
JOURNAL OF LATEX CLASS FILES, VOL., NO., SEPTEMBER 2025 1

Generalized Signal Phase Inversion-Based NOMA Technique
for 6G Integrated Sensing and Communication Systems

Juyeong Baek, Young-Seok Lee, Student Member, IEEE, In-Ki Lee, and Bang Chul Jung, Senior Member, IEEE

Abstract—In this paper, we propose a novel uplink signal phase
inversion-based non-orthogonal multiple access (SPIN-NOMA)
technique to effectively suppress mutual interference in inte-
grated sensing and communication (ISAC) systems. Specifically,
we consider an ISAC system where a base station (BS) operates
as a monostatic radar to sense targets while simultaneously
receiving communication signals from multiple user equipments
(UEs). We identify limitations in the conventional SPIN-NOMA
approach and introduce technical advancements to support high-
order modulation schemes and an arbitrary number of UEs.
Additionally, we theoretically derive the generalized bit-error
rate (BER) performance as a function of modulation order and
the number of UEs, employing linear zero-forcing beamforming.
Extensive simulations confirm that the proposed SPIN-NOMA
technique significantly outperforms the conventional approach
in terms of both sensing and communication performance.
Furthermore, the simulation results align closely with the derived
theoretical BER expressions, confirming their accuracy.

Index Terms—6G, integrated sensing and communica-
tion (ISAC), bit-error rate (BER), non–orthogonal multiple
access (NOMA), monostatic radar.

I. INTRODUCTION

Integrated sensing and communication (ISAC) systems have
recently emerged as a promising paradigm for next-generation
mobile networks, as they enable the convergence of hetero-
geneous services by jointly supporting communication and
radar sensing through shared hardware and waveforms [1]. Re-
cently, various studies have been conducted to effectively inte-
grate communication and sensing functionalities [2], [3], [5].
In [2], a direct relationship between kinematic parameters—
such as angle, delay, and Doppler—and the communication
channel was established, and a probabilistic representation
of the orthogonal time frequency space-based multiple-input
multiple-output (OTFS-MIMO) system was derived. In [3],
a cloud-edge-user three-tier architecture is proposed for an
integrated sensing, communication, and computation system.
In [5], a robust dual-functional waveform design framework
was proposed to address channel uncertainties. The framework
is formulated as a min–max optimization problem, where the
minimization step derives the optimal waveform, while the
maximization step accounts for the worst-case characteristics
of the communication channel under uncertainty.

Effective interference mitigation and resource management
techniques are essential to balance the trade-off between
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sensing and communication functionalities [5], [6]. In [5], an
optimization problem was formulated to mitigate interference
resulting from overlapping coverage areas in multi-cell ISAC
scenarios. Similarly, [6] proposed a method to reduce mutual
interference by partially overlapping wireless resources allo-
cated for sensing and communication functions, while also
deriving the outage probability mathematically.

Non-orthogonal multiple access (NOMA) has garnered at-
tention for its potential to simultaneously process communica-
tion and sensing signals in ISAC systems [7]–[12]. The studies
in [8] and [9] proposed NOMA-based ISAC signal processing
techniques that exploit successive interference cancellation
(SIC) to mitigate mutual interference between communication
and sensing signals. Building on this idea, [8] further ana-
lyzed how different SIC ordering strategies affect the perfor-
mance of NOMA-ISAC, while [9] mathematically analyzed
the outage probability for both communication and sensing.
An uplink NOMA-ISAC short-packet transmission framework
considering different SIC detection orders was introduced in
[10]. In addition, the authors formulated a weighted sum-rate
maximization problem and developed alternating optimization
algorithms to address the non-convexity arising from rate loss
due to short-packet transmission. However, error propagation
in the SIC process remains a critical issue that negatively af-
fects the overall communication performance. However, error
propagation in SIC remains a critical issue. To address this
limitation of SIC, [11] proposed the signal phase inversion-
based NOMA (SPIN-NOMA) technique to mitigate mutual
interference in uplink ISAC systems, where a single base
station (BS) simultaneously receives communication signals
from multiple user equipments (UEs) and performs target
sensing via monostatic radar. This technology enables ef-
fective separation of communication signals by inverting the
phase of the sensing signal and transmitting it across two
time slots within the coherence time, allowing for a simple
linear combination to achieve separation. Furthermore, [12]
analyzed the bit-error rate (BER) performance of the SPIN-
NOMA technique in a specific case where two quadrature
phase-shift keying (QPSK) symbols are combined to form a
16-point constellation. However, it did not consider optimal
constellation design or bit mapping strategies from a com-
munication performance perspective, leaving room for further
improvement. Since the communication signals are detected
and subsequently canceled from the received signal via SIC,
the accuracy of communication signal detection directly affects
the estimation of the sensing channel. To the best of our knowl-
edge, a generalized theoretical analysis of the SPIN-NOMA
technique considering arbitrary square quadrature amplitude
modulation (QAM) has yet to be conducted.

