HIGH TECHNOLOGY LETTERSIVol. 32 No. 1 |Mar. 20261 pp.21-29

doi;10. 3772/j. issn. 1006-6748. 2026. 01. 003

A two-stage resource allocation algorithm for ISAC
in the HRIS-aided FD network”

Pan Kunbei (#%3#101) * | Wang Jiaming” , Zhou Bin®™ | Huang Bo” , Huang Yanjun
( " Shanghai Aerospace Electronic Technology Institute, Shanghai 201109, P. R. China)

(™ Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, Shanghai 200050, P. R. China)

( ™" Shanghai Xiaoyuan Innovation Center, Shanghai 201199, P. R. China)

Abstract

Integrated sensing and communication (ISAC) systems can enhance security and reliability in
full-duplex (FD) networks. This paper studies the resource allocation problem in FD networks
based on ISAC. We formulate an optimization problem that jointly considers beamforming, radar
waveform, and reflection coefficient of a hybrid reconfigurable intelligent surface, aiming to maxi-
mize the beampattern gain of the concealed target while maintaining the quality of service of commu-
nication users. A two-stage algorithm is designed to solve this problem: the first stage optimizes the
radar waveform and beamforming, and the second focuses on the reflection coefficient design. We
acquire the feasible solution using semidefinite programming relaxation. The optimality of the feasi-
ble solution for radar waveform and beamforming subproblem is ensured through Cauchy-Schwartz in-
equality. For the reflection coefficient design, an approximate optimal solution is acquired through
successive convex approximation. Numerical results demonstrate that the proposed algorithm can
achieve a superior performance trade-off between communication and radar sensing compared to the

benchmarks.

Key words: integrated sensing and communication, full-duplex, hybrid reconfigurable intelli-

gent surface, resource allocation, beampattern gain.

0 Introduction

The sixth-generation wireless networks (6G) put
forward the demand for reliable sensing and efficient
communication of various terminals''’. Consequently,
the dual-functional base station ( DFBS), alternatively
referred to as integrated sensing and communication (IS-
AC) ,has emerged as a cutting-edge technology and has
attracted much attention. DFBS has the potential to
significantly enhance spectral efficiency and reduce im-
plementation costs by sharing spectrum resources and
leveraging expensive hardware architecture'?’.

DFBS transmits signals and receives radar echo or
communication signals simultaneously within the same
band. This process introduces self-interference (SI).
Therefore , further optimizing the beamforming based on
the existing SI cancellation method is crucial for reali-
zing available resource allocation and successful imple-

mentation of ISAC. In Ref. [3], the authors adopted

the Cramér-Rao bound as the performance index of tar-

get estimation. They optimized the beamforming of joint
radar sensing and multi-user communication by minimi-
zing the Cramér-Rao bound of radar sensing while en-
suring the quality of service (QoS) for the communica-
tion users (CUs). The proposed semidefinite program-
ming relaxation algorithm could obtain the globally op-
timal solution. In Ref. [4], to protect the messages
from eavesdropping, DFBS received uplink ( UL) sig-
nals from CUs while simultaneously transmitting radar
signals to locate eavesdroppers and jamming signals to
jam them. The authors jointly optimized radar wave-
form and receive beamforming to mitigate the SI. They
proposed an alternative optimization algorithm based on
successive convex approximation (SCA) and demon-
strated that the security rate can be greatly improved
with DFBS sensing. However, Ref. [3] did not con-
sider performance effects from UL CUs. In Ref. [4],
DFBS only transmitted downlink ( DL) sensing signals
without considering the possibility of DL, CUs at envi-
ronment. In view of this, Ref. [5] proposed a full-du-
plex (FD) network for target sensing and UL/DL users
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communicating within the same band simultaneously.
They constructed the optimization based on two crite-
ria; minimizing the power consumption and maximizing
the sum rate.

The aforementioned studies do not account for sce-
narios where the target is in a blind zone. Since the
reconfigurable intelligent surface (RIS) can reduce power
consumption and extend coverage area'®”’ | Ref. [8]
resorted to RIS to improve the ability of radar sensing
and the performance of user communication in the
ISAC system. They proposed an iterative algorithm
based on the block coordinate ascending to solve the
formulated problem. In Ref. [9], the weighted sum
signal-to-noise ratio (SNR) of target sensing was maxi-
mized by jointly optimizing transmit beamforming and
RIS reflection coefficient.

