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Abstract—This letter investigates the performance of uplink
rate splitting multiple access (RSMA) in a two-user scenario,
addressing an under-explored domain compared to its down-
link counterpart. Specifically, we derive closed-form expressions
for the outage probability, throughput, and asymptotic outage
behavior of uplink users, considering imperfect channel state
information at the receiver (CSIR) and successive interference
cancellation (SIC). We validate the accuracy of these derived
expressions using Monte Carlo simulations. Our findings reveal
that at low transmit power levels, imperfect CSIR significantly
affects system performance more severely than SIC imperfec-
tions. However, as the transmit power increases, the impact of
imperfect CSIR diminishes, while the influence of SIC imper-
fections becomes more pronounced. Moreover, we highlight the
impact of the rate allocation factor on user performance. Finally,
our comparison with non-orthogonal multiple access (NOMA)
highlights the outage performance trade-offs between RSMA
and NOMA. RSMA proves to be more effective in managing
imperfect CSIR and enhances performance through strategic
message splitting, resulting in more robust communication.

Index Terms—Non-orthogonal multiple access, outage prob-
ability, rate splitting multiple access, throughput, imperfect
CSIR.

I. INTRODUCTION

THE SIXTH generation (6G) of wireless connectivity
necessitates a re-evaluation of existing communication

methodologies, with a focus on achieving much more efficient
and effective resource allocation. Notably, emerging multiple
access techniques such as power domain non-orthogonal
multiple access (NOMA), space-division multiple access,
and rate-splitting multiple access (RSMA) are central to
these advancements [1]. In contrast to orthogonal multiple
access, which allocate resources individually to users [2],
RSMA offers innovative approaches to resource allocation
and interference management, paving the way for the high
performance required in 6G networks [1], [3].
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The concept of rate-splitting as a multiple access tech-
nique was initially proposed as early as 1996 [4]. Despite
the foundational significance of this early work, research in
this area remains sparse. More recently, in [5], the authors
demonstrated RSMA’s potential as a next-generation tech-
nology, addressing interference management and multi-user
communication challenges. Although several studies on the
analytical framework of uplink NOMA exist [6], [7], there are
only a handful of studies exploring the analytical aspects of
uplink RSMA under Rayleigh fading assuming perfect channel
state information (CSI) and perfect successive interference
cancellation (SIC) [8], [9], [10], [11]. In [10], the uplink
multiple-input-multiple-output (MIMO) RSMA physical layer
was studied assuming perfect CSI and SIC. However, these
assumptions are unrealistic for real-life deployment, where
imperfections in CSI estimation and SIC accuracy significantly
affect system performance. Recognizing this gap, our work
analyzes the performance of uplink RSMA under Nakagami-
m fading, explicitly accounting for channel state information
at the receiver (CSIR) and SIC imperfections, where two
uplink users communicate simultaneously with an access point
(AP). By analyzing the impact of these imperfections on
outage probability and throughput, our study provides realistic
performance benchmarks for uplink RSMA.

In this letter, we derive analytical expressions for outage
probability, throughput, and asymptotic outage probability,
considering both perfect and imperfect CSIR and SIC. Next,
we show that CSIR imperfections have a greater impact on
user performance than SIC imperfections at low transmit
power levels. However, as user transmit power increases, the
impact of imperfect CSIR diminishes, while the influence
of SIC imperfections becomes more pronounced highlighting
the critical importance of incorporating these imperfections in
system design. Additionally, we emphasize the significance of
the rate allocation factor for system performance in uplink
RSMA. Lastly, we compare uplink RSMA with NOMA and
demonstrate that RSMA outperforms NOMA, achieving lower
outage floors, thus showcasing its superior ability to manage
interference in practical scenarios.

