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Abstract

As a pivotal enabling technology for the 6G wireless communication system, Reconfigurable intelligent
surface (RIS) is capable of dynamically adjusting its electromagnetic elements, thereby significantly enhancing
wireless network coverage, spectral efficiency, and energy sustainability. In this context, this paper investigates
the integration of RIS into the rate-splitting multiple access (RSMA) framework, where the base station
employs the RIS to transmit superimposed signals to multiple users simultaneously. To reduce computational
complexity, a On-Off control scheme is adopted, considering both imperfect successive interference
cancellation (ipSIC) and perfect successive interference cancellation (pSIC) scenarios. closed-form expressions
for the exact outage probability of the k-th user under Rayleigh fading channels are derived. Furthermore,
to more comprehensively evaluate system performance, asymptotic outage probability expressions for
ipSIC/pSIC in the high signal-to-noise ratio (SNR) regime are also derived. The results demonstrate that,
under identical system configurations, the RSMA-based communication scheme outperforms the non-
orthogonal multiple access (NOMA) scheme, exhibiting superior spectral resource utilization and interference
management capabilities. In the pSIC scenario, the user diversity order is contingent upon the number of RIS
reflecting elements and the channel ordering approach. Increasing the number of RIS reflecting elements can
effectively compensate for the performance degradation caused by residual interference in the ipSIC scenario,
thereby further enhancing system performance.
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1. Introduction pattern to reduce signal attenuation and interference,
thereby enhancing the spectral efficiency and network
capacity of the system. Meanwhile, rate-splitting mul-
tiple access (RSMA), as a generalized multiple access
technology, has been recognized as a promising multi-
ple access technology for 6G wireless communications
due to its outstanding capabilities in improving spectral
efficiency and user fairness [3]. RSMA bridges the two
extreme interference management strategies of fully
decoding interference and treating interference as noise

With the rapid development of wireless communica-
tion technologies, the demand for spectral efficiency
and network capacity has been increasing continuously
[1]. To address this challenge, Reconfigurable intel-
ligent surfaces (RIS), as a revolutionary technology,
have attracted widespread attention due to their abil-
ity to intelligently manipulate the wireless propaga-
tion environment [2]. RIS is a planar structure com-

posed of a large number of programmable reflecting
elements. These elements can intelligently adjust the
phase, amplitude, and polarization of wireless signals,
enabling real-time adjustment of the RIS reflection
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by splitting user messages and enabling non-orthogonal
transmission of common messages and user-specific
private messages [4].

In recent years, researchers have explored the
integration of RIS-assisted communication systems
with RSMA protocols. The authors of [5] analyzed
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the outage performance of RIS-assisted downlink
non-orthogonal multiple access (NOMA) systems.
Considering user utilization rates, the authors in
[6] analyzed discrete phase-shift RIS reflections for
RIS-assisted NOMA and orthogonal multiple access
(OMA). In scenarios involving user ordering, joint
optimization of beamforming vectors and phase-
shift matrices was conducted to reduce transmit
power [7]. Taking into account imperfect successive
interference cancellation in non-orthogonal multiple
access communications [8], the authors analyzed the
system’s outage performance. The authors of [9]
designed a low-complexity resource allocation scheme
for RIS-assisted uplink RSMA systems, significantly
improving the maximum transmission delay. In [10],
an RSMA communication system for RIS-assisted
cell-edge wusers and nearby users was analyzed,
where outage probability expressions were derived
considering phase-shift-based switching techniques. Z.
Yang et al. considered energy efficiency maximization
for RIS-assisted RSMA communications by jointly
optimizing RIS phase shifts and base station (BS)
beamforming [11].

It is worth noting that while [5] provides an
outage probability analysis for RIS-assisted NOMA
systems, a similar analysis for RSMA has not yet
been addressed. Additionally, [6] considers discrete
phase shifts in RIS-assisted NOMA and OMA systems,
and [8] investigates imperfect successive interference
cancellation in NOMA systems, but the analysis for
RSMA systems remains to be conducted. Although [10]
considers RIS-assisted RSMA networks, it omits the
mathematical framework for discrete phase shifts.

