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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 aidled 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 /sp,,.
Subsequently, the strong users acting as “relay nodes” will decode and forward signals
in the next stage, via channels denoted by /p,,1;,. For the sake of distinction, i and j rep-
resent the number of users in group 1 and group 2, respectively. Additionally, P; and P,
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 Asp,, and Ap,,.;,, 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 ¢ 4+ 1 = 1 as well as the power allocation coefficients of

a1 +ay=1.

R1 | R2 |
— > »
1
|
@ 0 group 1
|
1
group 1 :
02 group 2
< ?L #l
[ (B [ nB |
ata=1 (+n=1
A B

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

SINRp,_ (A ‘hSDm’ip for J ek
D, (A[f]= L VR Y w
|hsDy, | azp+1

and

SINRp,, B)[f] = |hsp,, | a2p for feR 2)

where frepresents the subcarrier in the frequency domain, p signifies the transmit SNR,
R; and R; denote the non-overlapping and overlapping regions, respectively, while ¢ and
n 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 D; and Dj. 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 /P;A in R and /a1 P;A in R for group 1 as well as v/aP;B in R,
only for group 2, where A or B is the signal of the corresponding group m (m € {1,2}),

Partial D1 ¥ N

NOMA
NOMA

hsp,
(J;\ilD”,l], /,‘

D, > —p Layerl Direct Phase
BS

Fig. 2 The proposed P-NOMA-based layered D2D scheme

— —=p Layer2 Cooperative Phase
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a1 and aj 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 (¢ 4+ n)B in Fig. 1, it is a partial NOMA structure, where ¢B
portion corresponds to OMA and nB 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 > ay 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 R,
and NOMA in R; frequency domain. To obtain signal B for group 2, SIC technology
is also acquired at D,. Obviously, in this manner, the received SINRs V?Dm and VsBDm at
relay m node can be referenced by the above expressions (1) and (2) as

|h5D1|2,o for feR

A 2
Voo [f1 = _lso, ["are_ : 3)
|hsp, [*azp+1 Jor f€R
and
2
vén, If] = |hsp,| azp for feRy (4)

where the normalized additive white Gaussian noise (AWGN) np,, ~ CN (0, o?) is used
during the first P-NOMA transmission with p = % According to the discussed power
allocation criterion, parameters a; and a; 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 Sp,, 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 |thu1 |2 <...< |thL1n}2- Without loss of gener-
ality, the use of NOMA means by > by ---b;_1 > b; with Zf’l:l b, =1 for relay node
Diin group 1 and ¢y > ¢y -+ ¢j—1 > ¢j with 22:1 ¢y = 1 for relay node Dy in group 2,
where b,, and ¢, denote the second-level power allocation coefficients. In other words,
the parameters b, and ¢, only need to satisfy the sorting relationship of the channel
qualities during each group. Consequently, the transmitted signals at nodes D; and
Dy can be written as Sp, = \/blPrlxl + \/bzPrlxg + o+ /b Prxig + \/lTPrlxi

and Sp, = \/c1Prz1 + \/2Pr,z2 + -+ + \/¢i—1PrZj1 + £ /CiPr,2j, Where P, = a,P;
denotes the transmitted power of relay. Finally, the received signal can be, respectively,
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described as yp,u;, = hp,u;Sp, + np,u; and IDu; = thL[,»SDz + np,u;, where np,,u,
denotes the additive white Gaussian noise with zero mean and variance o',
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

xr (1 < k <i—1)and an expression of SNR for x;, as depicted below

|hpyu, |2bk51

= 2 -
Dy |” Yok bebr +1

1k
YDy, Uy

and

bty (6)

1i _
YDyt = !thUi

where & = I;%‘ = a1 p denotes the transmit SNR in group 1. Accordingly, the expres-
sions for SINRs and SNR in group 2 can be shown as

2
yzl _ |hD2U1| a2 7)
Do,Uy — 2 —Jj
’ |thu,’ Z}:ZH bf& +1
and
9 2
VDZyUZj = ‘hDgLI,' C]Ez (8)

where & denotes the transmit SNR in group 2 with the value of a5 p.

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 RﬁDm;
based on Shannon’s theorems, RD» = S77_, R]S‘Dm is the SR performance of each group

with the general form ngDm = glogz(l + min{ysl}/[)m, y]grlrl\(Umk}) where M is the received
message A/B for group m(1/2) as revealed in the aforementioned model. Therefore,
Reum = anzl RPm_is evidently the SR of the proposed system network.

For the sake of facilitating subsequent analysis, denoting |h5Dm |2 = Asp,, and
|thUn |2 = AD,, U, = 2D,y from (3) and (4), the expression related to rate of each group
during the first phase can be specifically written as

2
R?Dl = % log, (1 + Asp, p) + % log, (1 + %) and REDZ = % log, (1 + Asp,a2p).

.SDILI
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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o)) =min{y§})1 [£], yﬁ‘fulk}

)
Zmin{XI) XZ}-

SD ap
where x1 = {Asp,p + ’lm

4Dy brarp

and y3 = 7Dy TP+

with 7 =", _; | be. Moreover,

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

G1 =min { y§})1 [f], Vl%ilUn }
(10)
=min { X1, X3 }

where x; is given as shown earlier and x3 = Ap,,b;a1p. 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 Q; can be formulatgd as
Fo,(q1) = Pr {x1>q1, X2>q1 } Suppose that the CCDF of A5 is F,,(q) =e % for
8€{SDy1, Dy }; hence, By,(q1) = e~ %41 always holds under certain conditions. According to
[10], the rate for preceding user k in group 1 could be solved as

