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Abstract 

Conventionally, non-orthogonal multiple access (NOMA) has traditionally been 
implemented separately from orthogonal multiple access (OMA), aiming to improve 
the capacity of multi-user systems. However, a recent study has ventured beyond this 
conventional approach by integrating OMA and NOMA proportionally within the same 
system. In spite of these advancements, the consideration towards optimizing multi-
user systems remains incomplete especially when user service requirements vary sig-
nificantly. Therefore, this paper explores a novel layered device-to-device (D2D) partial 
NOMA (P-NOMA) scheme, which introduces a hybrid power-domain access method 
into multi-user systems. The analysis primarily focuses on evaluating both the system 
performance and the impact of various parameters on it. In contrast to conventional 
fully overlapped NOMA signals, P-NOMA signals are partially overlapped with an over-
lap rate that can be determined based on quality-of-service (QoS) requirements. 
Simulation results demonstrate that judicious utilization of P-NOMA can effectively 
enhance overall system performance, particularly in terms of sum rate (SR) metrics, 
while also flexibly accommodating diverse QoS requirements for multiple users.

Keywords:  Partial non-orthogonal multiple access (P-NOMA), Device-to-device (D2D), 
Sum rate (SR), Outage performance

1  Introduction
The power-domain non-orthogonal multiple access (NOMA) has gained significant 
attention since the inception of discussions on 5G networks [1–4]. In contrast to orthog-
onal multiple access (OMA), NOMA facilitates spectrum sharing among multiple users 
and enhances accessibility through power-domain resource differentiation.

The cooperative transmission method has subsequently been employed in conven-
tional NOMA systems [5–9] to exploit spatial diversity, with varying assumptions on 
channel state information (CSI) and channel models [10–12]. These approaches enable 
reduced system redundancy and improved fairness to be achieved. In the upcoming 
6G-driven Internet of Things (IoTs) systems, a new ambient backscatter aided NOMA 
technology is proposed [13] to meet the requirements of lower power demand and 
higher transmission reliability, where not only physical layer authentication [14] but 
also finite SNR diversity multiplexing trade-off [15] is analyzed. Furthermore, several 
research works [16–18] have investigated an efficient device-to-device (D2D)-aided 
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relaying approach for enhancing spectrum efficiency. By using D2D collaborative 
approach, nearby strong signal user equipment could act as a relay during transmission 
instead of relying on a specific relay node. Specifically for multi-user D2D communi-
cations, a two-layer transmission scheme has been proposed [19], along with a corre-
sponding two-stage power allocation (PA) method based on the quality-of-service (QoS) 
difference between users. As a result of these advancements, both spectral efficiency and 
energy efficiency of the D2D system have been enhanced.

However, previous research primarily focused on fully overlapping scenarios. To 
address the limitation, a novel multi-user access technology known as partial non-
orthogonal multiple access (P-NOMA) has been proposed [20] to further enhance 
spectral efficiency by introducing partial bandwidth overlapping. Hence, it raises a new 
question of how its integration in a D2D-assisted multi-user scenario would impact sys-
tem performance.

Based on the factors mentioned above, we propose a novel P-NOMA strategy that 
incorporates layered D2D transmission in a multi-user system with diverse require-
ments. In contrast to conventional decoding and forwarding NOMA schemes [21–23], 
our approach aims to optimize wireless resource utilization by transmitting partially 
overlapping NOMA signals at specific phases. However, the reduction of outage prob-
ability primarily relies on the grouping operation within the multi-user system. To 
enhance the SR performance of all groups and minimize system-wide outage probability, 
we incorporate D2D auxiliary manners. The key contributions can be summarized as 
follows:

•	 The novel P-NOMA technique is proposed in a multi-user system to effectively uti-
lize D2D auxiliary transmission at the BS edge, catering to a wider range of users’ 
services. To meet the QoS requirements of user groups and intra-group channel con-
ditions, we divide either signal overlapped rate or power allocation into two stages. 
Unlike conventional schemes, we investigate a concise partial protocol during the 
initial stage of two-stage communication to strike a better balance between interfer-
ence and achievable rates in the multi-group system.

•	 To expand communication coverage and serve more users, strong users at the edge 
of the BS within each group decode P-NOMA signals from the BS and reconstruct 
new NOMA signals based on intra-group channel qualities before forwarding them 
within their respective groups. This approach leverages D2D assistance in the com-
munication system by utilizing strong users as relay nodes. It not only expands spa-
tial signal transmission but also improves resource efficiency.