Based on the above analysis, this paper investigates
RIS-assisted RSMA communication systems. By consid-
ering discrete phase shifts of RIS, user utilization rates,
and user ordering, we derive the outage probability
expressions for the system and analyze the impact of
imperfect successive interference cancellation and dis-
crete phase shifts of RIS on the outage performance of
the communication system.

2. System Model

According to the illustration in Fig. 1, the RIS-assisted
RSMA communication model consists of three parts,
including a BS, RIS, and K end users. It is assumed
that each of the BS and users is endowed with a single
antenna, where BS sends signals to K end users through
the use of RIS. RIS is furnished with N reflection
units, which are controllable through software focused
on communication functionality. The complex channel
coefficients for teh BS-RIS link, as well as the RIS-
users link, are expressed by h; and g;; respectively. Both
h; and gj; follow the complex Gaussian distribution
with the mean set to zero and the variance specified

RIS controller

Figure 1. RIS-assisted downlink RSMA network model.

as 02 and are independent of each other. Given

that the BS-users link is obstructed by tall buildings,
resulting in a lack of direct interconnection, the
communication channel between any two nodes within
this environment is characterized by the Rayleigh
fading model. The background noise of these wireless
links is additive white Gaussian noise, with statistical
properties including a mean of zero and a variance of
No.

The communication system assumes that the chan-
nel state information, the geographic coordinates of
the BS, and the seamless feedback to the RIS can be
implemented accurately. In order to facilitate the anal-
ysis, the effective cascade channel gain of the BS-RIS-
user link is sorted: )gfq)hir <. < |gillj(1)hi|2 <. <
)ngDh,- 2, where @ =diag (ﬁe’jel,...,ﬂe’jei,...,ﬁe’jeK)
represents the phase shift matrix of RIS, and g € [0, 1]
and 6; € [0, 27t) represent the fixed reflection amplitude
and phase shift parameter of the k-th reflection unit
of RIS, respectively. Without loss of generality, it is
assumed that when the RIS is not within the frequency
band, that is, the incident frequency does not fall within
the designed unit’s response band, the RIS is basically
total reflection.

In the communication process, BS uses the RSMA
protocol, and the superimposed signal sent to the end
user includes a public message x, and K mutually
orthogonal private information x;, {ke€l,2,...,K}
represents K different users. As a result, the signal that
receives at the k-th user after RIS reflection is:

K
e = (85 Ph; )| VacPpx, + ZvaiPBxi +we (1)
ioT

where Py is the transmission power of the BS, a, and
a; are the rate splitting factors of the base station
sending public information and private information
respectively. In order to meet the user fairness, the
rate splitting factors of the public information and

K
the kth user satisfy the relationship a. + ) a; =1, and
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ae>ap 2> ag = > ag. X, x; represent the public
information sent and the private information of K users
respectively, and E {xcz} =E {xlz} =1. wy are additive
Gaussian white noise with mean value of 0 and variance
No.

After receiving the superimposed signal sent by BS,
user Uy first decodes the public message x., and then
decodes his own private message x; after deleting
the public message x. by SIC. When decoding x,, all
private messages will cause interference, and when x;
is decoded , the private information of other users will
cause interference. Therefore, the SNR of U decoding
public message and private messages can be expressed:

2
Yk - K 5 ( )
Zi aiPB|gl'IZthi| + NO
i=

2
p CtkPB|giPkICDhi|
Yk = K ) (3)
; a;Ps|g i dh;|” + @Pglhi|* + No

izk

where @ € [0, 1] is the imperfect successive interference
cancellation coefficient, ® = 0 denotes ipSIC and @ =1
denotes pSIC.

