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Abstract—Simultaneously transmitting and reflecting reconfig-
urable intelligent surface (STAR-RIS) assisted non-orthogonal
multiple access (NOMA) communication systems are investi-
gated in its vicinity, where a STAR-RIS is deployed within
a predefined region for establishing communication links for
users. Both beamformer-based NOMA and cluster-based NOMA
schemes are employed at the multi-antenna base station (BS).
For each scheme, the STAR-RIS deployment location, the passive
transmitting and reflecting beamforming (BF) of the STAR-RIS,
and the active BF at the BS are jointly optimized for maximizing
the weighted sum-rate (WSR) of users. To solve the resultant
non-convex problems, an alternating optimization (AO) algo-
rithm is proposed, where successive convex approximation (SCA)
and semi-definite programming (SDP) methods are invoked for
iteratively addressing the non-convexity of each sub-problem.
Numerical results reveal that 1) the WSR performance can
be significantly enhanced by optimizing the specific deployment
location of the STAR-RIS; 2) both beamformer-based and cluster-
based NOMA prefer asymmetric STAR-RIS deployment.

Index Terms—Beamforming design, deployment design, multi-
antenna NOMA, STAR-RIS.

I. INTRODUCTION
Next-generation wireless networks are expected to cope

with the explosive proliferation of wireless devices in a
spectral- and energy-efficiency manner, which requires the de-
velopment of revolutionary techniques [[1]-[3]. Among others,
as a planar meta-surface having a large number of recon-
figurable passive elements, reconfigurable intelligent surfaces
(RISs) constitute a promising technology, which is capable
beneficially ameliorating the propagation of the incident signal
by adjusting the phase and amplitude of each element, hence
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facilitating the creation of conducive environments [4]—[8].
However, conventional RISs are only capable of reflecting
signals, hence only users roaming in the 180° half-plane can
be supported at the same side of RISs [9], [10]. As a remedy,
a novel category of RISs, known as simultaneously transmit-
ting and reflecting RISs (STAR-RISs) have been proposed,
where the incident signals can be simultaneously transmitted
and reflected towards users roaming at both sides of RISs
[11]. Therefore, compared to reflecting-only RISs, STAR-
RISs are capable of achieving full-space coverage as well as
introducing new degrees-of-freedom (DoFs) for enhancing the
performance [12].

On the other hand, the power-domain (PD) non-orthogonal
multiple access (NOMA) has been widely advocated for
enhancing the spectral efficiency (SE) and connectiv-
ity [I13]-[16]. By serving multiple users in the same
time/frequency/code resource block, both beamformer-based
and cluster-based NOMA improves an efficient use of the
spectrum efficiency beyond that of conventional orthogonal
multiple access (OMA) techniques [17]-[19]. Depending on
whether a beamformer is used to serve a single or multi-
ple users, the current multiple-antenna NOMA transmission
schemes can be classified into two categories: beamformer-
based NOMA and cluster-based NOMA strategy [20], [21].
To be specific, the beamformer-based NOMA allocates a
beamforming vector to each user, and users with high decoding
order have to decode the low-order users’ signals, which
results in a high successive interference cancellation (SIC)
complexity, as well as a performance degradation [22]. There-
fore, the beamformer-based strategy is effective for serving
a moderate number of users having similar channel quality.
Cluster-based NOMA separates users into multiple clusters,
where each cluster is allocated the same beamforming vector
and SIC is carried out within each cluster [23]]. Therefore, it is
capable of supporting a large number of users by appropriately
assigning users into clusters. As a further advance, the appli-
cation of NOMA strategies in STAR-RIS assisted networks
has been envisioned as a promising network structure, where
substantial benefits can be achieved: NOMA makes efficient
use of the spectrum in STAR-RISs aided networks; STAR-
RISs are beneficial to NOMA for offering full-space cover-
age, while improving diversity gain and the decoding order
flexibility of NOMA [24].

A. State-of-the-art

1) Studies on STAR-RISs: Recently, STAR-RISs and their
diverse variants have emerged as promising techniques for
networking performance improvement [25]—[29]]. In [27], Mu



et al. studied the power consumption minimization problem of
STAR-RIS aided uni-cast and multi-cast transmission systems.
In [28], Xu et al. proposed a pair of channel models for the
near- and far-field regions of STAR-RIS assisted networks
and the corresponding outage probability expressions were
derived. In [29], Niu et al. proposed a joint passive and
active beamforming (BF) design in the downlink of STAR-RIS
assisted networks for the maximization of the weighted sum
secrecy rate. Due to their nearly-passive mode of operation,
channel estimation in STAR-RIS assisted wireless systems is
a challenging task. To address this issue, numerous efficient
channel estimation schemes have been proposed for conven-
tional RISs [30]—[32], which can also be readily employed for
STAR-RISs. As a further advance, in [33)], Wu er al. studied
an efficient uplink channel estimation design conceived for
STAR-RIS-assisted systems, where the pilot sequences, power
splitting ratio, and training patterns are jointly designed to
minimize the channel estimation error.

2) NOMA in RIS/STAR-RIS-assisted Networks: The perfor-
mance gains of combining NOMA and RIS/STAR-RIS have
been intensively investigated [34]—[39]. In [34], Liu et al
investigated the advantages of employing both beamformer-
based and cluster-based NOMA strategies in RIS-aided multi-
user networks, where both distributed and centralized RIS
deployment were considered. In [35], Zhang et al. derived
the closed-form coverage probability expressions of RIS-aided
NOMA networks, quantifying the performance enhancement
of employing RISs. In [36], Zhang et al. considered the
energy efficiency maximization problem of the RIS-NOMA
downlink by alternately optimizing the BF at both the BS
and the RIS. As a brand-new topic, the combination of
STAR-RISs and NOMA has the potential of outperforming
RIS-NOMA networks in terms of SE [37]-[39]. Ni et al
[37] investigated the STAR-RIS-aided uplink of heterogeneous
networks employing NOMA schemes, where a new successive
signal processing design was proposed for uplink interference
cancellation. In [38]], Hou et al. proposed a STAR-RIS-aided
coordinated multi-point transmission (CoMP) assisted NOMA
system, where the active BF, passive BF, and detection vectors
are jointly designed for signal power enhancement and inter-
ference cancellation. In [39]], Zuo et al. alternately optimized
the power allocation, the active and passive BF at the BS and
the STAR-RIS in the downlink of STAR-RIS-NOMA systems
for sum-rate maximization.

B. Motivations and Contributions

Although some authors have focused their attention on
the optimization of STAR-RIS assisted NOMA systems, the
positioning problem of STAR-RIS has not been considered. In
STAR-RIS assisted networks, the received signal suffers from
the propagation loss of both the BS-STAR-RIS link and of the
STAR-RIS-user link, often referred to in jargon as the “double
fading” [9], which is closely related to the location of the
STAR-RIS. Additionally, in contrast to the reflection-only RIS
whose total power is reflected regardless of its location, the
specific position of STAR-RIS is the main factor influencing its
transmission/reflection phase-shift matrix design. Hence it is
essential to optimize the location of the STAR-RIS for getting
the most out of its advantages.

Therefore, we focus our attention on the location design of
the STAR-RIS, and also take into account the joint active and
passive BF optimization for maximizing the weighted sum-
rate (WSR) of STAR-RIS assisted NOMA systems. The main
contributions of this paper are detailed as follows:

o We investigate a STAR-RIS assisted NOMA communi-
cation system, in which the STAR-RIS is deployed for
assisting the communication between the BS and users.
Depending on whether a beamformer serves a single or
multiple users, the beamformer-based and cluster-based
NOMA strategies are considered, respectively. Accord-
ingly, we formulate the joint beamforming and position
design for our WSR maximization problem of both
strategies, subjected to the specific SIC decoding order,
transmission/reflection power constraints, and minimal
required rates of users.

o For the beamformer-based NOMA, we decompose the
NP-hard WSR maximization problem into several sub-
problems, and develop an alternating optimization (AO)
based algorithm for jointly optimizing the deployment
location of the STAR-RIS, the active BF at the BS, and
the passive BF at the STAR-RIS. Specifically, the succes-
sive convex approximation (SCA) and semi-definite pro-
gramming (SDP) methods are employed for addressing
these sub-problems, and a two-step iterative algorithm is
designed for determining the STAR-RIS location.

o For the cluster-based NOMA strategy, the users in a
cluster are served by a common beamformer, and they are
distinguished by their different power allocation factors
(PAFs), which have to be optimized in addition to the
active BF, the passive BF, and the deployment location.
Then our WSR maximization problem is formulated, an
AO based algorithm is proposed for solving the resultant
non-convex problem, while taking the decoding order
design into account.

e Our numerical results demonstrate that 1) our proposed
STAR-RIS assisted NOMA system outperforms both its
OMA and reflection-only RIS counterparts; 2) the deploy-
ment optimization of STAR-RIS enhances the WSR; 3)
the STAR-RIS deployment location strategy varies from
different multiple access schemes. To be specific, OMA
prefers symmetric while NOMA prefers asymmetric de-
ploymenﬂ among users.

C. Organization and Notation

The rest of this paper is organized as follows. The system
model and problem formulations are introduced in Section II.
The joint optimization design of both beamformer-based and
cluster-based NOMA is detailed in Section III and Section
IV, respectively. In Section V, our numerical results are dis-
cussed, demonstrating the performance enhancements attained.
Finally, Section VI concludes the paper.