A. Notations

The symbols fX (x ) and FX (x ) respectively denote the
probability density function (PDF) and cumulative distribution
function (CDF) of a random variable X , m and Ω̂ are shape
and severity parameter of Nakagami-m fading, CN (0, σ2)
represents complex Gaussian with zero mean andσ2 as variance,(·
·
)

denotes the binomial coefficient, and γ(·, ·) and Γ(·) are
the lower incomplete gamma function and Gamma function.
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II. SYSTEM MODEL

Consider an RSMA-aided uplink communication network,
where two single-antenna users U1 and U2 transmit data
symbols to a single-antenna-equipped AP.1 All devices are
assumed to operate in half-duplex mode. The channel gain
between the user Ui , with i ∈ {1, 2}, and the AP is given
by hi = ĥi + h̃ie , where ĥi is the estimated channel gain and
h̃ie represents the channel estimation errors. The estimation
errors are modeled as h̃ie ∼ CN (0,Ωhie ) and ĥi follows
a Nakagami-m distribution. According to [12], the channel
estimation error variance is defined as Ωhie = Ωi/(1+δρiΩi ),
where Ωi is the variance of hi , ρi = Pi/σ

2 denotes the signal-
to-noise ratio (SNR) of the transmitted signal, and δ > 0 is
the quality parameter for channel estimation. Therefore, the
variance of |ĥi | can be calculated as Ω̂i = (Ωi − Ωhie ).

Following the principles of uplink RSMA, the boundary
points of the capacity region are achieved when one of
the user splits its message, as demonstrated in [8], [13].
The determination of the user splitting its message and the
corresponding power allocation is managed by the AP [8].
Without loss of generality, we assume that U2 has a superior
channel condition and therefore splits its message x2 into two
parts namely, x2,1 and x2,2, allocating α2,1 and α2,2 fraction
of the U2 transmit power P2 to x2,1 and x2,2, respectively,
where α2,1 + α2,2 = 1. On the other hand, U1 transmits
its message x1 with transmit power P1. These three different
messages are then encoded into three separate streams, s2,1,
s2,2 and s1, which are transmitted simultaneously to the AP.
Thus, the signal received at the AP can be expressed as

y =
√
P1s1

(
ĥ1 + h̃1e

)
+
√

P2

(
ĥ2 + h̃2e

)

×
(√

α2,1s2,1 +
√
α2,2s2,2

)
+ η, (1)

where η denotes additive white Gaussian noise (AWGN) with
η ∼ CN (0, σ2). We assume, without loss of generality, that
s2,1 is the first stream to be decoded. In [4], it has been
observed that the decoding order s2,1 → s1 → s2,2 is
optimal for achieving all boundary points of the capacity
region. Moreover, if a given stream cannot be decoded suc-
cessfully, the subsequent streams are unlikely to be decoded.
Therefore, if one stream fails, the decoding process terminates.
Consequently, to fully decode the message from U2, the
AP must decode all three received streams using SIC. For
U1, the AP needs to decode s2,1 and s1. Therefore, the
signal-to-interference-plus-noise ratio (SINR) for U2 can be
expressed as

γ2,1 =
|ĥ2|2ρ2α2,1

|ĥ2|2α2,2ρ2 + |ĥ1|2ρ1 + ρ1Ωh1e + ρ2Ωh2e + 1
. (2)

Once, s2,1 has been successfully decoded, the AP attempts to
decode s1 with a SINR of

γ1 =
|ĥ1|2ρ1(

|ĥ2|2 +Ωh2e

)
ρ2
(
α2,2 + α2,1Ξ2

)
+ ρ1Ωh1e + 1

. (3)

where Ξi ∈ (0, 1) denotes the level of imperfection in SIC,
with Ξi = 0 for perfect SIC. After successfully decoding s2,1

1The consideration of multiple antennas at the AP and users goes beyond
the scope of this letter. This possibility arises as a potential research direction.

and s1, the AP attempts to decodes the second stream of U2

with a SINR of

γ2,2 =
|ĥ2|2ρ2α2,2

|ĥ2|2ρ2α2,1Ξ2 +Ωh2e
D1 +

(
|ĥ1|2 +Ωh1e

)
ρ1Ξ1 + 1

, (4)

where D1 = ρ2(α2,2 + α2,1Ξ2).