However, joint UL/DL communication and target
sensing is rarely considered in prior RIS-aided DFBS
literatures. Additionally, the performance gain brought
by passive RIS is not significant in the presence of a
direct line-of-sight (LoS) link due to the double fading
effect. The active element—comprising a phase shifter
and a power amplifier—consumes less energy than a
decode-and-forward relay. That is, while reflecting sig-
nals, the active RIS can amplify them through integrat-
ed active components (e. g. , negative impedance con-
verters). This provides functionality at the physical
level that is equivalent to a decode-and-forward re-

107 " Given that the active element consumes addi-

lay
tional power and introduces noise to the incident sig-
nal'""’ | whereas the passive element does not, we em-
ploy a hybrid RIS (HRIS) that incorporates both types
of elements to strike a balance between array gain and
noise. The specific advantages of HRIS can be referred
to Refs. [12] and [ 13]. However, the problem of re-
source allocation for FD networks is not considered in
these studies. Therefore, we propose a two-stage re-
source allocation algorithm for HRIS-aided DFBS in FD
networks. The proposal can improve users’ QoS while
ensuring the detection of a concealed target via the
HRIS. In summary, the contribution of this paper lies
in the organic integration of three relatively isolated
technologies—HRIS, FD, and ISAC—which is applica-
ble to multiple future 6G scenarios with higher demands
for both communication and sensing capabilities.

The rest of this paper is organized as follows. The
system model and problem formulation are described in
Section 1 and Section 2, respectively. Section 3 pres-
ents our proposal that concerns a joint beamforming,
radar waveform, and HRIS reflection coefficient de-
sign. The computational complexity is also given. Sec-
tion 4 demonstrates the superiority of our proposal. A

conclusion is provided in Section 5.
1 System model

Fig. 1 shows an HRIS-aided FD network based on
ISAC. The FD-DFBS, equipped with N, transmitting
antennas and NV, receiving antennas, supports multi-us-
er communication and target sensing. We let CU; and
CU, denote the j-th UL and k-th DL CUs, respectively,
where Vje 7=1{1,2, -, J}, Vke X={1, 2,
-+, K}. All CUs operate in half-duplex ( HD) mode.
An unauthorized target is located beyond the LoS link
of the FD-DFBS, highlighting the necessity of target
sensing via HRIS.

Concealed target

HRIS
>—(® — 5 =§M—‘*—"
Active element . .
e —7Z— Direct link
—@— —ZZ— Cascade link
Passive element, ( _ Cascade sensing
/ Obstacle beampattern
/M —— Self-interference
&) NS
UL CUs DL CUs

FD-DFBS

Fig. 1 An HRIS-aided FD network based on ISAC

The HRIS planar array contains L, active elements
and (L
HRIS reflection coefficient matrix is denoted as @ =
diag(B,e*" ,B,¢*, -+, B, ), where the notation
diag( - ) denotes a diagonal matrix, and other parame-
ters satisfy 8, =1,0<8,<8,.,0 <¢,, ¢, =27
(I"e ONL,, 1 e £,). B, and B, stand for the ampli-

tude of @; e and ¢’ are unit complex exponentials

- L,) passive elements. Additionally, the

that serve as phase rotation factors in the complex
plane, where ¢, and ¢, indicate the phase of @. £and
L, represent the sets of passive and active elements, re-
spectively. To facilitate the management of active ele-
ments in the HRIS planar array, we introduce the active
, a).

In this matrix, an entry of ¢; = 1 indicates that the [-th

element indication matrix A = diag(a,, a,, -

element is active, while that of @, = 0 means a passive
element. Furthermore, the noise generated by the active
CN (0,
orsdiag(A)). C"*' represents the space of all com-

. Lx1
elements is expressed as ng,, € C""

plex column vectors of size L x 1.
The cascaded channel of CU, is expressed as

H;] = H(zl;,k + HZ,Rq)hZ,k e CW (1)

where HZ,, ,eC Nexd | H‘é! ,eC Nt and h;f,, ,eC Lxt
denote the channels of DFBS-CU,, DFBS-HRIS, and
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HRIS-CU,, respectively.

