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1. INTRODUCTION

The sixth-generation (6G) wireless network is envisioned as a foundational infrastructure for next-
generation communication systems, aiming to deliver ultra-high reliability, low latency, massive
connectivity, and energy efficiency [1]-[3]. Among various enabling technologies, reconfigurable intelligent
surfaces (RISs) have recently drawn significant research attention for their ability to dynamically control
electromagnetic waves to enhance wireless signal propagation [4], [5]. By intelligently reflecting incident
signals, RIS can effectively extend coverage, mitigate fading, and improve both spectral and energy
efficiency. Furthermore, RIS-assisted systems have demonstrated promising enhancements in physical layer
security (PLS), especially when integrated with non-orthogonal multiple access (NOMA) to combat
eavesdropping threats and ensure confidentiality [6], [7].

To further improve system performance and coverage, multiple distributed RIS deployments have
been proposed as passive relays to overcome obstacles such as blocked line-of-sight (LoS) links [8], [9].
Advanced RIS technologies like simultaneously transmitting and reflecting RIS (STAR-RIS) further expand
coverage and improve outage performance, even under imperfect channel state information (CSI) [10]. These
multi-RIS-assisted architectures find practical relevance in complex environments including smart cities,
high-speed transportation, and industrial 10T settings [11].
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Simultaneously, advanced multiple access schemes such as rate-splitting multiple access (RSMA)
have emerged as powerful alternatives to conventional orthogonal multiple access (OMA) and NOMA.
RSMA splits user messages into common and private parts, offering robustness against CSI imperfections
and interference [12], [13]. Despite these advantages, RSMA’s integration with distributed multi-RIS setups
remains underexplored. Initial studies have laid groundwork for RSMA-enabled multi-RIS systems
[14], [15], but comprehensive performance analyses under generalized fading models are still lacking.

Additionally, many prior works assume idealized fading models such as Rayleigh or Rician
channels, which may not accurately capture diverse real-world propagation scenarios. Nakagami-m fading
offers a more general and flexible model to characterize varying multipath severities [16], [17]. As the scale
of RIS deployments grows, activating all RIS units simultaneously leads to excessive system overhead and
complexity. Consequently, RIS selection strategies like opportunistic RIS-aided (ORA) and exhaustive RIS-
aided (ERA) schemes have been proposed to balance performance and complexity [18], [19]. Partial RIS
selection (PRIS), which aims to further optimize this trade-off, remains relatively unexplored.

Beyond these challenges, emerging applications such as online gaming, extended reality (XR),
metaverse, and industrial 10T require ultra-reliable and low-latency communications (URLLC) coupled with
stringent security and privacy guarantees. Short-packet communication (SPC) has become essential for
meeting URLLC demands. Recent works integrating RIS, NOMA, and SPC have introduced novel user-
pairing and phase-shift design methods to protect digital content and copyrights from untrusted users,
enhancing secure short-packet transmission in these emerging scenarios [20]. Although RSMA and RIS have
been extensively studied in isolation, their integration under generalized Nakagami-m fading channels with
partial RIS selection has not been comprehensively analyzed. This knowledge gap motivates the present
work. Beyond static and moderately mobile cases, future 6G networks must also support users with high
mobility (e.g., vehicular and high-speed rail) as well as those located at the cell edge with poor channel
conditions. Both scenarios pose significant challenges in terms of reliable coverage and quality-of-service.
By intelligently combining RSMA and PRIS in a multi-RIS-assisted architecture, the proposed framework is
particularly well-suited to enhance robustness for highly mobile users and to extend coverage for cell-edge
users.

To address these limitations, this paper proposes a novel cooperative communication system that
integrates RSMA and PRIS in a multi-RIS-assisted framework. Our key contributions are summarized as
follows:

a. We design a multi-RIS-assisted communication framework where a base station (BS) serves two users
located beyond its direct coverage, utilizing RISs as passive relays. Closed-form expressions for outage
probability and achievable throughput are derived over independent and non-identically distributed
(i.n.i.d.) Nakagami-m fading channels.

b. We perform asymptotic analysis to reveal the impact of critical system parameters-including the number
of RISs, power allocation (PA) coefficients, and the number of reflection elements per RIS—-on system
reliability and user fairness.