•	 We evaluate the performance of our proposed scheme in terms of achievable rates 
and outage probability by considering independent Rayleigh fading channels. The 
closed-form expressions are derived for accurate evaluation. Numerical results vali-
date the accuracy and superiority of our proposed P-NOMA scheme.

The remaining sections of this paper are structured as follows: Sect.  2 introduces the 
research problem and the proposed model, while Sect.  3 analyzes the performance in 
terms of achievable SR and outage probability. System simulation conditions and results 
are provided in Sect. 4, with a conclusion provided in Sect. 5.
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2 � Methods/experimental
Consider a multi-user D2D aiding network, where P-NOMA strategy is employed for 
layered transmission from the BS to “relay nodes”, while NOMA is utilized for serving 
intra-group users. Without loss of generality, the network consists of two groups with 
distinct QoS requirements, and all nodes operate in single-antenna half-duplex mode. 
During the first stage, the BS serves m (m = 2) groups via channels denoted by hSDm . 
Subsequently, the strong users acting as “relay nodes” will decode and forward signals 
in the next stage, via channels denoted by hDmUn . For the sake of distinction, i and j rep-
resent the number of users in group 1 and group 2, respectively. Additionally, Pt and Pr 
denote the transmitted powers of the BS and relay nodes. Furthermore, it is assumed 
that the independent and identically Rayleigh fading is experienced in system with vari-
ances �SDm and �DmUn , respectively.

2.1 � P‑NOMA scheme

The P-NOMA protocol was initially investigated in [20], and the utilization of partially 
overlapping subcarrier signals was explored to enhance the achievable sum rate and 
provide greater system flexibility. Additionally, by controlling the extent of the overlap 
ratio, interference caused by fully bandwidth overlapped signals from other users can 
be reduced, achieving a balance between overlap ratio and interference. However, for 
simplicity and suitability in two independent regional groups, the transmitted partial 
overlap signals including OMA and NOMA regions can be further simplified as shown 
in Fig. 1 (similar to reference [24]). Consequently, for a system with two different QoS 
regional groups, partial overlapped group signals are transmitted from the source BS. 
Herein, A represents a combination of fully OMA and partially NOMA overlapped sig-
nals, while B denotes only partially overlapped NOMA signal. In other words, the for-
mer is allocated more subcarrier signals than the latter based on their respective QoS 
requirements differences. Specifically speaking, A and B represent the signals of each 
group with an overlap ratios of ζ + η = 1 as well as the power allocation coefficients of 
a1 + a2 = 1.

Fig. 1  Partial NOMA scheme for two-group system
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Based on the signal structure of the above protocol, the received SINRs at “relay 
nodes” for group signals A and B can be expressed as

and

where f represents the subcarrier in the frequency domain, ρ signifies the transmit SNR, 
R1 and R2 denote the non-overlapping and overlapping regions, respectively, while ζ and 
η are mainly used in subsequent calculations.

2.2 � P‑NOMA‑based layered D2D scheme

Inspired by the advantages of P-NOMA, a concise partial overlapped protocol is consid-
ered in a multi-user two-layer D2D communication system, i.e., P-NOMA is used in the 
direct transmission layer while traditional NOMA in the relay forwarding phase. With-
out loss of generality and readability, multi-user in this paper is gathered together based 
on their prejudged QoS requirements and into two groups. For more details, users in 
group 1 demand for more QoS, and hence the target data rate or threshold is going to 
be high, while users in group 2 have low QoS requirements and lower target data rate 
or threshold. Consequently, two distinct groups are formed based on the diverse QoS 
requirements of regional users. The node exhibiting superior reception performance 
within each group assumes the role of a “relay node” to facilitate signal transmission 
within the groups, as illustrated in Fig. 2.

Considering the maximization of system achievable rate, the P-NOMA protocol is 
implemented from the BS to D1 and D2 . In other words, a partial overlapping strat-
egy is employed in the first level of the two-layer system. Different from the previous 
research, in the first slot, the BS transmits a composite signal including OMA part and 
NOMA part, with 

√
PtA in R1 and 

√
a1PtA in R2 for group 1 as well as 

√
a2PtB in R2 

only for group 2, where A or B is the signal of the corresponding group m ( m ∈ {1, 2} ), 

