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Accelerated Fractional Programming for Multi-User ISAC Beamforming
Optimization With Per-Group Power Constraints
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Abstract—This letter presents an efficient beamforming solu-
tion for a multi-user integrated sensing and communication
(ISAC) system. The problem of optimizing ISAC beamforming
vectors is formulated to maximize a weighted sum of communica-
tion sum-rate and radar sensing signal-to-interference-plus-noise
ratio (SINR), subject to arbitrary per-group power constraints
(PGPCs). To address the non-convexity, we employ fractional
programming (FP) approach, transforming the original problem
into a series of convex subproblems with fixed auxiliary variables.
To avoid dependence on convex optimization tools, we propose an
accelerated FP (A-FP) scheme that partitions the beamforming
vectors into block variables, which are sequentially optimized
with closed-form solutions for each block. Numerical results
demonstrate that the A-FP scheme achieves almost identical
performance to the FP scheme, while significantly reducing
computational complexity.

Index Terms—Integrated sensing and communication, multi-
user, beamforming, fractional programming.

I. INTRODUCTION

NTEGRATED sensing and communication (ISAC), where

communication and sensing systems share both spectrum
resources and hardware platforms, is envisioned as a key
enabler for sixth-generation (6G) wireless systems [1], [2],
[31, [4], [51, [6], [7]. Extensive research efforts have focused
on addressing ISAC design challenges, including ISAC
beamforming optimization. Unlike traditional communication-
oriented beamforming, which primarily focused on maximizing
data rates, ISAC beamforming aims to optimize beamforming
vectors to jointly enhance the communication and radar sensing
performance. For radar sensing, various sensing metrics have
been considered in the literature, including beampattern match-
ing error [2], [7], Cramér-Rao bound (CRB) for target parameter
estimation [3], and target sensing signal-to-interference-plus-
noise ratio (SINR), also referred to as radar SINR or
signal-to-clutter-plus-noise ratio (SCNR) [4], [5], [6], [7].

A key challenge in designing ISAC beamforming in practical
systems is the high computational complexity of optimization
algorithms. Most existing works [2], [3], [4], [5], [6] derive
optimal or locally optimal solutions by converting non-convex
problems into sequences of convex problems, which are then
solved using optimization tools such as CVX [8]. A recent
work [7] proposed an efficient ISAC beamforming method based
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on generalized power iteration (GPI), which updates beam-
forming vectors by solving eigenproblems instead of relying
on optimization solvers. However, the GPI approach primarily
focuses on sum-power constraint (SPC), and extending it to
optimize ISAC beamforming under arbitrary per-group power
constraints (PGPCs) is challenging due to the complexity of
handling eigenproblems in this context.

In practical systems, base station (BS) antennas are often
powered by separate amplifiers [9] or grouped into sectors [10]
to enhance operational efficiency. PGPCs naturally arise
in such configurations, encompassing SPC and per-antenna
power constraints (PAPCs) as special cases. Additionally,
PGPCs are relevant in distributed antenna systems such as cell-
free massive multiple-input multiple-output (MIMO), where
radio frequency (RF) power sharing across transmission points
is infeasible. Beamforming optimization under PGPCs has
been studied for communication systems [11], [12], [13], but
its application to ISAC remains an open challenge.

In this letter, we develop an efficient optimization algorithm
for multi-user ISAC beamforming with arbitrary PGPCs. We
formulate the problem of maximizing a weighted sum of
communication sum-rate and radar sensing SINR, subject to
PGPCs. To address the non-convexity of the problem, we
employ the fractional programming (FP) approach [14], which
transforms fractional functions into a linear combination of
affine and quadratic functions using auxiliary variables. With
fixed auxiliary variables, the transformed problem becomes
convex, enabling alternate optimization of beamforming vec-
tors and auxiliary variables to achieve a locally optimal
solution. However, solving for beamforming vectors requires
optimization solvers, leading to high complexity.

To address this complexity, we propose an acceler-
ated implementation of the FP algorithm, inspired by
the reduced weighted mean squared error (R-WMMSE)
approach [13], [15]. While R-WMMSE was designed to
reduce the complexity of conventional WMMSE algorithms in
communication systems, our accelerated FP (A-FP) algorithm
is tailored for the more general ISAC beamforming problem.
We partition the beamforming weights into block variables
based on antenna group indices associated with PGPCs. These
block variables are sequentially optimized, rather than jointly,
with each solution obtained in closed form using Lagrangian
duality. Numerical results validate that the proposed A-FP
achieves performance nearly identical to the FP method while
significantly reducing computational complexity.

