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Abstract—Short-packet transmission is becoming crucial for
satellite services that cannot rely on long codewords to hit the
required latency and reliability. This study investigates rate-
splitting multiple access (RSMA) in that context and builds a
finite-blocklength (FBL) model for a downlink satellite-ter-
restrial link affected by Shadowed-Rician fading. We obtain
closed-form approximations for the block error rate (BLER) of
both the common and private streams, explicitly incorporating
imperfect successive interference cancellation (ipSIC) at the re-
ceivers. Compared with power-domain non-orthogonal multiple
access (NOMA), RSMA exhibits more stable BLER the common
stream helps dampen residual interference due to ipSIC and
the short-packet effect-so RSMA generally needs less transmit
power to attain the same error targets. Numerical results vali-
date the analysis and demonstrate consistent RSMA advantages
across a wide range of transmit powers, blocklengths, shadow-
ing severities, and antenna configurations. The results suggest
that RSMA is a very promising option for future satellite sys-
tems that need to provide reliable, low-latency, and short-packet
communications in view of realistic SIC imperfections.

Index Terms—Rate-splitting multiple access, finite block-
length, short-packet communications, satellite-terrestrial sys-
tems, block error rate, imperfect successive interference can-
cellation, reliability analysis.

I. INTRODUCTION

Satellite—terrestrial communication systems have attracted
significant interest as future 6G networks begin to demand
wider coverage, massive connectivity, and reliable links for
devices scattered across remote or hard-to-reach regions [1]-
[3]. Unlike traditional broadband satellite services that focus
on large codewords and high throughput, many emerging
applications are now dominated by short-packet transmission,
where only a few hundred symbols are available to encode
critical information. Examples include environmental monitor-
ing sensors, safety-related signaling, UAV telemetry packets,
and low-latency control messages for distributed IoT systems
[4], [5]. These scenarios impose tight reliability and delay
requirements, making it difficult to rely solely on classical
Shannon-capacity results, which assume infinitely long block-
lengths and often mask the performance degradation triggered
by short packets [6]-[8]. As a result, finite-blocklength (FBL)
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analysis has become increasingly important for understanding
the practical behavior of satellite links operating under strict
latency constraints [9].

Another challenge that satellite systems must contend with
is interference management. With the growth of spectrum shar-
ing between terrestrial and non-terrestrial networks, serving
multiple ground users simultaneously requires access schemes
that can sustain reliability in the presence of strong co-channel
interference. Non-orthogonal multiple access (NOMA) has
been widely studied for this purpose, but its dependence on
accurate successive interference cancellation (SIC) often leads
to performance loss when SIC becomes imperfect—something
that occurs frequently in Shadowed-Rician fading, user mobil-
ity, or channel estimation uncertainty [10]-[13]. Even small
SIC errors may propagate and severely deteriorate reliability,
particularly when packets are short and decoding margins
are tight [14], [15]. In contrast, rate-splitting multiple access
(RSMA) has emerged as a more flexible strategy that can blend
partial interference decoding with partial interference treating-
as-noise [16]. By dividing messages into a common stream
and several private streams, RSMA can distribute interference
more evenly across users and reduce the system’s sensitivity to
imperfect SIC. Several recent studies have shown that RSMA
tends to provide more stable throughput and outage perfor-
mance than NOMA in satellite or integrated satellite—terrestrial
networks [17], especially when channel conditions fluctuate or
users have highly unbalanced link qualities. However, most of
these studies evaluate RSMA under the infinite blocklength
assumption, where error probabilities naturally vanish at high
SNR and decoding imperfections are less visible. This leaves
an important open question unanswered: How does RSMA
behave in short-packet satellite links where reliability, not
capacity, becomes the primary metric?