The DL waveform is represented as

X = D owal +x (2)

ke

where x{ andx, € C "' are the communication symbols
for CU, and the radar signal vector for sensing the con-
cealed target, respectively, which satisfy B{| x{ 1} =
land E{xx"} =R e C""; E{.} denotes the ex-
pectation operator, and the notation H represents the
Hermitian transpose; R, is the covariance matrix of ra-
dar waveform; w, € C "' is the DL beamforming vec-
tor of CU,.

Therefore, the received signal y! of CU, is ex-
pressed as

vi= (HD"wal v Y,

K ek, K #k

(hy ) "®PAny + (H)"x, +n

(H;l) Hwk'x;f’ +

(3)

The first term of Eq. (3) represents the desired
signal of CU,. The second term is the interference be-
tween the DL CUs. The third term accounts for the in-
terference caused by the noise of the active elements.
The fourth term is the received radar signal that causes
interference to DL CUs. n{ is the additive white Gaussian

noise (AWGN) , which satisfies n; ~ CN (0, 0'(21, )

Similarly, the cascaded channel of CU; is
denoted as
H' = Hy , + Hy @®h; e C"™ (4)

where Hy, . e C"' Hj, , € C""andhj, , e C™!
represent the channels of CU;-DFBS, HRIS-DFBS and
CU;-HRIS.

The received signal y; of CU; at DFBS is represen-
ted as

yi = H px' + Y, Hipal +

j'ed,j'#i
Hj, (®Ang, + Hyx +n!

(5)
where H,, € C """ is the residual SI matrix, p is the
transmit power of UL CUs, andn; € C N> CN (0,
o> 1) represents the AWGN.

Like Eq. (3), the first three terms of Eq. (5)
represent the expected signal, the multi-user interfer-
ence, and the interference caused by the active ele-
ments. Besides, the fourth term
residual SI.

It is known that the radar transmit beamforming

indicates the

typically either matches a desired beampattern or maxi-

mizes the illumination power directed at the target'™.

For this work, where the target avoids radar detection
by hiding behind obstacles, the HRIS reflection direct-
ly determines the effective radar transmit beampattern
and illumination power. In view of this, the sensing
beampattern gain related to HRIS is defined as

p(ar’ (pr> = h:‘l (Rr + Z Wk )hr = Tr(hrhflR).>

ke K
(6)
where h, = Hé‘ Pa(l , ¢), a(f,, ¢,) denotes the
steering vector of the HRIS transmitting array relative
to the azimuth angle 6 and elevation angle ¢, of the tar-
get, and Tr (.) denotes the trace operation. This vector

is given by
a6, ¢,) = [1, dmsin(8,)cos(g,), -,
e"ﬂ'(Lx —1)sin( 6, )cos(@,) ]T X
[1, dmsin(e,), -,
dm(L, - 1)sin(e,) |
(7)

where X) is denoted by the Hadamard product, L and
L, represent the number of elements in the horizontal
and vertical directions of the HRIS planar array'"’,
and T stands for the transpose of a matrix.

The interference power n, introduced by the noise
of active elements in the target direction of HRIS is ex-

pressed as
n = ||a"(6,, ¢) @A ol (8)

where || -+ || > represents the squared Euclidean norm.
Therefore, the total output power Py of HRIS is

written as
Pus = Tr (@4 (1) ) "R H) A"D" ) +
2 2
pY |y s | || @4l
je7
(9)
where R, =xx" =R + D W, e C""; W, =w,w} e

kek
C NyxN,

2 Problem formulation

The signal to interference-plus-noise ratio ( SINR)
of CU, is written as
v (a (1)) w, )

d

Vi =

H
Tr( Z H; (HZ) Wk’) + Eps,i + B +0-121,k
KK, K%k

(10)



24

HIGH TECHNOLOGY LETTERSIVol. 32 No. 1 |Mar. 2026

r

where B, = ‘ ‘ (h}f,’,t )H(I)A ‘ ‘2‘7%15’ =1
Tr (HZ (H!)"R, )
Similarly, SINR of CU, is represented as
-
=p' > (H; (m)'y ) $ W, + W, 400 T (U)
Ex o

where W, = Tr ("0 (H;, ) 'UH; @4 )oi,

.
Yi

Vg, =Tr (HSIU;'HSIR« )’ U, = ujuJH e €™, and
u; represents the receive beamforming vector for CU,.