The main contributions are summarized as follows:

e We propose a novel optimization framework for ISAC

beamforming under practical PGPCs.

e We develop an accelerated FP algorithm that reduces

computational complexity while achieving near-optimal
performance compared to conventional FP methods.
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o We validate the proposed algorithm through numerical
simulations, demonstrating its effectiveness in optimizing
ISAC beamforming with PGPCs.

II. SYSTEM MODEL

We consider an ISAC system, in which a BS equipped
with N7 transmit antennas simultaneously sends independent
messages to K single-antenna user equipments (UEs) and
senses a nearby point-like target by processing a reflected echo
signal received by Np receive antennas.

A. Signal and Channel Model

Letting x € CNT denote the signal vector transmitted by
the BS, the received signal y;, at communication UE k € K £
{1,2,..., K} is expressed as

yC =hx+ 2C, (1)
where hy, € CNT is the channel vector from the BS to UE k,
and z; ~ CN(0,0%,) represents the additive noise.

The BS receives an echo signal vector yS € CNr, which is

reflected by the environment, including the target and clutters.
The observed echo signal y® is modeled as

y* =Gox+ ) Gumx+ Gsx +12°, )
meM

where Go € CNEXNT g the target response matrix, G, €
CNeXNT for m e M £ {1,2,..., M} are the target-free
clutter channel matrices, Gg; € CNEXNT s the self-
interference (SI) channel matrix, and z° ~ CA/(0, 0‘231) is the
additive noise vector. Each reflection matrix G, m € {0}UM,
is given by G, = amaR(Gm)(aT(ﬁm))H [7], where ayy, ~
CN(0, ag7m) is the complex reflection coefficient accounting
for pathloss and radar cross-section, 6y, is the azimuth angle
of arrival (AoA) of the target (m = 0) or the mth scatterer
(meM=2{1,2,...,M}), and ar(-) € CN& and arp(-) €
CNT are the receive and transmit steering vectors, respectively.
Assuming that the BS employs uniform linear arrays (ULAs)
with half-wavelength spacing for both the transmitter and
receiver, ax(0) for X € {T,R} is given by ax(0) =
(1//Nx)[1, eimisin(@) eim(Nx—1)sin(0)] T Wwe focus on
the data transmission and radar tracking phase, which operates
after an initial beam sweeping phase. Accordingly, we assume
that the reflection coefficients {am}%zo and the AoAs
{0m}M_, have been estimated through the beam sweeping
process and are known at the BS [4], [6], [7].

The transmitted signal vector X is generated through ISAC
beamforming, expressed as

X:Zv,?skoJerfslS, 3)
kel lel

where skc € C represents the data symbol intended for UE
k, slS € C denotes the Ith signal stream dedicated to radar
sensing, and v,? € CNT and vlS € CNT are the correspond-
ing beamforming vectors for skc and sf , respectively. It is
assumed that both skc and slS are independent zero-mean and
unit-variance signals. The set of radar sensing stream indices
is denoted by £ = {1,2,..., L} with L being the number of
radar sensing streams.

We impose general PGPCs on the transmitted signal vec-
tor x. Specifically, we partition the set of transmit antenna
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indices N 2 {1,2,...,Np} into G antenna groups
Nrpi,...,Np ¢ such that U?:lNT,g = Np and Np g N
Nr,g, =0, Vg1 # go. Notably, the described PGPCs include
SPC and PAPCs as special cases, since the SPC corresponds
to G = 1 with N'p; = N, while the PAPCs are modeled
by G = Np with Np; = {i}, Vi € Np. Under the defined
antenna groups, the PGPCs are stated as

2 2
ZHEfv,SH +ZHE§1fo <P, Vgeg, &
kel lel

where G £ {1,2,..., G} denotes the set of antenna group
indices, P, is the power budget for the gth antenna group, and
E,; ¢ CNT*N7,9 is a submatrix of the identity matrix In,
that takes only the ith columns for the gth antenna group, i.e.,
i € N4, where Ny g = [Np gl

B. Communication and Sensing Performance Metrics

For given beamforming vectors v = {V/gC’}kGIC u {VIS}ZEL,
the data rate ch for each UE £ is given by

