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Abstract—In this paper, we consider a full-duplex (FD) Inte-
grated Sensing and Communication (ISAC) system, in which the
base station (BS) performs downlink and uplink communications
with multiple users while simultaneously sensing multiple targets.
In the scope of this work, we assume a narrowband and
static scenario, aiming to focus on the beamforming and power
allocation strategies. We propose a joint beamforming strategy
for designing transmit and receive beamformer vectors at the BS.
The optimization problem aims to maximize the communication
sum-rate, which is critical for ensuring high-quality service to
users, while also maintaining accurate sensing performance for
detection tasks and adhering to maximum power constraints for
efficient resource usage. The optimal receive beamformers are
first derived using a closed-form Generalized Rayleigh Quotient
(GRQ) solution, reducing the variables to be optimized. Then,
the remaining problem is solved using floating-point Genetic
Algorithms (GA). The numerical results show that the proposed
GA-based solution demonstrates up to a 98% enhancement
in sum-rate compared to a baseline half-duplex ISAC system
and provides better performance than a benchmark algorithm
from the literature. Additionally, it offers insights into sensing
performance effects on beam patterns as well as communication-
sensing trade-offs in multi-target scenarios.

Index Terms—Integrated Sensing and Communication (ISAC),
full-duplex (FD), joint beamforming, Generalized Rayleigh Quo-
tient (GRQ), Genetic Algorithm (GA).

I. INTRODUCTION

Integrated Sensing and Communication (ISAC) is a key
technique for 6G networks, combining sensing and commu-
nication in a unified system to enhance both functions [1].
Designing an ISAC system involves addressing the challenge
of resource allocation across dimensions such as time, fre-
quency, and/or spatial domain [1]. In this paper, we focus on
spatial resource allocation.

The multiple-input multiple-output (MIMO) technique plays
a key role in ISAC, utilizing spatial degrees of freedom (DoF)
to perform multi-target sensing and multi-user communication
by synthesizing beams towards users and sensing targets. In
[2], a joint beamforming for separate communication and
sensing waveforms was proposed, which provides extra DoF
and enhances sensing accuracy. However, all of these works
so far only considered the coexistence of radar sensing and
downlink communication signals. In practice, it might be
desired that a BS may serve multiple users simultaneously in
both downlink and uplink, i.e. full-duplex (FD) transmission,
for higher resource efficiency. While [3] explored FD ISAC

joint beamforming for downlink and uplink sum-rate opti-
mization, only one sensing target was considered. In practical
applications, scenarios involving simultaneous detection of
multiple targets near multiple users are highly likely, and ad-
dressing these challenges will enhance the system’s integration
and operational efficiency. The primary challenge of this is
mitigating interference between target echos and the likely
correlation between sensing and communication channels.

Furthermore, most resource allocation problems in ISAC
are non-convex due to the associated objective functions and
constraints, making them challenging to solve. In the literature,
these non-convex problems are often approximated as convex
problems using various relaxation techniques, such as semi-
definite relaxation (SDR) and function approximation such
as successive convex approximation (SCA) [3], [4]. However,
while these methods simplify the original problems, they may
lose some accuracy due to the approximations and matrices
decomposition. On the other hand, Genetic Algorithms (GAs)
[5] have been explored as an alternative approach in some
studies as they can handle non-convex problems directly with-
out requiring convex approximations. What sets our approach
apart is the use of a GA combined with a Generalized Rayleigh
Quotient (GRQ) optimization to reduce the complexity of
solving resource allocation problems, which will be detailed in
Section III. This combination represents a novel contribution
compared to existing methods that typically rely solely on
relaxation techniques.