(1)SINRDm(A)[f ] =
hSDm

2
ρ for f ∈ R1

|hSDm |2a1ρ
|hSDm |2a2ρ+1

for f ∈ R2

(2)SINRDm(B)[f ] =
∣

∣hSDm

∣

∣

2
a2ρ for f ∈ R2

Fig. 2  The proposed P-NOMA-based layered D2D scheme
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a1 and a2 are power allocation coefficients, respectively. Here, the difference is that 
the bandwidth is divided into two parts: one is for OMA, and the other is for NOMA. 
Overall, in unit bandwidth (ζ + η)B in Fig. 1, it is a partial NOMA structure, where ζB 
portion corresponds to OMA and ηB portion to NOMA. It is assumed that the power 
allocation coefficients of the first stage depend on the regional target data rates, and 
there is a1 ≥ a2 since the users’ QoS requirements in group 1 are greater than the 
requirements in group 2. Following the proposed decoding principle, the relay node 
D1 will decode signal A for group 1 by OMA and partially by NOMA, i.e., OMA in R1 
and NOMA in R2 frequency domain. To obtain signal B for group 2, SIC technology 
is also acquired at D2 . Obviously, in this manner, the received SINRs γ A

SDm
 and γ B

SDm
 at 

relay m node can be referenced by the above expressions (1) and (2) as

and

where the normalized additive white Gaussian noise (AWGN) nDm ∼ CN (0, σ 2) is used 
during the first P-NOMA transmission with ρ = Pt

σ 2 . According to the discussed power 
allocation criterion, parameters a1 and a2 can be deduced from the predicted data rates 
of groups.

Given the intra-group transmission nature, the second level of transmission per-
tains to conventional NOMA and is contingent upon the link qualities between relay 
node m and the inner-group users. To enhance the capacity of signal relaying and 
communication networks, a D2D strategy is employed at the relay layer in Fig. 2. Spe-
cifically, the most optimal receiving user is selected to partially decode signals from 
the BS and subsequently forwards the reconstructed NOMA signal SDm to other 
users within the inner group through device-to-device mode. Furthermore, in order 
to enhance system performance and minimize energy consumption among groups, 
a regional target transmission strategy is implemented. This involves decoding signal 
A and B within their respective groups before forwarding them to the correspond-
ing users. Additionally, as previously mentioned, the users within each group are 
arranged based on their channel qualities. For the purpose of facilitating analysis, the 
assumption is made that there is 

∣

∣hDmU1

∣

∣

2 ≤ · · · ≤
∣

∣hDmUn

∣

∣

2 . Without loss of gener-
ality, the use of NOMA means b1 ≥ b2 · · · bi−1 ≥ bi with 

∑i
n=1 bn = 1 for relay node 

D1 in group 1 and c1 ≥ c2 · · · cj−1 ≥ cj with 
∑j

n=1 cn = 1 for relay node D2 in group 2, 
where bn and cn denote the second-level power allocation coefficients. In other words, 
the parameters bn and cn only need to satisfy the sorting relationship of the channel 
qualities during each group. Consequently, the transmitted signals at nodes D1 and 
D2 can be written as SD1 =

√

b1Pr1x1 +
√

b2Pr1x2 + · · · +
√

bi−1Pr1xi−1 +
√

biPr1xi 
and SD2 =

√

c1Pr2z1 +
√

c2Pr2z2 + · · · +
√

cj−1Pr2zj−1 +
√

cjPr2zj , where Prm = amPt 
denotes the transmitted power of relay. Finally, the received signal can be, respectively, 
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described as yD1Ui = hD1UiSD1 + nD1Ui and yD2Uj = hD2UjSD2 + nD2Uj , where nDmUn 
denotes the additive white Gaussian noise with zero mean and variance σ 2.

Considering the reception and decoding of signals, both SINR and SNR are employed 
due to slight variations in the last user compared to the preceding ones. For instance, in 
group 1, user 1 to user i − 1 employs SINR for decoding, while the last user i employs 
SNR for decoding. Consequently, there will be corresponding expressions of SINRs for 
xk (1 ≤ k ≤ i − 1) and an expression of SNR for xi , as depicted below

and

where ξ1 =
Pr1
σ 2 = a1ρ denotes the transmit SNR in group 1. Accordingly, the expres-

sions for SINRs and SNR in group 2 can be shown as

and

where ξ2 denotes the transmit SNR in group 2 with the value of a2ρ.

3 � Performance analysis
In this section, we will analyze the performance of our proposed P-NOMA-based lay-
ered D2D scheme for independent Rayleigh fading channels in terms of the ergodic SR 
and the outage probability.