Notation: Scalars are denoted by lower-case letters. Vec-
tors and matrices are denoted by bold-face lower-case and
upper-case letters. (-)”, (-)T, Tr(-) and Rank(-) stand for the
transpose, Hermitian transpose, trace and rank of a matrix, |||
and || denote the Euclidean norm and absolute value, C* >

ldeployed near a specific user.



defines the complex space of M x N, while A > 0 means
that matrix A is a positive semi-definite matrix.
II. SYSTEM MODEL AND PROBLEM FORMULATION

We consider the STAR-RIS assisted NOMA downlink illus-
trated in Fig. [I] where N single-antenna users are served by
an N;-antenna BS. Specifically, as shown in Fig. [I] each user
is served with a BF in beamformer-based NOMA, while in
cluster-based NOMA, N users are assigned into N, clusters
and the users in each cluster are served by a common BF. Since
we focus our attention on the location of the STAR-RIS, we
define the location of the BS at x5 = (xy, ys, 21), the location
of the STAR-RIS at x; = (s, ys, 25), and the location of the
i-th user at x; = (x;,y;, 2;). The predefined deployment region
of the STAR-RIS is defined as xmin < s < Tmaxs Ymin <
Ys < Ymax and zpmin < 2 < Zmax. Furthermore, we assume
an energy splitting (ES) STAR-RIS composed of M = M, M,
elements, where M, and M denote the number of elements
along rows and columns, respectively. The transmission and
reflection matrices are defined as ®; = diag (v;) and O, =
diag (v,.), where v, = [\/ﬁ»{ejei, \/ﬂzeﬁ;, cee \/@ej%f],
Ve = [\//Eejefv \/@ejegv RR) \/67M6j9}“w]’ {mv m}
and {60!, ,0" } denote the transmission/reflection amplitudes
and phase shift adjustments of the m-th element, which satisfy

t L Br e 0,1], BE, + 6L, =1, and 6%,,07 € [0,27),Ym €
M 2 {1,2,..., M}| In order to achieve the maximum
performance gain, the perfect channel state information (CSI)
knowledge of all channels is assumed to be available at the
BS.

Reflection Space Transmission Space

Figure 1: The STAR-RIS assisted NOMA system.

The channels of the BS-STAR-RIS link and the STAR-RIS-
user link are modeled as Rician fading channels, which can
be expressed as [9]

G— WB-S gLoS 1 GNLoS
14+ wp_s l+wp-s
_ 1
r; = _WS=U r%os + 71‘?&05,
14+ws—u l+ws v

where wp_gs and wg_py are the Rician factors of the
BS-STAR-RIS link and the STAR-RIS-user link, G €
CMxN¢ jg the channel between the BS and the STAR-
RIS. Furthermore, r; € CM*! denotes the channel between
the STAR-RIS and the i-th user, G5 e CMXxNe gpd
rioS ¢ CMX1 represents the deterministic LoS compo-
nents, GNLoS ¢ CM*Ne and rNoS € CM*1 denotes the
Rayleigh distributed non-line-of-sight (NLoS) components [9].

)]

2In conventional reflection-only RIS-assisted networks, a single reflection
phase shift adjustment for the m-th element is generated, which can be
expressed as 0815 € [0,27), and the amplitude for each element is set
to L.

In (@), G'°5 can be expressed as a (¢5 %5 ~5) al (¢5-5),
and rt°S can be expressed as rt°S = a gbi_Uf‘cpi_Ui ,

where the array response vector (ARV) can be expressed
27d T
as a(pa,pa) = [1,... .

76—] ~ (Mv—l)sin¢Acos<pAi| ®

.27wd . .

[1, ...,e7I7Tx L(Mp—1)sin ¢ sinpa and the array steer-
ing vector ar (¢4) can be expressed as arp (¢p4) =
—j2ZL (N —1) sin ¢ :
1,...,e777x ¢ A [40]. In these equations, dj

and dj are the inter-element spacing, A denotes the signal
wavelength, ¢ 4 and ¢4 denote the elevation angle-of-arrival
(AoA)/angle-of-departure (AoD) and the azimuth AoA/AoD,

which can be expressed as gbﬁfs = arcsin (HZL

.
xp—%s| /)°

= arcsin (ﬂ) @§7S = arccos (H( Lp—Ts

sz*xsl\ xb7x5)1:2” ’

S—-U;
A

and %Yt = arccos T xgat )» Where (+),,, denotes the
first two elements of a vector [9]]. Furthermore, the large-
scale path-loss between the BS the i-th user is expressed
as Ly = dg%g s_“(—in, [41], « is the path-loss component,
dp_s and dg_y, denote the distance between the BS and
the STAR-RIS as well as between the STAR-RIS and the ¢-
th user, which can be expressed as dp_gs = ||xs; — x| and
ds_u, = ||xs — x;||, respectively. Furthermore, we detail the
symbols used in this paper in Table [I] at a glance.

Table I: DESCRIPTION OF SYMBOLS

Symbol Definition
N¢ Number of antennas at the BS
N Number of users
Ne¢ Number of clusters in the cluster-based NOMA
M Number of RIS elements
Xp Location of the BS
X; Location of the i-th NOMA user
Xs Location of the STAR-RIS

B Transmission/reflection power of the m-th element
oL, or, Transmission/reflection phase shift of the m-th element
v, O Transmission passive beamforming vector/matrix
vy, O Reflection passive beamforming vector/matrix
G Channel between the STAR-RIS and the BS

Rician factor
Channel between the STAR-RIS and the i-th user/

Ti> Un,i the i-th user in the n-th cluster

Lo L. Large-scale path-loss between the BS and the i-th user/
Kdiel the i-th user in the n-th cluster

Wi, Wp, Beamforming vector to the i-th user/n-th cluster

w (1) SIC decoding order of the i-th user

w(n,1) SIC decoding order of the é-th user in the n-th cluster

Dn,i PAF to the i-th user in the n-th cluster
2 2 :

05,00 Noise power

A. Problem Formulation of Beamformer-based NOMA

In beamformer-based STAR-RIS-NOMA, the BS serves
each user by a beamformer and the STAR-RIS is employed
to transmit/reflect the BS’s downlink signals to users. The i-th
user’s received signal can be expressed as

Yi = Z (\/firjgi,pG) W;Si + Ni, 2

i=1



where ©;,, p € {t,r} denotes the transmission/reflection
matrix between the STAR-RIS and the i-th user, we have
©®;, = ©; when the i-th user is located in the transmission
area, and ©;, = ©, when the ¢-th user is in the reflection
area, s; denotes the i-th user’s signal, n; ~ CA (0, 01-2) is the
additive white Gaussian noise (AWGN), and w; is the active
BF vector of the i-th user. According to the NOMA principle,
successive interference cancellation (SIC) is employed by the
users to remove all other users’ interference in order. We define
the decoding order of the i-th user by (), and w(k) > 7 (%)
indicates the user k will first detect the signal of user ¢ before
detecting its own signals. Let J; = {k|m(k) > m(i)} denotes
the set of users detected after the ¢-th user. Then the achievable
rate of the i-th user in decoding its own signal is given by

2
Li I‘I@LPGWZ'

> Li
J€T;

and the rate for the k-th user (k € J;) in detecting the i-th
user’s signal can be expressed as

R ;=1logy | 1+ , (3

2
PZ@i,pGWj’ +o7

2
Lk’r;@k,p(;wi

1+

Ry = log, 2 4)
Z Lk‘I‘L@k’pGWj‘ +O’i
JET:

The WSR maximization problem can be formulated by jointly
designing the active BF at the BS, the passive BF and the

location of the STAR-RIS as

N
3% ;mRHi (52)
sit. R;_; > Rmin, Vi €T, (5b)
Rk—)i Z Ri—>i; Vi € Ia k S \71') (SC)
2 2
lel®- , ArT@- )
L; ~r;®i,prl > L; r%®i7pGW] , (5d)
Viie€Z,jeJ,
N
Z ||W’L||2 < PmaX7 (56)
i=1
Xs (Ts,ys) € X X D, (59)

7P;L e [O’ 1]79’% 6 [05271-)7 vm 6 M7p e {t7r}7
(52)

Bt + Bl =1, ¥Vm € M, (5h)

where 7 = {1,2,..., N}, x4 (zs,ys) defines the x- and y-axis
location of the STAR-RIS, while 7; denotes the rate weight of
the ¢-th user. As seen in (3)) of the paper, the objective function
(5a) depends not only on variables w; and ©; ,, but also on
the deployment location of the STAR-RIS, which determines
the values of L;, r; and G in R;_,,;. Constraint (5b) is the
minimal rate requirement of the ¢-th user, guarantees that
the SIC can be successfully performed, (5d) is to guarantee
that not all the power is allocated to the higher decoding order
users, hence maintaining rate fairness among users [42], (@
is the maximum transmit power constraint of the BS, (5f) is

the STAR-RIS deployment constraint, while (5g) and (5h) are
the transmission and reflection power constraints of the STAR-
RIS.

B. Problem Formulation of Cluster-based NOMA

In this part, the signal model and the WSR maximization
problem of the cluster-based NOMA are formulated. The
received signal of the ¢-th user in the n-th cluster can be
expressed as

N, K
Yn,i = Z (\/ Ln,,z'rLi@n,prn) Z \/pn,isn,i+n7l,i7 (6)
=1

n=1

where N users are assigned into N, clusters with K users
in a cluster, L, ; denotes the propagation path-loss of the i-
th user in the n-th cluster. Furthermore, r,, ; is the channel
between the STAR-RIS and the i-th user in the n-th cluster,
®,p, p € {t,r} is the transmission and reflection matrix,
which can be expressed as ©,, , = ©; when the n-th cluster
is located in the transmission area, and ©,, , = ©,. when the
n-th cluster is in the reflection area. Still referring to (6), w,
is the BF vector of the n-th cluster, p, ; and s, ; are the PAF
and the desired signal of the i-th user in the n-th cluster, and
N, ~ CN (0,02 ;) denotes the AWGN. For any two users k
and ¢ in the cluster n, w(n, k) > 7(n,4) indicates that user 4
is detected before user k. Then the achievable rate of the i-th
user in the n-th cluster is given by (7), where 7,, ; denotes
the set consists of users detected after the i-th user in the n-th
cluster. For all k € [J,;, the rate for the k-th user to detect
the i-th user’s signal can be expressed as (§).