Motivated by the challenges of FD ISAC and the complexity
of the corresponding optimization problems, this paper studies
an FD ISAC system where the base station (BS) transmits
signals to multiple downlink users and receives signals from
multiple uplink users, while simultaneously detecting multiple
targets. The objective is to maximize the total sum-rate of FD
communication (both downlink and uplink) under the sens-
ing signal-to-interference-plus-noise ratio (SINR) constraint
for reliable sensing performance. This balance is crucial in
applications requiring both high communication efficiency and
accurate sensing, such as autonomous systems and smart
environments [1]. The paper contributes a joint beamform-
ing strategy for the FD ISAC system, including managing
interference between uplink and downlink signals, integrating
communication and sensing tasks, and effectively allocating
power among all functions. A hybrid GRQ-GA approach is
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Fig. 1. ISAC-based scenario: for illustration purposes, different types of users
and targets are grouped and spatially separated. In practical scenarios, their
locations may vary randomly.
employed to derive solutions.Numerical results demonstrate
the method’s performance benefits over benchmark schemes,
provide insights into communication-sensing trade-offs, and
highlight the impacts of sensing requirements on beam pattern.
In the scope of this work, we focus on a narrowband, static
scenario and limit our sensing task to target detection, assum-
ing a monostatic radar integrated with BS. These assumptions
make the joint beamforming problem more tractable while still
being relevant to many practical applications, such as radar-
based object detection in controlled environments [1].

Notations: Matrices are represented by bold uppercase
letters, vectors by bold lowercase letters, and scalars by regular
font. We use (.)T and (.)H to denote the transpose and
the Hermitian transpose, respectively. IN stands for identity
matrix of size N ×N , and [.]a,b denotes the (a, b)-th entry of
a matrix. The imaginary unit is represented as i2 = −1, and
⊙ denotes the element-wise poroduct of two vectors.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System model

We consider a MIMO ISAC system as shown in Fig. 1,
where the BS has two separate antenna arrays: a transmit array
with Nt elements and a receive array with Nr elements. In this
setup, J represents the number of downlink users, K denotes
the number of uplink users, and M indicates the number
of sensing targets. The BS performs as both transmitter and
receiver. As a transmitter, the BS array sends downlink signals
to J single-antenna users while simultaneously performing
target detection on M targets using dedicated sensing signals.
As a receiver, the BS collects communication signals from K
uplink users as well as echo signals from targets for sensing.
The transmit and receive arrays are positioned closely to one
another, which means that the angles of the targets observed
by the receiver and transmitter are identical.

In this work, we assume prior knowledge that all users’
locations are known via the downlink synchronization process
compliant with the 5G NR protocol. It is also assumed that the
target positions are roughly estimated during beam scanning in
the downlink synchronization phase with additional dedicated
radar receiver integrated in the BS. After the aforementioned
synchronization phase, the proposed optimization produces
multiple transmit beams for simultaneous downlink communi-
cations and illuminating the target, as well as multiple receive
beams for simultaneous uplink communications and receiving
target echos.

First, let the joint transmit signal x ∈ CNt×1 be sent
from the BS for simultaneous sensing and downlink multi-user
communication given by:

x =

J∑
j=1

vc,jcj +

M∑
m=1

vs,msm, (1)

where vc,j ∈ CNt×1 and vs,m ∈ CNt×1 are the transmit
beamforming vectors towards downlink user j and target m,
respectively. Let cj be the dedicated downlink data symbol for
user j and sm denote the dedicated sensing signal for target
m. The data symbols c and s are assumed to have unit power
E{|cj |2} = 1,∀j,E{|sm|2} = 1,∀m, and are independent
with each other. The total BS transmit power is as follow:

Ptx =

J∑
j=1

∥vc,j∥2 +
M∑

m=1

∥vs,m∥2 . (2)

Let a(θ, ϕ) ∈ CN×1 be the steering vector of the array with
N elements corresponding to the angle (θ, ϕ)

a(θ, ϕ) =
1√
N

[exp(ik(θ, ϕ)u1), ..., exp(ik(θ, ϕ)un)]
T , (3)

where k(θ, ϕ) = 2π
λc
[sin(θ) cos(ϕ), sin(θ) sin(ϕ), cos(θ)]T de-

scribes the phase variation, λc is the carrier wavelength, and
un is the location vector of the n-th antenna element.