But another layer of complexity arises from the Shadowed-
Rician fading environment that characterizes many land-
mobile satellite links. Driven by the degree of shadowing-
from average to heavy-deep signal fluctuations make the block
error rate swing wildly, even when the average signal-to-noise
ratio is the same. These swings are even tougher to manage
under FBL constraints, where tight margins around the coding
gain come into play. Understanding the interplay of RSMA,
FBL limits, imperfect SIC, and Shadowed-Rician fading is
critical to shaping robust next-generation satellite-terrestrial
systems. In this spirit, the present paper provides a detailed
framework for the study of RSMA-enabled satellite short-
packet communication under FBL constraints. The scaling of
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reliability with transmit power, codeword length, shadowing
severity, and power-splitting choices is derived, as well as a
comparison of RSMA against NOMA to uncover practical
differences in robustness. These contributions shall serve as
guidelines for the system designer to identify regimes where
RSMA yields actual gains and where its common-message
approach stabilizes error performance in realistic satellite en-
vironments. Different from existing RSMA finite-blocklength
studies that primarily consider terrestrial or uplink systems,
and RSMA-based satellite works that typically assume infi-
nite blocklength, this paper focuses on downlink low Earth
orbit (LEO) satellite communications under finite-blocklength
constraints, Shadowed-Rician fading, and imperfect SIC.

A. Motivations and Contributions

The main contributions of this paper are outlined as follows:

o We develop a finite-blocklength reliability framework
for downlink RSMA-enabled LEO satellite systems over
Shadowed-Rician channels, which captures the decoding
behavior of both common and private messages under
short-packet constraints while explicitly accounting for
imperfect SIC, a combination that has not been jointly
investigated in existing works.

o Closed-form approximations for the BLER of RSMA
streams are derived, explicitly incorporating the impact
of imperfect SIC (ipSIC), which is a realistic challenge
for practical receivers in satellite environments.

o A detailed comparison with NOMA is presented, showing
when and why RSMA provides more reliable short-packet
transmission-particularly at moderate SNRs, under severe
shadowing, or when the blocklength becomes tight.

o Extensive numerical results validate the analysis and
illustrate how transmit power, antenna configuration,
blocklength, and shadowing severity jointly shape the
reliability of RSMA-based satellite links.

Compared to existing RSMA studies under the finite-
blocklength regime, which mainly focus on terrestrial or uplink
scenarios, this work investigates downlink RSMA transmission
in LEO satellite systems over Shadowed-Rician channels.
Moreover, unlike prior satellite RSMA analyses that typically
rely on infinite blocklength assumptions, we explicitly charac-
terize finite-blocklength BLER performance while accounting
for imperfect SIC effects on both common and private streams.

B. Organization & Notations

The remainder of this paper is structured as follows. Sec-
tion II describes the system model, including the satellite-
terrestrial channel characteristics and the RSMA transmission
strategy. Section III develops the finite-blocklength analysis
and derives the corresponding expressions for the achievable
performance. Section IV reports and discusses the numerical
results, highlighting the comparison between RSMA and con-
ventional multiple-access schemes. Finally, Section V sum-
marizes the main findings and outlines potential directions for
future work.
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Notations: Throughout this paper, we use several frequently
used mathematical symbols. The operator E{.} denotes ex-
pectation; J;(-) refers to the Bessel function of the first kind
with order ¢; ||.|| p is the Frobenius norm; 1 F; (+; -; -) represents
the confluent hypergeometric function of the first kind; (-);
is the Pochhammer symbol; B(-,-) corresponds to the Beta
function; T'(-) is the Gamma function; ~(-,-) indicates the
lower incomplete Gamma function; the Gaussian Q-function
is written as Q(z) = 5= [* e~t"/2 dt; and for any random
variable X, its probability density and cumulative distribution
functions are denoted by fx(-) and Fx (-), respectively.

II. SYSTEM MODEL AND TERRESTRIAL CHANNEL MODEL
A. System Description

G
&
&
&

&%

Other Resource

LEO
Satellite

Fig. 1. An illustration of a downlink RSMA-enabled satellite-terrestrial
communication system.

Fig. 1 sketches the downlink satellite-terrestrial network
considered in this work, where rate-splitting multiple access
(RSMA) is adopted. In this setup, a satellite S equipped
with K antennas communicates simultaneously with @) ground
users. The satellite operates in half-duplex mode and employs
RSMA to handle interference while still aiming for better
spectral efficiency. In practice, modern satellite platforms
usually rely on multibeam architectures to extend coverage
and capacity. For LEO systems, these beams are commonly
produced by array-fed reflectors-mainly because they tend to
be more efficient than direct radiating arrays. Since the beam
pattern is fixed, the satellite avoids the need for heavy onboard
signal processing.