The WSR maximization problem can be formulated as

N, K
max E g nn,iRn,iﬁi

(9a)
st X (zs,ys) € X X Y, (9b)
Ry > RM2 (9¢)
Rosi > Ryisi, (9d)

K
> pni=1, (%)

=1

NC
> Iwall? < Prax: 9f)

n=1

pgr €10,1],62, € [0,27), m € M,p € {t,r},
92

Bh,+ B, =1, meM, (9h)

where 7,, ; is the weight of the ¢-th user in the n-th cluster,
is the deployment constraint, is the users’ minimal
rate constraint, (9d) is to guarantee successful SIC detection,
is the power allocation constraint in a cluster, @ is the
maximum transmit power constraint at the BS, while @_g]) and
(Oh) are constraints of the passive BF at the STAR-RIS.

Observe from (3)) and (), that the coupled amplitudes used
for transmission and reflection are jointly optimized, whereas
only the phase shifts are optimized with unit amplitudes in
reflection-only RIS-assisted systems.



pn,iLn,i|rL7i®n,pGWn |2

Ry =logy [ 1+ (7)
S DujLnilth ;©5,GWal2 + Loy Y [r] 0, ,Gw |2 + 02,
JETn,i n’'#n
T 2
- pn,iLn,k‘r ,k®n,pGWn|
Ry pi=logy | 1+ (8)

JE€EITn,i

> Paglaple) ;©uyGwal? + Lug 3 [r], 1 ©0,Gwi? + 02,

n’#n

III. PROPOSED OPTIMIZATION ALGORITHM FOR
BEAMFORMER-BASED NOMA

In this section, we proposed an AO based algorithm to
solve the WSR maximization problem (5). The active BF at
the BS, the passive BF, and the location of the STAR-RIS
are alternately optimized with all the other variables fixed.
Although exhaustive search is capable of finding the optimal
decoding order, its complexity increases upon increasing the
number of users. Therefore, we proposed a pair of low-
complexity decoding order designs, i.e., the distance-based
design where the users closer to the BS are assigned a higher
decoding order, and the fixed order where the SIC order is
predefined. For the given user order, the original problem (3]
can be decomposed into several sub-problems as follows.

A. The Sub-problem of Active BF Design

The problem of optimizing the active BF at the BS with the
fixed STAR-RIS location and the passive BF is formulated as

N
max ) iR (10a)
"=l

st. Lirl@; Gwi|* > L;|rl®; Gw; “viieLjed,
(10b)
Ry >R, Viel ke, (10c)
Ri—i > Ruin, Vi €I, (10d)

N
D Iwill* < Puax. (10e)

1=1

Then the optimization problem can be formulated by em-
ploying the semi-definite programming (SDP) method. Define
W, = wiwj, which satisfies Rank(W;)= 1, W; > 0, the
problem can be reformulated as

N
max ;mRHi (11a)
st. Tr (WH?) >Tr (WHY), ViieZ,jeJ;, (llb)
N
> T (W) < Panax, (11¢)
=1
Rank (W;) =1, Vi € Z, (11d)
W, =0, Vi €T, (11e)
(109, (@0d), (11D

b te- b
where h2 = \/Lieri’pG, H2
Tr(W;HY)
JET;
problem (11), we introduce the slack variables {x;.} and
{yi,=} so that

()R, Ry =

To address the non-convex

1 : .
. =Tr (W,H?), Vi€ I,z € {J;,i}, (12)
yie= 3 Tr (WHY) 402, VieZ,ze{F,i}. (13)
JET:

Then R;_,; can be expressed as R;_,; = log, gl + 1y )

Furthermore, by introducing constraints for the slack variables

i < Tr(W;HY) and y;. > Y Tr(W;HY) + 02, as
' JE€ET:

well as R;_; < log, (1 + ﬁ), the optimization problem

can be formulated as . '

N
i ngw (14a)
st. R < 1Og2 (1 + e ) , Vi el (14b)
<Tr (WHY), VieZ,z€{J,i}, (l4o)

Ti,z
yie > Y Tr (W;HY) + 02 Vi€ T,z € {J,i},

jET:
(14d)
Rz—)zglog2 <1+ )avzezak€t7u
i, kYi,k

(14e)
Rii > Ruyin, Vi €L, (14f)
(ITH) — (TTe). (14g)

However, problem (I4) is non-convex due to the non-convexity

of the constraints (I1d), (T4b), and (I4e). As proved in [42],

log, (1 + ﬁ) is a convex function with respect to x and y

when x > 0, y > 0, hence, a linearized lower bound of
the right-hand-side of (I4b) and can be obtained by
employing the first-order Taylor expansion at the feasible point

(%6, Tiyi) as
~ 1
log, (1+ )ZRi—néIOgQ <1+~ = )
, VieT.

. N 15
_ logge (@i — %) logge (yi,i — Yii) ()

T3 Yii + Ti TiiYi s + Yii




Therefore, the optimization problem can be reformulated as

N
Z Nilisi

W Ris e - (162)
s.t. RH, <R, Viel, (16b)

Rii <Rp_i, YieT ke J;, (l6c)

Ri; > Rmm, Viel, (16d)

(1) — (TTe), (T4), (14d). (16e)

Note that the rank-one constraint (Iﬂ__d]) is provably satisfied,
hence we drop it in order to obtain a relaxed version. After
introducing slack variables and reformulations, @ becomes
tractable and can be solved by CVX [39].

Remark 1. The optimal solution W;* of (16) obtained
without the rank-one constraint always satisfies the rank-one
constraint. The proof is similar to that in [39], hence we omit
it for brevity.

According to (I6)), our algorithm proposed for obtaining the
active BF is summarized in Algorithm 1, where « denotes the
iteration index of the AO procedure, in which the solution of
the (x—1)-st iteration is used as the input of the x-th iteration,
Ky is the iteration index of Algorithm 1 for obtaining a locally
optimal solution.

Remark 2. Feasible Initial Point Search: We study a feasible
initial point search algorithm to avoid the infeasibility of prob-
lem (I6) by introducing a variable 5. Then the initialization
can be expressed as [43|]
min
Wi, Rii,%i,2,Yi,=

s.t. (T6B)* — (T69)", (17b)

where (I6b)*—(16e)* can be obtained by reformulating the
constraints (I6b)—(16€) as f < 0, and then replace 0 with 6.
Feasible initial point can be obtained by solving (I7).

(17a)

Algorithm 1: Proposed Algorithm for Optimizing the
Active BF in the x-th AO Iteration.
Input: The passive BF V(F”*l) and v{*™V. the
optimized location of STAR-RIS )(("i 2
1 Set the tolerance of iteration accuracy 51, max
iteration time I7"®%, initial iteration number xkp = 0,
and initial feasible points {Z; .}, {5: . };
2 while x;, < I1"** and § > 51 do
3 Ky = Kp + 1
4 Solve to obtain the solution WEM’);
5 Update {Z; .}, {7: .}, and objective value Flse)
§ = ’Ft(:vb) _ Ft(fbfl)‘.

6 end
Output: W),

B. The Sub-problem of Passive BF Design

In this part, we optimize the passive BF v,, p € {t,r}
at the STAR-RIS with given w; and location x,. Let us
define V;, vav”,, which satisfies V;, = 0 and
Rank(V;,) = 1, where V;, = V, when the i-th user is
located in the transmission area, and V;, = V, when the
i-th user is deployed in the reflection area. Hence, R;_,; can

Te(Vi pHY ;)
Z Tr(Vl pHY )02

be formulated as R;_,; = logy < +

where h} ; = VL. diag(r!)Gw;, hy ;= \/ _diag(rl)Gw;,
H', = h, (h7J )Y, and HY ; = h? ;(h? ;)". Furthermore,

accordmg to (5g), we have [V ]m . = B, where (7, satisfies
L+ =1 and 0 < pP <1, pe {t,r}. The optimization
problem can be formulated as

‘rfriax Zm i i (18a)
s.t. RHi > Runin, Vi € Z, (18b)
Rii >Ry, VieT ke, (18¢)

Tr (Vprl) <Tr (V;J)H;ﬂ.), Viie,jed,
(18d)
V, =0, petr} (18e)
[Volpm = By p € {t, 1}, Vm € M, (18f)
0<pl <1l,pe{t,r}, Vme M, (18g)
Bt + Bl =1, ¥Yme M, (18h)
Rank (V,) =1, p e {t,r}. (18i)

Similar to Section [[II-Al we introduce slack variables {4, .}
and {B; .} to transform the original problem into

N
max ;mRHi (192)
1
st. T <Tr (Vi HY,), Vi€ T,z € {Ji},  (19b)
Bi.> Y Tr(Vi,H!))+0? VieIze{Ji},
JjE€T:
(19¢)
Ri—i > Rmin, Vi €T, (19d)
1 ‘
R, <log, <1 + Ai,iBi,i> , Vi eZ, (19e)
1
< ; .
Rii <log, <1 + Ai,kBi,k>  VieT ked, (19

(18d) — (I3). (19g)

To address the non-convex constraints (19¢) and (19f), we
give the linearized lower bound of their right-hand-side at the

(Azmé7,z> as
logoe (A;i — Aq;
1 2o ( ) 1,1)
REB. 2o 14+ ——= - — =
1—1 g2 Ai,iBi,i o
10g26 (Biﬂ — Bz,z)

- — = , Viel.
Ai,iBZZ,,' + B,

feasible point

Furthermore, to relax the rank-one constraint (18i)), the se-
quential rank-one constraint relaxation is employed as [9]

max (eig (Vp)) > eTr (V,), p € {t,r}, 21)

where max(eig (V,)) denotes the largest eigenvalue of V,
while ¢ € [0, 1] is a tightness parameter.