In real-world scenario, communication and sensing channels
are likely to be correlated. For example, radar targets may act
as clusters in communication channels. In these cases, it is nec-
essary to have a joint model to represent both communication
and sensing channels. Denote h(c)

DL,j ∈ CNt×1 as the channel
between the downlink user j-th and the BS. For simplicity, we
consider an ideal case where the sensing targets are treated
as clusters within the communication channel, without the
presence of additional background clusters. The channel can
be mathematically expressed as:

hj =
√
Nt(

λc

4πdbs,j
exp(

−i2πdbs,j
λc

)a
(tx)
j +

λc

(4π)3/2dbs,mdm,j

M∑
m=1

σm exp(
−i2π(dbs,m + dbs,j)

λc
)a(tx)

m ),

(4)
where dbs,j , dbs,m are the distance between the BS and user j-
th and target m-th, a(tx)

j and a(tx)
m ∈ CNt×1 are the transmit

steering vectors to the direction of the j-th user and m-th
target, respectively. σm represents radar cross section (RCS)
of the m-th target. The received signal at user j is represented
as

yDL,j = h
H
j vc,jcj+

J∑
j′=1,j′ ̸=j

hH
j vc,j′cj′+

M∑
m=1

hH
j vs,msm+nj .

(5)
This received downlink signal consists of four parts. The first
part corresponds to the desired signal aimed to user j. The
second and third part represent the interference from other
downlink users and the sensing signals, respectively. The last
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component is the additive white Gaussian noise (AWGN) at
user j with the variance of σ2

j .

Similarly, the uplink channel g(c),LoS
UL,k ∈ CNr×1 between

k-th user and the BS is modeled as:

gk =
√
Nr(

λc

4πdbs,k
exp(

−i2πdbs,k
λc

)a
(rx)
k +

λc

(4π)3/2dm,kdbs,m

M∑
m=1

σm exp(
−i2π(dm,k + dbs,m)

λc
)a(rx)

m ),

(6)
where dbs,k and a(rx)

k are the distance from the BS and the
receiving steering vector of the k-th uplink user, respectively.

Let tk represent the uplink symbol transmitted from user
k. We assume E{|tk|2} = 1. The average power of transmit
signal from user k is denoted as ek. Assume that the initial
target’s location is already estimated and known to the ISAC
system. By combining the uplink signals, sensing reflected
signals, and the SI signal, all of which are assumed to be
uncorrelated with each other, the received signal at the BS can
be expressed as follows:

y =

K∑
k=1

gk
√
ektk +

M∑
m=1

αmAmx+HSIx+ nBS , (7)

where Am = a
(rx)
m a

(tx)H
m with a(rx)

m and a(tx)
m are the

receive and transmit beamforming vectors toward the m-th
user, respectively. αm is the complex gain of the m-th target,
consisting of antenna gains, two-way path loss, and RCS,
which can be expressed as follows:

αm =
√

NtNr
λcσm

(4π)3/2dbs,m
2 exp(

−i2π(2dbs,m)

λc
), (8)

The sensing reflected signals from different targets and
received signals from uplink users are assumed to be uncor-
related with each other. HSI ∈ CNr×Nt denotes the self-
interference channel (SI) from the transmitter to the receiver
of the BS. The SI channel is modeled following the approach
of [3] as

[HSI]a,b =
√
ηa,b exp(

−i2πda,b
λc

), (9)

where ηa,b and da,b are the channel gain and distance between
the a-th receive antenna element and the b-th transmit antenna
element, respectively.