R = £C(v) = logy [ 1+ nf v )
k E\V 089 IF]?(V)—I—O'% )
where we have defined the interference power IF]?(V) =
Dok ek\{k} |thvkq\2 + Dier |h£1vls\2 encountered when
decoding the signal skc at UE k.
In the presence of clutter signals, the sensing SINR, also
referred to as SCNR, serves as a widely used performance
metric for radar sensing [4], [5], [6], [7]. It is defined as

2 _
s E[leox’] Gl
SINR® (V) = oo o gor = @ o ooy
IGax[I?] + E[[z5]2]  [|Ga¥? + o0& NR
_ _ -1
= VHG(IJ{[(HGcIVHQ+U?€NR)I(K+L)NR] Gov, (6)
where v = [(Vlc)H s (VIC;)H (Vig)H T (VE)H]H €

COK+DNT, Gy = T, ® Go € CUHRINaX(HKINT gng
Gcl = I 1L ® Gy € CULAK)NrX(L+E)NT yith Gy =
> mem Gm+Gsr denoting the clutter-plus-SI channel matrix.

III. FP-BASED ISAC BEAMFORMING OPTIMIZATION

In this section, we address the optimization of the ISAC
beamforming vectors v by employing the FP approach intro-
duced in [14]. As the ISAC beamforming simultaneously
concerns two distinct objectives for communication and sens-
ing, we define the objective function as a weighted sum' of
the communication sum-rate ), i fkc(v) and the sensing
SINR defined in (6). Accordingly, the ISAC beamforming
optimization problem is formulated as

max. pg > HE @) + (1= pe)SINR? (v) (7
kel

2 2
s.t. Z HE?V,?H + ZHE?VZSH < Py, Vgeg,
kel leL

where po € [0,1] is a predetermined weighting factor that
controls the tradeoff between communication and sensing
performance achieved by the solution of (7). A higher po

IWe can instead consider maximizing the sensing SINR while satisfying
minimum data rate constraints. The FP approach applies directly to this
problem, but extending the A-FP scheme in Section IV is not straightforward.
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Algorithm 1 FP Algorithm for Problem (7)

1 initialize:

2 Set v to arbitrary beamforming vectors that satisfy the PGPCs (4)
and calculate the objective value fOld — PO 2kek fk v)+(1-

pC)SINR (v) with the initialized v.

3 repeat

4 Update the auxiliary variables y and A according to (8).

5 Update the beamforming vectors v as a solution of the problem
(9) for fixed y and A, and calculate the objective value fIS% <«

obj
pe ke fiE (v) + ) (1 — p¢)SINR® (v) with the updated v.
6 until |/} new

1d
d<s. ! (Otherwise, set fbJ — J5)

ob]

prioritizes the maximization of the communication sum-rate,
potentially at a sacrifice of the sensing SINR.

The objective function of (7) is non-convex due to its
fractional nature. Fortunately, however, it has a structure
amenable to the FP approach [14]. Utilizing the matrix
quadratic transform [14, Th. 1] and the matrix Lagrangian dual
transform [14, Th. 2], we derive lower bounds on each term
fkc (v) and SINR®(v) in the objective function as

) > f° (v,y,f, A,?), and SINRS (v) > 5 (v,xs),

where ch > 0, )\,? € C and A% € CE+LDNE gre auxiliary
variables, and the functions fkc(v, ’yko , )\ko) and ka (v,A5) are
defined as

fko("”k'c”\kc>:1°g2<1+wkc>f1n2 In2

o\H, ¢ Cl2(WHC 12 o rC 2
<2Re{<vk) AL} = A (v P e (v)+ac)),
79 (vA%) = 2Re (#H &A%} — )2 (| Gav) + 02 NR).

These lower bounds become tight when the auxiliary variables

vko , )\,? and A° are optimally chosen as
A = e[ /(B ) + %), (8)
A =yl /(v [P + TP () + 0% ), 8b)
= Gov/(I1Gav|* + 3 Nr)- (80)

Leveraging these lower bounds, we can equivalently refor-
mulate the original problem (7) as

max. po Y J (mGc, Akc) +(1—po)ff (v,ls) ©)
kek

2 2
s.t. ZHEkaCH +ZHE§IVZSH < Py, Vgeg,
kel lel

where y = {WkC}kelc and A = {)\g}kelc U {15} denote the
sets of auxiliary variables.