3.1 � Ergodic SR analysis

Assume that the achievable rates for signals can always be uniformly described as Rk
SDm

 ; 
based on Shannon’s theorems, RDm

sum =
∑n

k=1 R
k
SDm

 is the SR performance of each group 

with the general form Rk
SDm

= B
2 log2(1+min{γM

SDm
, γmk

DmUmk
}) where M is the received 

message A/B for group m(1/2) as revealed in the aforementioned model. Therefore, 
Rsum =

∑2
m=1 R

Dm
sum is evidently the SR of the proposed system network.

For the sake of facilitating subsequent analysis, denoting 
∣
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∣

∣

2 = �SDm and 
∣

∣hDmUn

∣

∣

2 = �DmUn = �Dmn , from (3) and (4), the expression related to rate of each group 
during the first phase can be specifically written as 
RA
SD1

= ζB
2 log2(1+ �SD1ρ)+

ηB
2 log2(1+

�SD1
a1ρ

�SD1
a2ρ+1 ) and RB

SD2
= ηB

2 log2(1+ �SD2a2ρ) . 

In addition, considering the second relaying phase, combined with (5) and (6), the rate 
expression for the preceding k-th user in group 1 could be described as
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where χ1 = ζ�SD1ρ + η
�SD1

a1ρ

�SD1
a2ρ+1 and χ2 =

�D1k
bka1ρ

�D1k
τa1ρ+1 with τ =

∑i
e=k+1 be . Moreover, 

for the last user i in group 1, the rate expression could be described as

where χ1 is given as shown earlier and χ3 = �D1i bia1ρ . Hence, from equations (9) and 
(10), using the complementary cumulative distribution function (CCDF), the probability 
density function (PDF) and some complex calculations, the rates of all users’ in group 1 
could be deduced.

Considering the statistical distribution, the CCDF of Q1 can be formulated as 
FQ1(q1) = Pr

{

χ1>q1,χ2>q1

}

 . Suppose that the CCDF of �δ is F�δ
(q) = e

− q
βδ for 

δ∈{SDm,Dmn} ; hence, FQ1(q1) = e−φq1 always holds under certain conditions. According to 
[10], the rate for preceding user k in group 1 could be solved as

where µ = 1
ρβSD1

+ 1
a1ρβD1k

 , ν = 1
a2ρβSD1

+ 1
τa1ρβD1k

 . For g1 , considering the case of high 

SNR, where �SD1
a1ρ

�SD1
a2ρ+1∼

a1
a2

 , after some mathematical manipulations, the rate for the last 

user, i.e., Ci
SD1

 , could be expressed as

where α = 1
a2ζρβSD1

+ 1
bia1ρβD1i

 and κ = 1
bia1ρβD1i

+ 1
ζρβSD1

 . Combining (11) and (12), the 

closed-form expression of all users’ SR in group 1 could be written as 
CD1
sum =

∑i−1
k=1 C

k
SD1

+Ci
SD1

 . Similarly, considering users in group 2, the corresponding Q2 

and G2 could be expressed as

(9)
Q1 =min

{

γA
SD1

[f ], γ 1k
D1U1k

}

=min

{

χ1,χ2

}

.

(10)
G1 =min

{

γA
SD1

[f ], γ 1i
D1U1i

}
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}
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=
∫ ∞

0

1
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log2(1+q1)fQ1(q1)dq1

=
1

2ln2
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with χ4 = η�SD2a2ρ , χ5 =
�D2l

cla2ρ

�D2l
τ ′a2ρ+1 and τ ′ =

∑j
f=l+1 cf  , whereas

with χ6 = �D2j cja2ρ . In this case, there is a simpler χ4 . Hence, the closed-form expres-
sion of rates would be more convenient than the former. It can be seen from (13) and 
(14) that the rates of user l and user j in group 2 can also be deduced by using the analy-
sis method similar to that in group 1. Specifically, the closed-form expressions could be 
indicated as

where η′ = 1
ηa2ρβSD2

 and ψ ′ = 1
ηa2τ ′ρβSD2

 , as well as

where µ′ = 1
ηa2ρβSD2

+ 1
a2ρcjβD2j

 . Then, the closed-form SR expression for users in group 2 

is CD2
sum =

∑j−1
l=1 C

l
SD2

+Cj
SD2

 . Finally, the closed-form expression of the total SR for 
P-NOMA layered D2D system could be clearly indicated as Csum=Csum

SD1
+Csum

SD2
 . Up to 

this point, the first performance analysis in terms of SR is complete.