In this paper, we propose a novel SPIN-NOMA scheme
that incorporates a communication constellation design to
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Fig. 1. System model of uplink SPIN-NOMA with a single BS, a single
target, and K UEs.

enhance performance over conventional approaches. We con-
sider arbitrary square QAM and conduct a theoretical analysis
of the BER performance and diversity order under a linear
zero-forcing (ZF) receiver. Simulation results show that the
proposed constellation design outperforms existing schemes in
terms of BER and normalized mean square error (NMSE) for
sensing channel estimation, while maintaining the same data
rate. Finally, we verify that the theoretical analysis closely
matches the simulation results.

II. SYSTEM MODEL

We consider an uplink ISAC-NOMA system where a single
ISAC BS with a transmit antenna for sensing and an N -
element uniform circular array (UCA) of receive antennas
simultaneously senses a single passive target and supports
K UEs, as depicted in Fig. 1. We assume that each single-
antenna UE simultaneously transmits communication signals
to the ISAC BS over two time slots within the channel
coherence time, during which the wireless channel remains
constant. Meanwhile, the ISAC BS transmits sensing signals
for monostatic radar sensing of a nearby passive target over the
same two time slots. We define hk(∈ CN ) as a communication
channel vector from k ∈ {1, . . . ,K}-th UE to the ISAC BS.
We assume that the communication channels follow the in-
dependent and identically distributed Rayleigh fading channel
model, i.e., hk ∼ CN (0, l−α

k IN ), where IN , lk, and α denote
the identity matrix of size N , a distance between the k-th
UE and ISAC BS, and path-loss exponent, respectively. The
sensing channel vector, g(∈ CN ), represents a bidirectional
radar channel as

g = ζe−j2π(fc+o∆f)τ0e−j2π
(fc+o∆f)

c0
U·a(ϕ,φ), (1)

where j =
√
−1, fc, ∆f , τ0, and c0 denote the imaginary unit,

center frequency, subcarrier spacing, signal delay observed at
the center of the UCA, and velocity of light, respectively. ζ :=
λ

8R2

√
GtGrσRCS

π3 represents radar channel gain where, λ =

c0/fc, R = c0τ0
2 , Gt, Gr, and σRCS denote the wavelength, the

target range from the BS, the transmit antenna gain, the receive
antenna gain, and the radar cross section, respectively [11]. In
this paper, we assume perfect Doppler compensation, and U(∈
RN×3) = [u1,u2, . . . ,uN ]T represents antenna position ma-
trix where un(∈ R3) = [r cos 2π

N (n− 1), r sin 2π
N (n− 1), 0]T

is a Cartesian coordinate position vector of n ∈ {1, . . . , N}-
th antenna and r denotes a radius of the UCA. The matrix
transpose operation is denoted by [·]T, and a(ϕ, φ)(∈ R3) =
−[cosϕ cosφ, sinϕ cosφ, sinφ]T is a directional vector where
ϕ ∈ ( 0, 2π ] and φ ∈ [ 0, π/2 ] denote azimuth and elevation
angle, respectively.

