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Abstract—Utilizing reconfigurable intelligent surface (RIS)
technology to construct intelligent radio environments is a pre-
requisite for developing the sixth-generation (6G) communication
networks characterized by ultra-high speed, minimal latency, and
extensive connectivity. Therefore, to further enhance the coverage
and robustness of wireless communication systems, we investigate
an active RIS-assisted rate-splitting multiple access (RSMA)
system. Specifically, we examine the effect of relevant parameters
on system performance by deriving the analytical expressions of
the outage probability (OP) for users employing hybrid automatic
repeat request (HARQ) transmission protocol. The numerical
results indicate that: 1) Implementing the HARQ transmission
protocol can boost signal quality and improve system reliability.
2) The increase in the number of reconfigurable elements also
significantly enhances the stability performance of the considered
system.

Index Terms—Active reconfigurable intelligent surface (RIS),
rate-splitting multiple access (RSMA), hybrid automatic repeat
request (HARQ), outage probability (OP).

I. INTRODUCTION

HE continuous pursuit of increased data rates, ultra-

reliable low-latency communication (URLLC), and ex-
tensive device connectivity is driving the development of the
sixth-generation (6G) wireless network technology [1]. Yet,
realizing these goals is fundamentally contingent upon ad-
vancing technologies capable of overcoming the inherent chal-
lenges in wireless communication systems [2]. Reconfigurable
intelligent surface (RIS) have emerged as disruptive solutions,
offering an intelligent and adaptive wireless environments to
achieve the goals of 6G networks. Specifically, RIS adjusts
the phase shifts and/or amplitudes of incoming radio frequency
(RF) signals via reflection, thus enhancing reception at targeted
destinations as well as minimizing interference for unintended
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users [3]. RIS markedly improves signal coverage and qual-
ity over conventional wireless communication technologies,
boosting spectral efficiency and fostering innovative, energy-
efficient communication solutions [4]-[6].

For RIS-assisted wireless communication systems, the sig-
nals reflected by RIS traverse two transmission paths: the
source-RIS path and the RIS-destination path. Consequently,
the signal arriving at the destination undergoes dual-path
loss attenuation, markedly limiting the coverage range of the
system. To mitigate this challenge, the notion of active RIS
has been proposed as a solution in [7]. Active RIS with built-
in amplifiers strengthens signals to effectively mitigate dual-
path loss attenuation, enhancing communication quality over
long distances or in areas with substantial signal degradation.
This boosts wireless spectrum efficiency and elevates overall
system performance [8]. Therefore, active RIS has garnered
significant research interest within the academic community
in recent years [9], [10]. In [9], a proposal was made for
an active RIS-assisted multi-user system, aiming to optimize
collectively the transmit beamforming reflection precoding to
maximize the overall sum rate of the considered system. To
further enhance transmission rates and effectively ensure user
fairness, Yang et al. in [10] delved into the transmission
rate optimization problem for RIS-assisted downlink non-
orthogonal multiple access (NOMA) system, employing block
coordinate descent and semidefinite relaxation techniques to
achieve rate maximization for all users.

With the swift advancement of wireless communication
technologies, the rapid spread of various applications, and
the sharp increase in data traffic, the demand for efficient
and reliable connectivity solutions has become increasingly
critical. In this context, rate-splitting multiple access (RSMA)
emerges as a beneficial technology, offering unique benefits in
managing communication resources and meeting the diverse
demands of wireless networks [11]. Specifically, RSMA, based
on linear precoding rate splitting, exhibits capabilities in
mitigating partial decoding interference and managing partial
interference by treating it as noise [12]. Despite the certain
advantages offered by introducing RSMA, establishing reliable
communication links over rapidly changing wireless channels
remains a challenge. To tackle this issue, researchers have con-
ducted extensive research on the collaboration between RSMA
and RIS systems to optimize signal transmission and reception.
This enhances the system’s robustness against imperfect CSI
while effectively reducing the computational complexity of
the system [13], [14]. Using RIS technology, single-layer
RSMA can match the performance of multi-layer RSMA,



with simpler signal processing that lowers the communication
system’s computational complexity and concurrently boosts
performance [13]. To further maximize the energy efficiency
of RIS-assisted RSMA communication system, Narottama et
al. in [14] proposed a quantum machine learning algorithm.