Finally, we have

N
max E ni i
QU . 1
i

"
st Umax (V;(;%)> V pUWmax <VZ()RU)) > ) Ty (VP) )

(22a)

pe{tr},

(22b)
Ri; <RFB, Vie1, (22¢)
Rii <RFB. YieT keJ;, (22d)
(18d) — (T8h), (19) — (19d), (22¢)

(Vi Vo {Ai o} {Bi 2} AR}, Vi) s
the obtained solution after the x,-th iteration, Upmax Vz()m))

where &,

denotes the eigenvector of V,(,N”) with largest eigenvalue, and
the value of £(**) can be updated by [9] after each iteration.
We finally arrive at the convex problem (22), which can be
solved by CVX.

C. The Sub-problem of Deployment Location Design

In this part, we focus on optimizing the deployment location
of the STAR-RIS based on the active and passive BF obtained.

Note that in the deployment location optimization proce-
dure, the angle-of-arrival (AoA)/angle-of-departure (AoD) is
related to the location, hence the channel r; and G cannot be
regarded as constants during the optimization. Therefore, we
develop a two-step iterative algorithm, where the location is
roughly optimized by only considering the large-scale fading
to obtain an initial optimized location first. Then the location
is further optimized in vicinity, in which the AoA/AoD can
be regarded as constants. We define u;; = |r!®;,Gw,|?

and u;; = |r/®;,Gw,|%, R;; can be reformulated as
Ri_y; = log,y(1+—"2—). The optimization problem can
Ui+
JET;

be formulated as

N

max ZﬂiRiai (23a)
* =1

st. Ri; > Ry, Vi€Z, (23b)

Ry—yi > Ry, Vi€ Lk € T, (230)

Xs (Ts,ys) € X x V. (23d)

To address the non—convex problem (23), we first introduce
the slack variable 7, = L . Then the linearized lower bound
of R;_,; can be found by employing the first-order Taylor
expansion at the local point 7; as

Wi =
R Elogy |1+ =——"——
i—i 62 Z Uq, 5 + 7'7;0'12

JE€T:
) o ogge (1~ ) viez
(um + Z ui,j +’7~'20'12> ( Z 'Udz',j +7~—1012>

JjET; JET:

(24)

Then (23) can be reformulated as

max Zm i (25a)
S.t. Ri—n’ > Ruin, Vi €T, (25b)
R, <R;,, Viel, (25¢)
R ; < Rk—n’a VieZl keJ;, (25d)
X (Ts,Ys) € X X Y, (25¢)

1
> —, Viel. (250)

L

However, the problem is still non-convex due to the non-
convexity of constraint (25f). To address it, we introduce the
variables ¢, ; as

¢ >dp_s, (26)
i 2ds—u,, Vi €L, (27)

and the constraint (25f) can be replaced by
> g, Vi€, (28)

where the r1ght -hand-side can be reformulated as ¢y; £
((M%) _ & % Then by obtaining its lower bound at the

local point (gi), ?i)» can be finally replaced by

1 3 - 52 ~2 " 5
e S GORLCE

@i) -
(29)
Finally, the optimization problem can be rewritten as

N
max 2_; iRissi (30a)
s.t. - " 7 a 7 (30b)

where ®, {xs,0,{0i}, {7}, {Ri=i}}. The STAR-RIS
location optimization algorithm is detailed in Algorithm 2.

Algorithm 2: Proposed Algorithm for Optimizing the
Location in the x-th AO Iteration.

, and the
, and the initial

Input: The obtained active BF W( -b
passive BF v\~ and v(” b
feasible points <I>g0).
1 Solve in the predefined deployment region to
obtain an optimized location x}**;
2 Repeat ;
3 Solve in a small region near the x* to obtain the

optimized location xg”S);

4 Update @gﬁs), calculate the objective value Frs),
ks = Kg + 1;
s Until: |[F(®) — p=D| < 6,
Output: x\".

Based on the above sub-problems and their optimization
algorithms, an AO based algorithm is proposed to obtain the
active BF at the BS, the passive BF as well as the location
of the STAR-RIS. The details of our proposed algorithm are
summarized in Algorithm 3.



Algorithm 3: Proposed AO based Algorithm for the
Beamformer-based STAR-RIS-NOMA.
Input: Initiailizing Locations of users and the BS, the
channel vectors r; and G.
1 Initialize the passive BF vz(,o), the active BF WEO)
location of the STAR-RIS x\”;
2 Set the tolerance of iteration accuracy 5 ;
3 Repeat ;
4 Update w( *) by solving (16) with v("C 1), vﬁ'{_l), and

(H—

, and

s Update v( ) and v{" by solving with the
(1) (<=1,

obtamed w, and xg

6 Update x () by Algorithm 2 W1th v(” D v and
WZ(K 1)’

7 Calculate the objective value F("”");

s Until: |[F(5) — p(s=1] < §;

Output: Optimized v;, v,, w;, and X;.

D. Convergence Analysis

In our AO based algorithm, the solutions obtained by

solving (T6), (22), and (30) are used as the input of the
other sub-problems. We first define F (w'™ v{" (n)> as

the objective value of (5) after the s-th iteration, which may
be formulated as:

F (sl ox) EE o) (w0
(b)
=k {lb( "}
(c) (k+1) ) )
§F<W1 uvz()n7xgm)7
(+) denotes the objective value of lb with the

obtained {W(K)} In (3I), we have (a) follows from the fact
that the ﬁrst—order Taylor expansion in is tight, (b) holds
when {W } is optimized, and (c) is satlsﬁed because l|
is always the lower bound. Hence, the original problem is
non-decreasing, which can be expressed as

7 V;(f)7 Xgn))

( (r41) (),Xgn)> G1)

() <, ()
Féb( )}( (H),V,()”H),X,(f)) (32)
<F (W§ )’V§H+1>7Xgn>>7
and
F (WEK),V:(DH),XgH)) Fébw} (W,“),vz(f),xg”))

(
Fir oy (Wi v x(0) 33
< F (wl?, v XD

)

Finally, we arrive at

. (W(H)’V(H)’Xgﬁ)) <F (ng-&-l)’vz()nJrl)’XgnJrl)) . (34)

7 p

Remark 3. Equation indicates that the objective value
of the original problem is non-decreasing in each iteration of

Algorithm 3, and our proposed algorithm is guaranteed to
converge due to the finite value of the WSR.

E. Complexity Analysis

Observe that the total
based algorithm depends on
sub-problem. The complexity of

complexity of the AO
the complexity of each

solving

0O, = O ( I max (Nt, (2N + 1)*y/N; log, é)),
the complexity of solving ([22) is O =
(@] (Iglax max (M, (2N)*VM log, é) , where ¢; and
do represent the solution accuracy, while I and

I3"* denote the number of iterations. The complexity

of the position optimization is O3 = O (2N +4)*”. The
total complexity of our proposed AO based algorithm is
O [I49. (01 4+ Oz + O3)], where IAQ is the number of

iterations in Algorithm 3. Specifically, the complexity of
exhaustively searching all possible combinations is O (N!).

IV. PROPOSED ALGORITHM FOR CLUSTER-BASED NOMA

In this section, an AO based algorithm is invoked by de-
composing the original problem (J) into several sub-problems
to address the coupled optimization variables, where the PAFs
and active BF at the BS as well as the passive BF and the
location of the STAR-RIS are alternately optimized. Further-
more, a low-complexity decoding order design based on the
equivalent-channel-gain of the users is employed [39].

Remark 4. Consider the decoding order of any users k and i
in any cluster, their equivalent-channel-gain is used to decide
the decoding order, where if

n k‘rjl k(-)n pG'VVn|2

" k Z |rn k®n pGW"’| + Jn k a
n'#n
n,i|rj:,,i®n7pGWn‘2
Lo 3 [0} @npGwn |2 +02
n’'#n
we have w(n, k) > w(n,i) [39).

(35)

Remark 5. It may be readily shown that when we use
the equivalent channel gain for determining the decoding
order, the constraint (@) can be satisfied [|39]. However, the
equivalent-channel-gain of users is related to both the active
and passive BF as well as to the location. Hence the decoding
order has to be updated after each iteration.

According to Remark 4, (9d) can be released by employing
the detect order in (33)), while the optimization problem (9) is
still non-convex due to the non-convex objective function as
well as constraints. Hence, we decompose the original problem
(9) into sub-problems and solve them iteratively as follows.