To sum up, the objective is to maximize the re-
flection beampattern gain of the concealed target,
which is additionally constrained as follows.

P1: max Tr(h h"R)) (12a)
(W ko, U, @R R,
subject to Tr(R)< Py (12b)
ﬁayiq, Vke £ (12¢)
Y Z Ve Vi€ T (12d)
n, <n™ (12e)
Py < Py (12f)
0<pB <PB.., ViecL (12g)
B' =1, VI e L\, (12h)
0 <d¢,, d <2m, VZELU, Vl/EL’\L’u
(121)
rank (W, )< 1 (12j)
rank(U}.)S 1 (12k)

where Eq. (12b) determines the power budget of
DFBS. Eq. (12c¢) and Eq. (12d) are the con-
straints of QoS for each DL and UL CU, respectively.
Eq. (12e) limits the noise generated by the active el-
ements. Eq. (12f) determines the maximum output
power of the HRIS. The amplitudes of the active and
passive elements are constrained by Eq. (12g) and
Eq. (12h), respectively, and Eq. (12i) explains
the phase ranges of the elements. The final parts
Eq. (12j) and ( 12k ) are rank-one constraints.
rank ( -+ ) stands for the matrix rank operation.
Therefore, P1 is non-convex due to unit-modulus re-
quirements, rank-one constraints, and Eq. (12c¢),
Eq. (12d) non-convex constraints, which make its
solution challenging.

3 The proposed two-stage algorithm

Since { W, ¥

k- k=17

(U3, R,, and R, are related

to beamforming and radar waveform design, and @ is
associated with the cascaded channels, we propose a
two-stage algorithm to simplify P1.

3.1 Beamforming and radar waveform design

To formulate P1 in a strict semidefinite pro-
gram ( SDP) form, which allows feasible solutions to
be directly obtained using the CVX (an abbreviation for
convex) tool, we relax the objective function. Conse-
quently, for a given @" , Pl can be rewritten as follows.

P2. max (13a)

CWf_y, LU R R p
subject to Tr(h h"R )= p (13b)
Eqgs. (12b), (12¢), (12d), (12f), (125), (12k)
(13c)

In the absence of Eqs. (12j) and (12k) rank-

one constraints, P2 reduces to a convex SDP problem.
This problem can be solved using the CVX tool to ob-

tain the feasible points {Wk}le and {i/]. }j]:l (18]
We set the optimal solutions {W;}¥_ and

{U].* }j]:l that meet the rank-one constraints. If

rank (‘;V,r ) < 1 and rank (IAJ/ ) =<1

the relaxation is tight, and the feasible solutions are e-

, it indicates that

qual to the optimum.

In other cases of high matrix rank, W, and ‘:Vk fol-
low the relationship described below.

L,

woo= ()" W) "o (14)

Given an arbitrary vector f € C "' | there exists
o ® * H

fH(Wk - W, (wk ) )f=

rwer - (ag) W)

1 R
W H
(15)
By applying Cauchy-Schwartz inequality with
Eq. (15), we can acquire:
- * # H -
FUW—w ) =W -
~ -1 A A
( (1! )"w,H! ) Fw, (B 'WH! =0
(16)

- achieves the

Eq. (16) demonstrates that {I/AVk b

same performance as { W, }¥_ . { Uj}].]:I can lead to the

same conclusion.

3.2 Reflection coefficient design
Given { W, }le , {Uj,* H and R", Pl can be

j=1’
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reconstructed as

P3 :maxp (17a)
D, p

subject to Egs. (13b), (12¢), (12d), (12e),
(12f), (12g), (12h), (12i)
(17b)
Since the optimization variables are related to the
UL and DL composite channels (refer to Eq. (1) and
Eq. (4)), an augmented matrix ¢, constructed to
simplify computations in place of @, is denoted as

_ vec (diag(d’) ) (vec(diag(®)) )H vec (diag(@) ) :l
(Vec(diag(d’)) )H 1
(18)

where vec (. ) represents the vectorization operation.

Therefore, the objective in P3 can be written as
Tr (FU(Rf );j/), where F, (R; ) is the matrix func-
tion with respect to R .

