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Abstract— Reconfigurable intelligence surface (RIS) is
regarded as one of the key technologies for the future wireless
communications. Recently, simultaneous transmission and
reflection (STAR) RIS is proposed to overcome the geographical
constraint of the conventional reflection only RIS. In this
letter, we model the STAR-RIS enabled downlink secure
non-orthogonal multiple access systems under imperfect channel
state information (CSI) of eavesdroppers. Specifically, we propose
the block coordinate descent based optimization framework to
maximize the worst secrecy rate with active beamforming of
downlink NOMA at the base station and STAR-RIS coefficients,
where the uncertainty of eavesdropper’s CSI is transformed
by S-Procedure. The successive convex approximation and a
penalty-based method are utilized to address the non-convexity
of the problem. Finally, simulation results demonstrate that the
worst secrecy rate of the proposed algorithm outperforms that
of the conventional RIS and the other benchmark schemes.

Index Terms— Reconfigurable intelligent surface, simultane-
ous transmission and reflection, non-orthogonal multiple access,
secure communication.

I. INTRODUCTION

W ITH the development of metasurfaces, reconfigurable
intelligence surface (RIS) is able to provide more

degrees of freedom (DoFs) with the ability to modify the
wireless channel by intelligent signal reflection [1]. However,
the base station (BS) and the user equipment (UE) must
be located at the same side of the conventional RIS, which
limits its application for more complicated scenarios. Recently,
simultaneous transmission and reflection (STAR) RIS with a
360◦ coverage is proposed to combat the above shortcoming of
the conventional RIS under three practical protocols, namely,
energy splitting (ES), mode switching (MS), and time switch-
ing (TS) [2]. Further, non-orthogonal multiple access (NOMA)
is expected to satisfy the spectrum efficiency (SE) requirement
of the sixth-generation (6G) wireless networks [3]. Several
aspects of a STAR-RIS integrated NOMA network has been
studied in the literature, such as the sum coverage range
maximization [4] and the power consumption minimization
[5], [6].
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In particular, the physical layer security (PLS) of the
STAR-RIS assisted network is investigated in several letters.
As illustrated in [7], the secrecy rate maximization problem is
investigated in multiple-input single-output (MISO) networks
under various STAR-RIS protocols, where the BS beamform-
ing vector and the STAR-RIS coefficients are considered.
In [8], similar optimization variables are included with the
aid of artificial noise, where NOMA is the adopted multiple
access technique. However, almost all the letters assume that
the channel state information (CSI) of the eavesdropper is
perfectly known, which is unrealistic for practical wireless
communication systems. The security of uplink NOMA net-
work has been investigated in [9].Reference [10] studies
the conventional RIS enhanced convert communication in
NOMA systems. The imperfect CSI is also modeled in [11]
without considering NOMA systems. In summary, STAR-RIS
enabled downlink secure NOMA networks under imperfect
CSI remains an open problem.

Motivated by the above observations, in this letter, the PLS
of a STAR-RIS enabled downlink MISO NOMA network
is studied for the case of imperfect CSI of eavesdroppers.
To the best of our knowledge, the proposed model has not
yet been investigated. The main contributions of the letter are
summarized as follows:

1) We model the worst secrecy rate maximum problem
with the aid of STAR-RIS and active beamforming
at the BS under imperfect CSI of eavesdroppers to
develop a downlink secure MISO NOMA network. This
optimization problem is difficult due to the non-convex
object function, the coupling of various variables, and
the CSI uncertainty.

2) We propose a block coordinate descent (BCD) based
optimization algorithm. Specifically, S-Procedure is uti-
lized to transform the imperfect CSI to a more traceable
form, and the non-convexity and rank-one constraints
are handled by the successive convex approximation
(SCA) technique and a penalty-based method, respec-
tively. Simulation results demonstrate the superiority of
the proposed algorithm compared with the conventional
RIS, the fixed ES scheme, and the TS-OMA scheme.

The rest of this letter is organized as follows. Section II
provides the system model. Section III introduces the problem
formulation. The BCD based optimization under imperfect CSI
is presented in Section IV. Section V gives the implementation
and performance analysis. Finally, Section VI concludes this
letter.