3.2 � Outage probability analysis

To further investigate performance, the outage probability will continue to be analyzed. 
Given the users’ QoS requirements, each user has a predetermined target data. Once the 
link capacity fails to meet the demand, system communication will be interrupted. Follow-
ing the above, the outage probability of the proposed P-NOMA layered D2D system will 
be analyzed. In group 1, assume that the target rate of user k is R1k , and the predefined 
target data rate threshold is RT1k

 ; hence, the outage probability expressed by OP1 could be 
described as

(13)
Q2 =min

{

γ B
SD2

[f ], γ 2l
D2U2l

}

=min

{

χ4,χ5

}

(14)
G2 =min

{

γ B
SD2

[f ], γ
2j
D2U2j

}

=min

{

χ4,χ6

}

(15)Cl
SD2

=
1

2ln2
eη

′
(

Ei
(

−ψ ′)− Ei
(

−η′
)

)

,

(16)C
j
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′
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For simplicity, it is assumed that ω1k = 2
2RT1k−1 in analysis. Based on the SR analysis 

above, the M1k could be expressed as

i.e., M1k≈e
− ω1k

(a1ρ−a2ρω1k )βSD1
− ω1k

(bk a1ρ−τa1ρω1k )βD1k  for the high transmit SNR case accord-
ing to the above analysis. However, for the last case, i.e., k = i , there is an approximate 

expression described as M1i≈e
− ω1i

(a1ρ−a2ρω1i)βSD1
− ω1i

(bia1ρ)βD1i  . By substituting M1k and M1i 
back into (17), the outage probability for group 1 could be approximated by Eq. (19) as 
shown below.

For the users in group 2, the outage probability OP2 can also be obtained by using a simi-
lar analysis method with the target rate described as R2l and the predefined threshold as 
RT2l

 . The specific expression is shown in Eq. (20). Up to now, two performance indexes 
have been analyzed.

4 � Numerical results
In this section, the performance simulations of the proposed P-NOMA-based layered 
D2D scheme are evaluated and compared with several previous schemes. For the con-
venience of simulation, the scenario of two users ( i = 2 ) in group 1 and one user ( j = 1 ) 
in group 2 is considered. Furthermore, assume that all numerical results are averaged 
over 50,000 channel realizations. In addition, the power distribution follows the charac-
teristics and structure of system model, namely layered, mixed and D2D NOMA.

In Fig. 3, for ergodic SRs, the analytical results match the simulated results well. Espe-
cially after 15dB, the SR of the proposed scheme is significantly improved compared 

(17)

OP1 =1−Pr
{
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= · · ·R1i>2
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∩· · ·∩
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∏
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︸ ︷︷ ︸
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.
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}

=Pr
{

γ A
SD1

>ω1k

}

Pr
{

γ 1k
D1,U1k

>ω1k

}

,

(19)
OP1 =1−

i
∏
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−

ω2j
(cja2ρ)βD2j



Page 10 of 17Ju and Sun ﻿J Wireless Com Network         (2024) 2024:45 

SNR [dB]
6 8 10 12 14 16 18 20 22 24 26 28 30

E
rg

od
ic

 S
um

 R
at

e 
[b

ps
/H

z]

0

1

2

3

4

5

6

7

8

9

10
G1-u1 Simulation
G1-u1 Analysis
G1-u2 Simulation
G1-u2 Analysis
G1-sum Simulation
G1-sum Analysis
G2-u Simulation
G2-u Analysis
Sum Simulation
Sum Analysis
Previous L-NOMA Sum

Proposed partial
L-NOMA : Sum

Conventional
L-NOMA: Sum
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with the previous layered NOMA (L-NOMA). In Fig. 4, the differences of inter-group 
and inner-group rates are demonstrated under different PA factors and partial rates. 
In Fig. 5, the two-dimensional diagram of the SRs versus power allocation factors with 
fixed transmit SNR is investigated, whereas Fig. 6 corresponds to the three-dimensional 
diagram. Furthermore, the ergodic SRs versus partial rate ζ is considered under two dif-
ferent transmit SNRs, as shown in Fig. 7. In addition, the outage performance of the pro-
posed layered D2D P-NOMA scheme and the difference with the previous scheme [19] 
are studied in Fig. 8 for O1 and in Fig. 9 for O2 , separately. Finally, Fig. 10 illustrates the 
improvement of system outage performance by comparing the proposed partial layered 
NOMA scheme in this paper with the conventional NOMA, the previous L-NOMA [19] 
and the partial NOMA schemes.