A. The Sub-problem of Active BF and PAFs Design

By denoting Bm = ,/Ln,ir};’i@n’pG, I:Im = 1_1;’1-}_1”7i,
and W,, = w,w! to employ the SDP method, the optimiza-



tion problem can be formulated as

max Zznm niovi (36a)
Pn,isWn ne1i=1
st. W, =0, (36b)
(pn,i — Yn,i Z pn,j)T‘r (WnI:In,z) -
JE€ETn,i ) (360)
Tnyi Z Tr (Wn’Hmi) - 'Yn,za'n i >0,
n’'#n
K
me =1, (36d)
Z Tr (W) < Paax, (36e)
Rank (Wn) =1, (36f)
where  (6c) is  equivalent to  (@Oc),  while
Tnyi = 2RTT‘;}HI‘ - 1, Rn i—1 =
(pn it EZ Pn, J)Tr<Wan L) Z TI"(W /Hn 7)+01L i
J€Tn i n’#n
logs > pugTr(WaHn )+ z Tr (W Ho )07
JI€Tn i

To tackle the non-convexity of the objective function (36a),
we introduce the slack variables {z,, ;} and {y, ;} as

eTn.i S(pn,i + Z pnyj)Tl“ (Wnﬁn,z)
JETn,i

_ (37)
+ > T (W H, ) + 07,
n'#n
eyﬂ : > Z Pn jTr Wan i Z TI‘ /ﬁn,i) + 0'72171‘-
JE€EITn,i n'#n
(38)
Then the optimization problem can be formulated as
maX lo n,i \Tn,i n,i 39
Pn,i, W, ng Z Z /r] m y ) ( a)
Tn,isYn,i n=1i=1
s.L. - a 7 ' (39b)

Now, we turn our attention to the transform action of the non-
convex constraint (37) by introducing the variables {g, ;} as

Z pn,j +pn,z gn,i

i€Tni =0.  (40)

, Tr (W,H,,)

Then can be reformulated by using the first-order Taylor
expansion of ¢2 . at the feasible point ¢, ; as

Sn,i

2Gn,iSn,i — gnz—l— Z Tr W H,H) —|—0nl > efmi (41)
n'#n

As for the non-convex constraint (38), we introduce the

variables {c,;} and {d, ;} satisfying
Cn,i > Tr (Wnﬁn,l) )

1>dpi> > pojs
JE€ETn,i

(42)
(43)

where we have

JE€ETn,i

) 2 52 (i2 )
5] ) < (Cn,z + dn,z) . Cn,z n,g
e 2 2

Czn,idn,i + dy%,,z
(44)
The right-hand-side of (44) follows from the first order Taﬁr
38)

~ ~2
Cn,iCn,i + Cn,i -

expansion at a local point (¢, ;, d, ;). Finally, constraint (
can be replaced by

C+d .2_62A+(z2, ~
( n,i n,z) 5 n,i ni BniCnsi + Ei,i _ dn,idn}i—"_
dy ; + Z Tr (W) +0n i < e (yni = Gni + 1),
n'#n
(45)

where €97 (y,, ; — §.; + 1) is the lower bound of e¥" at the
local point ¢, ; due to the convexity of e¥¢. Furthermore,
the optimization problem after relaxing the rank-one constraint
can be finally formulated as

N. K
max logse Z Z Nnsi (Tni — Yn,i)

n=1 i=1

.. — (36¢), (@0) — @3), @, (46b)

where ® = {{pn,i}a Wna {xnyi}v {yn,i}v {Cmi}a {dn,i}, {an}}
Now, problem (#6) is convex and can be efficiently solved by
CVX. The detailed procedure is given as Algorithm 4.

(46a)

Algorithm 4: Algorithm for Optimizing the Active BF

and the PAFs in the s-th AO Iteration.

Input: Obtained vikil), v and xFY,

1 Set the tolerance of iteration accuracy 4, max iteration
time I,,42, initial iteration number £, = 0, and
feasible point set ®©);

2 while &y < L0, and § > 6 do

3 Kp = Rp + 1;
4 Solve to obtain the solution W,(fb) and
{p (f%)}
5 Update @ (”b), where
S (m ST (WO,
JE€EITn,i
+ 3 Tr(VV(N 'H, )—I—U,”) ;
n’#n
Update objective value F(*») and calculate
J = |F(7€b) _ F(Rb*1)|;
¢ end

Output: Optimal W™ and p('/”)

B. The Sub-problem of Passive BF Design

Similar to the procedure of Section [IV-A] to tackle the non-
convexity of the problem, we define V., = v vy, ,, which

satisfies V,, = 0 and Rank(V,) = 1, p € {t,r}. Then
the problem of optimizing v, for a given w,, and x, can



Un,i

un zU,L llong ( 7~—n,z)

S
Rn i

=log, | 1+ ~ S
? Z Un,j + Un,in’ + Tn,

JE€ETn,i

a (an,z + Z an,j + un,z,n/ +Tn,i)( Z ﬂn,j + an,i,n’ + %nz)

. (50)

JETn,i JE€ETn,i

be formulated as

N. K
E{: :E:: nrtij%ijfi»z

Ve (47a)
V., V., ‘
AniBri n=11i=1
1 A
g Sha i Tr (V”’pH””) 7 o
B> Z Dn,; 1r (Vn,pﬂn,i)—i—
GE€EIni .
Z Tr (Vannn 1) +o2,
n'#n
(pn,i — Tn,i Z pn,j)TI‘ (Vn,pI:In,i) .
GE€ETni
47d)
Tn,i Z Tr (Vmpﬂn,n/,i) + 0'72171- Z O,
n'#n
- (IS5, @25) e
PB 1 _ 10g25(A Ar ) B
where Rn i = logy <1 + B 1> (A )’ B, H—A‘
loge( By~ B )

5 An,i = nzdlag ni Gwn’ hn,n’,i =
JL mdlag )Gw,, H,; = h,Af , and H, ., =
hn n, hnn l,AC and BC are the slack variables introduced,

AC ; and BC denote the feas1ble point. Therefore, 1i is the
N. K

lower bound of Z Z Rn i—i. It may be readily seen that

problem is 31m11ar to problem (22), hence we omit the

detailed algorithm for brevity.

Ac (Bc )+BC

'I’Ll’

C. The Sub-problem of Deployment Location Design

Similar to (30), the deployment location sub-problem can
be formulated as

N. K
max E E Mn,iBnimsi

(48a)

n=1i=1
st Xs(2s,ys) €EX X, (48b)
Ry > Ry (48¢)

To address the non-convexity objective function in , we
introduce 1

Tnz
- L
nl

(49)

and the linearized lower bound of Rn,iﬁi is given by em-
ploying the first-order Taylor expansion at the local point
7~-n,i as @])’ ngn pGWn|2, anz n! =
> \rlﬁi@n’p(}wm , and Tni = Tn, zo . Similar to
and (29), by introducing

Pn,i Z dS—Un),', )

61y

where dg_y, , denotes the distance between the STAR-RIS
and the i-th user in the n-th cluster, the non-convex constraint
(@9) can be replaced by

B (¢ + @ ) - 952
Ts 2 Rl Qbe + ng — Pn,iPnit 99n S0

- 2
(52)
where the definition of ¢ is the same as in (26).
Finally, problem can be equivalently written as
N. K
max il iy 53a)
Xs,Tino'rL,i7¢ ngl ;n ’ o (
st Xg(xs,ys) € X XY, (53b)
sz =1 = Rrr?,lz:za (530)
e, G1). G2, (53d)

Since the optimization problem (53) is similar to problem
(30), the procedure of solving it is similar to Algorithm 2. By
Recalling the procedure given in Algorithm 3, the AO based
algorithm of obtaining the PAFs and the active BF at the BS
as well as the passive BF and the location of the STAR-RIS
can be formulated by alternately solving problems @6), @7),
and @ However, the detailed algorithm is omitted here for
brevity.

D. Convergence Analysis

Let us now consider the sub-problem (46) and define
the s~olut10n obtained at the ~;-th 1terat10n as ®Fe) =
(Wi i) 2l yl) ) a6\ Note that g™
is the feasible solution of (@ Hence it may be readily shown
that the solution ny f) obtained must satisfy yfl Z) < y( Z) due
to the specific form of the objective function. Then accordmg

to [43]], we have
(35 = o +1)

where (d) holds due to the first-order Taylor expansion. Hence

it is readily seen that y('{”H) < y(’””') Furthermore, we have

o, < yT(L +) < oo. Therefore, y( ") is a bounded monotonic

function, which converges as the 1terati0n index Ky increases.

Meanwhile, gj,(fl) also converges due to the convergence of

yT(L i ) Therefore, the objective value obtained converges to a

stable value.

(@) (%)

(Rp+1)
<e’qnz ,

e n,i

~(~b)
_eTLl

(54)

Remark 6. Similarly, the convergence of our proposed AO-
based algorithm can be proved as in Section

E. Complexity Analysis

The complexity of solving

O<m5dpnsdp+msdp sdp+msdp sdp s
the number of semi-definite constraints and ngq, denotes
the dimension of the associated semi-definite cone. For

the SDP problem is

where  mgq, s



Table II: SIMULATION PARAMETERS [27], [139]

Beamformer-based NOMA  Cluster-based NOMA

Number of users N 2

Number of clusters N -

Path-loss exponent « 2.5

My, 5

Rician factor wg_g, wg_y  3dB
Minimal required rate 1 bps/Hz
Noise power -90dBm
BS’s location [0,0.4]7

Users’ location [10,8,2]7, [15,0,2]7

4
2

2.5

5

3dB

1 bps/Hz

-90dBm

[0,0,4]7

[11,8,217, 113,8,217, [16,0,217, [18,0,2]7

problem , we have mgq, = 8, Ngap = Nf. Similar to
Section [III-E] the complexity of obtaining the passive BF
is Op = O (1;,;ax max (M, (2N.)*V/MM log, ﬁ)) where
I;}gax is the number of iterations and dpp is ‘the” solution
accuracy. The complexity of optimizing the deployment
location is Oy = O (2N +4)>°. The total complexity is
O [Imax (8N{ 4 64N} + 512N, + Oy + O,) ], while Iyaq
is the number of iterations in the AO based algorithm.