II. SYSTEM MODEL

In this letter, the PLS of STAR-RIS enabled downlink
MISO NOMA network is studied. Specifically, as illustrated
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Fig. 1. STAR-RIS enabled downlink secure NOMA network.

in Fig. 1, the direct link between the base station (Alice)
and the legitimate UE (Bob) / illegal eavesdropper (Eve) is
severely blocked due to an obstacle, where the STAR-RIS
is utilized to enhance the PLS by passive beamforming.
We aim to maximize the worst secrecy rate with active
beamforming on Alice and passive beamforming of STAR-RIS
under imperfect CSI of Eves. Assume that Alice is equipped
with K antennas. Bobs and Eves are all equipped with a
single antenna, and STAR-RIS has M elements. The trans-
mission and reflection coefficients of STAR-RIS are Φl =

diag
{√

al
1e

jφl
1 ,
√

al
2e

jφl
2 , . . . ,

√
al

Mejφl
M

}
, l ∈ L � {t, r}.

More practical model of STAR-RIS will be studied in our
future work [12]. We assume that the STAR-RIS works on
the ES protocol due to the higher flexibility compared with
the MS protocol and the TS protocol [2]. Hence, the power
constraint must be satisfied such that at

m + ar
m = 1, ∀m ∈

M � {1, 2, . . . , M}.
The coverage of STAR-RIS is divided into the transmission

range and the reflection range. We assume that a transmission
Bob and a reflection Bob are paired in the same resource
block in the presence of two illegal Eves [13]. Non-colluding
wiretapping is considered in this letter where Eves only
eavesdrop the confidential information of the same range. All
the channels are modeled as the Rician fading channel, such
as the channel between Alice and STAR-RIS, hAS ∈ CM×K ,
can be expressed as

hAS =
√

ρ0

(dAS)α

(√
β

1 + β
h̄AS +

√
1

1 + β
h̃AS

)
, (1)

where dAS is the distance between Alice and STAR-RIS,
ρ0 is the path loss at the reference distance, α is the path
loss exponent, β is the Rician factor, h̄AS ∈ CM×K is
the line-of-sight (LoS) component related to the steering
vector function, and h̃AS ∈ CM×K is the non-LoS (NLoS)
component, which can be modeled as a circularly symmetric
complex Gaussian (CSCG) random variable with zero mean
and unit variance. The channel between STAR-RIS and l Bob
hl

SB ∈ C
M×1, and STAR-RIS and l Eve hl

SE ∈ C
M×1 are

similar to hAS , therefore are omitted for simplicity. Among
various channel estimation algorithms such as anchor-assisted
channel estimation proposed recently [14], we assume the
CSI between Alice and STAR-RIS, STAR-RIS and Bobs are
perfectly known [15]. Moreover, the signal leakage from Eves
can be utilized for the coarse channel estimation at Alice [15].
Therefore, a deterministic model is utilized to describe the
imperfect CSI of Eves, which consists of a CSI estimation
h̄

l
SE and an estimation error Δhl

SE with norms bounded by

εl [15]. Therefore, hl
SE ∈ CM×1 can be expressed as

hl
SE = h̄

l
SE + Δhl

SE , (2)

Ωl �
{
Δhl

SE ∈ C
M×1 :

∥∥∥Δhl
SE

∥∥∥ ≤ εl

}
. (3)

Considering the NOMA scheme, the transmitted signal
at Alice is S =

∑
l ωlsl, where ωl ∈ CK×1 is the active

beamforming vector of the l symbol sl. In this letter,
we assume that the imperfect successive interference cancel-
lation (SIC) is carried out by Bobs, and Eves have the ability
to eliminate the interference perfectly. In addition, Eves only
wiretap the Bob in the same range without any collusion.
Hence, for ∀l, l� ∈ L, the SINR of l Bob decoding l� message
and l Eve decoding l message can be expressed as

SINRl′→l
B =

∣∣∣(hl
SB)HΦlhASωl′

∣∣∣2∑
Ω(i)>Ω(l′)

∣∣∣(hl
SB)HΦlhASωi

∣∣∣2 + I l′→l
B + σ2

,

(4)

SINRl→l
E =

∣∣∣(hl
SE)HΦlhASωl

∣∣∣2
σ2

, (5)

where Ω(l) denotes the decoding order of l Bob, I l′→l
B =

η
∑

Ω(j)<Ω(l′)

∣∣∣(hl
SB)HΦlhASωj

∣∣∣2 is the residual interfer-

ence introduced by imperfect SIC, and η ∈ [0, 1] represents the
efficiency of SIC. The achievable rates of Bobs and Eves are
Rl′→l

B = log2(1+SINRl′→l
B ) and Rl→l

E = log2(1+SINRl→l
E ).