For the convenience of analysis, Assuming the
residual interference arising from the implementation
of ipSIC follows a Rayleigh fading model, and
the corresponding complex channel parameter is
represented by h;,,,, which obeys the complex Gaussian
distribution with mean 0 and variance aizm. In addition,
in order to facilitate the next calculation, the probability
density function(PDF) of |h;,,|* is:

f|h~ 12 ) = %e(_”iyru) (4)

mu :
1ru

3. On-Off Control Scheme

Considering that in the actual communication scenario,
constantly changing the reflection elements of RIS to
adjust and control the amplitude and phase of the
signal is conducive to improving the performance of
the network. However, this alternative requires precise
design specifications, as well as an expensive hardware
configuration, which will lead to the cost of RIS
becoming higher. For the sake of convenient analysis
and implementation, a low-cost implementation is to
apply switch control to the RIS-RSMA network to
realize the amplitude and phase shift level of the
RIS-assisted RSMA network[12], that is, each diagonal
element in the phase shift matrix @ is either 0 (off) or
1 (on). Meanwhile, increasing the number of reflection
units remains a scalable and cost-effective solution.

RIS has N reflection units. Suppose N = LQ, where L
and Q are both integers. Let W = \}—QIL ® 1o, where I,

is the unit matrix of L x L, 1o is the 1-vector of Q x 1,
Y, denotes the I column of W, and for I = p, \Ile\pr =0,
‘IJIH\IIZ = 1. Using On-Off control, a random column of

W can be selected to maximize the SNR of user Uy
decoding. (2) and (3) can be rewritten as:

2
¢ — max aCPB)\IIZHthi|
Yk = 0

) (5)
al-PB|\I’lHthi) + N()

M=

1

1l
—

2
arPs|WHD
ﬁ:max £ B| Lk l‘ (6)

yo K 2
Y a;P| W Dyhi|” + @Pglhipul® + Ny
i=1

izk

where Dy is a diagonal matrix whose diagonal elements
are obtained by gy

Theorem 1. In order to simplify the analysis of the
outage performance of the system, the cascade channel
gain of the RIS aided link is expressed as |Z|* =
)‘IJZHthi|2 by using the On-Off control scheme. At this

point, the cumulative distribution function(CDF) of |Z|?
can be written as:

&k - k(1)
P|z|2(2)=#Z( b )(,H)b

b=0
(7)
k+b
o2 () (2]
T(Q)\ o2 Q\ 2
where p = —(kaﬁ(!kfl)!'
Proof. See Appendix A. |

4. Performance Analysis

In wireless communication, outage probability is
an important performance metric to measure the
reliability of communication links under certain
conditions. The outage performance refers to the
probability that the communication link is interrupted
within a given period of time, which is contingent upon
the mean SNR of the communication link, along with
the specific model that characterizes its channel fading
distribution

4.1. Exact Outage Probability of the RSMA Scheme

According to the principle of RSMA, there are two cases
in the RIS-assisted RSMA communication network that
may cause communication interruption: (1) Uy cannot
successfully decode the public information x. after
BS sends the superimposed signal; (2) Uy successfully
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decodes public information x., but cannot successfully
decode its own private information xj. Therefore, the
outage probability of user Uy is defined as:

OP = Pr()“/,g < Vthc) + Pr(ﬁ > )/t;,c,f/f < Vthp)

(8)

=1 —Pr(ﬁ > Vthclﬁ > Vth,,)
where y; = 2R — 1 and Vinp = 2% —1 are the thresh-
old SNRs for the transmission of public and private
messages, respectively, R, and Rp are the target data
rates at which they decode the messages, respectively.
Pr(-,-) denotes the joint probability. By the concept of
joint probability in [13], the outage probability of (8)
can be further simplified as :

OP = Fy (7/fhr) +Fg (Vthp) —Fyegp (Vthcf Vthp) (9)

where Fy () is the cumulative distribution function of
the variable X, and Fy y (-, ) is the joint CDF of X and
Y.

In the realm of wireless communication, attaining
pSIC is often considered an idealized scenario. How-
ever, in practical communication settings, achieving
such perfection becomes challenging due to various
factors, including hardware limitations, channel esti-
mation errors, and signal processing constraints. In
the subsequent analysis, we provide outage probability
expressions for both perfect SIC and imperfect SIC
scenarios. Furthermore, in the following chapter, these
two cases will be simulated and verified accordingly.