In the conventional SPIN-NOMA approach, the ISAC BS
transmits sensing signals while receiving communication sig-
nals over two time slots. During the second time slot, the ISAC
BS transmits a radar signal for target sensing by inverting the
phase of the signal transmitted in the first time slot. Thus, the
received signal in the t ∈ {1, 2}-th time slot is given by

yt =

K∑
k=1

√
Pk

2
hksk,te

−jθt + (−1)t−1

√
PR

2
gsR +wt, (2)

where
√
Pk,

√
PR, sk,t, θt, sR, and wt represent the transmit

power of the k-th UE, the power of the sensing signal, the
normalized symbol transmitted by the k-th UE at the t-th
time slot, constellation rotation angle at the t-th time slot, the
normalized sensing signal such that E[|sk,t|2] = E[|sR|2] = 1,
and the additive noise vector at the ISAC BS during the t-
th time slot, respectively. All noise components are assumed
to be statistically independent and follow a complex Gaus-
sian distribution, CN (0, σ2IN ), where σ2 denotes the noise
variance. The term (−1)t−1 indicates the phase inversion
applied to the radar signal, where the ISAC BS transmits
sR in the first time slot and −sR in the second time slot.
Phase rotation is defined as the operation of rotating the
constellation points of a communication signal by a specified
angle on the complex plane, implemented by multiplying
each symbol with a rotation factor e−jθt .1 The value of θt
is predefined and shared between the BS and UEs, allowing
the receiver to perform symbol detection based on the rotated
constellation. This technique helps prevent symbol ambiguity
when different symbols are transmitted across two time slots
and superimposed at the receiver [12]. The ISAC BS extracts
the communication signal by linearly combining the received
signals over the two time slots:

ycom=
y1 + y2√

2
=

2∑
t=1

K∑
k=1

√
Pk

2
hksk,te

−jθt+
w1+w2√

2
. (3)

The ISAC BS uses the well-known linear ZF beamformer
to detect signals transmitted by multiple UEs with low com-
plexity and low latency as follows [13]:

ỹ(∈CK)=F · ycom, (4)

where F(∈ CK×N ) represents the pseudo-inverse of the
matrix H(∈ CN×K) = [h1,h2, . . . ,hK ] as

F = (H†H)−1H†, (5)

where † denotes a Hermitian operator. Finally, for the signal
transmitted by the k-th UE, the ISAC BS can detect a symbol

1The original QPSK constellation in the polar coordinate domain is
given by SQPSK = {ej

π
4 , ej

3π
4 , ej

5π
4 , ej

7π
4 }. By applying the phase

rotation factor, the resulting rotated constellation becomes SRotated =

{ej(
π
4
−θt), ej(

3π
4

−θt), ej(
5π
4

−θt), ej(
7π
4

−θt)}.
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Fig. 2. Proposed constellation design for low-order modulations.

set Ŝk(= {ŝk,1, ŝk,2}) by using the maximum likelihood (ML)
detector as

Ŝk = argmin
sk,1,sk,2∈Sk

∣∣∣∣∣ỹk −
2∑

t=1

√
Pk

2
sk,te

−jθt

∣∣∣∣∣
2

, (6)

where ỹk represents the k-th element of ỹ vector and Sk

denotes the candidate set of modulated symbols for k-th UE.

III. GENERALIZED SPIN-NOMA FOR ISAC SYSTEMS

A. Constellation Design for Low-Order Modulations

In the conventional SPIN-NOMA technique [11], which
considered only low-order modulation schemes such as binary
phase shift keying (BPSK) and QPSK with two communi-
cation UEs, phase rotation of communication symbols was
introduced over two time slots. Specifically, in [11], to resolve
ambiguity between different QPSK signals over two time slots,
the phase of one QPSK symbol is rotated, as illustrated on the
left side of Fig. 2. However, these existing techniques are not
optimized in terms of the minimum distance between constel-
lation points, leaving substantial room for improvement in bit-
symbol mapping and phase rotation strategies. In this section,
we propose a novel constellation design method that integrates
optimized bit-symbol mapping and phase rotation, inspired by
[14] and illustrated on the right side of Fig. 2, to maximize the
minimum Euclidean distance between adjacent symbols. In the
joint constellation points in the form sk,1e