III. PERFORMANCE EVALUATION

In this section, we analyze the performance of uplink RSMA
aided system by deriving closed-form expressions for outage
probability and throughput. As mentioned earlier that ĥi is
Nakagami-m distributed, therefore, |ĥi |2 follows a Gamma
distribution given explained in [12]

Outage Probability Analysis: Let R1 and R2 be the target
rates for U1 and U2, respectively. Since U2’s message is
divided, the target rates for the two resulting streams s2,1 and
s2,2 are R2,1 = ϕR2 and R2,2 = (1 − ϕ)R2, respectively,
where 0 ≤ ϕ ≤ 1 is the rate allocation factor [13]. Thus,
the outage probability threshold for U1 is given by γth1 =
2R1 − 1 where as for U2’s split message can be given as
γth2,1 = 2R2,1 − 1 and γth2,2 = 2R2,2 − 1. The respective outage
probability is analyzed in the following theorems:

Theorem 1: The outage probability of U1 considering
imperfect CSIR and SIC can be expressed as

POut
1 = POut

2,1 +
(
1− POut

2,1

)
POut
11 , (5)

where POut
2,1 and POut

11 are given in (6) and (7), respec-
tively, shown at the bottom of the next page, T2,1 =

m2γth
2,1

Ω̂2ρ2(α2,1−γth
2,1α2,2)

, A2,1 = (ρ1Ωh1e+ρ2Ωh2e+1), C1 = m1

Ω̂1
,

B2,1 = ρ1, G1 =
m1γth

1

Ω̂1ρ1
, D1 = ρ2(α2,2 + α2,1Ξ2), D2 = m2

Ω̂2
,

and A1 = (ρ1Ωh1e + ρ2Ωh2e (α2,2 + α2,1Ξ2) + 1).
Proof: Refer to Appendix A.
Remark 1: The outage probability of U1 considering per-

fect CSIR and SIC can be obtained by substituting high δ
values for evaluating Ωhie ∀i ∈ {1, 2} and Ξ2 = 0.

Corollary 1: The throughput of U1 under imperfect CSIR
and SIC can be evaluated as

T1 =
(
1− POut

1

)
R1. (9)

Moreover, by substituting the Pout
1 values obtained through

Remark 1 in (9), T1 for perfect CSIR and SIC case can also
be obtained.

Theorem 2: All three messages need to successfully
decoded to decode user 2’s message. Hence, the outage
probability of U2 considering imperfect CSIR and imperfect
SIC can be expressed as

POut
2 = POut

2,1 +
(
1− POut

2,1

)
POut
11

+
(
1− POut

2,1

)(
1− POut

11

)
POut
2,2 , (10)

where POut
2,2 is given in (8), shown at the bottom of the next

page, T2,2 =
m2γth

2,2

Ω̂2ρ2(α2,2−γth
2,2α2,1Ξ2)

, A2,2 = (ρ1Ωh1eΞ1 +

ρ2Ωh2e (α2,2 + α2,1Ξ2) + 1) and B11 = ρ1Ξ1.
Proof: The proof can be obtained by following a similar

approach as in Appendix A.
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Remark 2: The outage probability of U2 considering per-
fect CSIR and perfect SIC of (2) can be obtained by
substituting high δ values for evaluating Ωhie ∀i ∈ {1, 2} and
Ξ2 = 0 in (10).