4.1.1 Imperfect SIC. Using the On-Off control scheme,
and considering the existence of imperfect SIC to
generate residual interference, Eq.(9) can be rewritten
as:

L L
OP = ]_[Flle (TC) + H F|Z|2 ((CDPBlhirulz + NO)Tp)
=1 =1

L
- ]_[ F|Z|2 (mm {TC, (CDPB|hiru|2 + No) Tp})
- (10)
Vth No _ Vihp

K 2 Tp = .
(ac*i; Qi Vthe )PB [ak—yt;,p 7.)::] ai]PB
izk
In order to facilitate analysis and implementation,
assuming that the marginal and joint statistics of y;; and
YV are the same for all / [10], the outage probability of
(9) can be further written as:

where 1, =

OPipsic = [P|z|2(Tc)]L +[Fizp ((@Pslhirul® + No)Tp)]L

_ [F|Z|z (min {Tcx (@Pglhiy,|* + No)TP})]L

O EAI

where,
K-k
Fizp(t) ZFZ( )
b=0
(12)
k+b
1o 2 TC QK 2V )
Q 2\ o2
Similarly,

Fzp ((@Pslhiral* + No) 7, )
=J flh,-m|2 P|Z|2 ((‘DPB? +No) 1) dy

k+b [ T T(Q o? a2
A K-k K_k 1w,
b 85
’/lﬂil b=0 b kb [
Q k+b
5 | V(20507 &0t No) T, K 2\/(20Pg0} &4+ No)T,
TQ o? Q a?
(13)
where W, = % is the weight of Gauss-Laguerre

[LA+1 Ea
quadrature formula, &, is the zero point of Laguerre

polynomial Ly (&,),a=1,2,3,... A, Ais the complexity
trade-off accuracy, and when A — oo, the above formula
takes the equal sign.

In summary, by substituting (12), (13) into (11),
formulations for the outage probability in the case of
ipSIC is:

[FZ (Tc)] (‘DPBlhzrul +N0) <7

[FZ (((DPB|]’11'”,| +N0)Tp)] ,else (14)

OPysic = {

4.1.2 Perfect SIC. Available with Section 4.1.1, ideally,
the outage probability expression of the system to
achieve perfect SIC is:

OPysic = [Fz(t)]" + [FZ(%;)]L - [FZ (min {TC’ %\P})]L

[FZ( )]L’ p<Tc
= L
[FZ ] >Tc
(15)
where ’f;, = No1p,
K-k
_ K -k\(-1)"
F2(@) =n ( b )k+b
b=0
—.Q — k+b (16)
) T 2 T
l1-——|—1] K
X I(Q)| o2 Ql 7,2
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4.2. Exact Outage Probability of the NOMA Scheme

To further highlight the superiority of RSMA in terms of
system performance, the outage probability of NOMA
network under the same system model [14] is analyzed.
Correspondingly, the SNR for decoding the k-th user
signal by the g-th(1 < g < k) user is expressed as:

“qPB|\p1Hthi|2

Vk—g = max
v H 2 2
Y a;Ps| U Dphi|” + @Pglhip,|* + N
i=q+1
(17)
The SNR for decoding the signal of the K-th user after
performing SIC decoding for the (K —1)-th user and

removing its interference is given by:

2

_ o Pg| W Deh|
YK = max ——————— (18)

Y @Pglhiry|” + No

Therefore, the outage probability of user Uy using the
On-Off control scheme is defined as:

OPyopa = min Pr (7ieq < Ying)

"’qPB|\lethi|2

=minPr| — < Vih,
9 Z a,'Pgl\I’lHthi|2+fDPB|hiru|2+N0
i=q+1
S ) Iy
o b k+b Q)

o2 o?

k+b
(2@Pgo?, £4+No)1, < 2\/(20Pg02 ,£4+No) Ty
X KQ

(19)
where, Vih, = 2R4 — 1 is the threshold SNR for the g-th
user, where Rq is the target data rate for decoding the

Vihg _ (DY .
(ag=ytng Zf(:qﬂ a;)Pg’ and Wy = Ton )P *°
the weight of the Gauss-Laguerre quadrature formula,
with £, being the zero point of the Laguerre polynomial