−jθ1 + sk,2e
−jθ2 ,

there are two minimum distance candidates,
√
4− 4 cosϑ and√

6− 4 cosϑ− 4 sinϑ, one is monotonically increasing and
the other is monotonically decreasing within the range of 0 to
45 degrees where ϑ := |θ1 − θ2|. Therefore, the minimum
distance can be maximized at the point where these two
candidates become equal. In this regard, the optimal angle
ϑopt(= π/6) is obtained by solving the following equation√

4− 4 cosϑopt =
√
6− 4 cosϑopt − 4 sinϑopt. (7)

B. Novel SPIN-NOMA for High-Order Modulations

The conventional SPIN-NOMA technique lacks scalability
for generalized communication systems and makes it difficult
to extract sensing signals through a simple linear combination
of the received signals over two time slots. To overcome these
limitations, we propose an enhanced SPIN-NOMA framework
that allows UEs to transmit the same symbol using high-
order modulation over two time slots. For instance, instead
of the conventional SPIN-NOMA technique, which transmits

different QPSK symbols over two time slots, the proposed
framework uses repeated transmission of 16-ary QAM sym-
bols over the same two time slots, achieving the same data
rate while improving performance, i.e., sk := sk,1 = sk,2.
Therefore, the received signal can be expressed as follows:

yt =

K∑
k=1

√
Pk

2
hksk + (−1)t−1

√
PR

2
gsR +wt. (8)

The ISAC BS can then linearly combine the received signals
from the two time slots to separately extract the sensing and
communication signals as follows.

ycom =
y1 + y2√

2
=

K∑
k=1

√
Pkhksk +

w1 +w2√
2

,

ysensing =
y1 − y2√

2
=
√
PRgsR +

w1 −w2√
2

. (9)

For the communication function, the ISAC BS performs ML
detection for the k-th UE’s signal using the ZF beamformer,
ỹ = Fycom:

ŝk = argmin
sk∈Sk

∣∣∣ỹk −
√

Pksk

∣∣∣2 . (10)

C. Refined Radar Channel Estimation

In this section, we compare the radar channel estimation
accuracy of the conventional SPIN-NOMA scheme with that
of the proposed method. The conventional method and the
scheme described in Section III-A cannot extract the sensing
signal via a linear combination of the received signals. There-
fore, the sensing signal must be reconstructed after decoding
the communication signals. By applying SIC to remove the
communication components from the received signal, the radar
signal can be expressed as:

ysensing=
eSIC√
2

+
√

PRgsR +
w1 −w2√

2
, (11)

where eSIC(∈ CN ) is defined as

eSIC :=

2∑
t=1

(−1)t−1
K∑

k=1

√
Pk

2
hk(sk,t − ŝk,t)e

−jθt ,

which represents the communication signal decoding error.
Applying least square estimation (LSE), the radar channel
vector is estimated as ĝ = ysensing/(sR

√
PR) [11]. Then, the

NMSE of the radar channel estimator is given as

e =
E[∥g − ĝ∥2]

∥g∥2
=

E
[
∥eSIC +w1 −w2∥2

]
2PR∥g∥2

(12)

=
E[∥eSIC∥2] + 2ℜ

{
E[e†SIC(w1 −w2)]

}
2PR∥g∥2

+
Nσ2

PR∥g∥2
,

where ℜ{·}, ∥ · ∥ and E[·] denote the real part of the complex
number, the Euclidean norm, and the statistical expectation,
respectively.

In contrast, the method proposed in Section III-B enables
the sensing signal to be separated via a simple linear combi-
nation of the received signal, as shown in (9). Applying LSE,
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the radar channel vector is obtained by ĝ = ysensing/(sR
√
PR).

Then, the NMSE of radar channel estimation is given by:

e =
E[∥g − ĝ∥2]

∥g∥2
=

E
[
∥w1 −w2∥2

]
∥g∥2 · 2PR

=
Nσ2

PR∥g∥2
. (13)

It can be seen from (12) and (13) that the proposed technique
achieves performance gains by eliminating the impact of
communication decoding errors.

IV. PERFORMANCE ANALYSIS

We provide a mathematical analysis of the BER perfor-
mance of the SPIN-NOMA technique based on the signal
model described in Section III-B. For simplicity, we begin
by analyzing the BER performance and diversity order under
the assumption of QPSK modulation. Subsequently, we extend
the analysis to a generalized QAM signal model.