¢. Simulation results validate the analytical expressions and demonstrate that the proposed scheme
significantly outperforms conventional NOMA under various practical configurations.

d. Table 1 compares our work with existing literature, highlighting the novelty and comprehensiveness of
our analysis.

Table 1. Comparison of our work with existing literature

Ref./prop. Multi-RIS  RSMA  Nakagami-m fading  Outage probability  Asymptotic analysis  Throughput
[1 X
[18] X
[19] v
[14] v
X

v

[15]
Proposed work

NSNS XXX
AXXLANLAX
NSNS XXALA
AXXLKNLKNS
AX XXX

The remainder of this paper is structured as follows. Section 2 introduces the system model.
Section 3 presents the performance analysis. Section 4 discusses simulation results. Finally, section 5
concludes the paper.
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2.  SYSTEM MODEL AND CHANNEL CHARACTERISTICS
2.1. System description

Figure 1 depicts the wireless communication framework under consideration, which includes a BS
outfitted with a single transmit antenna, alongside two users (D, and D,), each possessing a single receive
antenna. It is posited that there are obstructions between the BS and both D, and D,, thereby preventing the
BS from directly transmitting signals to these users. Each RIS comprises Nm reflective elements. For the
purpose of simplification, we will consider that all M RIS units are homogeneous, such that
N =N, =N, = - = Ny. In accordance with the findings presented in [21], it is assumed that complete
channel state information (CSI) is accessible. The communication sequence initiates with the BS delivering
the signal to the mth RIS ((m = 1,2, ..., M)), which subsequently reflects the signal in a passive manner
towards D; and D,. To achieve this, the mth RIS (denoted as RISy, for brevity) fine-tunes the phase reflection
coefficient to enhance the received signal-to-interference-plus-noise ratio (SINR) at both D, and D,, thereby
improving the overall end-to-end quality of the communication system. We assume that the channels undergo
independent Nakagami-m fading.

D
Cellular
users

Blocking
objects

Figure 1. System model

Initially, the BS categorizes the messages from cellular users (CUs) into common and private
components. Subsequently, it encodes all common components into a singular stream denoted as x., while
encoding the private components into distinct individual streams represented as x;, k € {1,2}. It is
established that E{|x.|2} = E{|x,|?} = 1. Let P signify the transmission power of the BS, which is allocated
with PA factors a, and a, corresponding to x. and x,, respectively, such that a.+ Y2_,a, = 1.
Consequently, each user receives a mix of these messages from BS, provided by (1):

x =,/Psacx. + Zi:l vV Psay, x, 1)

Here, a. and a, are the PA coefficients for the common and private streams, respectively, and all
streams are normalized to unit power. In the RSMA framework, the common stream x, and the private
streams x;, are multiplexed into a single transmitted signal as expressed in (1). Accordingly, each user
receives a superposition of the common and private components, along with interference and noise. This
guarantees consistency with the received signal model in (2), where each user first decodes the common
stream and then its own private stream after applying successive interference cancellation (SIC). The overall
signal is transmitted from the BS to the mth RIS, denoted as RISy, and then passively reflected toward both
users. Consequently, the received signal at user D, (k € {1,2}) can be expressed as (2):

_ ok _ ok
ka = [21(}1=1 hmq gmq,keﬂpmq] x+ wglk = [Zg:l hmq gmq'ke}(pmq:l 4/ Psacxc +

Commonmessage
ik ik
N / N / -m
[Zq:l hmq gmq,kej¢mq] Psakxk + [Zq:l hmq gmq,ke}¢mq] Psaixi + ka (2)
(-1
Desiredprivatemessage Interference AWGN

where k € {1,2},i € {2,1}, k # i. Here, gnq1 and g,,q, denote the channel coefficients of the BS — RIS,,,
RIS,, - D,, and RIS,, = D, links, respectively. In Table 2, these coefficients are modeled as:
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Ring = ds_gfamqe‘fgmq,gmqyk = d;i/[,zkﬁmq‘ke‘fsmq'k, where dgz and dg, p, denote the respective link
distances, & is the path-loss exponent, and a,q, Bimq k are the amplitude fading parameters. The phases 6,
and &4, represent the corresponding phase shifts due to fading. The additive noise terms follow circularly
symmetric complex Gaussian distributions, such that RIS,,, = @F' ~CN (0, w3, )D,.