Although the problem (9) still remains non-convex, it
becomes convex with respect to v when the auxiliary variables
y and A are fixed. Moreover, the optimal values of y and
A for a given v can be directly obtained from (8). This
observation allows us to derive an iterative algorithm that
alternates between updating the primal beamforming variables
v and the auxiliary variables y and A. This iterative process
guarantees monotonically non-decreasing objective values,
ensuring convergence to a local optimum. The detailed steps of
the iterative algorithm are summarized in Algorithm 1. When
updating the beamforming vectors v at Step 5 of each iteration,
the convex problem can be solved by using standard convex
optimization tools such as CVX [8].

IEEE WIRELESS COMMUNICATIONS LETTERS, VOL. 14, NO. 4, APRIL 2025

Remark 1: We have applied both the matrix quadratic trans-
form [14, Th. 1] and the matrix Lagrangian dual transform [14,
Th. 2] to derive the problem (9). If sensing is not considered
(i.e., pc = 1), only the latter transform [14, Th. 2] is required.

IV. ACCELERATING FP-BASED OPTIMIZATION

A key challenge in the FP-based optimization in Section III
is its high computational complexity, primarily due to the
convex optimization required in Step 5 of Algorithm 1. To
mitigate this, we propose an accelerated version, the A-FP
scheme, which replaces the convex optimization step with
sequential closed-form updates for each antenna group.

A. Accelerated FP With Per-Group Closed-Form Updates

To accelerate the beamforming update process, we
draw inspiration from the R-WMMSE approach [13], [15],
which was developed aiming to reduce the complexity
inherent in conventional WMMSE algorithms. Unlike exist-
ing R-WMMSE approaches, which focused primarily on
communication-oriented beamforming problems, our A-FP
algorithm is designed for more general ISAC beamforming
optimization problem.

To elaborate, we define a vector Va,g € CEFLNT, g that
aggregates the beamforming vectors corresponding to the gth
antenna group as

o= [06)" (%) (1) (2)"]) " a0
where vkcj e CN719 and Vfg

v,? and vy, respectively, corresponding to the antenna indices

in NV T,g:

The key difference in the A-FP scheme lies in Step 5 of
Algorithm 1. Instead of jointly optimizing all beamforming
vectors v for fixed auxiliary variables y and A, we alter-
nately optimize the G block variables v41,v492,...,v4 G-
Specifically, we seek closed-form solution for optimizing each
block variable v, for fixed others. To achieve this, we express
the objective function in the problem (9) with respect to
VA,g as

pc Y fkc(vm?,/\;?) +(1- pc)fS(v,XS)
ke
7V1]4~1[,gQ9VA:9 -

€ CNTy are subvectors of

2Re {b/vay} + g, a1

where ¢, is a constant not affected by v, 4, and Q, €
CE+DNr < (K+L)Nrg and b, € CEFDNTy are
defined as
pC
Q= £S5 (144 ) AF1PQL + (1= po) 425,
ke
pC 9 C\uC
97 In2 (1 % ) ["\k *bg, (/\k )Eg,khk,g}
kel

+(1 = pe) [R5 (Im @ Gfl, )25,
with Qc:k’Qg e CK+L)N7 gx(K+L)Nr g and bﬁwbﬁ
CE+L)NT,g given by

Q= 3 Bf i b, (Bf k') + DB i ghtl (B5)"

kel leL
Z c c Z S H
E chlg cl,g Egk + E ]GLl] clg ) )
ke lel
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Algorithm 2 Accelerated FP (A-FP) Algorithm

1 Initialize:
2 Set v to arbitrary beamforming vectors that satisfy the PGPCs (4)
and calculate the objective value fOld — PO 2kek fk v)+(1-

pC)SINR (v) with the initialized v.
3 Repeat
4 Update the auxiliary variables y and A according to (8).
5Forg<«<1to G
Update v 4 , according to (13) with the optimal /\g found
via the bisection method, and calculate the ob]ectlve

value 32 — po Yper £ (V) + (1= po)SINRT (v)
with the updated V.
End
6 until |5V — £ < 5. 9 (Otherwise, set £ « f3%)

C C C S S
by = (Z Ag By +ZA9,ME9J> by, g,

ke leL
=D EOuGily D CGagviy
keK 9'€9\{g}
TO_ELGd, D CGagviy:
leL 9'€G\{g}
H C
Here we have defined Agkk’ > g'ea\{g} Mk Vg
and A3 okl = Zg 'eG\{g} kg’vlsg/ and the subvectors and

submatrlces corresponding to the gth antenna group Np g s
N H N
hkg—Eth(CTflvkg E; kE(CT'Jvlg:
EHvzg e CNr.g, Goy = GoEy € CNRXNT@ and G g =
GaE, € CNexNro  Also, EC e CE+LNr xNr,g

and ES e CK+L)NT, WX Nr are defined as EC
S _
[O(k 1)NT XNTQINTQO(K*kd*L)NTqXNT ] and E =
H H
[0(K+l 1)Np XNTgINTgO(L )Nz, xNr.g ] respectwely