The signal received at each user is shaped by the beamform-
ing strategy, propagation environment, and power allocation
used at the satellite. The channel gain from the satellite to
user ¢ is modeled as

hy, = A.gl, wu,, 1)

where A, includes both the antenna gain and free-space path-
loss. The vector gy, represents the K x 1 Shadowed-Rician
fading channel between the satellite antennas and user g. The
operator ()Jr denotes the conjugate transpose, and wy;, is
the corresponding K x 1 beamforming vector. Following the
maximum ratio transmission (MRT) rule, the beamformer is
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” , where ||.|| » is the Frobenius norm.
Uq

selected as wy, = ”
The factor A, remains fixed and is written as
cv/GsGRr
Ag=——F7 @)
47Tf cdSq
Here, ¢ and f. denoting the speed of light and the carrier
frequency. The term dg, is the distance between the satel-
lite and user g. The gains Gg and G correspond to the
satellite beam gain and the user terminal gam respectively.

Specifically, Gg = Gmax[‘]g(ﬁ) + 36 széu)} , where Grax

. . . 2.07123 sin(0
is the maximum beam gain and w = WS::)U Here, 6

denotes the angular offset from the beam center, f3qp the
3 dB beamwidth, and Ji(-), J3(-) are Bessel functions of
order 1 and 3. In this model, different users are separated
based on their channel quality obtained, for example, via pilot-
assisted channel estimation. We further assume ideal CSI at
the transmitter, and the results serve as a reference for future
studies involving CSI imperfections [18].

B. The signal processing at transceivers

The satellite employs RSMA to serve all users concurrently.
The transmitted waveform consists of two parts: a common
message, intended to be decoded by every user, and a private
message for each individual user. A power coefficient a. is
assigned to the common stream, whereas the remaining power
is split among the private streams.

The transmitted signal is expressed as

v =/Ps (ﬁx + Zle @xq> : 3)

where Pg is the satellite transmit power, z. is the common
message with power a.Ps, and z, is the private message for
user ¢ with power a,Pg. It holds that a. + Z ", aq = 1. The
received signal at user ¢ is then

Yu, :thx + ny,
= ngIq wy, Ag mﬁﬁc + gzjq wy, Ag qu

Private Message (4)

Common Message

Q
T /a. .
+ ijl,jiq quWUqu G’JPSZJ + an ?

AWGN

Interference

where ny, is AWGN with zero mean and variance Ng. Each
user decodes the received signal in two steps.

C. Decoding the common message

Users start by decoding the common message x. while
considering the private streams as interference. The SINR for
decoding the common message at user g is

aCAgps HquHi"

:Yc,q = 2
No+A2Ps (1 - ac) ||gu, | 5)
B a.Cq
1+ (1—a)Cy’
where o5 = % is the signal-to-noise ratio (SNR), C, =

84 HquHj, and 6 = 0gA2.
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D. Decoding the private message

After removing the common message, user ¢ proceeds to
decode its own private message. Interference now comes only
from private messages of other users. The SINR for private
decoding is

aqCq
Q =
1+Cq Zj:Lq;éj a; + EqacCq

Trg = ) (6)

where Z, accounts for imperfect SIC (ipSIC), with Z;, = 0
corresponding to ideal cancellation [19].

E. Terrestrial Channel Model

To analyze performance metrics later on, we assume the
fading coefficients are i.i.d. The PDF of the channel coefficient
ggi ) from the kth satellite antenna to user q is

= age P Fy (my; L;mmgz) , >0 A

f) * |2

Juy

where «, 8,4, and w, are defined as in the original expression,
with €, 2b,, and m, denoting the LOS power, multipath
power, and fading severity, respectively. The term 1 Fy(-) is
the confluent hypergeometric function [20, Eq. (9.210.1)].
Assuming m, takes integer values, the PDF simplifies to

mg—1
flggapp (2) = @qe™@m=0® 30 G B)at, 220, @)
=0
in which (,(¢) defined in terms of the Pochhammer symbol.
Using [21], the PDF of C, under i.i.d. Shadowed-Rician fading

is

mg—1 ’rnq—l y
_(%a
=Y Y Al e ()
J1=0 Jrk=0 ‘1
where
K . K— u . .
K) =i [T« G TL,_, B, do +wdurs +1),
(10)
and