V. NUMERICAL RESULTS

In this section, numerical results are provided for character-
izing the effectiveness of our proposed designs. The simulation
parameters of the beamformer-based and the cluster-based
systems are given in Table [I]

A. Beamformer-based NOMA

20.5
—*—N: 0
—6— N=8, M=20
20 —e— N= 30
<19.5
Z
z
£ 19
~
w
2185
18
17.5 ; ;
1 2 4 5

Iteration Index

Figure 2: Convergence of the AO based algorithm for
beamformer-based NOMA (Pp,.x = 30dBm, 1 =[0.5,0.5]).

The convergence of our AO based algorithm proposed
for the beamformer-based system is plotted in Fig. 2] The
maximum transmit power is set to Py ,x =30dBm. The final
solution is obtained by alternately solving each sub-problem,
and the obtained solution for each sub-algorithm is used as the
input of other algorithms. Our simulation results illustrate that
the proposed algorithm converges within 3 iterations, which
is consistent with Remark 3.

Fig. 3] depicts the WSR of the beamformer-based NOMA
versus the number of antennas at the BS, where the number of
STAR-RIS elements is set to M = 20, the maximal transmit

o
T

oo
T

NOMA gain

WSR (bps/Hz)
3

—&—STAR-RIS-OMA, AO
—6—STAR-RIS-NOMA, AO ]
—#—RIS-NOMA, AO

- ©¥- ‘STAR-RIS-NOMA, FL

4 6 8 10 12 14 16
Number of antennas

[=)
T

Figure 3: WSR versus the number of antennas V.

power is set to Ppax = 30dBm, and the users’ weight 7 is
set to [0.5,0.5]. As seen from Fig. E[, the WSR increases with
N;. This is expected since the increasing number of antennas
leads to a higher BF gain, which improves the signal power.
This trend can be readily explained as follows. Compared
to the reflecting-only RIS which can only support the users
roaming within the 180° half-plane, STAR-RIS is capable of
supporting all users due to its simultaneous transmission and
reflection capability. Furthermore, NOMA outperforms OMA
in STAR-RIS assisted systemsﬂ, and the performance gain of
NOMA over OMA becomes more pronounced upon increasing
the number of antennas. Furthermore, the performance gap be-
tween the optimized and fixed location (FL) of the STAR-RIS
highlights the significance of STAR-RIS location optimization.

Fig. @] shows the WSR versus the maximal transmit power
of the BS, where the number of BS antennas is set to N; = 8,
the number of STAR-RIS elements is set to M = 20, and
the users’ weight is set to n =[0.5,0.5]. Observe that the
WSR of all schemes linearly increases as Ppax increases.
Similar to Fig. B] our proposed STAR-RIS-NOMA has the

3We employ frequency division multiple access (FDMA) as a typical OMA
technique. Then the rate of the i-th user can be expressed as Rf DMA _
L;

rf®; ,Gw;
1

2
% logy [ 1+ pape ), and the weighted sum-rate can be ex-
N

N N
pressed as y_ n; RFPM A, By employing > ni REPM 4 as our objective
i=1 i=

function, the optimization problem of FDMA iln STAR-RIS-assisted systems
can be formulated similar to that in [27], and the performance enhancement
of NOMA over OMA can be obtained by solving their optimization problems,
respectively.
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best performance for the following reasons: 1) NOMA serves
multiple users within the same time- and frequency- resource
block, hence leads to the higher spectrum efficiency; 2) the
employment of STAR-RIS achieves full-space coverage and
provides additional DoFs for optimization. Furthermore, the
fixed STAR-RIS location leads to a degraded performance
compared to our proposed AO based algorithm. Moreover,
the performance comparisons of different SIC decoding orders
are plotted. Observe that our proposed distance-based order
approaches the performance of the exhaustive search in the
two-user case, whereas the fixed decoding order suffers from
a performance loss compared to the exhaustive search.
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Figure 5: WSR versus the number of RIS elements M.

In Fig. 5] we plot the WSR versus the number of RIS
elements M, where the number of antennas is set to N; = 8,
the transmit power is set to Pp,x = 30dBm, and n =
[0.5,0.5]. The WSR increases upon increasing the number of
RIS elements, which can be readily explained: the element-
wise amplitude control yields increased passive array gains
and extra DoFs for signal power enhancement and inter-
user interference mitigation. Furthermore, a considerable per-
formance loss is observed between our proposed AO based
algorithm and its fixed location counterpart, which underscores
the importance of STAR-RIS location design.

Fig. [f] shows the optimized location of the STAR-RIS of
both the OMA and of the beamformer-based NOMA schemes.
The deployment region of the STAR-RIS is set to x5 € [10,14],
ys € [1,7], and the initial location of the STAR-RIS is set to
[12,2,2]. For the NOMA scheme, we assume a fixed decoding
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Figure 6: STAR-RIS deployment location for beamformer-
based NOMA and OMA.

order, where the transmission based user is detected before
the reflection based user. The optimized STAR-RIS location of
NOMA for n = [0.8,0.2] and n = [0.5,0.5] is almost the same.
It can be readily explained: once the decoding order is defined,
the STAR-RIS is deployed to guarantee the higher channel
gain of the reflection based user, despite its low weight. As
for the OMA scheme, the weights of users have a significant
impact on the STAR-RIS deployment location: the STAR-RIS
should be located near the high weight user for a higher WSR.

B. Cluster-based NOMA

We provided numerical results for the cluster-based system
in this part. The performance enhancement of our proposed
algorithm is demonstrated by employing the following bench-
marks for comparisons.

« Optimized active BF and power allocation (OBP): In
this case, only the active BF at the BS and the PAFs
are optimized, while the passive BF of STAR-RIS is
randomly generated and the location of the STAR-RIS
is fixed.

e ZF-RTARVs-FL: The active BF at the BS is obtained
by the zero-forcing (ZF) method, while the passive BF is
randomly generated and the location of the STAR-RIS is
fixed.

W
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Figure 7: Convergence of our proposed algorithm for cluster-
based NOMA (Ppax =30dBm, n = [0.25,0.25,0.25,0.25]).

In Fig. [7} the convergence behaviour of our proposed AO
based algorithm is investigated, where we set P ,x = 30dBm
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and n = [0.25,0.25,0.25,0.25]. Results are obtained for a single
random channel realization. Our results show that the proposed
algorithm converges within 5 iterations. The algorithm of the
cluster-based NOMA converges slower than the beamformer-
based strategy. This is because the cluster-based NOMA
involves more optimization variables and constraints due to
the power allocation optimization in clusters.

We plot the WSR versus the number of antennas N,
the maximal transmit power Py,.x, and the number of RIS
elements M in Fig. [§] Fig. 0] and Fig. [I0] respectively.
The minimal required rate is set to v = 1 and the weight
vector is set to n = [0.25,0.25,0.25,0.25]. The WSR increases
as N, Ppax and M increase, and the performance gain
of NOMA over OMA becomes more pronounced for the
higher transmit power. Furthermore, the proposed AO based
algorithm outperforms the OBP and FL benchmarks in terms
of the WSR, which highlights the significance of passive BF
and deployment location optimization.
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Figure 11: Optimized STAR-RIS location for cluster-based
NOMA and OMA.

Fig. [T1] portrays the deployment location obtained by our
proposed algorithms for cluster-based NOMA and OMA
schemes. The predefined STAR-RIS location region is x5 €
[10,18], ys € [1,7], and the initial STAR-RIS location is
[14,3,2]. Observe that the STAR-RIS is located near the cluster
having higher weights, which is in contrast to the beamformer-
based NOMA. This phenomenon can be explained by the

RIS elements.

principle of cluster-based NOMA, where the SIC is only
adopted among users within a specific cluster, and the path-
loss of users in a cluster is approximately the same due to
their similar locations. Hence the location of the STAR-RIS
has less of an impact on their channel power as well as on
their SIC order. Therefore, the STAR-RIS is only deployed to
increase the channel gains of the cluster having high weights,
regardless of their decoding order. More particularly, for the
case of n = [0.25,0.25,0.25,0.25], the STAR-RIS is deployed
closer to the specific cluster, which has the highest channel
gain. Furthermore, it is interesting to find that the STAR-RIS
deployment strategy for OMA is more similar among users
than for NOMA, regardless of the weight, which provides a
useful guideline for location design.

VI. CONCLUSION

In this paper, the joint location and beamforming design
of the STAR-RIS assisted downlink of networks was in-
vestigated, where the beamformer-based and cluster-based
NOMA were employed as multiple access schemes. Both the
STAR-RIS deployment location, as well as the passive and
active BF were jointly designed for maximizing the WSR of
both strategies. To solve the resultant non-convex problems,
we decomposed them into several sub-problems, where the
SCA and SDP methods were conceived for converting these
intractable non-convex sub-problems into equivalent convex
ones. Then, AO based algorithms were proposed for alternately
obtaining solutions of the original problems. Our simulation
results validated the performance enhancements attained by
NOMA and STAR-RIS compared to the reflection-only RIS
assisted networks and STAR-RIS-OMA. More particularly, the
performance enhancement achieved by optimizing the STAR-
RIS location was demonstrated, and our results revealed that
different multiple access techniques prefer different location
strategies. Users’ weight is one of the main influencing factors
of the STAR-RIS’s location optimization.

REFERENCES

[11 W. Saad, M. Bennis, and M. Chen, “A vision of 6G wireless systems:
Applications, trends, technologies, and open research problems,” IEEE
Netw., vol. 34, no. 3, pp. 134-142, 2019.

[2] P. Yang, Y. Xiao, M. Xiao, and S. Li, “6G wireless communications:
Vision and potential techniques,” IEEE Netw., vol. 33, no. 4, pp. 70-75,
2019.