Remark 3: The outage probability of U2 considering
imperfect SIC of (2) and perfect SIC of (3) with per-
fect CSIR can be obtained by substituting POut

2,2 =

1
Γ(m2)

γ(m2,
m2γth

2,2

Ω̂2ρ2(α22−γth
2,2α21Ξ2)

) and high δ values for eval-

uating Ωhie ∀i ∈ {1, 2} in (10). Additionally, by setting Ξ2 =
0, POut

2 for the perfect SIC case can also be obtained.
Corollary 2: The throughput of U2 with imperfect CSIR

and imperfect SIC can be evaluated as

T2 =
(
1− POut

2

)(
R2,1 + R2,2

)
. (11)

Additionally, by substituting Ξ2 = 0 in POut
2 values obtained

through Remark 3 in (11), T2 for perfect CSIR and perfect
SIC can be obtained.

Theorem 3: The asymptotic outage probability of U1 in the
high SNR regime under imperfect SIC can be expressed as

PO
1 ≈ PO

2,1 +
(
1− PO

2,1

)
PO
11, (12)

where PO
2,1 = 1 −

m2−1∑

p=0

C
m1
1 (T2,1)pΓ(m1+p)

(p!)Γ(m1)(C1+T2,1)
m1+p , PO

11 = 1 −
m1−1∑

j=0

D
m2
2 (G1)jΓ(m2+j )

(j !)Γ(m2)(D2+G1)
m2+j , T2,1 =

m2γth
2,1

Ω̂2(α2,1−γth
2,1α2,2)

, and

G1 =
m1γth

1 (α2,2+α2,1Ξ2)

Ω̂1
.

Proof: Please refer to Appendix B.
Remark 4: The asymptotic outage probability of U1 with

perfect SIC can be obtained by substituting Ξ2 = 0 in (12).
Theorem 4: The asymptotic outage probability of U2 in the

high SNR regime under imperfect SIC can be expressed as

PO
2 ≈ PO

2,1 +
(
1− PO

2,1

)
PO
11

+
(
1− PO

2,1

)(
1− PO

11

)
PO
2,2, (13)

where PO
2,2 = 1 −

m2−1∑

p=0

C
m1
1 (T2,2)pΓ(m1+p)

(p!)Γ(m1)(C1+T2,2)
m1+p and T2,2 =

m2γth
2,2Ξ1

Ω̂2(α2,2−γth
2,2Ξ2α2,1)

.

Proof: The proof can be obtained by following a similar
approach as in Appendix B.

TABLE I
SIMULATION PARAMETERS

(a) (b) (c)

Fig. 1. (a) δ Effect on Outage vs SNR. (b) Ξi Effect on Outage vs SNR.
(c) δ and Ξi effect on throughput.

Remark 5: The asymptotic outage probability of U2 con-
sidering perfect SIC can be obtained by substituting PO

2,2 =

T2,2
m2

Γ(m2) m2
in (13), where T2,2 =

m2γth
2,2

Ω̂2ρ2α2,2
.

Proof: Please refer to Appendix C for Remark 5.

IV. RESULTS AND DISCUSSIONS

In this section, we present Monte Carlo simulations to
verify the accuracy of the derived closed-form expressions.
The simulations used a distance-dependent path-loss model
between Ui and AP given by ϕ/dτi , where i ∈ {1, 2},
ϕ = 1 metre represents the reference path-loss value, di is
the distance between Ui and AP, and τ = 3.8 is the path-loss
exponent. Unless specified otherwise, all parameters for the
simulations are given in Table I.

Fig. 1(a) demonstrates the Ui outage probability with
respect to their ρi , considering the impact of channel esti-
mation quality parameter (δ) with perfect SIC, whereas the
Fig. 1(b) represents the POut

i and asymptotic outage behaviour
(PO

i ) considering imperfect SIC factor (Ξi ) with perfect
CSIR. It is clearly evident from the figures that POut

1 and POut
2

expressions derived in (5) and (10) are in close agreement
with simulated results for all values of δ and Ξi . An increase
in the value of δ from 0.2 to 0.9 can significantly reduce
the outage probability for both users before approaching the
floor. This improvement is due to the enhanced accuracy in
channel estimation, which provides a precise power control