4.1 � Ergodic SR

Figure 3 shows the ergodic rates of the proposed partial L-NOMA and conventional 
L-NOMA schemes with fixed channel parameters when a1 = 0.9 , a2 = 1− a1 , as well 
as b1 = a1 , b2 = a2 , c1 = 1 and ζ = 0.6 , η = 1− ζ . Due to the approximation of the 
analytical formula, at low transmit SNR, the theoretical analysis of the exact aver-
age rate is not in perfect agreement with the simulation results. However, in the high 
SNR region, especially ρ ≥ 15 dB, the asymptotic results match the simulation results 
well, which is consistent with the practical situation. Hence, the advantages of our 
proposed scheme are also evident in the high SNR region. Obviously, the simulation 

SNR [dB]
0 5 10 15 20 25

O
ut

ag
e 

pr
ob

ab
ili

ty

10-3

10-2

10-1

100

Case1 Simulation
Case1 Analysis
Case2 Simulation
Case2 Analysis
Case3 Simulation
Case3 Analysis
Case1 Previous Sim
Case2 Previous Sim
Case3 Previous Sim

Fig. 9  The outage probability for group 2 ( O2 ) in the above three cases as in Fig. 8 versus the transmit SNR
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results agree well with the corresponding analysis results. Clearly, the sum rate of 
users in group 1 shown as the blue lines is greater than that in group 2 shown as the 
cyan lines. Considering the performance in terms of ergodic SR, the total SR of the 
proposed partial L-NOMA scheme is superior to the conventional L-NOMA SR after 
the SNR of ρ = 15 dB, as shown by the trend of the black and red lines. As you can 
see, Fig. 4 considers the SR for each group and for the entire system, involving three 
cases termed Cases I, II and III. In comparison with Case I, the total SR of the system 
in Case II increases when a1 appropriately reduces. Hence, moderate PA factors, such 
as a1 = 0.65 a2 = 0.35 , can effectively improve the total SR of whole system as shown 
in Case III. Meanwhile, three graphics show the same trend despite the differences 
between groups. As the power allocations a1 and b1 decrease, the rates in group 1 
decrease while the rates in group 2 increase, and the increment has more effect on the 
total SR than the decrement as described earlier.

Figures 5 and  6 show the ergodic SR with respect to PA factors a1 and b1 for the pro-
posed partial L-NOMA and conventional L-NOMA schemes with fixed transmit SNR 
as shown in figures, respectively. Clearly, in both the two-dimensional and the three-
dimensional graphs, there are always optimal values of a1 and b1 that maximize the SR of 
the entire communication system. As can be seen from the figures, the corresponding a1 
and b1 for the optimal ergodic SR are no longer close to 1, since partial strategy used in 
the first stage fully exploiting resource efficiency, which is more practical in the process 
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of NOMA power allocation. Moreover, Figs.  5 and   6 demonstrate that the proposed 
scheme surpasses the conventional one and is applicable across a wide range of PA coef-
ficients. The greatest advantage is observed at moderate PA values, approximately 0.5. 
However, it should be noted that the improved SR performance of the proposed scheme 
comes at the cost of increased system complexity, particularly in the first phase. Addi-
tionally, Fig.  7 expresses that increasing medium ζ will reduce the SR performance, 
which is due to the fact that a larger ζ results in more OMA and less NOMA, leading to 
greater performance degradation.

4.2 � Outage probability

Figures 8 and  9 demonstrate the outage probability performance of the proposed partial 
L-NOMA and the previous conventional L-NOMA schemes for groups 1 and 2 with three 
cases, where the PA factors are a1 = b1 = 0.8 , a2 = 1− a1 , as well as b2 = a2 , c1 = 1 and 
ζ = 0.6 , η = 1− ζ . The impact of channel parameters and thresholds on the outage prob-
ability performance has been investigated. In Fig. 8, with the increasing of channel gains 
as well as decreasing of the threshold in transmission, the performance of the considered 
schemes is improved, whereas the impact of partial rates on the performance in group 1 is 
insignificant. Another important observation from Fig. 9 is that the impact of partial rates 
ζ and η for users in group 2 is obvious, which is due to the low availability of resources for 
group 2 during the partial NOMA stage. Meanwhile, case 2 with the optimal outage prob-
ability can serve as a benchmark for comparing various schemes, including conventional 
NOMA, previous L-NOMA and partial NOMA, as well as the proposed partial L-NOMA, 
which is demonstrated in Fig. 10. As depicted in Fig. 10, the proposed partial L-NOMA 
scheme, as well as the previous L-NOMA scheme, exhibits superior performance com-
pared to conventional NOMA and partial NOMA schemes. Furthermore, incorporating a 
combination of partial and layered transmission in NOMA system enhances performance, 
which is consistent with the observations presented in the aforementioned figures.