Aq = Zl Ji+ K, ¢q /Bq

Applying [20, Eq. (3.351.1)], the CDF of C, becomes

wqm
( q» W) ) (12)

which can be further simplified via [20, Eq. (8.352.6)] to

an

Fcl‘

q

Jj1=0 Jjx=0

mg—1 mg—1A4—

Fo @ —1- 3 3 MUITA) s,

120 jx=0 p=0 '1/’qp5p
(13)

Remark 1: This characterization highlights how the chan-
nel statistics influence system behavior under the Shadowed-
Rician fading considered in this work.
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III. FINITE-BLOCKLENGTH ANALYSIS

In this section, we analyze the reliability performance of the
RSMA-enabled satellite-terrestrial system when short-packet
transmission is adopted. Unlike the infinite blocklength (IBL)
regime, where decoding errors can be made arbitrarily small,
finite-blocklength (FBL) theory reveals that the block error rate
(BLER) remains strictly positive even when the coding rate
lies below Shannon capacity. Therefore, the performance of
the satellite link must be re-evaluated under the FBL regime to
support delay-critical satellite applications such as emergency
response, low-latency sensing, and real-time IoT services.

Throughout this section, the SINRs used for decoding the
common and private RSMA messages follow (5) and (6), and
the distribution of the effective channel gain .4, follows the
Shadowed-Rician model in (9)-(13) in Section II.

A. Reliability Analysis

The decoding reliability at user U, for both the common
message and the private message can be approximated using
the finite-blocklength framework. For moderately large block-
lengths (typically £, , > 100), the instantaneous BLER can
be written as

C(Ya,q) — Ra
qu ~ Q (’Y 1‘1) -4 ,

V(Yaq) Lag

a € {c,p}, (14)

where a = ¢ corresponds to the common message and a = p
refers to the private message. Here, R 4 = T4,q/La,q denotes
the coding rate, with £, , being the blocklength and 7, , the
number of transmitted information bits. The term C(74,4) =
logy (1+74,4) represents the Shannon capacity associated with
the received SINR 4, 4, while the channel dispersion is given
by V(Fa,q) = [1 — (1 4 Ja,q) ~%] (log, €)?. The function Q(-)
stands for the Gaussian @)-function.

From (14), the average BLER at user U, for decoding
both the common message and the private message can be
expressed as

Eag=E{eay}. (15)

The total average BLER at user U,, denoted by &4, is
obtained by averaging the BLER contributions from both the
common and private messages. Accordingly, based on (15),
we can write

Eq=(EcigtEpgq)/2. (16)

The closed-form formulation of the average BLER at each
user is obtained in the following proposition.

Proposition 1: The closed-form approximate expression for
the total average BLER at user U,, denoted by &,, can be
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written as
—1A,-1

D

J1=0 Jjr=0 p=0

_%q Peg (0]
xe %q (ac—@cqu ac>) < ©4q
- '1)6 q (
mg—1 mg—

Aqg (K)T'(Ag)
Pl "8}

—ac)>p]
Z Aq (K)T (D)

q—Psp
=1 Jj1=0 Jjk=0 p=0 'wq 6

t
_’(;/‘7(1< Q‘I’zwz >
xe a0=p.a(S501 g5 25 +Zaac)

p

X 5”"1 > )
ag — Ppq (Zj:l,q;ﬁj a; + Eq%)
amn

Remark 2: Under imperfect SIC, the average BLER does
not vanish at high SNR and instead converges to an error
floor dominated by residual interference. The impact of finite
blocklength enters through the channel dispersion term, which
becomes more pronounced in the short-packet regime. In
this setting, RSMA benefits from the common stream, which
provides an additional decoding layer and reduces sensitivity
to residual interference compared to NOMA. Consequently,
RSMA exhibits more stable reliability, particularly at moder-
ate SNRs where finite-blocklength effects and imperfect SIC
jointly limit performance.