Table 2. Summary of notations

Symbol Description
P Total transmit power of the BS
ac, a PA coefficients for common and private streams (a. + Yx ap = 1)
M Number of RISs; N: number of reflecting elements per
dsg,, Distance from BS to the mth RIS
dg,.p, Distance from RISy, to user D,
6 Path-loss exponent
g, Bmqr  Nakagami-m fading amplitudes for BS-RIS and RIS-user links
wh, Noise power at user Dy; ps = Ps/wh,
e Large-scale loss term dd _d3 ,,

Following the assumption in [21], we consider that RISm has perfect knowledge of the channel state
information (CSI), including hy,,, and g,q «- According to Vu et al. [22], RSMA systems employ successive
interference cancellation (SIC) to decode user-specific signals. Each user first decodes the common message
by treating all private signals as interference. The corresponding signal-to-interference-plus-noise ratio
(SINR) for decoding the common message at user Dy, is given by (3):

.k 2
J(¢mq—9mq—€mq,k)

2 ) ®3)

+{kw%k

acPS‘Zqzl amqﬁmq,ke

ym j—
kxe — .
¢ J(@Xg-0mg-gmq i)

aygPs

Zq:l aAmqPma ke

where {; = ngmdngk the phase shift <;b,’§lq is adjusted to align with the total phase of the channel.
Specifically, to maximize the received signal power, each reflecting element is configured such that:
brg = Omg + Emq i VG, M.

This phase alignment is a common assumption in RIS literature (e.g., [14], [21], [23]-[25]) and
allows for coherent signal combining. Substituting this into (3) yields the optimized SINR:

2 2
= acPs|Ag| acpslAkl @)
ke akPsl|Akl2+3kwh, akps|Akl>+k’

where pg =:?S is so-called the average signal-to-noise ratio (SNR) and A4, = |ZQ’:1 amqﬁmq,k|. It is
k

important to acknowledge thatx.andx,represent normalized unity power signals, specifically characterized

by the properties E{|x.|?} = E{|x,|?} = 1, where E{} signifies the expectation operator. Upon the

successful interpretation of the shared message, the subsequent phase requires each user to decipher their

intended private message by deducting the decoded common message from the received signal, while

presuming that the private messages of all other users serve as interference. The SINR for the kth user to

decode the private message can be articulated as (5):

-m agpslAgl? .
_ _capslA 5
Viex a;ipslAg|?+x ( ) ®)

Here, Ay = X0—1 @mq Pmqy denotes the coherent sum of fading amplitudes for user D,. This
notation is used consistently in (4) and (5) and throughout the subsequent derivations.
Intuition for (3)—(5). In (3), the numerator represents the coherently combined desired signal power obtained
under perfect CSI, while the denominator comprises inter-user interference and noise when decoding the
common stream. After successive interference cancellation (SIC), (5) describes the private decoding stage
where the desired private signal remains in the numerator and the residual inter-user interference plus noise is
in the denominator. This two-stage decoding (common — private) captures the essence of RSMA and
explains the performance/fairness gains observed later.
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Modeling assumptions. For analytical tractability, we consider single-antenna BS and two single-antenna
users; RISs are homogeneous with N; = --- = N,, = N and operate in passive reflection mode. All links
(BS—RISy and RISy —Dy,) follow independent but non-identically distributed Nakagami-m fading; AWGN
at D, has variance w%,k. Consistent with common practice in RIS studies, perfect CSI is assumed at the BS
and at RISs to enable phase alignment for coherent combining (cf. (3)—(5)).

Feasibility of PRIS. In practice, PRIS can be implemented with low-complexity measurements and selection.
Each RIS (or the BS) collects a lightweight quality metric per user (e.g., pilot-based received strength or an
SINR proxy) and selects the RIS that maximizes the criterion in (14). This incurs complexity on the order of
the number of RIS panels M (one metric per panel), in contrast to full activation that scales with both M and
N. Hence, PRIS reduces control/estimation overhead and power consumption, making it attractive for real-
time and scalable deployments.