Moreover, to guarantee that SIC can be performed success-
fully, the constraint that Rk→l

B ≥ Rk→k
B for Ω(k) < Ω(l) must

be satisfied.
According to the above derivation, the maximum achiev-

able rate of Eves is maxΔhl
SE∈Ωl Rl→l

E . Therefore, the worst
secrecy rate related to the uncertainty of Eves CSI can be
expressed as

RS =
∑

l

[
Rl→l

B − max
Δhl

SE∈Ωl
Rl→l

E

]+

, (6)

where [x]+ = max {x, 0}. From the definition of (6), Eves
cannot wiretap the message in a different range. Nevertheless,
relevant research of the colluding Eves will be carried out in
our future research.

III. PROBLEM FORMULATION

In order to maximize the worst secrecy rate, the beam-
forming vector for different users, and the transmission and
reflection coefficients of STAR-RIS are required to be jointly
optimized. Therefore, the following optimization problem is
proposed

max
ωl,Φl, ∀l

RS (7a)

s.t.
∑

l

‖ωl‖ ≤ Pmax, ∀l, (7b)

Rl→l
B ≥ CB , ∀l, (7c)

max
Δhl

SE∈Ωl
Rl→l

E ≤ CE , ∀l, (7d)

0 ≤ φl
m ≤ 2π, ∀l, m, (7e)
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al
m + al′

m = 1, ∀l, m, l� �= l, (7f)

Rk→l
B ≥ Rk→k

B , Ω(k) < Ω(l), (7g)

where (7b) is related to the maximum transmission power
constraint of Alice, (7c) is to satisfy the quality of service
(QoS) requirements of Bobs with the threshold CB , (7d) is
to ensure the achievable rate of Eves below the threshold
CE , (7e) is due to the phase shift of STAR-RIS, (7f) is
the power constraint of the ES protocol, and (7g) is related
to decoding, which ensures a successful SIC. Actually, the
decoding order Ω(l) of NOMA can also be modified to
enhance the PLS by the propagation channel reconstruction
ability of STAR-RIS. Hence, we solve (7) for all available
Ω(l) (two cases for 2 users) to find the maximum secrecy rate
RS . Next, we introduce the slack variable τ l→l to transform
(7) to a more tractable form

max
ωl,Φl,τ l→l,P l→l,∀l

∑
l

[
Rl→l

B − log2(1 + τ l→l)
]+

(8a)

s.t. τ l→l ≥ max
Δhl

SE∈Ωl
SINRl→l

E , ∀l, (8b)

τ l→l ≤ 2CE − 1, ∀l, (8c)

(7b) − (7c), (7e) − (7g).

Using the Generalized S-Procedure in [16], the uncertain CSI
of the wiretap channel related constraint, (8b), is transformed
to the equivalent form[

τ l→lσ2 − P l→l + Q̃
l→l

(h̄l
SE)HQl→l

(Ql→l)H h̄
l
SE Ql→l + P l→lε−2

l IM

]
� 0. (9)

The definition of Q̃
l→l

and Ql→l are shown in the following
section and P l→l ≥ 0.

IV. BCD BASED OPTIMIZATION ALGORITHM

UNDER IMPERFECT CSI

A. Overall Optimization Framework

In this section, we focus on solving the proposed opti-
mization problem (8). The coupling of different variables and
the complicated form of RS make problem (8) intractable.
To cope with this difficulty, we propose the BCD based
iterative algorithm to maximize RS by the beamforming vector
optimization of Alice with the fixed passive beamforming
of STAR-RIS, followed by the transmission and reflection
coefficients optimization with the fixed active beamforming.
The details are described next.

In the sequel, the operator [·]+ can be ignored without loss
of optimality with a proper selection of CB and CE to avoid
a negative secrecy rate.

B. Active Beamfomring Optimization

With respect to an active beamforming vector, ωl, and under
fixed passive beamforming Φm

l in the mth iteration of the
BCD framework, (8) can be simplified to

max
ωl, τ l→l, P l→l≥0,∀l

∑
l

Rl→l
B − log2(1 + τ l→l) (10a)

s.t. (7b) − (7c), (7g), (8c), (9).