POut
2,1 = 1−

m2−1∑

p=0

p∑

q=0

(
p

q

)(
T2,1B2,1

)q(
T2,1A2,1

)(p−q)
exp
(
−T2,1A2,1

)
Cm1
1 Γ(m1 + q)

Γ(m1)(p!)
(
C1 + T2,1B2,1

)m1+q (6)

POut
11 = 1−

m1−1∑

j=0

j∑

k=0

(
j

k

)
(G1D1)

k (G1A1)
(j−k) exp(−G1A1)D

m2
2 Γ(m2 + k)

Γ(m2)(j !)(D2 +G1D1)
m2+k

(7)

POut
2,2 = 1−

m2−1∑

p=0

p∑

q=0

(
p

q

)(
T2,2B11

)q(
T2,2A2,2

)(p−q)
exp
(
−T2,2A2,2

)
Cm1
1 Γ(m1 + q)

Γ(m1)(p!)
(
C1 + T2,2B11

)m1+q (8)
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and interference management, thus improving the overall
reliability of the communication link.

In Fig. 1(b), we observe how the impact of the imperfect
SIC factor Ξ1 is more significant on the outage probability of
the second user, compared to when only Ξ2 (the interference
affecting both the users) is present. For instance, when Ξ1 = 0
and Ξ2 = 0.1, the outage probability for the first user, is
approximately 8× 10−2, and for the second user, it is around
1.3×10−2 at a transmit power of 10 dBm. However, when the
situation is reversed, with Ξ2 = 0 and Ξ1 = 0.1, the outage
probability for the first user improves to about 5 × 10−2,
but the second user’s performance degrades to approximately
1.8 × 10−2. The reason for this trade-off between both
the users is attributed towards a three-fold situation. First,
when Ξ2 = 0, U1 benefits from an increase in its desired
received power because there is no residual SIC present when
decoding its signal. Second, since U2 message is split into
two parts, its total signal power is divided across two SINRs,
with the first user’s signal affecting the final outcome of
U2 performance. Third, if Ξ1 is non-zero, it directly effects
the desired signal power of (4). Furthermore, the impact of
imperfect SIC significantly influences system performance;
however, imperfect CSIR has a much more pronounced effect
at low transmit SNR. This is because it affects the SINR across
all decoding steps, as outlined in (2), (3), and (4), thereby
influencing the overall performance of both users right from
the start. In contrast, imperfect SIC impacts the performance
after the first message has been decoded. As the user transmit
power increases, the effect of imperfect SIC becomes more
dominant, while the impact of imperfect CSIR diminishes.
Furthermore, the asymptotic outage floor behavior of U1 and
U2 can also be observed as ρ1 and ρ2 increase without bound
at the same rate. This behavior occurs because, at high SNR,
the system’s performance becomes limited by factors other
than noise, such as interference and imperfections in SIC,
leading to a non-zero probability of outage even as SNR
increases.

Fig. 1(c) depicts the throughput plotted against transmit
SNR, considering different values of δ and Ξi . The derived
expressions in (9) and (11) closely match the simulations, as
expected. Additionally, T1 and T2 begin to saturate as they
approach their respective target rates for different values of δ
and Ξi . Furthermore, it can be observed that the impact of
imperfect SIC on T1 and T2 when δ → 0.5 and Ξ1 = Ξ2 =
0.05 is slightly overcompensated when δ → 0.51 for the same
Ξ1 = Ξ2 values across the entire range of transmit SNR. This
observation highlights the dominance of channel estimation
quality parameter factor over the imperfect SIC factor in
terms of user performance enhancement. Additionally, the
throughput degradation for U1 and U2 at 5 dBm from T1 ≈
5.94×10−1 to 5.79×10−1 bits per second per Hertz (bps/Hz)
and T2 ≈ 4.25×10−1 to 3.22×10−1 bpcu, respectively, when
Ξ1 = Ξ2 = 0 changes to Ξ1 = Ξ2 = 0.05 highlights the
importance of incorporating realistic assumptions in order to
capture the practical system behavior while designing future
wireless connectivity solutions.