The hybrid automatic repeat request (HARQ) technology,
by strategically retransmitting information a limited number of
times, aims to mitigate data loss due to channel fading, thereby
significantly enhancing the reliability and efficiency of data
transmission [15]. Considering this, to strengthen the overall
stability of wireless communication systems, especially in
complex and variable Internet-of-Things (IoT) scenarios, com-
bining HARQ with RIS technology is anticipated to fortify the
overall stability of wireless communication systems and meet
various communication goals, such as improving transmission
quality, enhancing system reliability, and reducing latency
[16]. This integrated approach has attracted the attention of
researchers [17], [18]. To improve the efficiency of the consid-
ered system, the authors in [17] have employed HARQ scheme
and conducted the effective capacity performance analysis
on RIS-supported D2D links facilitated by HARQ. In [18],
Abidrabbu er al. proposed an efficient HARQ transmission
protocol tailored for RSMA networks, analyzing the efficacy
of three newly introduced retransmission strategies.
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D

Fig. 1. System model of active RIS-assisted RSMA.

Although discussions on related technologies have been
conducted, the specific impact and effectiveness of HARQ
performance within active RIS-assisted RSMA systems has yet
to be reached a consensus. Ensuring the reliability of signal
transmission in complex and obstacle-laden wireless commu-
nication environments, while avoiding significant increases in
computational complexity, remains an urgent research issue
to be addressed. To effectively tackle this challenge, this
paper uses the OP as a core metric to assess the HARQ
performance and analyzes the reliability performance of users
in an active RIS-assisted RSMA network. Specifically, with
the support of RIS, RSMA architecture effectively mitigates
propagation barriers and communication congestion while
reducing computational complexity, enhancing system robust-
ness. Compared to passive RIS, active RIS can amplify signals
and suppress noise, enhancing signal transmission, mitigating
multipath fading, and significantly improving the system’s
capacity, reliability, and coverage range [19]. Additionally,
by integrating the HARQ retransmission protocol, the sys-
tem effectively suppresses performance fluctuations caused by

channel uncertainty without inducing additional transmission
delays, enhancing system stability. Through theoretical anal-
ysis and simulation validation, this paper demonstrates the
integration of the HARQ protocol effectively enhances the
stability of signal transmission within the network.

II. SYSTEM MODEL

Fig. 1 depicts an active RIS-assisted RSMA system, com-
prising of a BS, an active RIS, a far user (labeled as Dy),
and a near user (labeled as D,). Specifically, the RIS is
furnished with N reflective elements, and each user is out-
fitted with a single antenna. In complex urban communica-
tion environments characterized by severe channel blockages,
the deploying active RIS is crucial for maintaining stable
communication links between the BS and users. Further-
more, all channels are modeled following the Rician fading
distribution. To enhance the reliability of information trans-
mission within the system, the HARQ protocol is imple-
mented, whereby data packets not successfully decoded are
scheduled for retransmission, with a maximum retransmissions
limit of L for the required signals. Besides, the channel
coefficients for the BS-RIS link, RIS-Dy link, and RIS-D,,
link during the [-th (1 < [ < L) round retransmission
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where ﬁlj represents the normalized deterministic component
of the line-of-sight (LoS), i.e., Eé| =1; ﬁé represents the non-
line-of-sight (NLoS) components characterized by a complex
Gaussian distribution, while ﬁé ~ CN (0,1); d; corresponds
to the transmission distance of the respective link. Another key
parameter in our analysis is —¢;, which directly corresponds
to the path loss characteristics of the respective link.

Considering the RSMA technology, the signal emitted by
the BS can be represented as:

2
s = Vg Psxq + Z Vi Psp 1, (2

where P, denotes the transmlfs:sion power of the BS; z,
represents the common message with «, denoting its power
allocation parameter; x, 1 and x,9 respectively signify the
private messages for Dy and D,,, with a1 and «y, o corre-
sponding to their respective power allocation parameters, and
0q + ap1 + apo = 1. To ensure the security of the private
message x, 5 (K € {1,2}), it is assumed that o, > 0.5.
Moreover, given that D, has favorable channel conditions,
it is assumed that a1 > ap 2.