F, (R: ) is represented as

[diag (6., ¢)) (8, ) R H,, (diag@(d,,¢,)) )" 0}
0, 0
(19)

Using an augmented matrix, Eq. (12¢) can be
represented as

Tr(F (W, )p) + Tr ((Hy )W H ) = ye, -

(k'el(, k' #k

ol Tr (Fo(hs ) +Tr (FL (R ) +

(G "R )

(Tr(F, (W) + Tr((HS D "WiHS ) ) +

(20)
R*}!) and

T

where F (X)(X e (W, W[,
F,(Y)( YHhZ,, .) are represented as

[ B ()" xH) diag(hs,) ) }
(W: Htl;, k )HHtl;. Rdiag(hi,v k ) 0
(21)
and
[diee(DAA" (diag(1)" 0,0 )
0I xL 0
respectively.

B is denoted by Eq. (23).

B = diag(hy ) (Hy ) "XH) . (diag(hj )"
(23)

Similarly, Eq. (12d) is expressed as
p1r (B, (U Hy 1, o) +p-1r ((H,) U H,) =
(3 (e (ym, ) )«
i ( (|, ) UH,) )+ -1 (F (0 ) H, )w) +
n(m@ﬂmm)4mhn(w))
(24)
where F o (Z, Z,, Z)(Z, = U, 1z,, z,} C
{{Hy ., hy ;t, {Hy ,, hy .} 1) is specifically writ-
ten as
[ c (ziz,H,  diag(Z,) )”}
(lez)HHZ,Rdiag(Za) 0
(25)
C is denoted by Eqs. (26).
C = diag(Z,) (H} ) "Z Hj, (diag(Z,))"
(26)

Finally, Eqgs. (12e) and (12f) can be reconstruc-
ted as

Ons - Tr(Fy(a(8,, ¢))¢) <n™ (27)
and
o - Tr(F,(x"Hy D) +p Y, Tr(F,(hj ) +
jel

o - Ty =< PR
(28)
Obviously, Eqs. (20), (24), (27) and (28)

are all convex SDP constraints with respect to ¢. Satis-
fying the constraints Eqs. (12g) — (12i) subjects ¢ to
a rank-one constraint. By applying SDP relaxation to
the rank-one constraint, we reformulate P3 as the fol-
lowing SDP problem.

P4;rr¢1.axp (29a)
P

subject to Ir(F,(R* )= p (29b)
Egs. (20), (24), (27), (28) (29¢)

We can acquire the feasible solution ¢ by solving
P4 with the CVX tool. Due to the composite channels,

Eq. (14) is not applicable to #. Consequently, the per-
formance achieved through rank-one relaxation may not
reach the optimal level. For the feasible solution with a
rank greater than one, Gaussian randomization can be used
to restore the solution with rank one. But it is computation-
ally demanding, and its performance—being highly de-
pendent on the number of realizations—suffers from de-
graded robustness'”’. In order to further ensure the rank-
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one constraint, a method based on SCA is proposed.

According to proposition 3" a positive semidef-
inite matrix V satisfying the rank-one constraint, there
exists an equivalence relation stated below.

rank(V) = 1Tr(V) - ||V] =0 (30)

However, Eq. (30) is equivalent to introducing an
additional constraint as

() - Il <e (31)

where & represents the tolerance value. Setting & to 0
implies that the relaxation is exact.

Since || ¢ || is convex with respect to ¥, Eq. (31)
is the difference between two convex functions. To en-
sure the convexity, we reconstruct Eq. (31) as

N 5 ~ N S N
T (@) + S 107 = (1l + 2 1)< e (32)
which is the subtraction of two strongly convex func-

tions. Letf (¢ ) = |4 || +(8/2) | ||> Then, the

first-order Taylor estimation of || !21 || and (6/2) | 12f |2

is performed at the n-th feasible point as follows.