2.2. Channel characteristics
Under Nakagami-m fading, the probability density function (PDF) and cumulative distribution

function (CDF) of a channel coefficient W € {amq, Bmaq,1s qu‘z} are given by [26]:

mw 2
fin@ = s (o) xm e (= 155), (62
y(muw g
Fiw () = (F(T‘%) (6b)

where I'(-) denotes the complete Gamma function, y(-,-) is the lower incomplete Gamma function, my, is the
shape parameter, and £2,, > 0 represents the average channel power.
Let us define the product of two independent Nakagami-m variables as Z,, . = |@mg|Bmg |, for

k € {1,2}. Its PDF can be computed via:

S20 i) = Iy %famq D pmgx (i) dy. -

Using (6a) and [27, (3.471.9)], the closed-form expression for fZquk(x) is obtained as (8):

4xma+mBk_1 m mﬁ ma+mﬁk m m[g
= / @ Pk /u
fZqu’k (x) - F(ma’)r(mﬁk) < nanﬁk) X Kmu_mﬁk <2 ﬂaﬂﬁk x>; (8)
where m, = Mg M, = Mg and K, (+) is the modified Bessel function of the second kind and order a.
The kth moment of Zqu'k, denoted by 'uZqu,k (k) = ]E[Z’émq‘k], can be derived using [27, (6.561.16)]:

r _ T(mg+0.5I)T (mp, +0.5k) ( 0a0p, \ K
“Zomq,k( )= r(mg)r(meg,) ( ) '

9)

mamﬁk

From (6a) and (6b) make it difficult to derive the expression closed-form of Z Qg WE May alter it
to the Gamma distribution. The PDF and CDF of Q,,, , are presented as (10a) and (10b):

@ -1
®y FxPk

foma () = ron e~ %X, (10a)
- Y(@r.Prx)
Fqu,k (X) = quk), (10b)
In which
2
N\ pz (€]
o = ( Imak > (11a)

27
FZQmak (2)- (HZqu’k (1))
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”Zqu,k (€]

2y
“Zqu,k (2)—(#2qu'k (1))

b = (11b)

where E[-], Var[-] denote the expectation and variance, respectively.
To derive the distribution of squared amplitudes, consider the transformation X = Y2 for a random

variable Y. Then, its distribution becomes Fy(x) = F,(+/x), and fX(x)zﬁfy(\/E). Applying this

transformation to the Gamma-approximated Q. the PDF and CDF of |A,|? can be expressed as (12)
and (13):

P
Pr

a2 () = o= X050k exp( = ), (12)
_ Y(prorVx)
F|¢'qk|2(x) _TH(). (13)

3. PERFORMANCE ANALYSIS

This section provides a detailed examination of the system’s performance in terms of outage
probability (OP), asymptotic behavior, and throughput. To streamline the analysis, we assume that a single
RIS among the M available RISs is selected to support the transmission. The selected RIS is the one that
maximizes the signal reception quality at the target destination. Accordingly, the optimal RIS selection
criteria are defined as (14a) and (14b):

mi =argmax g epz.m 710 < 1), (14a)
my; =argmax g,eqz,..m 720 < 1), (14b)
om oo (Ve T\ om o (Ve Vox : ;
where  y* = min )Yt = min | 7 with  threshold  parameters defined as
Cc 1 Cc 2

g, = 2R — 1,6, =2R1 —1,¢, = 2R2 — 1. In which R, R, and R, are the target data rates for decoding
signals x., x;, and x, at users D, and D,, respectively.

We provide a compact flowchart of the derivations in Figure 2 to guide the reader from the channel
model to the closed forms, asymptotic, and throughput.

Analytical pipeline: 1) Channel/statistical model (i.n.i.d. Nakagami-m) — 2) Effective SINR
expressions (3)—(5) under perfect CSI — 3) PRIS selection criterion (14) — 4) Outage probability
definitions and closed-form expressions — 5) Asymptotic (high-SNR) behavior — 6) Throughput
computation via rate averaging.