Lp(&q)-

message, T; =

4.3. Asymptotic Outage Probability of the RSMA
Scheme

To further analyze the impact of ipSIC on out-
age performance, this subsection derives the asymp-
totic outage probability of the k-th user under

high SNR conditions. As 7/:%}—)00, the terms

{TC, (cDPB hipal® + NO) Ty 'f;} — 0. To simplify the calcu-
lation, a series representation of the modified Bessel
function K, () is used to obtain a high SNR approxi-
mation. Specifically, when v = 1 and v > 2, K,(-) can be
approximated as:

K, (x)zl+§1n(§) (20)

K, (x) = E

1[22(w-1) 2"72(v-2)!
[ (-1 _ 272 >] o
x? xV=2
Taking the first term of the series expansion (b = 0)
as the dominant term, the asymptotic expressions for
Fizpp(7e), Fizp (((DPglhiml2 +N0)Tp), and Fzp(7,) under
high SNR conditions can be computed as:

= i 2]

1z]? KRk "ot o
o g\ Q=1 (22)
asy (—~\ _ _K! i
L5 = o] - n ()
oY (T):K_![#]k
1212 \Te) = ®=hik | [@-1)o* Q=2 (23)

asy (=~\ _ K o
Fop (%) = whim |:(Q71)o~4]
A
|aZS|}; (((DPB|hiru|2 + NO) Tp) ~ (Kfli)!k Zl W,
a=

k

F

T TQ o? o?

(24)

In summary, by substituting equations (22), (23),

and (24) into (14) and (15), the asymptotic outage

probability expressions for pSIC and ipSIC can be
derived as follows:

L
] s <

asy  _ \zP?
OPysic = asy [ ]E (25)
[F|Z|2 (Tp)] Ty > T

L
[Pasy (Tc)] ’ (CDPB|hiru|2 + NO) Tp <7

asy 12
OPipSIC - asy 5 L
[sz ((@Pslhtirul +NO)TP)] ,else

(26)

4.4. Diversity Order

To gain better insights, the diversity order is commonly
used to evaluate the outage behavior of a communi-
cation system. This metric describes the rate at which
the outage probability decreases as the transmitted SNR
decreases[15]. Therefore, the diversity order can be
expressed as:

log (OP%7)

D = - lim
log y

'}/—)00

(27)

where OP%Y e {OP;chPi‘:SyIC}'

Remark 1. After substituting equation (25) into (27),
the diversity order of the k-th user under pSIC is kL. It
can be observed that the diversity order of the k-th user
is influenced by the number of RIS reflecting elements
and the channel ordering.
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NOMA/RSMA

Simulation
U1l-analyisis-pSIC-RSMA
U2-analyisis-pSIC-RSMA
U3-analyisis-pSIC-RSMA | 107

Asymptotic
Ul-analyisis-pSIC-NOMA
U2-analyisis-pSIC-NOMA
U3-analyissi-pSIC-NOMA 10 12 14 16 18

n n | .

108 ©

Outage Probability

8Ll ----

10-10 I L
-10 -5 0 5 10 15 20 25 30
SNR (dB)

Figure 2. Comparison of Outage Probability for Different Users
Using RSMA and NOMA Schemes with pSIC.

Remark 2.  When equation (26) is substituted into (27),
the diversity order of the k-th user under ipSIC is zero.
This is due to the residual interference caused by ipSIC.

5. Numerical and Simulation Results

In this section, numerical simulations are conducted
through specific experiments to validate the theoretical
analysis presented earlier, investigating the impact
of the number of reflective elements in RIS and
ipSIC on the system outage performance. Furthermore,
to further analyze the performance of the RSMA
system, simulation experiments are carried out to
evaluate the outage probability of an RIS-assisted
multi-user communication system based on NOMA
under the same communication model and parameter
configurations. The results are then compared with
those of the RSMA scheme. The complexity-accuracy
tradeoff A and D is set to 5, and the BS transmission
power Pg is set to 104B.