A. Closed-Form BER Analysis for QPSK Modulation
Without loss of generality, we consider only the k-th UE.

After applying the ZF beamformer, the signal corresponding
to the k-th UE can be expressed as follows:

ỹk =
√
Pksk + fk,: ·

(w1 +w2)√
2

, (14)

where fk,: represents k-th row of the matrix F. Due to the
influence of fk,:, the noise variance is boosted as follows:
E
[∣∣fk,: · (w1 +w2)/

√
2
∣∣2] = σ2

[
(H†H)−1

]
k,k

, where [·]a,b
represents (a, b)-th element of the matrix. To achieve this, the
noise amplified by the linear ZF beamformer is normalized
using a regularization factor, as described in [13], while
maintaining the signal-to-noise ratio (SNR).

ȳk = zkỹk =
√
Pkzksk + w̄k, (15)

where zk =
√
1/[(H†H)−1]k,k denotes regularization factor

for k-th UE. w̄k represents the effective noise for k-th UE,
which follows a CN (0, σ2) distribution.

From the symmetry of the QPSK constellation, we derive
the error probability that the first bit of a symbol {00} is
corrupted. For given zk, the conditional BER of k-th UE is
given by

Pr(ϵk|zk)= Pr({00} → {10}|zk)= Q

(√
Pk|zk|2

σ2

)
, (16)

where ϵk denotes k-th UE’s bit error event and Q(·) represents
Q-function. Let |zk|2 be a random variable Xk, then the
effective channel gain Xk of k-th UE statistically follows an
Erlang distribution with a shape parameter of N−(K−1) and
a scale parameter of lαk . Thus, the probability density function
of Xk is as follows:

fXk
(xk) =

l
α(N−K+1)
k

(N −K)!
xN−Ke−lαkx. (17)

Therefore, from the total probability theorem, the closed form
of the k-th UE’s BER can be derived as

Pr(ϵk) = EXk

[
Q

(√
Pkxk

σ2

)]

=

∫ ∞

0

∫ ∞√
Pkxk
σ2

1√
2π

e−
τ2

2
l
α(N−K+1)
k xN−K

(N −K)!
e−lαkxdτdx

=
1

2

(
1−

N−K∑
j=0

(
2j
j

)√
(Pk/σ2)

(Pk/σ2) + 2lαk

·
(

lαk
2(Pk/σ2) + 4lαk

)j
)
. (18)

B. Diversity Order Analysis for QPSK Modulation

In this subsection, we derive the diversity order of the SPIN-
NOMA technique, which is defined as

ηk = − lim
γk→∞

log Pr(ϵk)

log γk
, (19)

where γk(= Pk/(l
α
kσ

2)) represents the received SNR about
k-th UE’s transmit signal. The diversity order is a widely
used metric to characterize the asymptotic behavior of error
probability in the high-SNR regime [14]. To determine this, we
apply the well-known Taylor series expansion to (18) under
the assumption of high transmit SNR. Then, an asymptotic
expression can be derived by considering only the first term
in the Taylor series expansion as follows

Pr(ϵk) ≈ βN,K 3(N−K+1) γ
−(N−K+1)
k , (20)

where βN,K denotes the first coefficient in the Taylor series
expansion of the BER for k-th UE and varies according to the
number of receive antennas N and UEs. The value of βN,K

can be calculated numerically. Then, the diversity order of the
uplink SPIN-NOMA system is given by

ηk≈
log(βN,K3N−K+1γ

−(N−K+1)
k )

log γk
= N − (K − 1). (21)

From (21), it is evident that all UEs achieve the same diversity
order, regardless of path loss or sensing channel conditions.

