the Cauchy-Schwarz
inequality, the first term in the denominator of (8a) can be
upper bounded as

∥
∥b̂H (θ)v (η+1)

∥
∥2 =

∥
∥b̂u (θ)b̂

H
d (θ)v (η+1)

∥
∥2

≤ ∥∥b̂u (θ)
∥
∥2
∥
∥b̂Hd (θ)v (η+1)

∥
∥2

≤ tζ, (9)

where t ∈ R
+ and ζ ∈ R

+ are newly introduced optimization

variables, satisfying ‖b̂u (θ)‖2 ≤ t and ‖b̂
H
d (θ)v (η+1)‖2 ≤

ζ. The product tζ is convexified as tζ ≤ t(η)ζ2

2ζ(η)
+ ζ(η)t2

2t(η)
.

Accordingly, the concave lower bound of (8a) is

ln
(

1 +

∥
∥f̂(θ)

∥
∥
2
ξ(η+1)

tζ +
∥
∥HSIv (η+1)

∥
∥
2
+σ2

)

≥ ln

(

1 +

∥
∥f̂(θ (η))

∥
∥
2
ξ(η+1)

t(η)ζ(η) +
∥
∥HSIv (η+1)

∥
∥
2
+σ2

)

+

∥
∥f̂(θ (η))

∥
∥
2
ξ(η+1)

t(η)ζ(η) +
∥
∥HSIv (η+1)

∥
∥
2
+σ2 +

∥
∥f̂(θ (η))

∥
∥
2
ξ(η+1)

×

⎛

⎜
⎝2−

∥
∥f̂(θ (η))

∥
∥
2

∥
∥f̂(θ)

∥
∥
2

−
t(η)ζ2

2ζ(η)
+ ζ(η)t2

2t(η)
+
∥
∥HSIv

(η+1)
∥
∥
2
+σ2

t(η)ζ(η) +
∥
∥HSIv (η+1)

∥
∥
2
+σ2

⎞

⎟
⎠

� R(η)(θ |ξ(η+1), v (η+1)). (10)

To convexify (8b), we first approximate its LHS as

∥
∥b̂H (θ)v (η+1)

∥
∥
2 ≥ 2	

{(

b̂H (θ (η))v (η+1)
)H

b̂H (θ)v (η+1)

}

−∥∥b̂H (θ (η))v (η+1)
∥
∥
2
. (11)

Then, the first term of the right-hand side of (11) is further
rewritten as

2�
{(

b̂H (θ(η))v (η+1)
)H

b̂H (θ)v (η+1)

}

= 2�
{(

b̂H (θ(η))v (η+1)
)H

bub
H
d v (η+1)

}

+2�
{(

b̂H (θ(η))v (η+1)
)H

buθTdiag(dd )A
H
d v (η+1)

}

+2�
{(

b̂H (θ(η))v (η+1)
)H

Audiag(du )θb
H
d v (η+1)

}

+2�
{(

b̂H (θ(η))v (η+1)
)H

Audiag(du )θθTdiag(dd )A
H
d v (η+1)

}

� X(η)(θ |v (η+1))

+2�
{

θTdiag(dd )A
H
d v (η+1)

(
b̂H (θ(η))v (η+1)

)H
Audiag(du )θ

}

= X(η)(θ |v (η+1)) + 2�{θTYθ
}
, (12)

where Y � diag(dd )A
H
d v (η+1)(b̂

H
(θ (η))v (η+1))

H
Au

diag(du ). The last term of (12) is convexified as

2	
{

θTYθ
}

≥ 2	
{

(θ (η))TYθ + θTYθ (η) − (θ (η))TYθ (η)
}

.

(13)

From (11), (12) and (13), constraint (8b) is innerly approxi-
mated as follows:

X(η)(θ |v (η+1)) + 2	
{

(θ (η))TYθ + θTYθ (η)

−(θ (η))TYθ (η)
}

− ∥∥b̂H (θ (η))v (η+1)
∥
∥
2≥ Psense. (14)

Further, the unit-modulus constraint (8c) is relaxed by the
following convex constraint:

|θk |2 ≤ 1, ∀k ∈ K, (15)

which means that
∑

k∈K |θk |2 − K ≤ 0. To guarantee that con-
straint (8c) is satisfied at optimum, we establish the following
theorem.

Theorem 1: The following penalized optimization problem is
used to ensure the optimality of (8):

max
θ

R(ξ(η+1), v (η+1), θ) + �
(
∑

k∈K
|θk |2 −K

)

(16a)

s.t. (8b), (15), (16b)

where � > 0 denotes a penalty parameter such that the objective
and penalty terms become comparable.

Proof: Owing to constraint (15), the penalty term
∑

k∈K |θk |2 − K is always negative. A positive value of �
enables the uncertainties of the unit-modulus constraint to
be penalized, which guarantees θk = 1 at optimum. If � is
sufficiently large, (8) and (16) have the same optimal solution.
The steps of a similar proof are found in [12, Appendix C].