5 � Conclusions
This paper investigated an efficient partial NOMA transmission scheme for a layered 
D2D system. By employing a partial strategy during the first layer, subcarrier signals 
can be flexibly overlapped instead of being completely covered with orthogonal or non-
orthogonal signals as in OMA or NOMA schemes. Various resource allocation and 
overlap rate scenarios are analyzed to identify the key factors influencing the advantages 
of the proposed scheme. Nevertheless, integrating partial and layered transmission in 
D2D NOMA enhances both system performance and flexibility, enabling different trade-
offs between system performance and complexity.

Abbreviations
AWGN	� Additive white Gaussian noise
BS	� Base station
CSI	� Channel state information
CCDF	� Complementary cumulative distribution function
D2D	� Device-to-device
NOMA	� Non-orthogonal multiple access
L-NOMA	� Layered non-orthogonal multiple access



Page 16 of 17Ju and Sun ﻿J Wireless Com Network         (2024) 2024:45 

OMA	� Orthogonal multiple access
P-NOMA	� Partial NOMA
PA	� Power allocation
QoS	� Quality of services
SIC	� Successive interference cancelation
SNR	� Signal-to-noise ratio
SINR	� Signal-to-interference-plus-noise ratio
SR	� Sum rate

Acknowledgements
The author would like to thank the Editor and reviewers for their valuable and insightful comments. The authors would 
gratefully acknowledge the grants from the National Natural Science Foundation of China (61971467), Basic Scientific 
Research of Nantong Science and Technology Project (JC22022026), Natural Science Research Program of Nantong Voca-
tional University (21ZK01), The sixth phase of Nantong “226 High-level Talents Training Project”, 2023 Jiangsu Universities 
“Qinglan Project”.

Author contributions
J. Ju conceived and designed the study. J. Ju and Q. Sun performed the simulations. J. Ju wrote the paper. Q. Sun 
reviewed the manuscript. All authors read and approved the manuscript.

Funding
The work was supported by National Natural Science Foundation of China (61971467), Basic Scientific Research of Nan-
tong Science and Technology Project (JC22022026), Natural Science Research Program of Nantong Vocational University 
(21ZK01), The sixth phase of Nantong “226 High-level Talents Training Project”, 2023 Jiangsu Universities “Qinglan Project”.

Availability of data and materials
The authors declare that the data and materials in this study are available on request from the corresponding author.

Competing interests
The authors declare that they have no conflict of interest.

Received: 16 February 2024   Accepted: 3 June 2024

References
	1.	 L. Dai, B. Wang, Y. Yuan, S. Han, I. Chih-Lin, Z. Wang, Non-orthogonal multiple access for 5G: solutions, challenges, 

opportunities, and future research trends. IEEE Commun. Mag. 53(9), 74–81 (2015)
	2.	 Z. Ding, Y. Liu, J. Choi, Q. Sun, M. Elkashlan, I. Chih-Lin, H.V. Poor, Application of non-orthogonal multiple access in 

LTE and 5G networks. IEEE Commun. Mag. 55(2), 185–191 (2017)
	3.	 M. Vaezi, Z. Ding, H.V. Poor, Multiple access techniques for 5G wireless networks and beyond (Springer, London, 2019)
	4.	 J. Zhang, J. Fan, J. Zhang, D.W.K. Ng, Q. Sun, B. Ai, Performance analysis and optimization of NOMA-based cell-free 

massive MIMO for IOT. IEEE Internet Things J. 19(12), 9625–9639 (2022)
	5.	 Jinho Choi, Non-orthogonal multiple access in downlink coordinated two-point systems. IEEE Commun. Lett. 18(2), 

313–316 (2014)
	6.	 Z. Ding, M. Peng, H.V. Poor, Cooperative non-orthogonal multiple access in 5G systems. IEEE Commun. Lett. 19(8), 

1462–1465 (2015)
	7.	 J.B. Kim, I.H. Lee, Capacity analysis of cooperative relaying systems using non-orthogonal multiple access. IEEE Com-

mun. Lett. 19(11), 1949–1952 (2015)
	8.	 P. Qian, Q. Sun, Z. Zhang, H. Zhao, Ergodic capacity analysis of multiple RIS? Aided dual? Hop DF relaying system. IET 

Commun. 16(16), 1973–1981 (2022)
	9.	 X. Li, J. Li, Y. Liu, Z. Ding, A. Nallanathan, Residual transceiver hardware impairments on cooperative NOMA networks. 