Fig.2 depicts the curves of outage probability versus
SNR for three users with pSIC. Set K = 3, N=1, Q=1,
and RC:Rp:Rq:O.45. It is evident that, throughout the
entire average SNR range, the theoretical and simu-
lation outage probability curves almost coincide. The
asymptotic outage probability converges to the analyt-
ical expression derived in Eq.(20), which confirms the
correctness of our theoretical derivation. As observed
from the figure, user U3 (k=3), which is closer to the
BS, exhibits better outage performance compared to Ul
and U2. This phenomenon arises because U3 attains a
higher diversity order, corroborating the insights pre-
sented in Remark 1. Moreover, under identical con-
ditions, the RSMA scheme outperforms the NOMA

10° 0 .
102 ¢ 5
2
8 10%¢ E
Q
o
o
[
2 6l ¢ Simulation 1
5 10 Ul-analyisis-pSIC
o U2-analyisis-pSIC
U3-analyisis-pSIC
8 - Asymptotic .
107 F Ul-analyisis-ipSIC ipSIC/pSIC 3
U2-analyisis-ipSIC
U3-analyisis-ipSIC
Error floor
10°10 T T T L L L L
-10 -5 0 5 10 15 20 25 30

SNR (dB)

Figure 3. Outage probability versus the transmit SNR with pSIC
and ipSIC.

scheme in terms of system outage performance, partic-
ularly demonstrating a significant advantage in outage
probability at high SNR regimes.

Fig.3 illustrates the relationship between outage
probability and SNR for three users in both the pSIC
and ipSIC scenarios. Set the rate splitting factor of
public information and private information of each
user are set to a,=0.4, a1 =0.3, a, =0.2, a3 =0.1
respectively and the normalized power of residual
interference E{|him|2} = —104B. Similar to Fig.2, the
theoretical and simulation outage probability curves
for the users almost coincide, further validating the
accuracy of the theoretical analysis. It is clearly
observed from the figure that, throughout the entire
SNR range, the outage performance of users in the pSIC
scenario consistently outperforms that in the ipSIC
scenario. Furthermore, the outage probability of users
with ipSIC converges to the error floor at high SNR,
indicating that the system’s diversity order is zero. This
is due to the residual interference generated by ipSIC,
which validates the insight presented in Remark 2.

Fig.4 plots the relationship between outage proba-
bility and SNR for three users, considering different
levels of interference caused by ipSIC. The normal-
ized residual interference power is set to E{|him|2} =
—-10,-8,-7dB. From the figure, it can be observed
that the outage probability of users decreases as SNR
increases. Furthermore, when considering user sorting,
users can still achieve better outage performance even
in the ipSIC scenario. It is noteworthy that, as the resid-
ual interference power increases, the outage probability
of IRS-RSMA converges to the worst-case error floor.
Therefore, it is crucial to consider the impact of ipSIC
on the performance of IRS-NOMA networks in practical
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2
21072
Qo
e
o
g 2
= E{|hir*} = -10, -8, -7 dB
£10
=
]
o Simulation
4 Ul-analyisis-ipSIC

U2-analyisis-ipSIC
U3-analyisis-ipSIC
Error floor

10»5 1L L L
-20 -10 0 10 20 30

SNR (dB)

Figure 4. Outage probability of various residual interference
power versus the transmit SNR

Outage Probability

o N=Q=2, simulation
O  N=Q=4, simulation

1010 ---- Asymptotic

Ul-analysis

U2-analysis

U3-analysis

Error floor

I

-15
-10

10

N
5

0 5 10 15 20 25 30
SNR (dB)

Figure 5. Outage probability of various N versus the transmit
SNR with Q=2, L=1 and E {|i;y, |’} = ~10dB

scenarios. Similarly, it is equally important to assess
the effect of ipSIC on the performance of IRS-RSMA
networks in real-world applications.