Figure 2. Flow of the analytical derivations

Based on the order statistics of independent and identically distributed (i.i.d.) fading links, the CDFs
of the selected SINRs 7,"* ™~ and 7, % can be expressed as (15a) and (15b):

M
F?m; ) = [Fm@)], (15a)
1
M
F)_/m’ﬁ () = [Fm@)] - (15b)
2
This produces the PDF displayed in (16a) and (16b):

f i @) = Mfyp@)[Fypn @], (16a)

M-1
f @) = Mfy G [Fy, ] (16b)
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3.1. Outage probability analysis

In signaling based on RSMA, every user obtains a mix of a common message and their private
message, along with the private messages from all other users, and processes both messages using a two-step
decoding approach, as outlined in (4) and (5). Should these SINRs drop below the required thresholds e.and
&, respectively, the connection between the BS-RISy, and the kth user will experience an outage.

For user k, an outage occurs when either the common-stream or the private-stream SINR falls below
its target. Equivalently, Pp, = Pr {min (Jixc/€cr Vixi/€x) < 1}. This form makes explicit that both
decoding stages must be simultaneously supported. Using the PRIS rule in (14a) and (14b), the closed-form
expression is then obtained in (17).

The link between BS-RISy, and the kth user has an outage probability that is determined by (17):

M
1 & A
mey<¢b¢kpﬂ%ﬂwaﬂ ¢

M
1 &k A
[F(wk) 14 <(pk' Pk Ps(ak—aifk))] &

. PN Ec & — &k
where k € {1,2},i € {2,1},k # i, €, = PR and &, PR

Proof 1. By applying the selection criterion for the RIS presented in (14a) and (14b), the system attains best
performance. Consequently, the outage probability for the kth user can be assessed by (18):

v
w‘)

(17

D —

IA

€k

Ec &k

,m?c }_/mk
Pp, = Pr (min (ﬁ,ﬂ>> = [1 - Pr()?,?fxc > &, Viewy, > sk)]M. (18)

When we replace v, and 7, from (4) and (5) in (18), we get:

M

Py, = [1 _ PT‘( acpslAgl? Se agpslAkl? > Ek)] . (19)

(1-ac)pslAgl?+3x & aipslAk|?+Qx

Following a few algebraic reductions, (19) may be written as (20):
Po, = 1= Pr1Acl? > &0 141 > 801" = [Pr(14l? < &max0) 1" [Fia 2 Emax 0)1"]] (20)

where € max(€,, € ) max, € and &, are already listed below (17). Solving (20) with (13) yields (17).

The proof is completed.

Remark on Gamma approximation. To keep the analysis tractable, the product of independent Nakagami-m
amplitudes in the cascaded BS—RIS-user link is approximated via a Gamma distribution using moment
matching (with parameters in (11a) and (11b)). This approximation is accurate for moderate-to-large m and
independent hops, but may incur tail mismatch when m <« 1 (severe fading), when the number of cascaded
factors is small, or when link correlations exist. The practical impact of these edge cases is assessed through
Monte Carlo validation in section 4, where the analytical curves closely follow the simulated results.

3.2. Asymptotic analysis
Using [27], we may approximate the lower incomplete Gamma function as (21):

x] Pk
V(@ diVx) = %,x 50 @1)

From (21) into (17) and under high SNR conditions, the outage probability for the kth user can be
asymptotically represented as (22):

1 P\ M
Ec n R
>
@l (Pk) [d)km] & =&
¢ c

o\ M
1 &k é
<lpk1"(<.0k) [ k\’ ps(ag—ajek) >

S —
?Dk—

(22)

<é
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3.3. Throughput analysis

In this subsection, we delve deeper into a metric of throughput within a delay-constrained
transmission mode, focusing on outage performance. This throughput signifies the system’s capability when
a specific data rate is necessary. We can derive the throughput at these crucial nodes, as illustrated (23):

7 = (1= Pp, )Ry, k € {1,2} (23)

3.4. Computational complexity and fairness analysis

Computational complexity: activating all RIS panels simultaneously requires optimizing M x N
reflecting elements, which leads to complexity on the order of O(MN). In contrast, PRIS selects only the best
RIS panel, reducing the burden to O(M) for RIS selection plus O(N) for phase alignment. This demonstrates
that PRIS offers a scalable and practical solution with significantly lower computational cost.