8 " 6 o n— " n— " » —

S =2 (a7 + 20 - )
(33)

~ N

F@) =@ ) w1 [Rel (Vb () )
v )]

(34)
where 9o () = (B Yt (50 )+
816" is the subgradient of £ ( ) on g™ and Re . }
denotes the real part; u (Jl“”” ) is the maximum ei-

genvalue of the corresponding eigenvector of 3" ™",
Eq. (31) is now transformed into a convex SDP
constraint, which is represented by

T () +8( 3 19 1% + g (9= ) )
Tr[Re{ (Vi.of (¢ ) W}]< &
(35)
In conclusion, P4 can be rewritten as

P5:max p (36a)
¥, p

subject to Eqs. (29b), (20), (24), (27),
(28), (35)
(36b)

Since the constraint Tr(.)— || « | is strictly de-
creasing until convergence, this process guarantees the
existence of a feasible solution that satisfies the non-
convex rank-one constraint.

3.3 Computational complexity

Owing to the key property of the rank-one optimal
solution, the objective value is non-decreasing through-
out the iterations, which guarantees the convergence of
the proposed algorithm.

The polynomial time complexity of radar wave-
form/beamforming and reflection coefficient design is
0 (J5 N + K N) and 0 ((J*° + K*9)
(N +1)%%), recorded as O, and 0O,, respectively.
Therefore, the total complexity of the proposal is
o(,.(0, +1,.0,)), where I

mner are the
numbers of the outer and inner cycles.

and I.

outer outer mner

4 Performance evaluation

This section numerically evaluates the perform-
ance of the designed two-stage algorithm in the HRIS-
aided FD network based on the ISAC.

We assume that N, = N, =4, J = K = 2. The
HRIS planar array comprises 32 reflection elements ar-
ranged in an 8 x4 uniform rectangular array. The DF-
BS, HRIS, concealed target, UL CUs, and DL CUs
are located at (0, 0, 20) m, (0, 20, 20) m, (O,
40,1) m, ( =200, +50, 1) m, and (200, *=50,
1) m, respectively. The elevation angles of the target,
DL CU, and DL CU, are set to 0 °, —40 °, and 40 °,
Note that
scenario with concealed target is simulated by blocking
the LoS path between the DFBS and the target. Other
parameter settings are listed in Table 1.

while the azimuth angles are all set to 0 °.

Table 1 Parameter configuration

Parameter Value
o -107 dBm
Tk ~107 dBm
This -97 dBm
P 35 dBm
PR -6 dBm
n —-70 dBm
Yreq 5dB
Vi 5 dB
B 8
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We consider passive and active RIS schemes with
FD communication capability as baselines. These two
schemes are equivalent to HRIS methods with L, = 0
and L, = 32, respectively. Furthermore, radar-only
and HD methods ( L, = 8 ) are also included. To
demonstrate the superiority of our proposed algorithm in
obtaining the convergent SDP solution of P1, we com-
pare the proposal against two baseline schemes: the
rank-one relaxation and the Gaussian randomization ap-
proach.

Fig. 2 presents the convergence behavior of the
proposal with varying numbers of CUs. It can be ob-
served that all cases reach the convergence point within
15 iterations. Furthermore, more CUs will lead to low-
er beampattern gain. The reason is that allocating more
power to the CUs decreases the available power for
sensing.

2.8
2.6
2.4
g 22
<
on
£ 2.0
8
s
g« 1.8
B
m 1.6
141 4
—A—HRIS, L,=8, J=K=2
1.2“ —*—HRIS, L,=8,/=K=3 |
——HRIS, L,=8, /J=K=4
10 L L L L 1 1 1
5 10 15 20 25 30 35 40
Iteration

Fig. 2 Convergence performance

Fig. 3 shows that the beampattern gain declines
with increasing QoS for CUs. This also explains that
allocating more power to the CUs will degrade target
sensing. More importantly, the level of residual SI has
an impact on the beampattern gain. Specifically, as
o4 rises from — 100 dB to — 80 dB, the beampattern
gain of the proposed method decreases. On the other
hand, the proposal outperforms the rank-one relaxa-
tion method and the Gaussian randomization method of
1 x 10’ realizations. Furthermore, it closely approxi-
mate the performance of the Gaussian randomization
method of 1 x 10 realizations at the same residual SI
level. This result demonstrates that our proposal can
achieve superior performance and robustness with low-
er complexity.