1) Performance metrics: The downlink communication, the
SINR of the user j is

γDL,j =

∣∣∣hH
j vc,j

∣∣∣2∑J
j′=1,j′ ̸=j |h

H
j vc,j′ |2 +

∑M
m=1 |h

H
j vs,m|2 + σ2

j

,

(10)
For the received signal in the BS, a receive beamformer

ws,m ∈ CNr×1 is applied to restore the desired target sensing

signal m. Therefore, the SINR of sensing target m is calculated
as

γrad,m =

|wH
s,mαmAmvs,m|2

wH
s,m(

∑
R̂AD

+
∑

UL +
∑

DL +ξ + σ2
BSINr )ws,m

,
(11)

where
∑

R̂AD
=

∑M
m′=1,m′ ̸=m |αm′A(θm′ , ϕm′)vs,m′ |2

represents the summation of sensing echoes from other
m′ targets.

∑
UL =

∑K
k=1 ekgkg

H
k denotes the interfer-

ence from uplink transmission of all K users,
∑

DL =∑M
m=1 |αmA(θm, ϕm)

∑J
j=1 vc,j |2 represents the interference

of downlink signals reflected by all M targets, and ξ =
|HSIx|2 indicates the self-interference in FD BS.

Similarly, to obtain the dedicated uplink signal of the user
k, we apply the receive beamformers wc,k ∈ CNr×1 to the
received signal in the BS. We derive the SINR of uplink k-th
user as

γUL,k =

∣∣∣wH
c,kgktk

∣∣∣2
wH

c,k(
∑

ÛL
+
∑

rad +
∑

DL +ξ + σ2
BSINr

)wc,k
,

(12)
where the interference of other k′ uplink transmis-
sions is

∑
ÛL

=
∑K

k′=1,k′ ̸=k ekgk′gHk′ , and
∑

rad =∑M
m=1 |αmA(θm, ϕm)vs,m|2 represents the sumation of sens-

ing interference reflected from all M targets.

B. Problem formulation

We employ spectral efficiency for the evaluation of uplink
and downlink communication performance. For the evaluation
of sensing performance, we apply per-target SINR’s, which
could be further translated into detection probability assum-
ing certain sensing waveforms [6]. Let τDL and τUL be the
spectral efficiency of downlink and uplink communications,
respectively, which can be represented as

τDL =

J∑
j=1

log2(1+γDL,j), τUL =

K∑
k=1

log2(1+γUL,k). (13)

The objective is to maximize the spectral efficiency of both
downlink and uplink communication, for which the problem
will be formulated as follows:

maximize
{vc,j},{vs,m},{ek}

{wc,k},{ws,m}

ρτDL + (1− ρ)τUL, (14a)

s.t γrad,m ≥ µrad,m, ∀m, (14b)
γDL,j ≥ µDL,j,∀j, γUL,k ≥ µUL,k,∀k, (14c)
Ptx ≤ Pmax, ek ≤ Pk, ∀k, (14d)

∥vc,j∥2 ≤ P0,∀j, ∥vs,m∥2 ≤ P0,∀m, (14e)

where ρ is the tradeoff parameter between downlink and
uplink communication. Constraints (14b) and (14c) ensure the
minimum SINR requirements for sensing and communication
performance, where µrad, µDL and µUL denote the minimum
acceptable SINR for each target, downlink user and uplink
user, respectively. Constraint (14d) ensures the maximum
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transmit power and the power constraint of each uplink user,
and (14e) limits the maximum power per antenna element.

III. JOINT FD BEAMFORMING

In this section, we tackle the non-convex problem as shown
in (14). We first use the GRQ to find the closed-form solutions
for obtaining optimal receive beamformers of sensing ws and
uplink communication wc. These results are then substituted
back into the original problem (14), which effectively frees
the receive beamformer vectors from the optimized variables.
Then, we solve the equivalent problem using GA.