Consequentf , the optimization of the beamformlng weights
v4,q associated with the antenna group g for fixed other
beamforming weights {v 4 } g'€G\{¢} and auxiliary variables
y and A can be formulated as

Igljn.vi{gngA’g +2Re {bvayg} s.t. ||vA,g||2 < Py. (12)
29

Since Q4 = 0, the problem (12) is a convex quadratic problem.
By applying Lagrangian duality, the optimal solution is given
in a closed form as

—1

- (Qg + M?I(KJFL)NT,S,) by,
where the optimal Lagrange multiplier p% is given by the
smallest value of ug > 0 satisfying the constraint [|(Qq +
tol(k LNy ,) “Ibg||2 < P,. Such a value Mg can be
efficiently found usmg the blsectlon method, as |[(Qq +
tol(k 1 L)Ny, ~1b,||? monotonically decreases with (4. The
complete A- Ff’ algorithm is described in Algorithm 2.

Remark 2: If multiple targets are involved, the sensing
metric can defined as the sum of sensing SINRs across all
targets. The fractional structure of this metric remains intact,
allowing the FP and A-FP algorithms to be readily extended
to this scenario.

VA,g = (13)

B. Complexity Analysis

The complexity of Algorithm 1, which relies on solving the
convex problem in Step 5, is upper bounded by O(nv(n%/ +
nop)) [16, p. 4], where n, is the number of optimization
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variables, and np is the number of arithmetic operations
required to compute the objective and constraint functions.
Assuming N7 , = N7 /G, Vg € G, they are given by n, =
O((K+L)N7) and ng = O(K (K +L)2NyNg). This results
in an overall complexity of O((K + L)*NZ%) for Step 5,
assuming N7 = Np.

In contrast, the A-FP scheme in Algorithm 2 significantly
reduces computational complexity by avoiding the need to
solve a general convex problem in Step 5. Instead, it performs
closed-form computations through per-group beamforming
updates. Specifically, the complexity of updating v 4 , for each
antenna group g 1s dominated by the matrix inversion (Qg +
/Lgl( K+L)Np, )~L. Utilizing the block-diagonal structure of
the matrix, which consists of (K + L) blocks each of size
(N7 /@G), the complexity of this operation is given by O((K +

L)N2./G3). Since there are G antenna groups, the overall
complexity is O((K + L)N3./G?). Compared to the FP
scheme, the A-FP scheme reduces the computational burden
by lowering all the orders of K, L, and Ny.

V. NUMERICAL RESULTS

In this section, we assess the communication and sensing
performance of the proposed FP and A-FP schemes. For
the antenna groups, we set Ny, = Np/G with NTJ =
{(g =1)Np/G+1,...,9Np/G} for all g € G. We assume
symmetric power budgets across antenna groups, i.e., P,
P/ G, Vg € G, where Py, denotes the total transmit
power budget of the ISAC BS. We adopt a Rician fading
channel model for communication UEs, where each channel

vector hy is modeled as hy, = +/ko/(ko + 1) +
V1/(ko + 1)th°S. Here ko > 0 represents the Rician
factor, and ht® = ap(0¢) and WS ~ CAN(0,Iy,)
denote the LoS and non-LoS components, respectively, with
19,? being the azimuth angle of departure (AoD) for UE
k. Following [17], the SI channel is modeled as Gg; ~
CN(yJodksi/ (1 + kst)Gst, 031/ (1 + rsi)In,n,) with the
Rician factor kg1 > 0, a deterministic component Gg; having
all-one elements without loss of generality [17], and the
residual SI power agl. The signal-to-noise ratio (SNR) of
the communication channel is defined as P/ 0'20. For the
sensing channel, we define the SNR, SI-to-noise ratio (SI2NR)
and the clutter-to-noise ratio (CNR) of the sensing channel as
Ptotalag[’() /o’?q, PtotalaSI /O’S, and Ptotalaa o/ US’ respectively,
where 0'37,,.” =02 b VYm € M. We assume the presence
of a single clutter, i.e., M = 1. Two baseline schemes are
considered: MRT-FP and ZF-FP. In these schemes, maximum-
ratio transmission (MRT) or zero-forcing (ZF) is used for the
communication beamformers, and Algorithm 1 can be adopted
with slight modification to optimize both schemes.