C. Closed-Form BER Analysis for General M -QAM

In this subsection, we derive a generalized BER expression
by leveraging the regular patterns in the bit-error probability.
Specifically, an Mk-ary QAM signal can be regarded as a
combination of two independent

√
Mk-ary pulse-amplitude

modulation (PAM) signals, where Mk denotes modulation
order of k-th UE. The BER performance of square QAM in
additive white Gaussian noise (AWGN) channels is well es-
tablished [15], and the conditional bit-error probability for the
SPIN-NOMA technique in wireless channels can be derived
as follows:

Pr(ϵk|zk)=
1

log2
√
Mk

· 2√
Mk

log2

√
Mk∑

b=1

(1−2−b)
√
Mk−1∑

i=0

(22)[
(−1)

⌊
i·2b−1√

Mk

⌋
·
(
2b−1−

⌊
i · 2b−1

√
Mk

+
1

2

⌋)
·Q
(
(2i+1)dk√

2

)]
,

where ⌊·⌋ denotes the floor function that rounds a given real
number down to the nearest integer less than or equal to that
number and dk represents the minimum distance in signal
space expressed as dk =

√
6|zk|2γk/(Mk − 1). Then, the
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generalized BER performance of the k-th UE can be derived
as

Pr(ϵk) = EXk
[Pr(ϵk|zk)]

=
1

log2
√
Mk

· 2√
Mk

log2

√
Mk∑

b=1

(1−2−b)
√
Mk−1∑

i=0[
(−1)

⌊
i·2b−1√

Mk

⌋
·
(
2b−1 −

⌊
i · 2b−1

√
Mk

+
1

2

⌋)

·

(
1

2
− 1

2

N−K∑
j=0

(
2j
j

)√
3(2i+ 1)2γk

3(2i+ 1)2γk + 2(Mk − 1)

·
(

Mk − 1

6(2i+ 1)2γk + 4(Mk − 1)

)j
)]

. (23)

D. Diversity Order Analysis for General M -QAM

We derive the diversity order of the uplink SPIN-NOMA
technique, assuming

√
Mk-ary square QAM signals. An

asymptotic expression is derived by considering only the first
term in the Taylor series expansion of (23) as

Pr(ϵk) ≈
1

log2
√
Mk

· 2√
Mk

log2

√
Mk∑

b=1

(1−2−b)
√
Mk−1∑

i=0

(−1)

⌊
i·2b−1√

Mk

⌋
·
(
2b−1 −

⌊
i · 2b−1

√
Mk

+
1

2

⌋)
· βN,K

(Mk − 1)(N−K+1)

(2i+ 1)2(N−K+1)
γ
−(N−K+1)
k . (24)

Then, the diversity order of the uplink SPIN-NOMA system
can be derived as ηk ≈ N − (K − 1), which demonstrates
that the diversity order of the SPIN-NOMA technique remains
unaffected by the modulation order.

V. SIMULATION RESULTS

In this section, we validate the BER performance of the
enhanced SPIN-NOMA system and the mathematical analysis
presented in Section IV using Monte Carlo simulations. First,
we demonstrate the performance improvements achieved by
the proposed rotation angle and bit-to-symbol mapping intro-
duced in Section III. Subsequently, we confirm the accuracy
of the performance analysis for the generalized SPIN-NOMA
system discussed in Section IV. Fig. 3 illustrates the BER
performance of the uplink SPIN-NOMA system under dif-
ferent signal models, based on the received SNR γ. In this
simulation, the received SNR ratio between the UEs was set
to γ1 : γ2 = 4 : 1 and N = 5. The results show that the SPIN-
NOMA technique outperforms the existing method in [11]
when the constellation rotation and bit-to-symbol mapping
rules described in Section III-A are applied to the same low-
order modulation signal model. Furthermore, the advanced
SPIN-NOMA framework in Section III-B, which employs re-
peated transmission of high-order modulation signals, achieves
the best BER performance.

Fig. 4 shows the NMSE of radar channel estimation as a
function of the communication SNR for two UEs when N = 5.
We set l−α

1 = 1 and l−α
2 = 4. The radar transmit power PR

Fig. 3. BER performance of uplink SPIN-NOMA for two UEs when γ1 :
γ2 = 4 : 1, N = 5.
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Fig. 4. NMSE of radar channel estimation uplink SPIN-NOMA for two UEs
when N = 5.