Fig. 2(a) shows the outage behavior of U1 and U2 with
respect to the rate allocation factor (ϕ) considering perfect
SIC. It is interesting to observe that when ϕ > 0.3, POut

1 and
POut
2 become extremely close to each other as POut

1 depends

(a) (b)

Fig. 2. (a) Outage probability vs ϕ. (b) NOMA vs RSMA comparison.

on the decoding of the s2,1 stream. Additionally, if ϕ = 1,
the γth2,2 will effectively become zero. This observation, along
with the trend in Fig. 2(a), suggests that as ϕ increases beyond
a certain limit, which is between 0.1 and 0.2 in our case, the
performance of both users degrades. The reason for this trend
is due to the presence of ϕ while designing γth2,1 and γth2,2. As
ϕ increases, the threshold designated for (2) also increases,
which in turn affects POut

1 .
Fig. 2(b) compares the uplink outage probabilities for

NOMA and RSMA, with target rates of 0.75 and 0.85, and
U2 being decoded first in NOMA transmission. The figure
shows that NOMA reaches its outage floor much earlier
than RSMA, underscoring its limited ability to effectively
handle interference from other users. Additionally, the outage
probabilities for U1 and U2 in NOMA are closely aligned,
which is due to the absence of message splitting in NOMA,
leading to a higher decoding threshold for U1 compared to
RSMA users. RSMA consistently shows better performance
for U1 compared to U2. However, in the NOMA scenario, U2

exhibits slightly better performance than U1. Finally, RSMA
handles imperfect CSIR more effectively than NOMA, as
evident when δ → 0.2, where RSMA achieves lower outage
values than NOMA.

V. CONCLUSION

This letter provides significant insights into the uplink
RSMA technique by deriving analytical expressions for outage
probability and throughput under both perfect and imperfect
CSIR and SIC. We have also evaluated the asymptotic out-
age behavior, which complements our understanding of the
system’s performance. Our results reveal that the imperfect
CSIR has a more pronounced effect on user performance
than imperfect SIC at low SNRs. However, as transmit power
increases, the impact of imperfect SIC increases while that
of imperfect CSIR slowly fades away, highlighting the impor-
tance of accurate channel estimation and effective message
cancellation in system design. Furthermore, we found that user
performance is highly sensitive to the rate allocation factor.
Finally, our findings indicate that RSMA manages imperfect
CSIR more effectively than NOMA and achieve much lower
outage floors than NOMA across different SNR values.

APPENDIX A

Proof: In order to derive U1’s outage probability, we first
need to evaluate (2) outage expression and then (3) which can
be obtained as

POut
1 = Pr

(
γ2,1 < γth2,1

)

︸ ︷︷ ︸
POut
2,1

andPr
(
γ1 < γth1

)

︸ ︷︷ ︸
POut
11

(14)
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We will first calculate for POut
2,1 . By substituting (2) and

performing some algebraic manipulation, we obtain

POut
2,1 = Pr

⎛

⎝|ĥ2|2 < γth2,1

⎛

⎝ |ĥ1|2ρ1 + A2,1

ρ2

(
α2,1 − γth2,1α2,2

)

⎞

⎠

⎞

⎠, (15)

where A2,1 = (ρ1Ωh1e + ρ2Ωh2e + 1). Let X = |ĥ2|2 and
Y = |ĥ1|2, then (15) can be expressed as

POut
2,1 =

∞∫

0

fY (y)FX

⎛

⎝
γth2,1

(
yρ1 + A2,1

)

ρ2

(
α2,1 − γth2,1α2,2

)

⎞

⎠dy , (16)