A. Closed-form solutions for receive beamformers

Note that the receive beamformer vectors of sensing {ws,m}
does not affect the objective function of (14) and wc,k only
has effects on γUL,k. First, let us rewrite the sensing SINR of
the m-th target (11) as

γrad,m = |αm|2 a(rx)H
m vsv

H
s a

(tx)
m

×
wH

s,ma
(rx)
m a

(rx)H
m ws,m

wH
s,mDws,m

,
(15)

where D = (
∑

R̂AD
+
∑

UL +
∑

DL +ξ + σ2
BSINr

) and E =
(
∑

ÛL
+
∑

rad +
∑

DL +ξ+σ2
BSINr

). The uplink SINR of the
k-th user in (12) is

γUL,k =ek ×
wH

c,kgkg
H
k wc,k

wH
c,kEwc,k

, (16)

It can be observed that the problems in (15) and (16) are
instances of the GRQ. As shown in [7], γrad,m and γUL,k can
achieve their maximum values with the optimal solutions for
{ws,m} and {wc,k}, respectively, as follows:

w∗
s,m =D−1a(rx)

m , w∗
c,k = E−1gk, (17)

Substituting the optimal solutions of w∗
s,m and w∗

c,k obtained
in (17) into (15) and (16), we come to the following optimal
SINR expressions:

γrad,m = |αm|2 a(tx)H
m vs,mv

H
s,ma

(tx)
m

× a(rx)H
m D−1a(rx)

m ,
(18)

γUL,k =ekg
H
k E

−1gk, (19)

B. Floating point Genetic Algorithm-based optimization

GA is an optimization algorithm inspired by the principles
of natural selection and biological evolution [5]. It evolves a
population of potential solutions through three main processes:
selection, crossover, and mutation. The floating-point GA is
more efficient for continuous variables than the standard GA,
which relies on binary encoding and decoding. Additionally,
the floating-point GA offers higher precision by searching the
entire solution space rather than just discrete points, as with
the standard GA.

Since a GA can only deal with real variables, the transmit
beamformer vectors vc and vs will first be decomposed into
amplitude parts and phase parts:

vc,j = ψc,j ⊙ exp(iβc,j),∀j ∈ J,

vs,m = ψs,m ⊙ exp(iβs,m),∀m ∈ M,
(20)

where ψc,j ,ψs,m ∈ CNt×1, and βc.j ,βs,m ∈ CNt×1 rep-
resent the amplitudes and phases of transmit beamforming
vectors of downlink user j and sensing target m, respectively.
To initiate the population, each gene will be expressed by a
floating-point number within an interval. For the phase of each
transmit beamformer, the interval will be taken as [0, 2π), and
for the amplitudes, the interval will be [0,

√
P0]. Lastly, the

interval of uplink power ek will be [0, Pk], where P0, Pk is
maximum power of per-antenna and uplink transmission. The
population of candidate solutions is randomly initialized within
the predefined range.

To evaluate the performance of each candidate solution
against the optimization objective, the fitness score is calcu-
lated as in (14) at each iteration, with constraints addressed
using penalty functions [8]. According to [9], binary tourna-
ment selection offers lower time complexity while achieving
similar performance to linear ranking selection. Two random
solutions are selected from the population, with the candidate
having the higher fitness score chosen for reproduction and the
lower fitness score discarded.

In a floating-point GA, new variables in the offspring are
generated by combining two parent solutions. Denote pm,n and
pf,n as the n-th variable in the mother and father chromosome,
respectively. The value of the new single offspring variable,
pnew, is created by performing scattered crossover:

pnew = ζpm,n + (1− ζ)pf,n, (21)

where ζ is a random number on the interval [0, 1]. To perform
the mutation operator, a random element In of a random parent
is selected and replaced with a new random variable within the
specified lower and upper bounds.

The overall complexity of algorithm is approximately
O
(
ImaxNmax((M +J)Nt+K)((K+M)N3

r +KN2
r +(J+

M)N2
t + (M + K)NtNr)

)
≈ O

(
ImaxNmax(M + J)(M +

K)NtN
3
r

)
if Nt, Nr ≫ J,K,M , and Imax is the number

of iteration, Nmax is the population size. With the number
of receive antennas Nr increases, the algorithm’s complexity
grows rapidly.

