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Abstract—Non-orthogonal multiple access technique (NOMA)
has appeared at the forefront as a viable solution capable of
improving spectral and energy efficiency in fifth-generation (5G)
and beyond-5G networks. This study aims at evaluating the
benefits of adopting network slicing in cooperative NOMA-based
systems with underlay Device-to-Device (D2D) communications.
We formulate an optimization problem that maximizes the
overall system’s throughput while guaranteeing slices’ technical
requirements. We decouple the problem into two sub-problems:
first, assigning the cellular users to resource blocks allocated to
each NOMA group and then assigning D2D pairs to NOMA
groups. A two-stage resource allocation solution by swapping-
based matching theory is implemented. Numerical results show
that the proposed scenario outperforms other ones in terms of
the overall system’s throughput and the number of admitted D2D
pairs.

Index Terms—Cooperative NOMA, Network Slicing, Matching
Theory

I. INTRODUCTION

The rapid expansion of communication systems is rev-
olutionizing today’s world. As a result, new applications
emerge with various heterogeneous service types and tech-
nical requirements in terms of data rate, latency, and energy
consumption. The one-size-fits-all architecture of the previous
generation networks can not fully support this heterogene-
ity. Fifth-generation (5G) and beyond-5G (B5G) networks
are envisioned to support this heterogeneity using network
slicing to provide customized services satisfaction. These
services are classified into three types: enhanced mobile broad-
band (eMBB), which refers to services requiring high data
rates, ultra-reliable and low latency communications (URLLC)
which refers to mission-critical applications with low latency,
and massive machine-type communications (mMTC), which
stands for massively connected and energy-constrained ser-
vices [1]. The primary idea behind network slicing is to
divide the network into several flexible logical slices. Each is
designed to provide one of the aforementioned services while
sharing a common physical infrastructure. However, introduc-
ing network slicing faces numerous challenges in terms of
efficient and fair resource allocation and slice isolation. We
note that slice isolation refers to having separate slices so that
any change in one does not result in the required services
of another slice being unsatisfied [1]. Slice isolation can be
achieved by either assuming a fixed subset of resources for
each slice to which its users have restricted access, or by
defining requirements for each slice to be guaranteed without
restricting access to resources [2].

Lately, the concept of non-orthogonal multiple access
(NOMA) has appeared at the forefront as a viable solution ca-
pable of improving spectral and energy efficiency in B5G net-
works [3]. Unlike orthogonal multiple access (OMA) schemes
used in the previous generations of mobile cellular networks,
NOMA serves multiple users using the same resource blocks
(RBs). This can be done by superposition coding (SC) at
the transmitter level and successive interference cancellation
(SIC) at the receiver level. In other words, in the downlink,
the base station (BS) transmits a combined signal, which is a
superposition of multiple users’ signals with different assigned
power coefficients. Then, each user executes the SIC process
until its signal is decoded. Furthermore, in some scenarios,
users can act as relays to help one another, extend coverage,
and improve reception reliability; these scenarios are known
as cooperative NOMA (CNOMA) [4].

Since B5G systems aim to more support network hetero-
geneity and diversity, Device-to-Device (D2D) communica-
tions are much used in these systems. They enable direct
communication between close devices without passing the
base station (BS) [5]. Therefore, they serve the demands of
proximity-based services and improve throughput and latency.
To avoid the uncontrolled nature of the unlicensed spectrum
and for better spectral efficiency at the cost of interference [5],
the majority consider the in-band underlay D2D, i.e., share
licensed RBs of cellular users (CUs) [6, 7].

In this paper, the benefits of adopting network slicing in
cooperative NOMA-based systems with underlay D2D com-
munications are evaluated. To the best of our knowledge, this
is the first that has studied all of the aforementioned concepts.
In particular, we first enable the grouping of CUs having
similar requirements in the same slice. Then, within each slice,
we propose a two-step matching-theory-based algorithm to
determine the CUs that share the same RBs (referred to as
a NOMA group) and the underlay D2D pairs of each NOMA
group. The performance of the proposed scenario is analyzed
and compared to the case where network slicing is not adopted
in terms of the overall system throughput and the number of
admitted D2D pairs in the system.

The rest of the paper is structured as follows. Section II
presents the state-of-the-art. Section III defines the system
model. The problem formulation and the proposed solution
are presented in Sections IV and V, respectively. Section VI
presents the numerical results. Finally, Section VII concludes
our work and gives some perspectives.



II. RELATED WORKS

Authors in [6, 7] study resource allocation in NOMA-
based systems with D2D communications. However, they do
not consider network slicing nor the existence of heteroge-
neous technical requirements, but this study does. Authors
in [8–10] investigate resource allocation for network slicing-
enabled NOMA-based system with mobile edge computing
(MEC). In [8, 9], users are grouped into slices based on their
latency requirements. They use NOMA scheme to offload their
computing tasks to the MEC server at the base station, due
to its higher computational capability. The goal in [8] is to
minimize energy consumption, while [9] deals with a trade-
off between reducing energy consumption and minimizing
latency using a decision scheme between local computing and
offloading. Authors in [10] study network slicing with MEC
in vehicular systems. They use deep reinforcement learning
for vehicle’s slice and coverage range selection, and for
power allocation. Authors in [11] combine network slicing and
NOMA to send medical data in a mobile hospital system. They
assume two eMBB and URLLC slices; they implement power
optimization to maximize the system throughput. However,
these works have neither studied cooperative NOMA nor the
underlay of D2D communications. Thus, they do not exploit
the redundant information existence at the strong users due to
SIC to improve the weaker users’ performance, nor consider
the system’s heterogeneity with the existence of proximity-
based D2D communications, which is considered in this study.