Proof: Substituting ¢, , from (14) to (15), the average
BLER at U, for decoding both the common message and the
private message can be expressed as

¢ (:Ya,q) — Ra,q
V (Fa.q) Lag

Obtaining a closed-form expression for (18) is, unfortu-
nately, analytically intractable. For this reason, and following
the approach in [22], we approximate €, 4 by

e /0 Toy(2) fro., (@) da

where f5, () denotes the PDF of the received SINR 7, .
The function Y, ,(-) serves as a tractable approximation of

Z.~E{lQ (18)

19)

the term Q(%_R“_ql and might be expressed as
1, Yag < Paqs
Ya,q(Fa,q) = 4 0.5 — ga,q\/m (Farg = Xara) »  Parg < Varg < Sara
0, Ya,q 2 Sa,qs

20)
-1
where G, , = (2%\/227% a — 1) s Xa,qg = oQRaaq — 1, Ga,q =

—1 -1
Xa,q — (2ga~,q vV ﬁa,Q) sand o g = Xa,q + (29,1 av/ La, q) .

Next, by following the approach in [19] and applying integra-
tion by parts, the expression in (19) can be simplified as

Sa,q
€a,q ® Ya,qV/ Lag / Py, , (z)dz

Pa,q

@3y
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Since the gap between ¢, , and ¢, , in (19) is relatively
small [23], €, 4 can be further simplified by

T ®
B t; TFCQ (ac—@a:(ql—ac)) ’ acc,
Ca,q & T ®
7F ol ) S )
t§=:1 T+ C (aq*‘baﬂl(z?:l,q#j “i+5f1‘1f’)> a=p
(22)
Here, T implies the complexity accuracy trade-off parameter
and ®q g = Pg.q + (2t — 1) (Sa,q — Ga,q)/2T.

Using (13) and (22), we can derive the close-form of &, 4
as

mqfl mMg—

g ~1 — Q)

a,qg =~ |w q P(sp 23
Jj1=0 jk=0 p=0 (23)

_qua,q
s
X e a a,q’

Dy g

where £, , = =%, (iman for the common part (a = c),
c—®aq
whereas for the private part (a = p), it is given by &, , =

a.q
ag—%aq Q(ZJQ 1, j#q J+“‘1)ac
We derive the closed-form expression of the average BLER

at each user in (17) by substituting (23) in (16).
The proof is completed. ]
Reliability at U, is the chance that the packet is accurately
identified, given as [24, Eq. (27)]

vy = (1—&,) x 100%.

(24)

Furthermore, the throughput for each user may be assessed
as
Tg=(1—Ecq)Req+ (1

—&p.q) Rp.q- (25)

IV. RESULTS AND DISCUSSIONS

In this segment, we conduct a series of numerical simula-
tions to check how well the analytical expressions capture the
behavior of the considered RSMA-enabled satellite-terrestrial
system. The Shadowed-Rician fading parameters are chosen
according to two typical shadowing conditions often used
in satellite literature [25]: an average-shadowing case with
(bg,mg,Qq) = (0.251,5,0.279) and a heavier shadowing
scenario characterized by (0.063, 1,0.0007). To keep the setup
simple, the system involves two terrestrial users (QQ = 2),
L=Lg=Lpg =200,T =7Teg = Tpq = 80 bits,
both assumed to experience the same SIC imperfection level,
= Eg and T = 5. The equivalent noise
power at each user terminal is modeled as Ny = «B,T,
where k = 1.38 x 10~23 denotes the Boltzmann constant,
B,, = 50 MHz is the transmission bandwidth, and the noise
temperature is set to 7" = 290 K, a value commonly used for
LEO downlink links [26]. The satellite operates with K = 2
antennas and radiates from a LEO platform toward a ground
terminal located about ds, = 1000 km away. The carrier
frequency is f. = 1.55 GHz, and the propagation constants
follow the typical free—space path-loss model. For the antenna
characteristics, we adopt a receive antenna gain of Gp = 5
dBi and a maximum satellite beam gain of G,ax = 25 dBi,
with an angular separation of # = 0.8° between the users and
a 3-dB beamwidth of 6334 = 0.4°. To evaluate the system