C. Baseline scenarios
To show the advantages of the proposed GA-based approach,

we consider the following two baseline scenarios:
1) Communication-Only scenario: In this baseline scenario,

an FD communication-only system is considered. As there
are no sensing functionalities, this baseline scenario can help
to evaluate how effective the communication and sensing
integration is and serve as the upperbound for the commu-
nication performance. The corresponding algorithms for this
FD communication system were proposed in [10].
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TABLE I
GENETIC ALGORITHM SETUP PARAMETERS

Parameter Value
Population size 200

Elite count 10
Crossover ratio 0.8

Maximum generation 50

2) ISAC with TDD HD communication: To show the ad-
vantages of FD system, we consider a time-division duplex
(TDD) system for comparison, where downlink and uplink
communications are scheduled in separated time slots, while
the BS continuously performs sensing function with separate
sensing signals. This implies that the (downlink) sensing
signals coexists with either downlink communication signal or
uplink communication signal, but not both simultaneously. The
communication performance will be average of those achieved
in two different types of time slots (uplink communication
plus sensing, and downlink communication plus sensing). The
optimization problems can be solved using methods in [10]
with some necessary modifications.

3) SDR-SCA: The algorithm adopted in [3] is considered
as a benchmark for FD ISAC with simultaneous up/down-
links and sensing. It is important to note that the SCA-SDR
algorithm did not investigate the multi-target scenarios.

IV. NUMERICAL RESULTS

As reported in [11], the circular array antenna achieved
better spatial resolution, a narrower beam, and deeper nulls
compared to the planar array with the same number of ele-
ments. Therefore, for a better beamforming performance, we
choose the circular array antenna as the antenna model in
simulations with Nt = Nr = 32 elements for its transmitter
and receiver. The BS serves J = 2 downlink users, K = 2
uplink users and the number of sensed target M is varied
from 1 to 4. The system operates at 39 GHz. To have a
flat fading channel [12], the bandwidth is set to 10 MHz
which corresponds to a noise power of −103.78 dBm at room
temperature. For simplicity, we assume a noise figure of 9
dB [13] to all users, and the RCS of 0 dBm2 for all targets.
Additionally, all DL users are positioned 250 m from the BS,
UL users are located 200 m away, and targets are situated
100 m from the BS. The tradeoff parameter is set to ρ = 0.5,
representing that downlink and uplink communication have
the same weight. The power budget of the BS, per antenna
power, and maximum power of each uplink user is considered
as Pmax = 17 dBW, P0 = Pk = 1 dBW, respectively [14].
The simulation parameters for the GA are presented in Table I.
The minimum SINR’s of downlink and uplink communications
are set to µDL,j = 12 dB ∀j, µUL,k = 10 dB, ∀k [3], and the
minimum SINR of the sensing tasks µrad,m is varying from
14 to 20 dB, ∀m. Results are averaged over 200 Monte Carlo
simulations to address the randomness of GA as a stochastic
optimizer.

Fig. 2. Multi-user capacity versus SINR threshold µrad with J = 2, K = 2.

(a) Azimuth plane θ = 20◦ (b) Elevation plane ϕ = 0◦

Fig. 3. Beam pattern of target 1 with required SINR µrad = 14 dB.

(a) Azimuth plane θ = 20◦ (b) Elevation plane ϕ = 0◦

Fig. 4. Beam pattern of target 1 with required SINR µrad = 20 dB.

As reported in [6], a higher sensing SINR leads to an
increased probability of detection, thereby improving the sys-
tem’s sensing performance. Fig. 2 examines the sum rate of
downlink and uplink communication versus the sensing SINR
threshold µrad, demonstrating the tradeoffs between commu-
nication performance and sensing performance. The sum rate
of the Communication-Only baseline remains unchanged as it
does not consider the sensing constraints, and thus serves as
the upper bound for the ISAC communication performance.
For all other algorithms, As µrad increases, the sum rates
decrease, as higher sensing demands require more power to
be allocated to sensing within the ISAC system, leading to
reduced communication performance. In the scenario with
1 target, the proposed GRQ-GA algorithm nearly matches
the same performance as the Communication-Only case and
achieves a 98% gain over the TDD HD scheme at SINR
requirement of 14 dB, highlighting the advantages of the
proposed FD ISAC system over its HD ISAC alternatives.
Additionally, our proposed algorithm demonstrates a slightly
higher performance compared to the SCA-SDR algorithm in
the single-target scenario as the later suffers from approxi-
mation loss. Unlike SCA-SDR algorithm, which is limited to
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single-target applications, our algorithm is capable of handling
multi-target scenarios, highlighting its broader applications.