[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

Z.Zhang, Y. Xiao, Z. Ma, M. Xiao, Z. Ding, X. Lei, G. K. Karagiannidis,
and P. Fan, “6G wireless networks: Vision, requirements, architecture,
and key technologies,” IEEE Veh. Technol. Mag., vol. 14, no. 3, pp.
2841, 2019.

A. Elzanaty, A. Guerra, F. Guidi, and M.-S. Alouini, “Reconfigurable in-
telligent surfaces for localization: Position and orientation error bounds,”
IEEE Trans. Signal Process., vol. 69, pp. 5386-5402, 2021.

S. Abeywickrama, R. Zhang, Q. Wu, and C. Yuen, “Intelligent reflecting
surface: Practical phase shift model and beamforming optimization,”
IEEE Trans. Commun., vol. 68, no. 9, pp. 5849-5863, 2020.

C. Huang, R. Mo, and C. Yuen, “Reconfigurable intelligent surface as-
sisted multiuser MISO systems exploiting deep reinforcement learning,”
IEEE J. Sel. Areas Commun., vol. 38, no. 8, pp. 1839-1850, 2020.

M. Di Renzo, A. Zappone, M. Debbah, M.-S. Alouini, C. Yuen,
J. de Rosny, and S. Tretyakov, “Smart radio environments empowered
by reconfigurable intelligent surfaces: How it works, state of research,
and the road ahead,” IEEE J. Sel. Areas Commun., vol. 38, no. 11, pp.
2450-2525, 2020.

J. Xu, C. Yuen, C. Huang, N. U. Hassan, G. C. Alexandropoulos,
M. Di Renzo, and M. Debbah, “Reconfiguring wireless environment
via intelligent surfaces for 6G: Reflection, modulation, and security,”
arXiv preprint arXiv:2208.10931, 2022.

X. Mu, Y. Liu, L. Guo, J. Lin, and R. Schober, “Joint deployment
and multiple access design for intelligent reflecting surface assisted
networks,” IEEE Trans. Wireless Commun., vol. 20, no. 10, pp. 6648—
6664, 2021.

B. Yang, X. Cao, C. Huang, G. C. Alexandropoulos, L. Dai, H. V.
Poor, C. Yuen et al., “Next generation reconfigurable metasurfaces:
When wave propagation control meets computing,” arXiv preprint
arXiv:2208.04509, 2022.

Y. Liu, X. Mu, J. Xu, R. Schober, Y. Hao, H. V. Poor, and L. Hanzo,
“STAR: Simultaneous transmission and reflection for 360° coverage by
intelligent surfaces,” IEEE Wireless Commun., vol. 28, no. 6, pp. 102—
109, 2021.

Y. Liu, X. Mu, R. Schober, and H. V. Poor, “Simultaneously transmitting
and reflecting (STAR)-RISs: A coupled phase-shift model,” in ICC 2022
- IEEE International Conference on Communications, 2022, pp. 2840-
2845.

M. Jia, Q. Gao, Q. Guo, X. Gu, and X. Shen, “Power multiplexing
NOMA and bandwidth compression for satellite-terrestrial networks,”
IEEE Trans. Veh. Technol., vol. 68, no. 11, pp. 11 107-11 117, 2019.
Y. Liu, Z. Qin, M. Elkashlan, Z. Ding, A. Nallanathan, and L. Hanzo,
“Non-orthogonal multiple access for 5G and beyond,” Proc. IEEE, vol.
105, no. 12, pp. 2347-2381, 2017.

M. Vaezi, G. A. Aruma Baduge, Y. Liu, A. Arafa, F. Fang, and Z. Ding,
“Interplay between NOMA and other emerging technologies: A survey,”
IEEE Trans. on Cogn. Commun. Netw., vol. 5, no. 4, pp. 900-919, 2019.
Y. Yuan, S. Wang, Y. Wu, H. V. Poor, Z. Ding, X. You, and L. Hanzo,
“NOMA for next-generation massive IoT: Performance potential and
technology directions,” IEEE Commun. Mag., vol. 59, no. 7, pp. 115-
121, 2021.

W. Yuan, N. Wu, Q. Guo, D. W. K. Ng, J. Yuan, and L. Hanzo,
“Iterative joint channel estimation, user activity tracking, and data
detection for FTN-NOMA systems supporting random access,” [EEE
Trans. Commun., vol. 68, no. 5, pp. 2963-2977, 2020.

L. Wang, M. Guan, Y. Ai, Y. Chen, B. Jiao, and L. Hanzo,
“Beamforming-aided NOMA expedites collaborative multiuser compu-
tational offloading,” IEEE Trans. Veh. Technol., vol. 67, no. 10, pp.
10027-10032, 2018.

Y. Wang, B. Ren, S. Sun, S. Kang, and X. Yue, “Analysis of non-
orthogonal multiple access for 5G,” China Commun., vol. 13, no. 2, pp.
52-66, 2016.

T. Hou, Y. Liu, Z. Song, X. Sun, and Y. Chen, “Multiple antenna
aided NOMA in UAV networks: A stochastic geometry approach,” [EEE
Trans. Commun., vol. 67, no. 2, pp. 1031-1044, 2018.

Y. Xiu, J. Zhao, W. Sun, M. D. Renzo, G. Gui, Z. Zhang, and N. Wei,
“Reconfigurable intelligent surfaces aided mmwave noma: Joint power
allocation, phase shifts, and hybrid beamforming optimization,” I[EEE
Trans. Wireless Commun., vol. 20, no. 12, pp. 8393-8409, 2021.

X. Xu, Y. Liu, X. Mu, Q. Chen, H. Jiang, and Z. Ding, “Artificial
intelligence enabled NOMA towards next generation multiple access,”
arXiv preprint arXiv:2206.04992, 2022.

Z. Ding, F. Adachi, and H. V. Poor, “The application of MIMO to non-
orthogonal multiple access,” IEEE Trans. Wireless Commun., vol. 15,
no. 1, pp. 537-552, 2015.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

(33]

[34]

[35]

(36]

(371

(38]

[39]

[40]

[41]

[42]

[43]

Z. Tang, T. Hou, Y. Liu, J. Zhang, and L. Hanzo, “Physical layer security
of intelligent reflective surface aided NOMA networks,” IEEE Trans.
Veh. Technol., vol. 71, no. 7, pp. 7821-7834, 2022.

Y. Liu, X. Liu, X. Mu, T. Hou, J. Xu, M. Di Renzo, and N. Al-Dhabhir,
“Reconfigurable intelligent surfaces: Principles and opportunities,” IEEE
Communications Surveys & Tutorials, vol. 23, no. 3, pp. 1546-1577,
2021.

C. Pan, H. Ren, K. Wang, J. F. Kolb, M. Elkashlan, M. Chen,
M. Di Renzo, Y. Hao, J. Wang, A. L. Swindlehurst et al., “Reconfig-
urable intelligent surfaces for 6G systems: Principles, applications, and
research directions,” IEEE Commun. Mag., vol. 59, no. 6, pp. 14-20,
2021.

X. Mu, Y. Liu, L. Guo, J. Lin, and R. Schober, “Simultaneously
transmitting and reflecting (STAR) RIS aided wireless communications,”
IEEE Trans. Wireless Commun., vol. 21, no. 5, pp. 3083-3098, 2021.
J. Xu, Y. Liu, X. Mu, and O. A. Dobre, “STAR-RISs: Simultaneous
transmitting and reflecting reconfigurable intelligent surfaces,” IEEE
Commun. Lett., vol. 25, no. 9, pp. 3134-3138, 2021.

H. Niu, Z. Chu, F. Zhou, and Z. Zhu, “Simultaneous transmission
and reflection reconfigurable intelligent surface assisted secrecy MISO
networks,” IEEE Commun. Lett., vol. 25, no. 11, pp. 3498-3502, 2021.
L. Wei, C. Huang, G. C. Alexandropoulos, C. Yuen, Z. Zhang, and
M. Debbah, “Channel estimation for RIS-empowered multi-user MISO
wireless communications,” IEEE Trans. Commun., vol. 69, no. 6, pp.
4144-4157, 2021.

L. Wei, C. Huang, Q. Guo, Z. Yang, Z. Zhang, G. C. Alexandropoulos,
M. Debbah, and C. Yuen, “Joint channel estimation and signal recovery
for RIS-empowered multiuser communications,” IEEE Trans. Commun.,
vol. 70, no. 7, pp. 4640-4655, 2022.

H. Liu, X. Yuan, and Y.-J. A. Zhang, “Matrix-calibration-based cas-
caded channel estimation for reconfigurable intelligent surface assisted
multiuser MIMO,” IEEE J. Sel. Areas Commun., vol. 38, no. 11, pp.
2621-2636, 2020.

C. Wu, C. You, Y. Liu, X. Gu, and Y. Cai, “Channel estimation
for STAR-RIS-aided wireless communication,” IJEEE Commun. Lett.,
vol. 26, no. 3, pp. 652-656, 2021.

Y. Liu, X. Mu, X. Liu, M. Di Renzo, Z. Ding, and R. Schober,
“Reconfigurable intelligent surface-aided multi-user networks: Interplay
between NOMA and RIS,” IEEE Wireless Commun., vol. 29, no. 2, pp.
169-176, 2022.

C. Zhang, W. Yi, Y. Liu, Z. Qin, and K. K. Chai, “Downlink analysis for
reconfigurable intelligent surfaces aided NOMA networks,” in GLOBE-
COM 2020-2020 IEEE Global Communications Conference, 2020, pp.
1-6.