Summing up, the approximate convex program of (8) solved at
iteration η + 1 is expressed by

max
θ ,t,ζ

R(η)(ξ(η+1), v (η+1), θ) �

R(η)(θ |ξ(η+1), v (η+1)) + �
(

P(η)(θ)−K
)

(17a)

s.t.
∥
∥b̂u(θ)

∥
∥
2≤ t (17b)

∥
∥b̂Hd (θ)v (η+1)

∥
∥
2≤ ζ (17c)

|θk |2 ≤ 1, ∀k ∈ K (17d)

(14), (17e)

where P(η)(θ) �
∑

k∈K(2	{(θ(η)k )
∗
θk} − |θ(η)k |2).

Algorithm 1 summarizes the BCA-based algorithm for solv-
ing (3).

Complexity and convergence analysis: The com-
putational complexity of solving (7) and (17) is
O((Mt+1)232.5+33.5) andO((K+2)2(K+3)2.5+(K+3)3.5)
for each iteration, respectively. On the other hand,
from the IA principles, it is obvious from (7) that
R(ξ(η+1), v (η+1), θ (η)) ≥ R(η)(ξ(η+1), v (η+1)|θ (η)) ≥
R(η)(ξ(η), v (η)|θ (η)) = R(ξ(η), v (η), θ (η)). As in (17), we have
R(ξ(η+1), v (η+1), θ (η+1)) ≥ R(η)(ξ(η+1), v (η+1), θ (η+1)) ≥
R(η)(ξ(η+1), v (η+1), θ (η)) = R(ξ(η+1), v (η+1), θ (η)).
Accordingly, it holds true that R(ξ(η+1), v (η+1), θ (η+1)) ≥
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Algorithm 1 Proposed BCA-Based Iterative Algorithm to
Solve (3)
Initialization: Set η := 0. Generate an initial feasible point

(ξ(0), v (0), θ(0), t(0), ζ(0));
1: repeat
2: Given θ(η), solve (7) to obtain (ξ�, v�) and update

(ξ(η+1), v (η+1)) := (ξ�, v�);
3: Given (ξ(η+1), v (η+1)), solve (17) to obtain θ� and update

θ(η+1) := θ�;
4: Set η := η + 1;
5: until Convergence
6: Ouput: (ξ�, v�, θ�)

R(ξ(η), v (η), θ (η)). Thus, Algorithm 1 yields a sequence
{(ξ(η), v (η), θ (η))} of points that converges at least to a locally
optimal solution [13].

C. Sub-Optimal Design Based on MRT

To reduce the complexity of the active beamforming, we adopt

the MRT by v =

√
βbd

‖bd‖ , where β is the power level. The MRT-
based optimization problem is re-formulated as follows

max
ξ,β,θ

R(ξ, β, θ) � ln

(
1 +

∥∥f̂(θ)∥∥2
ξ

β
∥∥b̂H (θ) bd∥∥bd

∥∥
∥∥2

+β
∥∥HSI

bd∥∥bd

∥∥
∥∥2

+σ2

)

(18a)

s.t. ξ ≤ Pmax
UE (18b)

β ≤ Pmax
BS (18c)

β
∥∥b̂H (θ)

bd∥∥bd
∥∥
∥∥2≥ Psense (18d)

|θk | = 1, ∀k ∈K. (18e)

Based on (5), the convex problem of transmit power and
beamforming solved at iteration η + 1 is given by

max
ξ,β

R(η)(ξ, β|θ (η)) (19a)

s.t. (18b), (18c), (18d), (19b)

where

R(η)(ξ, β|θ(η))

� ln

(
1 +

∥∥f̂(θ(η))∥∥2ξ(η)
β(η)

∥∥b̂H (θ(η))
bd∥∥bd∥∥

∥∥2+β(η)∥∥HSI
bd∥∥bd∥∥

∥∥2+σ2
)

+

∥∥f̂(θ(η))∥∥2ξ(η)
β(η)

∥∥b̂H (θ(η))
bd∥∥bd∥∥

∥∥2+β(η)∥∥HSI
bd∥∥bd∥∥

∥∥2+σ2 +
∥∥f̂(θ(η))∥∥2ξ(η)

×
(
2− ξ(η)

ξ
−

β
∥∥b̂H (θ(η))

bd∥∥bd∥∥
∥∥2+β∥∥HSI

bd∥∥bd∥∥
∥∥2+σ2

β(η)
∥∥b̂H (θ(η))

bd∥∥bd∥∥
∥∥2+β(η)∥∥HSI

bd∥∥bd∥∥
∥∥2+σ2

)
.

Based on (9), (10) and (14), the convex problem of phase shift
iteration solved at iteration η + 1 is expressed by

max
θ ,t,ζ

Q(η)(ξ(η+1), β(η+1), θ) �

Q(η)(θ |ξ(η+1), β(η+1)) + �
(

P(η)(θ)−K
)

(20a)

s.t.
∥
∥b̂u(θ)

∥
∥
2≤ t (20b)

∥
∥b̂Hd (θ)

bd
∥
∥bd

∥
∥

∥
∥
2≤ ζ (20c)

Fig. 2. Convergence rate of Algorithm 1 with different values of K.