When investigating the effect of increasing number of targets
while keeping the number of users fixed, it is observed that
the sum rates for communication decrease, as expected. This
decline is due to the additional power required for sensing
to maintain the desired sensing performance. At a sensing
requirement of 20 dB, corresponding to 99% of detection rate
[6], increasing the number of targets from 1 to 2 and then to
3 results in a reduction in the sum rate by 3.3 bps/Hz and
9.1 bps/Hz, respectively. This provides valuable insights: as
the number of targets increases, to maintain sensing SINR for
all targets, the damage to the communication performance in-
creases due to the inter-target interference. Preserving commu-
nication performance, on the other hand, requires adjustments
to other parameters, such as increasing power or bandwidth.

Fig. 3 and 4 shows the transmit beam pattern, receive and
two-way beam pattern gain of target 1’s receiver at different
sensing SINR requirement of 14 dB and 20 dB in Azimuth
plane and Elevation plane, which are defined by:

ptx(ϕ, θ) = |a(tx)(ϕ, θ)x|2,
p1,rx(ϕ, θ) = |w∗

s,1
Ha(rx)(ϕ, θ)|2,

p1(ϕ, θ) = |w∗
s,1

HA(ϕ, θ)x|2.
(22)

Note that the transmit beam is the sum of individual transmit
beams, and the receive beam for target 1 is extracted from
the overall sum receive beam. First, we examine the transmit
beam pattern. With a lower sensing SINR requirement of 14
dB, the beam prioritizes the downlink user to maximize the
communication sum rate, as the beam peak aligning with the
downlink user’s position in the Elevation plane. Additionally,
a slight notch is noticed in the transmit beam in the target’s
direction on the Elevation plane to mitigate some of the
interference caused by the sensing target to the communication
user. When the sensing SINR requirement is increased to 20
dB, we observe a stronger gain in the target’s direction, as
higher power is needed to meet the sensing’s requirements.
Next, regarding the receive beam pattern, it can be seen that
the peak is directed toward the desired target, while nulls are
placed in the directions of other targets and users to suppress
interference. Finally, the two-way beam pattern, which com-
bines the transmit and receive beams. It can be seen that the
beamforming strategy was effectively put nulls in the users and
other targets’ direction to mitigate the interference. The peak
gain toward the target depends on the sensing requirement.
For the 14 dB requirement, the peak gain was recorded at 5.7
dB with a side-lobe level (SLL) of 6.8 dB, and for the 20 dB
requirement, the peak gain and SLL increased to 12 dB and
15 dB in the Azimuth plane, respectively.

V. CONCLUSION

In this paper, we examine joint beamforming optimization
involving multiple users and multiple targets for an FD ISAC
system. We formulate an optimization problem to maximize
the total sum-rate of uplink and downlink communications

while imposing SINR constraints for each target and user. First,
we present a closed-form solution for obtaining the optimal
receive beamformers using GRQ optimization, followed by
solving the overall optimization using the floating-point GA
approach. Numerical results show a 98% improvement in sum-
rate compared to the HD ISAC system, while achieving nearly
the same performance as the communication-only system and
having better performance compared to SDR-SCA algorithm
in single target scenario. Additionally, when the number of
targets increases, to maintain sensing SINR for all targets,
the damage to the communication performance increases due
to the inter-target interference. Also, the impacts of sensing
requirement to beam pattern are studied, showing that higher
sensing requirement demands increased peak gain and SLL.
Further work can be extended to cover frequency-selective
channels in wideband and dynamic scenarios.
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