Fig.5 depicts the curves of interruption probability
as a function of SNR for three users under the ipSIC
and pSIC scenarios, with different grouping strategies
for the number of RIS elements (Q > 2). It can be
observed that the number of RIS reflective elements
has a significant impact on network performance. As
the number of reflective elements N increases, the
interruption probability of users decreases. This is
because an increase in the number of RIS elements
provides more spatial degrees of freedom. This

1072
2
3 4
8 10
o
o
)
2 10°
5
O ¢ N=L=1, simulation
10-8, O  N=L=2, simulation
- Asymptotic
—— Ul-analysis
10710 | —— U2-analysis
—— U3-analysis
Error floor
10712 I | | . . . .
-10 5 0 5 10 15 20 25 30

SNR (dB)

Figure 6. Outage probability of various users versus the transmit
SNR with various N and Q=1.

phenomenon further validates the effectiveness of
Remark 1, which states that the number of reflective
elements and the user ranking influence the diversity
order of users. Additionally, it can be observed that the
interruption probability curves of the users exhibit the
same slope, indicating that the users share the same
diversity order. This observation confirms the analytical
results presented in Eq.(23).

Fig.6 illustrates the curves of interruption probability
as a function of SNR for three users under the
ipSIC and pSIC scenarios, with Q =1 and varying
numbers of reflective elements N. The asymptotic
interruption probability curves, derived from Eq.(22),
are also plotted and show excellent agreement with
the simulation results. As observed in the figure,
as the number of reflective elements increases, the
interruption probability of the users decreases. The
main reason behind this is that the RIS, employing the
On-Off control scheme, provides more diversity order,
as mentioned in Remark 2. Notably, the interruption
probability curves for each user exhibit different
diversity orders, which confirms the analytical results
derived in Eq.(22).

6. Conclusion

Although extensive research has been conducted
on RIS-assisted communication systems, the outage
performance analysis of RIS-assisted RSMA networks
in the presence of residual interference remains
insufficiently addressed. Most existing studies overlook
the impact of effective cascaded channel gains from
user ordering and assume ideal continuous phase
shifts at the RIS. This paper investigates the outage
performance of an RSMA-based communication system

EAI Endorsed Transactions
on Scalable Information Systems
| Volume 12 | Issue 3 | 2025 |

O EAI 7



H. Huang et.al

under residual interference, considering a practical
RIS model with discrete phase shifts controlled
via a switching mechanism. The analysis reveals
that both the number of RIS reflecting elements
and the level of residual interference significantly
affect system performance. While residual interference
can degrade communication quality, increasing the
number of RIS elements enhances the system diversity
gain, effectively mitigating interference and improving
outage performance. Furthermore, comparison with
RIS-assisted NOMA networks shows that RSMA offers
a notable advantage in terms of outage performance.

Appendix A. Proof of Theorem 1

According to [16], the PDF of the Rayleigh cascade
channel |Z|? from BS to RIS to the user is:

2vz%! (2\/2)

T(Q)o2Q+) Ko-1| 5z (A1)

fizp (2) =

where T'(-) denotes the Gamma function and K, (-)

denotes the second modified Bessel function of order
V.

Based on the above assumptions, the effective cascade

channel gain of the RIS auxiliary link using the switch-

ing control scheme is sorted to the user: |\I’pHD1gi1|2 <
- <|®HDygy| < --- < | Dggix|’ . The CDF of the
sorted effective cascade channel gain F,p (z) has a spe-
cific correlation with unordered channel gain [7] and
[17]:

K-k

kD= +
Fizp (2) = ﬂ;( Kb )%[Plzlz (z)]k b

(A.2)

where Fizp (z) is the cumulative distribution function of
the unsorted cascaded channel gain.

From (A.1), the PDF of the unsorted concatenated
channel is:

(A.3)

2vz9! PR
I‘(Q)O.Z(QH) Q-1 O-2

By integrating the (A.3), the CDF of the unsorted
cascaded channel is obtained:

2 et 24/x
F(Q)Uz(Q“)J; 7 Ko (7)‘”

fip (2) =

Let x = zy, the Gauss-Laguerre quadrature formula is
used for (10):

(A.5)

2 (vz\° o (22

I'(Q)\ o2 Q62
Finally, Eq.(A.5) is substituted into Eq.(A.2), and the

CDF of the effective cascade channel after the RIS

auxiliary link is sorted is obtained, and the proof is
completed.

Fp(z)=1-
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