IEEE Trans. Wireless Commun. 19(1), 680–695 (2020)
	10.	 X. Min, F. Ji, M. Wen, D. Wei, Novel receiver design for the cooperative relaying system with non-orthogonal multiple 

access. IEEE Commun. Lett. 20(8), 1679–1682 (2016)
	11.	 R. Jiao, L. Dai, J. Zhang, R. Mackenzie, M. Hao, On the performance of NOMA-based cooperative relaying systems 

over Rician fading channels. IEEE Trans. Veh. Technol. 66(12), 11 409-11 413 (2017)
	12.	 D. Wan, M. Wen, F. Ji, Y. Liu, Y. Huang, Cooperative NOMA Systems with Partial Channel State Information over 

Nakagami-m Fading Channels. IEEE Trans. Commun. 66(3), 947–958 (2018)
	13.	 X. Li, M. Zhao, M. Zeng, S. Mumtaz, V.G. Menon, Z. Ding, O.A. Dobre, Hardware impaired ambient backscatter NOMA 

system: reliability and security. IEEE Trans. Commun. 69(4), 2723–2736 (2021)
	14.	 X. Li, Q. Wang, M. Zeng, Y. Liu, S. Dang, T.A. Tsiftsis, O.A. Dobre, Physical-layer authentication for ambient backscatter 

aided NOMA symbiotic systems. IEEE Trans. Commun. 71(4), 2288–2303 (2023)
	15.	 X. Li, Y. Zheng, J. Zhang, S. Dang, A. Nallanathan, S. Mumtaz, Finite SNR diversity-multiplexing trade-off in hybrid 

ABCom/RCom-assisted NOMA systems. IEEE Trans. Mobile Comput. (2024). https://​doi.​org/​10.​1109/​TMC.​2024.​33577​53
	16.	 Z. Zhang, M. Zheng, X. Ming, Z. Ding, P. Fan, Full-duplex device-to-device-aided cooperative non-orthogonal multi-

ple access. IEEE Trans. Veh. Technol. 66(5), 4467–4471 (2017)
	17.	 J.B. Kim, I.H. Lee, J.H. Lee, Capacity scaling for D2D aided cooperative relaying systems using NOMA. IEEE Wireless 

Commun. Lett. 7(1), 42–45 (2018)
	18.	 Y. Ji, W. Duan, M. Wen, P. Padidar, P.H. Ho, Spectral efficiency enhanced cooperative device-to-device systems with 

NOMA. IEEE Trans. Intell. Transp. Syst. 22(7), 4040–4050 (2021)

https://doi.org/10.1109/TMC.2024.3357753


Page 17 of 17Ju and Sun ﻿J Wireless Com Network         (2024) 2024:45 	

	19.	 J. Ju, J. Gu, G. Zhang, Layered D2D NOMA. China Commun. 18(1), 33–42 (2021)
	20.	 B. Kim, Y. Park, D. Hong, Partial non-orthogonal multiple access (P-NOMA). IEEE Wireless Commun. Lett. 8(5), 

1377–1380 (2019)
	21.	 W. Duan, J. Ju, J. Hou, Q. Sun, G. Zhang, Effective resource utilization schemes for decode-and-forward relay net-

works with NOMA. IEEE Access 7(99), 51 466-51 474 (2019)
	22.	 J. Ju, G. Zhang, Q. Sun, L. Jin, W. Duan, On the performance of receiver strategies for cooperative relaying cellular 

networks with NOMA. EURASIP J. Wirel. Commun. Netw. 1–15, 2019 (2019)
	23.	 Y. Ji, X. Zhang, G. Zhang, X. Zhu, Q. Sun, W. Duan, Use of NOMA for maritime communication networks with P-DF 

relaying channel. China Communications 17(7), 236–246 (2020)
	24.	 B. Zhuo, W. Duan, J. Gu, X. Gu, G. Zhang, Y. Ji, J. Choi, M. Wen, Partial-NOMA based physical layer security: forwarding 

design and secrecy analysis. IEEE Trans. Intell. Transp. Syst. 24(7), 7471–7484 (2023)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


	Performance analysis of partial NOMA-based layered D2D communications
	Abstract 
	1 Introduction
	2 Methodsexperimental
	2.1 P-NOMA scheme
	2.2 P-NOMA-based layered D2D scheme

	3 Performance analysis
	3.1 Ergodic SR analysis
	3.2 Outage probability analysis

	4 Numerical results
	4.1 Ergodic SR
	4.2 Outage probability

	5 Conclusions
	Acknowledgements
	References