is set to 0 dBm, the center frequency fc is 5.8 GHz, and the
subcarrier spacing ∆f is 144 kHz. The noise power spectral
density N0 is set to −174 dBm/Hz, and the noise variance σ2

is computed as N0∆f ≈ −123 dBm. The antenna gains are
configured as Gt = Gr = 2. The radar cross section σRCS is
1 m2, the radius of UCA r is 1 m and the target range from the
BS R is 10 m. As shown in (11), both the method in [11] and
the scheme described in Section III-A apply SIC to remove
the communication signals. In the high-SNR regime, where the
BER improves rapidly, the radar channel estimation accuracy
increases as the communication SNR increases. However, in
the low-SNR regime, where the BER improvement is limited
but the communication power continues to increase, the radar
channel estimation accuracy tends to degrade with increasing
communication SNR. In contrast, the method proposed in
Section III-B achieves the best performance and maintains
a constant NMSE, Nσ2

PR∥g∥2 ≈ −28.72 dB, regardless of the
communication SNR, as derived in (13). This is because the
sensing and communication signals are perfectly separated, as
shown in (9).

Fig. 5 presents the BER performance of the generalized
SPIN-NOMA system described in Section III-B, evaluated for
different modulation orders based on the received SNR per bit,
i.e., ρk = γk/ log2(Mk). We consider a scenario with three
UEs and five receive antennas at the BS. We also set ρk as
ρ1 : ρ2 : ρ3 = 4 : 2 : 1. For the asymptotic behavior of
the BER performance, βN,K is numerically calculated as 1/6,
1/12, and 5/108 for N = K, N = K + 1, and N = K + 2,
respectively.
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Fig. 5. BER performance of uplink SPIN-NOMA for three UEs when ρ1 :
ρ2 : ρ3 = 4 : 2 : 1, N = 5.

Fig. 6. BER performance of uplink SPIN-NOMA for two UEs considering
16-QAM modulation when ρ1 : ρ2 = 2 : 1.

Fig. 5 confirms that our mathematical analysis aligns closely
with the simulation results. In the high-SNR region, the
occurrence of bit errors becomes extremely rare, which leads
to an increased statistical fluctuation and a corresponding
decrease in the reliability of the BER estimates. This is a
natural statistical phenomenon and, in fact, further supports
that the proposed analytical model accurately approximates the
empirical results in a quantitative manner. The BER decreases
exponentially in the high-SNR regime, and the slope observed
in the log-log scale reflects the system’s diversity order. The
asymptotic performance in this region aligns almost perfectly
with the analytical results, thereby strongly validating the
accuracy of the proposed analysis. In particular, identical
slopes are observed across different modulation schemes,
which confirms that the diversity gain is unaffected by the
modulation order, as discussed in Section IV-D.

Fig. 6 illustrates the BER performance of the SPIN-NOMA
system with varying numbers of antennas, based on the
received SNR per bit. In this simulation, we considered 2 UEs
with 16-QAM signals and set ρk as ρ1 : ρ2 = 2 : 1. In Fig. 6,
an increase in diversity gain is observed with a higher number
of antennas at the BS. As discussed in Sections IV-B and IV-D,
the diversity gain is determined solely by the number of UEs
and receive antennas. This is clearly confirmed by comparing
the case with K = 2, N = 4 in Fig. 6 to the case with
K = 3, N = 5 in Fig. 5. Specifically, when K = 2 and
N = 4, a diversity gain of 3 is achieved, as demonstrated in
Section IV-D. This result is consistent with the diversity gain
observed in Fig. 5 for K = 3 and N = 5.

VI. CONCLUSION

In this paper, we explored an uplink signal phase inversion-
based non-orthogonal multiple access (SPIN-NOMA) tech-
nique to mitigate mutual interference in next-generation in-
tegrated sensing and communication (ISAC) systems. We
first identified limitations in the conventional SPIN-NOMA
approach and proposed technical enhancements to address
these shortcomings. Additionally, we introduced a generalized
SPIN-NOMA framework capable of distinguishing commu-
nication and sensing signals through a simple linear combi-
nation at the base station (BS), while supporting high-order
modulation. We then theoretically derived the bit-error rate
(BER) performance and diversity order of the generalized
SPIN-NOMA technique. Extensive simulations demonstrated
that the proposed SPIN-NOMA framework delivers significant
performance improvements over the conventional method.
Moreover, the theoretical BER analysis closely aligned with
the simulation results, further validating the effectiveness of
the proposed framework.
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