β(η+1)2	
{

(θ (η))TYθ + θTYθ (η) − (θ (η))TYθ (η)
}

+X(η)(θ |β(η+1))− β(η+1)
∥
∥b̂H (θ (η))

bd
∥
∥bd

∥
∥

∥
∥
2≥ Psense

(20d)

|θk |2 ≤ 1, ∀k ∈ K, (20e)

where

Q(η)(θ |ξ(η+1), β(η+1))

� ln

(
1 +

∥∥f̂(θ(η))∥∥2ξ(η+1)

β(η+1)t(η)ζ(η) + β(η+1)
∥∥HSI

bd∥∥bd∥∥
∥∥2+σ2

)

+

∥∥f̂(θ(η))∥∥2ξ(η+1)

β(η+1)t(η)ζ(η) + β(η+1)
∥∥HSI

bd∥∥bd∥∥
∥∥2+σ2 +

∥∥f̂(θ(η))∥∥2ξ(η+1)

×
(
2−

∥∥f̂(θ(η))∥∥2∥∥f̂(θ)∥∥2 −
t(η)ζ2

2ζ(η)
+ ζ(η)t2

2t(η)
+

∥∥HSI
bd∥∥bd∥∥

∥∥2+ σ2

β(η+1)

t(η)ζ(η) +
∥∥HSI

bd∥∥bd∥∥
∥∥2+ σ2

β(η+1)

)
,

X(η)(θ |β(η+1))

� β(η+1)2�
{(

b̂H (θ(η))
bd∥∥bd∥∥

)H
bub

H
d

bd∥∥bd∥∥
}

+ β(η+1)2�
{(

b̂H (θ(η))
bd∥∥bd∥∥

)H
bu θTdiag(dd )A

H
d

bd∥∥bd∥∥
}

+ β(η+1)2�
{(

b̂H (θ(η))
bd∥∥bd∥∥

)H
Audiag(du )θb

H
d

bd∥∥bd∥∥
}

andY � diag(dd)A
H
d

bd
‖bd‖ (b̂

H
(θ (η)) bd

‖bd‖ )
H

Audiag(du).
The computational complexity of solving (19) and (20) is
O(2232.5 + 33.5) and O((K + 2)2(K + 3)2.5 + (K + 3)3.5)
for each iteration, respectively.

IV. NUMERICAL RESULTS

We consider a 2-D scenario, in which the BS, target, UE, and
RIS are located at (5 m, 0), (5 m, 50 m), (20 m, 10 m), and (10 m,
10 m), respectively. Unless otherwise stated, the bandwidth is
20 MHz, the BS’s maximum transmit power is 1 W, and the UE’s
maximum transmit power is 5 mW. The number of RIS elements
K is 8, the noise power σ2 at the BS is -80 dBm, and the BS is
equipped with Mt = Mr = 5 antennas. We utilize the distance-
dependent path-loss model [14]; the path-loss exponents of the
BS-RIS, RIS-target, RIS-UE, BS-target, and BS-UE links are set
to 2.5, 2.8, 2.8, 3, and 3, respectively [15], [16]. All simulation
results are obtained over an average of 1000 simulation runs.

Fig. 2 presents Algorithm 1‘s convergence pattern. Apparently,
Algorithm 1 needs about 4 iterations to attain the optimal value of
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Fig. 3. Transmission rate of the UE versus the UE’s transmit power.

Fig. 4. Transmission rate of the UE versus the BS’s receive antennas.

Fig. 5. Transmission rate of the UE versus the required sensing power.

the UE’s transmission rate. Also, increasing K leads to enhanced
transmission rate of the UE.

Fig. 3 shows the transmission rate versus the UE’s transmit
power. Not surprisingly, the UE’s transmission rate increases with
the UE’s transmit power. This is because increasing the UE’s
transmit power results in higher received signal strength at BS.
Further, the transmission rate of the proposed transmit BF case is
much higher than that of the MRT case regardless if the RIS is
utilized or not.

Fig. 4 plots the UE’s transmission rate versus the BS’s receive
antennas. As expected, increasing Mr results in higher transmis-
sion rate of the UE. This is attributed to the fact that the higher
the value of Mr , the better the received diversity can be obtained,
which in turn improves the signal reception quality at BS.

Fig. 5 depicts the trade-off between the UE’s transmission
rate and the required sensing power. As expected, increasing the
required sensing power leads to a decrease in the UE’s transmis-
sion rate. This is because a higher transmit power at BS is needed

to enhance the received sensing signal power, but it conversely
degrades the SINR of UE at BS.

V. CONCLUSION

The transmission rate maximization problem of a FD-ISAC
network with the assistance of the RIS was considered in this
letter. A non-convex problem was formulated, which involved a
joint optimization of the BS’s transmit beamforming, UE’s trans-
mit power, and RIS’s phase shifts. It was solved with a proposed
BCA algorithm that relies on the IA framework. Simulation
results showed the fast convergence and effectiveness of the algo-
rithm, the trade-off between the UE’s transmission rate and the
required sensing power, and the advantage of employing RIS.
The extensions considering multiple targets or multiple UEs are
interesting topics for our future works.
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