ie, = = 5

MARCH 2026 « voLuME XVIII « NUMBER 1

Rate-Splitting Multiple Access for Satellite
Short-Packet Communications: Finite Blocklength
Modeling and Reliability Analysis

performance under these settings, each simulation curve is
averaged over 10° Monte Carlo realizations. Regarding the
power distribution, the common-message power ratio is fixed

at a. = 0.4, and the remaining power is proportionally
divided among the users according to a; = 0.4(1 — a.) and
az = 0.6(1 — a.), reflecting a mild imbalance in private-

message allocation. For NOMA, a fixed power allocation and
the conventional SIC decoding order are assumed, which are
commonly adopted for baseline comparisons.

Average BLER

—x—Uj, Ana. ——U,, Ana.
O Uy, Sim. 0O U, Sim.

-10 -5 0 5 10 15 20 25 30
Ps (dBW)

Fig. 2. Average BLER versus transmit power for different levels of SIC
imperfection, with K = 2.

In Figure 2, we examine how the average BLER varies with
transmit power under different levels of SIC imperfection. As
expected, all curves improve gradually as the SNR increases,
but the presence of residual interference still leaves a visible
gap between the ideal and imperfect cases. At low SNR, the
average BLER of all curves remains relatively high and close
together, suggesting that noise dominates in this region. When
the SNR approaches the medium range, the impact of the
errors in the SIC starts becoming significant, and a small level
of imprecision causes the average BLER convergence speed to
reduce. For the high SNR range, it appears that the system with
the highest level of imprecision for the SIC will eventually
converge to the error floor, which suggests that the presence
of the interference will affect the reliability of the RSMA,
even when it operates at higher powers.

, NOMA — Sim.
L|—57— U2, NOMA — Sim.
—>—U;, RSMA — Ana.

O Ui, RSMA — Sim.
[|—%—U>, RSMA — Ana.
0 U, RSMA — Sim.

Average BLER

Fig. 3. Average BLER versus transmit power with increasing number of
antennas at the satellite, for = = 10%.
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Figure 3 illustrates the impact of the number of satellite
antennas on the BLER performance of RSMA, NOMA, and
conventional OMA. As the antenna number increases, RSMA
tends to achieve a more pronounced BLER reduction, benefit-
ing more effectively from the additional array gain. In the low-
SNR region, the performance of RSMA and NOMA remains
close, since noise largely dominates the system behavior.
Once the SNR exceeds a certain threshold, however, a clear
performance separation emerges, with RSMA outperforming
both NOMA and OMA. It is also apparent that K = 3,
the RSMA curve drops more rapidly than those of NOMA
and conventional OMA, which highlights the effectiveness
of multi-antenna processing combined with rate-splitting. At
higher SNR values, this performance advantage is largely pre-
served, while the improvement of NOMA gradually saturates
due to residual interference.

Average BLER
=

Sim.[ &
7,, NOMA — Sim. f—g
—5%— Uy, RSMA — Ana.
10%% O Ui, RSMA - Sim.
—¥— Uy, RSMA — Ana.

O] U, RSMA — Sim.

200 300 400 500 600 700 800 900 1000
Blocklength (L)

Fig. 4. Average BLER versus blocklength with increasing number of antennas
at the satellite, for = = 20% and Ps = 10 dBW.

Figure 4 examines the impact of blocklength on the BLER
performance of RSMA and NOMA. As expected, increasing
the blocklength improves reliability for both schemes due
to reduced channel dispersion. However, RSMA exhibits a
faster BLER decay, particularly in the short and moderate
blocklength regimes, since the common message provides an
additional decoding path for users experiencing unfavorable
channel conditions. In contrast, NOMA degrades more rapidly
when packets are short, as its performance relies heavily on
reliable SIC, which becomes less effective under FBL. As
the blocklength grows large, the performance gap gradually
narrows and eventually saturates, indicating diminishing FBL
effects. Overall, the results suggest that RSMA achieves higher
reliability and better energy efficiency than NOMA in short-
packet satellite transmissions.