Next, by substituting the Gamma distribution CDF in (16), we
obtain

POut
2,1 =

∞∫

0

fY (y)
1

Γ(m2)
γ

⎛
⎝m2,

m2γth
2,1(yB2,1 +A2,1)

Ω̂2ρ2

(
α2,1 − γth

2,1α2,2

)
⎞
⎠dy, (17)

Since, m2 is a positive integer, therefore, this can be changed
to Erlang distribution resulting in (17) expansion as

POut
2,1 =

∞∫

0

fY (y)
[
1− exp

(
−T2,1

(
yB2,1 + A2,1

))

×
m2−1∑

p=0

(
T2,1

(
yB2,1 + A2,1

))p

p!

]
dy , (18)

where T2,1 =
m2γth

2,1

Ω̂2ρ2(α2,1−γth
2,1α2,2)

, B2,1 = ρ1. Next, substi-

tuting the Gamma distribution PDF in (18) and applying [14,
1.111] on (T2,1(yB2,1 + A2,1))

p , we obtain

POut
2,1 = 1−

m2−1∑
p=0

p∑
q=0

(
p

q

)
(
T2,1B2,1

)q(
T2,1A2,1

)(p−q)

× exp
(−T2,1A2,1

)
Cm1
1

(p!)Γ(m2)

∞∫

0

yv−1 exp(−yμ)dy (19)

where v = (m1 + q) and μ = (C1 +T2,1B2,1). The resulting
integral can be solved by applying [14, 3.381.4]. Thus, we
obtain (6). Next, we solve POut

11 by substituting (3) in (14) as

POut
11 = Pr

(
|ĥ1|2 < γth

1

( |ĥ2|2ρ2(α2,2 + Ξ2α2,1) +A1

ρ1

))
, (20)

where A1 = (ρ1Ωh1e +ρ2Ωh2e (α2,2+α2,1Ξ2)+1). Let X =

|ĥ1|2 and Y = |ĥ2|2, then (20) can be expressed as

POut
11 =

∞∫

0

fY (y)FX

(
γth1 (yD1 + A1)

ρ1

)

dy , (21)

where D1 = ρ2(α2,2 + Ξ2α2,1). We then solve (21) by
following a similar approach as of (17) to (19), and thus
obtain (7).

APPENDIX B

Proof: We first need to follow the same approach as outlined
in (14) and (15). As ρ1 = ρ2 → ∞, the term A2,1 is reduced

to 1. By applying L’Hôpital’s rule, the resulting limit results

in
γth
2,1|ĥ1|2

α2,1−γth
2,1α2,2

. Next, following a similar approach till (18),

the resulting equation can be expressed as

PO
2,1 =

∞∫

0

fY (y)
[
1− exp

(
−T2,1y

)m2−1∑

p=0

(
T2,1y

)p

p!

]
dy , (22)

where T2,1 =
m2γth

2,1

Ω̂2(α2,1−γth
2,1α2,2)

. Next, by performing some

mathematical simplifications, we obtain PO
2,1 given in (12).

Similarly, we then solve for PO
11 and thus, obtain final

expression given in (12).

APPENDIX C

Proof: For evaluating the asymptotic outage probability of
U2 considering perfect SIC, i.e., Ξ1 = Ξ2 = 0, we can

write the expression as PO
2,2 = Pr

(
|ĥ2|2 <

γth
2,2A2,2

ρ2α2,2

)
, where

A2,2 = (ρ1Ωh1eΞ1 + ρ2Ωh2e (α2,2 + α2,1Ξ2) + 1). As ρ1 =
ρ2 → ∞ and Ξ1 = Ξ2 = 0, the term A2,2 is reduced to
1. Next, we use γ(c, z ) ≈

z→0

z c

c , thus, we obtain PO
2,2 =

1
m2 Γ(m2)

(
γth
2,2m2

Ω̂2ρ2α2,2

)m2

.
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