Assume that W l = ωl(ωl)H , which satisfies rank(W l) =
1 and W l � 0. Then, we have∣∣∣(hl

SB)HΦm
l hASωl′

∣∣∣2 =Tr(W l′(H l
ASB)HH l

ASB), ∀l, l�,

(11)

where H l
ASB = (hl

SB)HΦm
l hAS . And constraint (7b) can be

expressed as ∑
l

Tr(W l) ≤ Pmax, ∀l. (12)

Further, using Q̃
l→l

= Q̃
l→l

ω = (h̄l
SE)HQl→l

ω h̄
l
SE and

Ql→l = Ql→l
ω = −Φm

l hASW l(Φm
l hAS)H , we have the

following optimization problem

max
W l, τ l→lP l→l≥0, R̃l′→l

B ,∀l,l′

∑
l

R̃l→l
B − log2(1 + τ l→l)

(13a)

s.t. R̃l′→l
B ≤ log2(1 + SINRl′→l

B ), ∀l, l�,
(13b)

R̃l→l
B ≥ CB, ∀l, (13c)

W l � 0, ∀l, (13d)

Rank(W l) = 1, ∀l, (13e)

R̃k→l
B ≥ log2(1 + SINRl→l

B ), (13f)

∀Ω(k) < Ω(l)(8c), (9), (12),

where R̃l′→l
B is the slack variable. Unfortunately, problem

(13) is non-convex due to the objective function (13a) and
various non-convex constraints, hence, it is solved with the
SCA technique. Specifically, since log2(1+τ l→l) is a concave
function, with the property that the first order Taylor expansion
of a concave function is its over-estimator with the given point
(τ l→l)n in the nth iteration, we have

log2(1 + τ l→l) ≤ log2(1 + (τ l→l)n)

+
log2e(τ

l→l − (τ l→l)n)
1 + (τ l→l)n

= (Rl→l
E )UB . (14)

Similarly, (13b) and (13f) can be transformed to

R̃l′→l
B ≤ log2(g1(W l′) + g2(W i, l

�) + g3(W j, l
�) + σ2)

− log2(g2(W n
i , l�) + g3(W n

j , l�) + σ2)

− log2e(Δg2(i, l�) + Δg3(j, l�))
g2(W n

i , l�) + g3(W n
j , l�) + σ2

, (15)

R̃k→l
B ≥ −log2(g2(W i, k) + g3(W j , k) + σ2)

+ log2(g1(W n
k ) + g2(W n

i , k) + g3(W n
j , k) + σ2)

+
log2e(Δg1(k) + Δg2(i, k) + Δg3(j, k))

g1(W n
k ) + g2(W n

i , k) + g3(W n
j , k) + σ2

, (16)

where g1(W l′) = Tr(W l′H̃
l

ASB), g2(W i, l
�) =

∑
Ω(i)>Ω(l′)

Tr(W iH̃
l

ASB), g3(W j , l
�) = η

∑
Ω(j)<Ω(l′) Tr(W jH̃

l

ASB),

Δg1(l�) = g1(W l′) − g1(W n
l′), Δg2(i, l�) = g2(W i, l

�) −
g2(W n

i , l�), Δg3(j, l�) = g3(W j , l
�) − g3(W n

j , l�) and

H̃
l

ASB = (H l
ASB)HH l

ASB .
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Moreover, the condition of equivalence for the rank-one
constraint is ‖W l‖∗−‖W l‖2 ≤ 0. With the first order Taylor
expansion, the lower bound of ‖W l‖2 is

‖W l‖2 ≥ ‖W n
l ‖2

+ Tr(μmax(W
n
l )μmax(W

n
l )H(W l − W n

l ))
= (‖W l‖2)

LB, (17)

where μmax(·) is the eigenvector corresponding to the maxi-
mum eigenvalue. We utilize a penalty-based method to replace
rank-one constraint with factor ρ > 0. Finally, with the
given points (τ l→l

ω )n, W n
l and Φm

l , the sub-problem of active
beamforming can be solved via SCA and is expressed as

max
W l,τ l→lP l→l≥0,R̃l′→l

B ,∀l,l′

∑
l

R̃l→l
B − (Rl→l

E )UB

+ ρ((‖W l‖2)
LB − ‖W l‖∗) (18a)

s.t. (8c), (9), (12), (13c) − (13d), (15) − (16).