01
CSD1 /0 glogz(lwl)fgl(ql)dql

~2In2 T+a1 (11)
1
== 2 <e“E1( n) — e Ei(— v))
where 1 = pﬂénl +o- pllngk, V= p};SD1+TﬂlplﬂD . For g1, considering the case of high

2
SNR, where SD;Z;ZI Zl, after some mathematical manipulations, the rate for the last

user, i.e., CSDl, could be expressed as

1 [1-Fg @)
clo = 180,
SD1 = 92 / 1+ &

0
~2In2¢ ( = K))

1 1 1
a28pPBsp, + bia1pPpy; bia1pPpy; + ZﬂﬂSD
closed-form expression of all users’ SR in group 1 could be written as

(12)

where o = and x =

Combining (11) and (12), the

ch= E;;ll C§D1+C§Dl. Similarly, considering users in group 2, the corresponding Q;

and G, could be expressed as
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Q5 =min VS?DZ [f], VJ%IZUZI}

{ (13)
=min{X4, Xs}

Dy, a2

: J
with x4 = nisp,a2p, x5 = Toy VanpF1 andt/ = Zf=1+1 cr, whereas

. 2j
Go me{)/sBD2 (f], yDJzUzj }

=min { X4, X6 }

with xe¢ = /lDzl,c,az,o. In this case, there is a simpler x4. Hence, the closed-form expres-

(14)

sion of rates would be more convenient than the former. It can be seen from (13) and
(14) that the rates of user / 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

1 /
] . .
Csp, =72ln2€n (El(—lp/) — El(—i)/)), (15)
1 1
Where 7’]/ = m and w/ = m, as Well as
j 1 !, /
dSDz = — meu El(_M ) (16)

1 + 1
na20Bspy * a2P¢iPpy;

where u' = . Then, the closed-form SR expression for users in group 2

is C2 = Z’l;i CéDZ—I-C{gDZ. Finally, the closed-form expression of the total SR for
P-NOMA layered D2D system could be clearly indicated as Csum= Cgp;+Csp,- 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 Ry, and the predefined
target data rate threshold is R7;,; hence, the outage probability expressed by OP; could be
described as
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opP, :1—Pr{R11>22RTn 1. Ry>2%Te —q
=... R1i>22RTU — 1}
=1—Pr{R11>22RTM - 1)0. : ~O(RU>22RTU —1} 17)

1]
=1-[ [ Pr(Ry>2*7x —1).
k=1

Mk

For simplicity, it is assumed that w; = 2*7ik—1 in analysis. Based on the SR analysis

above, the My could be expressed as

Mg :Pr{min{ys%l, Vl%lf,Un( } > wlk}

(18)
=Pr{y§\D1> wlk}Pr{szf,ulk> wlk},

_ N _ N
. ( — ) [ — . .
ie, Myme “@P720eubsoy Crte=t@rowfdy for the high transmit SNR case accord-

ing to the above analysis. However, for the last case, i.e., kK = i, there is an approximate
_ [T

@1
. . —apeT; - , I
expression described as M e “1772PWPspy Cier0fpy; By substituting M1z and My;

back into (17), the outage probability for group 1 could be approximated by Eq. (19) as

shown below.

L
0Py =1- [ Pr(Ry>2"*7x — 1)

k=1 M (19)

w1 w1

i—1 D1k D1k
-3 + L L
~l—e k=1\(ayp=azpw1)Bsp, (hkalpfmlﬁwlk)ﬂz)lk} (ayp=azpw1)Bsp,  (bja1p)Bp;

For the users in group 2, the outage probability OP; can also be obtained by using a simi-
lar analysis method with the target rate described as Ry; and the predefined threshold as
R7;,. The specific expression is shown in Eq. (20). Up to now, two performance indexes
have been analyzed.
j
0P, =1 — [ ] Pr(Ry>2* 72 — 1)
= Mo (20)

_s/1 ) w9 Y Yy
—1_e =1\ azp)Bsp, * (eazp—t'azpwyBp,, G1a2mBsp, — (a20)PDy,;

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
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Fig. 8 The outage probability for group 1 (Oy) in three cases. Case 1 versus the target rate as 0.6 with fixed
Zsp, =10,7p,, =4and Ap,, = 6,aswell as Asp, = 6and Ap,, = 6. Case 2 versus the same target rate in case
1 with fixed Asp, = 18, Ap,, = 6and Ap,, = 10, as well as Asp, = 10and Ap,, = 5. Case 3 versus the target
rate as 0.75 with the same channel parameters in case 2
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Fig. 9 The outage probability for group 2 (0,) in the above three cases as in Fig. 8 versus the transmit SNR

1078

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 ¢ 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 O7 and in Fig. 9 for O, 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 a; = 0.9, ay = 1 — a1, as well
as by = a1, by =az, ¢t =1and { =0.6, n =1 —¢. 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 p > 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
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Fig. 10 Comparison of the outage probability for whole system between the proposed scheme and three
other previous NOMA schemes versus different power allocation factors a; /by with particular partial rate ¢
=0.6incase 2in Fig. 8

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 p = 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, IT and III. In comparison with Case I, the total SR of the system
in Case II increases when a; appropriately reduces. Hence, moderate PA factors, such
as a1 = 0.65 ap = 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 a; and by 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 a; and b, 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 ; and b that maximize the SR of
the entire communication system. As can be seen from the figures, the corresponding a;
and b 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

Page 14 of 17



Ju and Sun J Wireless Com Network ~ (2024) 2024:45 Page 150f 17

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 ¢ will reduce the SR performance,
which is due to the fact that a larger ¢ 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 a; = by = 0.8,ay =1 — aj, as well as by = ay, ¢; = 1and
¢ =0.6,n =1 — ¢. 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
¢ and n 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.
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