Utilizing the HARQ scheme, [ is set to 1 for the initial
transmission. If the receiver fails to decode the packet success-
fully, it sends a negative acknowledgement (NACK) signal, [ is
incremented, and a retransmission is requested. This process
continues until the receiver successfully decodes the packet
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(sends an acknowledgement (ACK) signal) or [ reaches L.
Consequently, the signal received by the users D; (i € {f,n})
can be expressed as follows:

yis = (h},)"Abl 2, + bl An, + ., 3)
where A = diag (B1e7%, ..., Bpef®, ..., Bnei?™) denotes
the phase shift matrix of the active RIS, where 3, > 0 and
0, € [0,2m) stand for the reflection coefficient and phase shift
of the n-th reflecting element, respectively. For passive RIS,
0 < B, < 1 must be satisfied. However, for active RIS, due
to its amplifiers, 8, > 1 is achievable. Due to the thermal
noise generated by the active RIS, n, ~ CN (0, o;“f) cannot
be neglected. Besides, n; ~ CN (O, 01-2) stands for the additive
complex Gaussian white noise at D;.

A. Received signal-to-interference-plus-noise

Based on the aforementioned analysis and under the as-
sumption of perfect channel state information within the
system, it is hypothesized that, in the context of RSMA
network transmission characteristics, D; (¢ € {f,n}) initially
decodes the common message. Consequently, the signal-to-
interference-plus-noise ratio (SINR) for decoding the common
message x. at D, is expressed as:
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Adhermg to the RSMA transmission protocol, once the
common message is successfully decoded, D and D,, proceed
to decode their respective private messages. Thus, the SINR
for decoding x, 1 at Dy and x, 2 at D,, can be depicted as:
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B. Channel Statistics

As previously mentioned, the pertinent channel coefficients
adhere to the Rician fading distribution. Consequently, the
probability density function (PDF) for hl, j € (sr,rj,7n)
can be represented as:
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where n; = d ° T w = , and I () refers to the zeroth-
order modified Bessel functlon of the first kind.

In the implementation of coherent phase shifting, the phase
shift of each reflecting element is adjusted to match the
phase of the associated fading channel, significantly boosting
network performance. Hence, similar to [20], the coherent
phase shifting strategy is employed for managing the cascaded
channels.

Theorem 1: Assume that the cascaded channel propagated
through RIS [21] is represented as Al, = hl hl, , Where
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i € (fyn) and I € {1,2,...,L} represents the I-th round
retransmission. Then the PDF of Aﬁ . can be represented in
(8), which is displayed at the top of’subsequent page. Noted
that in (8), K, (-) represents the second-kind modified Bessel
function with order v

However, analysis indicates that obtaining the expression

of PDF for Z = Z Al . Presents certain challenges. Conse-

k=
quently, an approx1mat10n of its PDF is derived by employing
Laguerre polynomials [22]. Then the PDF of Z can be
represented as
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denote the expected value and variance of Al, respectively;
Ly(K) = e¥[1-K)Ih(-%)-Kh (_7)} is the
Laguerre polynomial. I;(-) generally represents the modified
Bessel function of the first kind, specifically of order 1.

III. PERFORMANCE ANALYSIS

In this section, through the derivation of the analytical
expression for the OPs of the system under consideration,
we analyze the HARQ performance in active RIS-assisted
RSMA network. More specifically, the OP is characterized
as the probability of the event where the cumulative mutual
information (I) received at the destination falls below the
transmission rate (R). Hence, the OP can be expressed as:

Pout:Pr(I<R)7 (]O)

Under the operation of HARQ, BS continuously transmits
new signals from independent random codebook to D;,i €
(f,n) until an ACK is received or the maximum transmission
rounds, L, are reached. Consequently, the analytic expression
for OP of D;, can be further transformed into

Py =[1=Pr(vp, > 05,95, > 07)1" = (1 - P2)", (1)
where 0§ = oRe _ 1 07 = 9R, _1, R stands for the threshold
transmission rate of D; for the message z., and R; represents
the threshold transmission rate of D; for the private message
zp (k€ {1,2}). P?, represents the probability that the signal
is successfully decoded in the [-th transmission round.