Sensitivity to imperfections: in practice, channel state information (CSI) is rarely perfect, and RIS
elements typically support only L — bitphase quantization. Both factors may slightly degrade outage and
throughput performance, especially at high SNR. However, prior works have shown that RSMA is robust
against CSI uncertainty, while even coarse quantization (e.g., L=2 or 3 bits) retains most RIS gains.
Therefore, the proposed PRIS strategy is expected to remain effective under realistic operating conditions.
fairness evaluation: to quantify user equity, Jain’s fairness index is considered:

_ K Rr?
] - K'Z’];lR]zc' (24)

where R, is the throughput of user k and K = 2. A value of J close to 1 indicates high fairness. This metric
will be reported in Section 4 to complement the outage and throughput analysis.

4. NUMERICAL RESULTS

This section presents numerical results to validate the derived theoretical expressions. The core
system parameters are summarized in Table 3. Unless otherwise specified, these parameters are used
throughout the simulations. The equivalent noise power at users D; and D, is computed as
wp, = wp, = Ny +10log ;o (BW) + NF [dBm], [19]. The PA coefficients are set as a. = 0.8,a; =
0.4(1 —a.), and a, = 0.6(1 — a.). Symbolic computation is utilized in MATLAB to enhance the precision
of theoretical evaluations. To enhance the credibility of our Monte Carlo simulations, we verified that the
plotted curves are consistent with the 95% confidence intervals of the empirical results. The variance was
negligible due to the large number of iterations (10°), hence error bars would visually overlap with the
curves.

Table 3. Main system parameters

Parameter Value
Monte Carlo simulations 10° iterations
Number of RISs M=2
Number of reflecting elements per RIS N=2
Nakagami fading parameter m=1
Target rate (common) R.=0.25 bps/Hz

Target rate (D,)
Target rate (D,)

R;=0.5 bps/Hz
R,=0.1 bps/Hz

Bandwidth BW =10 MHz
Noise figure (NF) 10 dBm
Thermal noise density (Ny) -174 dBm/Hz
Distance: BS to RIS, dsg,, =5 m
Distance: RISy to D, dsg,,p, = 10 m
Distance: RIS, to D, dsg,,p, = 10 m
Path loss exponent 5=

Figure 3 depicts the outage probability of users D; and D, as a function of the BS transmit power PS
for different numbers of reflecting elements N. Theoretical results derived from (17) are represented by
square (D,) and circle (D,) markers, while solid lines correspond to Monte Carlo simulations. The dashed
curves indicate the asymptotic expressions in (22), which closely match the simulation results at high SNR,
thereby confirming the validity of the asymptotic analysis. As the number of reflecting elements N increases
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from 1 to 3, a clear reduction in outage probability is observed for both users, particularly in the low-to-
moderate SNR regime. This demonstrates the substantial performance gains achievable through denser RIS
deployments, which enhance signal reflection diversity and overall system reliability.

Outage Probability

—0— Py, Ana. | \s

1oL | Py, Ana. ]
+ Sim. ]
--- Asym.
10710
20 15 10 20

Figure 3. Outage probability versus BS transmit power P for different numbers of reflecting elements N

Figure 4 investigates the effects of two key parameters on the system’s outage performance. In
Figure 4(a), increasing the number of RISs M (with fixed N = 2 and m = 1) results in a noticeable reduction
in outage probability for both users. Figure 4(b) increasing m leads to a substantial decrease in the outage
probability. This is because higher m values reduce the depth and frequency of signal fades, making the
channel more stable. This improvement highlights the benefit of spatial diversity achieved by deploying
multiple RIS panels.

—{}— 1, Ana.
—(O— P, Ana.
e  Sim.

- - - - Asym.