We note that (18) is a convex problem, which can be solved
by the CVX tool.

C. Passive Beamforming Optimization

In this section, the passive beamforming of STAR-RIS,
e.g. the transmission and reflection coefficients, are optimized.

Assume that vl =
[√

al
1e

jφl
1 ,
√

al
2e

jφl
2 , . . . ,

√
al

Mejφl
M

]H

and V l = vl(vl)H , which satisfies rank(V l) = 1 and V l �
0. And STAR-RIS coefficients optimization has a similar
structure as the active beamforming optimization. Specifically,
we have the following sub-problem for passive beamforming
with the given points of ωm

l , (τ l→l)m and (P l→l)m

max
V l,R̃l′→l

B ,∀l,l′

∑
l

R̃l→l
B − log2(1 + (τ l→l)m) (19a)

s.t. V l � 0, ∀l, (19b)

Rank(V l) = 1, ∀l, (19c)

diag

{∑
l

V l

}
= 1, ∀l, (19d)

(9), (13b) − (13c), (13f),

where R̃l′→l
B is the slack variable, and the coefficients of (9)

are Q̃
l→l

= Q̃
l→l

v = (h̄l
SE)HQl→l

v h̄
l
SE and Ql→l = Ql→l

v =
−diag {hASωl}V l(diag {hASωl})H . Next, we handle the
non-convex constraints (13b) and (13f) with respect to V l

by SCA. With the first order Taylor expansion, the above
constraints can be expressed as

R̃l′→l
B ≤ log2(h1(V l, l

�) + h2(V l, l
�) + h3(V l, l

�) + σ2)
− log2(h2(V n

l , l�) + h3(V n
l , l�) + σ2)

− log2e(Δh2(l�) + Δh3(l�))
h2(V n

l , l�) + h3(V n
l , l�) + σ2

, (20)

R̃k→l
B ≥ −log2(h2(V l, k) + h3(V l, k) + σ2)

+ log2(h1(V n
l , k) + h2(V n

l , k) + h3(V n
l , k) + σ2)

+
log2e(Δh1(k) + Δh2(k) + Δh3(k))

h1(V n
l , k) + h2(V n

i , k) + h3(V n
j , k) + σ2

,

(21)

Algorithm 1 Overall BCD Based Iterative Algorithm
Initialize: (τl→l)

0, V 0
l , W0

l and set iteration index m = 0.

Repeat

1) Solve (18) with the given points (τl→l)
n, Wn

l , and V m
l under the

SCA scheme.

2) Solve (22) with the given points V n
l , (τl→l)

m, and Wm
l under the

SCA scheme, and set m = m + 1.

Until R
(m)
S − R

(m−1)
S ≤ εR or m > mmax.

where h1(V l, l
�)=Tr(V l(Gl

ASB)HW m
l′ Gl

ASB), h2(V l, l
�)=∑

Ω(i)>Ω(l′) Tr(V l(Gl
ASB)HW m

i Gl
ASB), h3(V l, l

�) =

η
∑

Ω(j)<Ω(l′) Tr(V l(Gl
ASB)HW m

j Gl
ASB), Δh1(l�) =

h1(V l, l
�) − h1(V n

l , l�), Δh2(l�) = h2(V l, l
�) − h2(V n

l , l�),
Δh3(l�) = h3(V l, l

�) − h3(V n
l , l�) and Gl

ASB =
(diag

{
(hl

SB)H
}

hAS)H . The rank-one constraint of V l is

relaxed with the same operation of W l by the subtraction
of the nuclear norm and the spectral norm. Hence, with the
given points ωm

l , (τ l→l)m, (P l→l)m, and V n
l , the passive

beamforming optimization can be expressed as

max
V l,R̃l′→l

B ,∀l,l′

∑
l

R̃l→l
B − log2(1 + (τ l→l)m)

+ ρ((‖V l‖2)
LB − ‖V l‖∗) (22a)

s.t. (9), (13c), (19b), (19d), (20) − (21),

where the definition of (‖V l‖2)
LB is similar to (‖W l‖2)

LB .
Therefore, the passive beamforming optimization is trans-
formed to the convex problem (22), which can be solved
effectively by the CVX tool.