Fig. 4 illustrates the impact of maximum amplifi-
cation gain on performance. With the increase of 8

max

the performance gap between the HRIS (L, > 0) and

x107
4.0 B "
; —A— 0;=-100 dB, The proposal
3.5 —— U§I=*80 dB, The proposal |
2 =— -
30 oy 1A00 dB, Rank-one
relaxation
£ 25 r7§[=*100 dB, Gaussian
5 ¥~ randomization, 10*
i'% 2.0 a;=7100 dB, Gaussian ]
g randomization, 10°
g 15
m
1.0
0.5
0.0
0 10 20
SINR/dB
Fig. 3 Impact of the QoS of CUs
x1072
14 : .
—A— FD, passive RIS
12 —*— FD, HRIS, L, =4 |

| |—#— FD, HRIS, L, =8
——FD, HRIS, L,= 16

10 +|—8—FD, active RIS
Radar-only, HRIS, L, =8
HD, HRIS, L, =8

Beampattern gain

2 4 6 8 10 12 14

Maximum amplification gain

Fig. 4 Impact of the maximum amplification gain

the passive RIS methods becomes larger. For 8, =
10, the beampattern gain of the active RIS method sat-
urates at 8. 62 x 10> due to the power budget limita-
tion of the active elements. Besides, the HRIS with
L, =16 algorithm outperforms the active RIS method
for B,,. =12. The reason is that the active RIS gener-
ates more noise than the HRIS ( L, < 32 ). To over-
come the side effects caused by the noise of the active
elements, the power budget should be appropriately in-
creased. Moreover, the radar-only scheme does not
consider the power allocation to the CUs so that the be-
ampattern gain can reach the maximum at B3, = 14.
Since the HD method is not affected by SI, it is superi-
or to the FD method with the same L, setting. Howev-
er, the HD method improves the beampattern gain by

less than one-third at 8,,, = 8 while requiring double

max
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the bandwidth compared to the FD. It demonstrates the
performance advantage of the FD method over the HD
method in ISAC systems.

Fig. 5 presents the performance curve in relation to
the power budget of HRIS. When Pyi =< —15 dBm,
the beampattern gain of the HRIS (L, > 0) scheme re-
mains virtually unchanged when Pjj5 increases, and the
active RIS method is notably inferior to the passive RIS
method. This is because the power budget of the active
elements is insufficient to support the power amplifica-
tion, thus limiting its performance benefits, whereas
the passive elements are not constrained by the power
budget. Under this condition, amplifier-induced noise
emerges as the dominant factor degrading the perform-
ance of the active RIS method. Therefore, by synergis-
tically combining passive and active reflection ele-
ments, the HRIS (0 < L, < 32 ) method harnesses
their complementary advantages, highlighting its criti-
cal role in the target concealed ISAC system. As Py
increases, the performance of the HRIS method contin-
ues to improve but eventually hits a plateau due to the
maximum amplification gain constraint of the active el-
ements. On the other hand, higher active element den-
sity enables the output power accumulation, allowing
both the HRIS with L, = 16 and active RIS methods to
delay performance saturation compared to the methods
with sparse active elements. However, the amplifica-
tion gain of the active element cannot be substantially
increased due to its unique structure, unlike in tradi-
tional power amplifiers. Thus, from Fig. 4 and Fig. 5,
it can be observed that integrated assessment of Py
and 8,,,, is essential to maximize the benefits of the pro-

posed FD method in ISAC systems.
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Fig. 5 Impact of the maximum amplification gain

5 Conclusions

This paper constructs a maximizing beampattern
gain problem by jointly considering the beamforming,
radar waveform, and HRIS reflection coefficient in the
FD network. Due to the non-convex optimization prob-
lem, we decompose it into two subproblems based on
the beamforming, radar waveform, and HRIS reflection
coefficient design. By employing rank-one relaxation,
we convert the two subproblems into convex SDP prob-
lems, thus obtaining each feasible solution. To further
acquire the rank-one optimal solution, we prove the e-
quivalence between the feasible point and optimal solu-
tion of beamforming and radar waveform design via the
Cauchy-Schwartz inequality. Meanwhile, the optimal
solution for reflection coefficient design can be approxi-
mately obtained through SCA transformation. Simula-
tion results demonstrate that the performance of the
proposed scheme based on HRIS surpasses that of the
benchmarks in the FD network, enabling a superior
trade-off between FD communication and sensing.
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