Fig. 1 plots the average objective value versus the number of
iterations for a multi-user ISAC system with L=10K =8, G =
N7 /2, 10 dB SNR for communication and sensing channels,
5 dBSI2NR andCNR, k¢ = 10dB, kg1 = 0dB,and p = 0.3.
The graph demonstrates that the objective values of both the
FP and A-FP schemes converge within a few iterations across
all simulated scenarios. Notably, the objective value of A-FP
closely approaches that of FP at every iteration step.

In Fig. 2, we illustrate the tradeoff between the average sum-
rate and the average sensing SINR for a multi-user ISAC system
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n
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>

Nr = Np =4,6,8,10

Average objective function
N

FP 4
A-FP

0 5 10 15 20 25 30 35 40 45 50
Number of iterations

Fig. 1. Average objective value versus the number of iterations.

R P ———— —8—FP
PYaaac = —-%—- A-FP i
—7— MRT-FP

ZF-FP

Sen. Ch. SNR=20 dB)

Sen. Ch. SNR=20 dB,
-8 [Comm. Ch. SNR=10 dB

Comm. Ch. SNR=20 dB

Sen. Ch. SNR=10 dB,
101 Comm. Ch. SNR=10 dB Sen. Ch. SNR=10 dB 1
Comm. Ch. SNR=20 dB

Average sensing SINR [dB]

0 5 10 15 20 25 30
Average sum-rate Ry, [bps/Hz

Fig. 2. Tradeoff between the sum-rate and sensing SINR.

TABLE 1
AVERAGE ALGORITHM RUNTIME OF FP AND A-FP SCHEMES
Np=Ng=1 10 20
P 02 [ 06 [ 02 | 06
Avg. time | FP 145 | 141 153 | 154
[sec] | AFP || 18 | 19 4 4
| saving (%] || 98.76 [ 9865 [ 9739 [ 97.40 |

with Np = Np =L =10,K =8, G =5, 5 dB SI2NR and
CNR, k¢ = 10 dB, and kg1 = 0 dB. Two different SNR levels
are considered for the communication and sensing channels,
and we assume that the clutter’s and UEs’ angles are uniformly
distributed within [—180°, 180°], while the target angle is fixed
at §g = 0°. Each curve is obtained by conducting simulations
for varying values of p € [0, 1]. Itis noted that as p ¢ increases
from 0O, the sum-rate improves significantly with only a slight
reduction in the sensing SINR. This occurs because, with a
small po, the objective is still predominantly influenced by
the sensing SINR, resulting in a beamforming solution that
maintains strong sensing performance. However, due to the
inclusion of the sum-rate metric in the objective, the sum-rate
is notably improved compared to the case with p» = 0, where
the sum-rate is completely disregarded. Furthermore, the A-FP
scheme achieves a tradeoff very close to the FP algorithm and
significantly outperforms both the MRT-FP and ZF-FP schemes
across all simulated scenarios.

Table I presents a comparison of the average algorithm
runtimes of the FP and A-FP schemes under the same scenario
as in Fig. 2, with the exception that N = Np = L € {10, 20}

IEEE WIRELESS COMMUNICATIONS LETTERS, VOL. 14, NO. 4, APRIL 2025

and the SNR levels for communication and sensing channels
are fixed at 10 dB. The A-FP scheme achieves complexity
savings ranging from 97.39% to 98.76% across all simulated
cases, with negligible performance loss as shown in Fig. 2.
This highlights the efficiency of the A-FP scheme in terms of
computational complexity.

VI. CONCLUSION

We have investigated the problem of optimizing multi-
user ISAC beamforming vectors to maximize a weighted sum
of communication sum-rate and sensing SINR, subject to
arbitrary PGPCs. First, we employed the FP approach, which
alternately optimizes the beamforming vectors and auxiliary
variables using standard optimization tools. To improve com-
putational efficiency, we proposed the A-FP scheme, which
partitions the beamforming vectors into block variables and
sequentially optimizes each block using closed-form solu-
tions. Numerical results demonstrated that the A-FP scheme
achieves up to 98.76% complexity reduction with negligible
performance loss compared to the FP scheme.
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