Z.Zhang, L. Lv, Q. Wu, H. Deng, and J. Chen, “Robust and secure com-
munications in intelligent reflecting surface assisted NOMA networks,”
IEEE Commun. Lett., vol. 25, no. 3, pp. 739-743, 2020.

W. Ni, Y. Liu, Y. C. Eldar, Z. Yang, and H. Tian, “STAR-RIS enabled
heterogeneous networks: Ubiquitous NOMA communication and perva-
sive federated learning,” arXiv preprint arXiv:2106.08592, 2021.

T. Hou, J. Wang, Y. Liu, X. Sun, A. Li, and B. Ai, “A joint design for
STAR-RIS enhanced NOMA-CoMP networks: A simultaneous-signal-
enhancement-and-cancellation-based (SSECB) design,” IEEE Trans.
Veh. Technol., vol. 71, no. 1, pp. 1043-1048, 2022.

J. Zuo, Y. Liu, Z. Ding, L. Song, and H. V. Poor, “Joint design for
simultaneously transmitting and reflecting (STAR) RIS assisted NOMA
systems,” IEEE Trans. Wireless Commun., vol. 22, no. 1, pp. 611-626,
2022.

G. Zhou, C. Pan, H. Ren, P. Popovski, and A. L. Swindlehurst, “Channel
estimation for RIS-aided multiuser millimeter-wave systems,” [EEE
Trans. Signal Process., vol. 70, pp. 1478-1492, 2022.

T. Hou, Y. Liu, Z. Song, X. Sun, and Y. Chen, “Exploiting NOMA
for UAV communications in large-scale cellular networks,” IEEE Trans.
Commun., vol. 67, no. 10, pp. 6897-6911, 2019.

X. Muy, Y. Liu, L. Guo, J. Lin, and N. Al-Dhahir, “Exploiting intelligent
reflecting surfaces in NOMA networks: Joint beamforming optimiza-
tion,” IEEE Trans. Wireless Commun., vol. 19, no. 10, pp. 6884—-6898,
2020.

Z. Lin, M. Lin, J.-B. Wang, T. De Cola, and J. Wang, “Joint beamform-
ing and power allocation for satellite-terrestrial integrated networks with
non-orthogonal multiple access,” IEEE J. Sel. Topics Signal Process.,
vol. 13, no. 3, pp. 657-670, 2019.



BIOGRAPHY SECTION

Qiling Gao received the B.Eng. degree in Informa-
tion and Communication Engineering from Harbin
Engineering University, Harbin, China, in 2018. She
is currently working toward her Ph.D. at the School
of Electronics and Information Engineering, Harbin
Institute of Technology. Her research interests in-
clude non-orthogonal multiple access and resource
allocation.

Yuanwei Liu (S’13-M’16-SM’19, http://www.eecs.
qmul.ac.uk/~yuanwei) received the PhD degree in
electrical engineering from the Queen Mary Uni-
versity of London, U.K., in 2016. He was with the
Department of Informatics, King’s College London,
from 2016 to 2017, where he was a Post-Doctoral
Research Fellow. He has been a Senior Lecturer
(Associate Professor) with the School of Electronic
Engineering and Computer Science, Queen Mary
University of London, since Aug. 2021, where he
was a Lecturer (Assistant Professor) from 2017 to
2021. His research interests include non-orthogonal multiple access, recon-
figurable intelligent surface, integrated sensing and communications, and
machine learning.

Yuanwei Liu is a Web of Science Highly Cited Researcher since 2021,
an IEEE Communication Society Distinguished Lecturer, an IEEE Vehicular
Technology Society Distinguished Lecturer, and the academic Chair for the
Next Generation Multiple Access Emerging Technology Initiative. He received
IEEE ComSoc Outstanding Young Researcher Award for EMEA in 2020. He
received the 2020 IEEE Signal Processing and Computing for Communi-
cations (SPCC) Technical Early Achievement Award, IEEE Communication
Theory Technical Committee (CTTC) 2021 Early Achievement Award. He
received IEEE ComSoc Outstanding Nominee for Best Young Professionals
Award in 2021. He is the co-recipient of the Best Student Paper Award in
IEEE VTC2022-Fall, the Best Paper Award in ISWCS 2022, and the 2022
IEEE SPCC-TC Best Paper Award. He serves as a Senior Editor of IEEE
Communications Letters, an Editor of the IEEE Transactions on Wireless
Communications and the IEEE Transactions on Communications. He serves
as the Guest Editor for IEEE JSAC on Next Generation Multiple Access,
IEEE JSTSP on Signal Processing Advances for Non-Orthogonal Multiple
Access, IEEE Network on Next Generation Multiple Access for 6G. He
serves as the Publicity Co-Chair for IEEE VTC 2019-Fall, Symposium Co-
Chair for Cognitive Radio & Al-Enabled Networks for IEEE GLOBECOM
2022 and Communication Theory for IEEE GLOBECOM 2023. He serves as
the chair of Special Interest Group (SIG) in SPCC Technical Committee on
signal processing Techniques for next generation multiple access, the vice-
chair of SIG WTC on Reconfigurable Intelligent Surfaces for Smart Radio
Environments.

Xidong Mu (Member, IEEE, https://xidongmu.
github.io/) received the Ph.D. degree in Information
and Communication Engineering from the Beijing
University of Posts and Telecommunications, Bei-
jing, China, in 2022. He is currently a Postdoctoral
Researcher with the School of Electronic Engineer-
ing and Computer Science, Queen Mary University
of London, U.K.

His research interests include non-orthogonal
multiple access (NOMA), IRSs/RISs aided commu-
nications, integrated sensing and communications,
semantic communications, and optimization theory. He serves as the secretary
of the IEEE ComSoc Next Generation Multiple Access (NGMA) Emerging
Technology Initiative and the Special Interest Group (SIG) in SPCC Technical
Committee on Signal Processing Techniques for NGMA. He also serves
as a Guest Editor for IET SIGNAL PROCESSING Special Issue on Signal
Processing for Sensing, Communication and Computation Integration in
Next-Generation Wireless Networks. He received the Exemplary Reviewer
Certificate of the IEEE TRANSACTIONS ON COMMUNICATIONS in 2020 and
the IEEE COMMUNICATION LETTERS in 2021 and 2022. He is the recipient
of the Best Paper Award in ISWCS 2022, the 2022 IEEE SPCC-TC Best
Paper Award, and the Best Student Paper Award in IEEE VTC2022-Fall.

Min Jia (Senior Member, IEEE) received the M.Sc.
degree in Information and Communication Engineer-
ing from Harbin Institute of Technology (HIT) in
2006, and the Ph.D. degree from the SungKyungK-
wan University and HIT in 2010. She is currently
a Professor and the Ph.D. supervisor at the School
of Electronics and Information Engineering in HIT.
Her research interests focus on advanced mobile
communication technology for LTE and 5G, cogni-
tive radios, digital signal processing, and advanced
broadband satellite communication systems.

She has won six best paper awards at several international conferences. She
is the General Chair of the IEEE GLOBECOM 2019 Workshop Intelligent and
Cognitive Space, Terrestrial and Ocean Internet, Systems and Applications.
She is also a member of the Steering Committee of the WiSATSs international
conference. She is also the winner of Science Fund for Excellent Young
Scholars for Heilongjiang Province and elected as a member of National major
talent project.

Dongbo Li (Member, IEEE) received the Ph.D.
degree from the School of Electronics and Infor-
mation Engineering, Harbin Institute of Technology
(HIT), China. He has working experience in Space
star technology co., LTD as a System Designer.
He is currently an Assistant Researcher with the
Research Institute for Artificial Intelligence, and a
Lecturer and Post-Doctoral Fellow with the Faculty
of Computing, HIT. His current research interests in-
clude satellite-terrestrial integrated networks, AloT,
non-orthogonal multiple access, and mobile edge

computing.

Lajos Hanzo (FIEEE’04) (http://www-mobile.
ecs.soton.ac.uk, https://en.wikipedia.org/wiki/Lajos_
Hanzo) received Honorary Doctorates from the
Technical University of Budapest and Edinburgh
University. He is a Foreign Member of the Hungar-
ian Science-Academy, Fellow of the Royal Academy
of Engineering (FREng), of the IET, of EURASIP
and holds the IEEE Eric Sumner Technical Field
Award.



http://www.eecs.qmul.ac.uk/~yuanwei
http://www.eecs.qmul.ac.uk/~yuanwei
https://xidongmu.github.io/
https://xidongmu.github.io/
http://www-mobile.ecs.soton.ac.uk
http://www-mobile.ecs.soton.ac.uk
https://en.wikipedia.org/wiki/Lajos_Hanzo
https://en.wikipedia.org/wiki/Lajos_Hanzo

	Introduction
	State-of-the-art
	Studies on STAR-RISs
	NOMA in RIS/STAR-RIS-assisted Networks

	Motivations and Contributions
	Organization and Notation

	System model and Problem Formulation
	Problem Formulation of Beamformer-based NOMA
	Problem Formulation of Cluster-based NOMA

	Proposed Optimization Algorithm for Beamformer-based NOMA
	The Sub-problem of Active BF Design
	The Sub-problem of Passive BF Design
	The Sub-problem of Deployment Location Design
	Convergence Analysis
	Complexity Analysis

	Proposed Algorithm for Cluster-based NOMA 
	The Sub-problem of Active BF and PAFs Design
	The Sub-problem of Passive BF Design 
	The Sub-problem of Deployment Location Design
	Convergence Analysis
	Complexity Analysis

	Numerical results
	Beamformer-based NOMA
	Cluster-based NOMA

	Conclusion
	References
	Biographies
	Qiling Gao
	Yuanwei Liu
	Xidong Mu
	Min Jia
	Dongbo Li
	Lajos Hanzo