Theorem 2: In case of the Rician fading channels, the
analytical expression for the P} of Dy, after a series
of calculations, can be summarized in (12), which
is displayed at the top of next page. Noted that in
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Remark 1: Theorems 2 and 3 indicate that as P, increases, £10'E p
the OPs for Dy and D,, decrease, thereby improving the relia- %" i \
bility performance of the considered system. Additionally, the S |
reliability performance of both users is positively influenced -
by the number of retransmission attempts. Specifically, as the ol NN N
number of retransmission (L) increases, the probability of 5101520025 30035 40
successful signal decoding also rises, which in turn enhances Fig. 3. The OP for Dy and Dy, versus the number of reflecting elements

the reliability performance of the considered system. Lastly,
adding more the number of reflecting elements in the active
RIS further contributes to improving the overall performance
of the system.

TABLE 1

TABLE OF THE RELEVANT PARAMETERS FOR THE CONSIDERED SYSTEM IN
NUMERICAL ANALYSIS.

Relevant parameters Numerical results

Power allocation parameter ac=0.6, ap1 =0.3, ap2=0.1

Element reflecting parameter BZ=9

Transmission distance dsr = 18m, drf = 12m, drp, = 8m

Path loss exponent Esr =&rf =23, rn = 2.5

Number of reflecting elements | N = 16
Rician parameter Ker = Krf = Kyn =K =—1dB
Retransmission times L=3

Threshold for transmission rate | Ry/ = RL™ = Ri,’f = Ri,’" =0.001

I'V. NUMERICAL RESULTS

In this section, Monte Carlo simulations consisting of 105
iterations are utilized to confirm the accuracy of the analyses
conducted in Section III. The parameters are configured as
described in Table I, unless indicated differently.

Fig. 2 shows the trend of OP for D; and D, with respect
to P;. Specifically, we can observe that the OP for D

under different 3.

and D,, decreases as P, increases. This trend indicates that
the reliability performance of both users increases with the
increase of P;. In addition, we also found that Dy has
better reliability performance than D,,. This is because Dy is
allocated more transmission power, resulting in more reliable
transmission performance. Through comparative analysis of
system reliability performance under different retransmission
times L, we observed that as L increases, the system provides
more redundant information, enabling the receiver to correct
erroneous data more accurately and effectively. Additionally,
the combination of the dynamic channel adjustment technol-
ogy of active RIS and the resource allocation mechanism of
RSMA, reliability performance is enhanced for both types of
users. This result indicates that the introduction of the HARQ
protocol significantly improves the overall reliability of the
network.

Fig. 3 demonstrates the OP versus the number of reflecting
elements N with P, = 10dBm , d,,, = 10m and 32 = 4.
Specifically, as the number of reflecting elements increases, the
channel gain is significantly enhanced, and the signal quality
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is improved, thereby reducing the OPs of signal transmission.
Additionally, with the increase in reflecting parameters, the
RSMA system can utilize channel resources more efficiently,
significantly enhancing system reliability. Similarly, the ac-
tive RIS-assisted RSMA system exhibits better transmission
characteristics compared to the passive RIS-assisted RSMA
system. This is because active RIS units amplify signal, effec-
tively boosting signal strength and increasing channel capacity,
thereby markedly improving overall system reliability. These
findings align with the conclusions shown in Fig. 2, since un-
der the same conditions, D)y demonstrates higher transmission
power, thus offering better reliability performance than D,,.

10
—@— Simulation D,
—A— Simulation D)
black|( Rician parameter K = 1)
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Fig. 4. The trend of OP for Dy and D, versus L.

Outage Probability
=

107

Fig. 4 plots the OP for Dy and D, versus L with
P, = 9dBm and 3% = 4. Apparently, with the increase of
the number of retransmission times L, the decrease in OP
leads to a notable enhancement in system reliability. Similarly,
from another perspective, as K increases, representing the
predominance of the LoS component in the time-domain
fading channels, this leads to improved channel conditions and
thus enhanced reliability performance.

V. CONCLUSION
In this letter, we investigated an active RIS-assisted RSMA
network to ensure effective signal transmission in obstructed
wireless communication environments. We explored the relia-
bility performance of the considered network under the HARQ
scheme by deriving the analytic expressions of the OP for
users. The effects of transmitting power, HARQ retransmission
times, the number of reflective factor and reconfigurable
elements in RIS on system performance were studied. The
numerical results indicate that the stability performance of the
considered system can be significantly enhanced by introduc-
ing HARQ protocol.
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