Figure 5 illustrates the BLER behavior of the satellite link
under average shadowing (AS) and heavy shadowing (HS)
conditions. Under AS, where signal blockage is moderate, the
channel remains relatively stable and BLER decreases rapidly
with increasing transmit power. In contrast, HS introduces
severe signal obstruction and deep fading, resulting in per-
sistently higher BLER and a much slower improvement even
with power boosting. These results indicate that while RSMA
remains robust under AS conditions, severe shadowing im-
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Uy, Ana. (HS)
O Uy, Sim. (HS)
10 H|—¥—U>, Ana. (HS)
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Average BLER
s
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-10 -5 0 5 10 15 20 25 30
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Fig. 5. Average BLER versus transmit power under various shadow fading,
with 2 = 10% and K = 2.

poses a fundamental limitation that cannot be fully mitigated
by transmit power alone.

100
90 -
80
70

60 [

Reliability (%)

i, NOMA — Sim.

—7— U, NOMA — Sim. ]
—%—Uy, RSMA — Ana. | |
O Uy, RSMA — Sim.
—%— Uy, RSMA — Ana. | |
0 Us, RSMA — Sim.

Fig. 6. Reliability versus transmit power for different blocklength values,
with 2 =10% and K = 2.

Figure 6 presents the reliability performance versus trans-
mit power for different blocklengths, comparing RSMA and
NOMA. For all blocklength values, increasing power enhances
reliability; however, RSMA consistently achieves a target
BLER at lower SNR than NOMA. This advantage becomes
more pronounced for short packets, where NOMA suffers from
residual interference and imperfect SIC, leading to a noticeably
higher BLER in the mid-SNR region. As the blocklength
increases, both schemes benefit, yet RSMA maintains a clear
edge owing to its common stream, which provides additional
decoding robustness. These observations confirm that RSMA
is more suitable for reliability-critical short-packet satellite
links.

Finally, Figure 7 compares the throughput performance of
RSMA and NOMA under different satellite antenna configura-
tions. Increasing the transmit power improves throughput for
both schemes; however, RSMA consistently achieves higher
throughput due to its superior decoding reliability. Moreover,
the use of additional antennas enhances the SINR of both com-
mon and private streams in RSMA, allowing it to better exploit
spatial diversity. At moderate SNR, RSMA exhibits a steeper
throughput increase, whereas NOMA remains constrained by
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Fig. 7. Throughput versus transmit power with increasing number of antennas
at the satellite, for 2 = 10% and K = {2,6}.

residual interference and BLER effects. Even at high SNR,
the throughput gap persists, highlighting that RSMA more
effectively converts reliability gains into throughput benefits
under short-packet conditions.

It is worth noting that the analytical and simulation results
presented in this section are obtained under the assumption of
perfect CSI at the receiver. In practical LEO satellite systems,
channel estimation errors may arise due to mobility, Doppler
effects, and limited pilot resources, which can degrade the re-
liability performance to some extent. Nevertheless, the results
reported here serve as a useful benchmark for evaluating the
fundamental behavior of RSMA under finite-blocklength trans-
mission. Incorporating CSI imperfections into the proposed
framework is an interesting extension and will be considered
in future work.

V. CONCLUSION

This paper explored how RSMA behaves in satellite short-
packet communications when finite-blocklength and realistic
channel conditions are taken into account. By building a
tractable FBL model over Shadowed-Rician fading, we derived
BLER expressions for both common and private streams,
including the effect of imperfect SIC—something that often be-
comes a real bottleneck in practical receivers. The analysis and
simulations align well and point to a consistent trend: RSMA
tends to hold its reliability better than NOMA, especially when
the packets are short or the shadowing becomes heavy. The
common stream, although simple in structure, seems to play a
meaningful role in stabilizing the error performance when the
SNR is moderate and when ipSIC degrades the private layers.
Numerical results further show that RSMA normally requires
less transmit power to reach comparable BLER targets and
scales more gracefully with blocklength and antenna count.
While this study focused on a basic two-user setting, the
insights suggest that RSMA is a promising direction for future
satellite systems that must deliver reliable, low-latency short-
packet links. Extending the model to multi-beam satellites,
multi-user scenarios, or imperfect CSI would be a natural next
step for future work.
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