D. Complexity and Convergence Analysis
Herein, the BCD based optimization algorithm under imper-

fect CSI is proposed to maximize the worst secrecy rate.
The overall algorithm is shown in Algorithm 1. Furthermore,
the complexity of Algorithm 1 is O(N3(N1

√
K + 1(3(K +

1)3 + 9(K + 1)2 + 27)) + N2

√
M + 1(4(M + 1)3 + 16(M +

1)2 + 64))) [17], where N1, N2, and N3 are the number
of iterations for the active beamforming optimization inner
loop, the passive beamforming optimization inner loop, and
the overall BCD based algorithm. Furthermore, problems (18)
and (22) give the lower bound of (7), which illustrates that
the objective function is non-decreasing and Algorithm 1 is
guaranteed to converge.

V. IMPLEMENTATION AND PERFORMANCE ANALYSIS

In this section, numerical results are utilized to illustrate
the performance of the proposed algorithm. The coordinates
of Alice and STAR-RIS are (0,−100, 10) and (0, 0, 10).
Bobs at the reflection range and the transmission range are
located at (−5,−5, 2) and (5, 5, 2), and the corresponding
Eves are located at (0,−50, 2) and (0, 50, 2) [8]. The channel
coefficients are set to β = 5dB and α = 2.2. The normalized
estimation error of the Eves δl = δl′ = δ = ε/

∥∥∥h̄l
SE

∥∥∥
defined in [15] is considered in this letter. There are M =
12 elements on STAR-RIS, the maximum transmission power
of Alice is Pmax = 30dBm, the number of antennas is
4 and η = 0.01 unless specified otherwise. Furthermore, the
conventional RIS (C-RIS), STAR-RIS based on TS-OMA and
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Fig. 2. Convergence of proposed algorithm.

Fig. 3. Average worst secrecy rate versus δ2.

Fig. 4. Average worst secrecy rate versus K .

STAR-RIS with fixed ES protocol under ar
m = at

m = 0.5 are
also included in the simulation. In particular, C-RIS can be
regarded as a reflection only RIS and a transmission only RIS
under the adjacent deployment with M/2 elements, whose
coefficients can be obtained by Algorithm 1 with power
constraint al

m = 1, ∀l, m. The coefficients of STAR-RIS with
TS-OMA can also be obtained by Algorithm 1 under some
simple modifications, that replace (19d) with diag {V l} = 1.

As illustrated in Fig. 2, Algorithm 1 converges in the limit
iterations for all the schemes in the case of M = 12 and
K = 4, where the compatibility of our proposed algorithm
with TS-OMA and C-RIS is proved. In Fig. 3, our proposed
algorithm achieves higher RS for different δ2 compared with
other schemes under M = 20 (solid line) and M = 12 (dotted
line), which explains that the independent adjustment of reflec-
tion and transmission elements of STAR-RIS is more efficient
than C-RIS for secure NOMA systems. And the restricted SE
of TS-OMA makes it not sufficient enough for secure NOMA
communications. Further, the performance of dynamic ES allo-
cation exceeds that of the fixed ES protocol, which illustrates
that ar

m + at
m = 1 is a better option than ar

m = at
m = 0.5.

Furthermore, from Fig. 4, it is observed that Rs is increasing
with the number of antennas at Alice due to the stronger active
beamforming gain for all the schemes. Compared with other

techniques, our proposed algorithm achieves superior average
worst secrecy rate with the different number of antennas. With
respect to engineering insights, the required hardware cost
such as the number of STAR-RIS elements and antennas on BS
is fewer than C-RIS for a given secrecy rate, which improves
the flexibility of deployment significantly.

VI. CONCLUSION

In this letter, we model the STAR-RIS enabled downlink
secure MISO NOMA network under the ES protocol with
imperfect CSI, and propose the BCD based optimization
algorithm by SCA and a penalty-based method with respect
to active beamforming at Alice and STAR-RIS coefficients,
where the uncertainty of Eve’s CSI is handled by S-Procedure.
Simulation results show that our proposed algorithm has
greater average worst secrecy rate compared with C-RIS,
TS-OMA, and fixed ES protocol under various simulation
settings, which proves that the independent optimization for
the amplitude and phase of STAR-RIS is effective, and the
superior SE of the ES protocol for NOMA improves the
security compared with the TS-OMA scheme.
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