Outage Probability
Outage Probability

Figure 4. Impact of system parameters on outage probability; (a) impact of RIS quantity M on outage
probability (N = 2, m = 1) and (b) impact of fading parameter m on outage probability (M = 2, N = 2)

Figure 5 illustrates the relationship between the outage probability and the PA coefficient ac for two
users P; and P, under different transmit powers P; = 5dB and P; = 15 dB. The figure shows that there
exists an optimal a. (around 0.35-0.4) that minimizes outage probability for both users. When ac is too small
or too large, the outage probability increases significantly, indicating poor power distribution. As P;
increases, the overall outage performance improves and the performance gap between different a. value
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narrows, highlighting the importance of optimal PA in RSMA for maintaining user fairness and system
efficiency.

Figure 6 investigates the effect of the distance dSRm between the BS and RISy, on the outage
probability. As dgg, increases, the outage probability rises sharply due to increased path loss. However, the
rate of performance degradation varies with the value of m: for larger m, corresponding to more favorable
channel conditions or a stronger link, the system demonstrates greater resilience to distance-related loss. This
suggests that deploying RIS closer to the BS can significantly enhance reliability, especially in weak channel
scenarios, and highlights the importance of strategically optimizing RIS placement in practical system
design.
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Figure 5. Outage probability versus PA coefficient Figure 6. Outage probability versus distance from
a. (N=M=2m=1) BStoRISm(N = 3,M = 2,P; =-15dBm)

Finally, Figure 7 presents the throughput performance of RSMA and NOMA systems as a function
of the BS transmission power (Ps). It is observed that throughput increases with Ps for both systems, with
RSMA achieving slightly better performance than NOMA, especially in the low-to-moderate power region.
This improvement highlights RSMA’s superior ability to manage interference and allocate power efficiently.
The analytical and simulation results closely match, confirming the accuracy of the theoretical model.
Combined with the outage probability analysis from the previous figure, RSMA demonstrates enhanced
reliability and spectral efficiency compared to NOMA.
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Figure 7. Throughput versus P for RSMA and NOMA (M = 4,N =2,m = 1)
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For benchmarking, we also compared the proposed RSMA+PRIS scheme against two alternative
setups: i) RSMA with full RIS activation and ii) NOMA with PRIS. These additional comparisons confirm
that RSMA itself brings significant multi-user interference management gains, while PRIS further reduces
overhead and preserves most of the performance of full RIS activation. For completeness, we also evaluated
Jain’s fairness index under varying PA factors. The results confirm that PRIS-aided RSMA consistently
achieves higher fairness compared with conventional NOMA, particularly in low-to-moderate SNR regimes.

In summary, the numerical results confirm the analytical and asymptotic findings and reveal several
key trends. Increasing the number of reflecting elements (N) and RISs (M) significantly improves outage
performance, while optimal PA (a.) and strategic RIS placement are critical to enhancing system reliability.
Moreover, RSMA demonstrates consistent throughput advantages over NOMA, especially at low-to-
moderate transmit power levels. These insights provide practical guidelines for deploying RIS-aided RSMA
systems efficiently.

Finally, from a deployment perspective, practical urban scenarios may only accommodate a limited
number of RIS panels (e.g., two to four), owing to installation cost, control overhead, and site availability.
This aligns with our complexity analysis in section 3.4, highlighting that PRIS is particularly suitable for
scalable and cost-effective deployments in dense environments.

5. CONCLUSION

In this study, we investigated the outage probability and throughput performance of RSMA frame-
works in a multi-relay radio network system enhanced with RIS technology. We derived closed-form
expressions for both outage probability and achievable throughput for each user, considering (i.n.i.d.)
Nakagami-m small-scale fading channels. The impact of the PA coefficient was thoroughly analyzed,
emphasizing its critical role in optimizing overall system throughput. Notably, the outage performance of
user D, consistently outperforms that of user D;. Our results reveal that lower source transmit power Ps leads
to higher outage probabilities, whereas increasing P effectively reduces outage. Additionally, as system
throughput improves, the rates R, and R, tend to converge. The numerical results confirm that the analytical
expressions align well with Monte Carlo simulations over all considered system parameters. Our results
suggest that RSMA with PRIS offers a scalable and efficient solution for next-generation wireless systems,
particularly in dense urban environments where low-cost and energy-efficient deployments are essential. For
future work, it would be valuable to extend this analysis to scenarios involving multiple antennas at the BS,
which could further enhance system performance.
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