According to the review of the literature, the research about
the network slicing synergy in cooperative NOMA-based
systems with underlay D2D communications, specifically for
resource allocation, is still in its early stages. Our major work
contributions in this paper are resumed as follows:

• A CNOMA-based cellular network with underlay D2D
communications is proposed. Two slices coexist, eMBB
and URLLC; their technical requirements are data rate
and latency, respectively.

• An efficient radio resource allocation algorithm based on
swapping-based matching theory is defined. Our algo-
rithm determines which cellular users are allocated to the
same RBs (i.e., to form a NOMA group), and which D2D
pairs share the RBs of each NOMA group.

• We aim to maximize the overall system throughput and
to increase the number of admitted D2D pairs while
guarantying slices’ technical requirements.

Our proposed system model is detailed in Section III.

III. SYSTEM MODEL

Consider the downlink transmission scenario of a cellular
network with one infrastructure provider represented by BS
and a set of radio resource blocks RBs R = {r|1 ≤ r ≤ |R|},
where each RB has a bandwidth B. The BS serves a set of
cellular users U= {i|i = 1, ..., |U|}. Denote by D= {d|d =
1, ..., |D|} the set of underlay D2D pairs. The network includes
a set of slices S = {s|1 ≤ s ≤ |S|} where each slice s requires
a different service. Several cellular users and D2D pairs are
associated with each slice. They are denoted by US= {Us|1 ≤
s ≤ |S|} and DS= {Ds|1 ≤ s ≤ |S|}, where Us and Ds are
the sets of cellular users and D2D pairs associated to slice
s ∈ S, respectively. Within each slice s, the system’s scenario
is detailed as follows:

• Cellular users Us are divided into different NOMA
groups. In each group, they share the same RBs. As in [4],

Fig. 1: Multi-slices CNOMA-based cellular network with
underlay D2D communications

we assume that each group is formed by only two cellular
users (to reduce SIC error propagation), a weak user with
a small channel gain, and a strong user with a higher
channel gain. Denote by Ns = {k|k = 1, ...,K}, the set
of NOMA groups for slice s ∈ S and by Ust

s and Uwe
s ,

the sets of strong and weak cellular users, respectively.
• We consider that, at most, q underlay D2D pairs share

the RBs with the cellular users in each NOMA group.
• Within each NOMA-group k for slice s ∈ S, we consider

a cooperative NOMA scenario where the strong cellular
user acts as an in-band full duplex relay to assist the
weak user. Due to the imperfect self-interference (SI)
cancellation techniques [12], the strong user will still be
affected by a specific SI level quantified by ρ ∈ [0, 1].1

The proposed system scenario is depicted in Fig. 1. For the
sake of clarity, not all interference links are shown. Only those
from and to one D2D pair are shown.

In the following equations, denote by h∗: the channel gain
coefficient between BS and the cellular user, or that between
transmitter and receiver of the D2D pair; and by h∗,∗′ : the
channel coefficient between any transmitter ∗ and receiver ∗′.

Within a NOMA group k of each slice s ∈ S, the received
signal by the strong cellular user, u ∈ Ust

s is given by:

yu =hu(
√
Puxu +

∑
v∈Uwe

s

ηk
v

√
Pvxv)︸ ︷︷ ︸

Superposed signal from BS

+ n︸︷︷︸
noise

+
√
ρhu,u

√
Prxr︸ ︷︷ ︸

Self Interference

+
∑

d∈Ds

ηk
d

√
Pdhd,uxd︸ ︷︷ ︸

Interference from D2D pairs

.
(1)

Equation (1) includes the superposed signal from BS, noise,
SI, and interference from D2D pairs sharing the same RBs,
respectively. xu, Pu, xv , and Pv denote the intended messages
and allocated power for the strong user u ∈ Ust

s and weak user
v ∈ Uwe

s of each NOMA group k, respectively. xr and Pr are
the decoded and relayed message from u to v and its relaying
power, respectively. The binary variable ηki indicates if the
cellular user i ∈ Us belongs to the NOMA group k ∈ Ns , and
ηkd indicates if D2D pair d shares RBs of k. xd and Pd denote
the transmit signal and power of the D2D pair, respectively.

1ρ indicates the ratio of the residual SI level after SI cancellation; a ρ = 0
indicates perfect SI cancellation, and ρ = 1 indicates no SI cancellation at
all.



User u ∈ Ust
s applies SIC and first decodes xv . The received

signal to interference plus noise ratio (SINR) at u to decode
xv is given by:

γu,v =
|hu|2Pv

|hu|2Pu +
∑

d∈Ds
ηk
d |hd,u|2Pd + ρ|hu,u|2Pr + σ2 + σ2

c

.

(2)
σ2 = BN0 and σ2

c refer to the additive white Gaussian noise
(AWGN) and circuit hardware noise power, respectively. N0
is the AWGN power spectral density. Then, it decodes xu. The
received SINR at u to decode xu is given by:

γu,u =
|hu|2Pu∑

d∈Ds
ηk
d |hd,u|2Pd + ρ|hu,u|2Pr + σ2 + σ2

c

. (3)

For the weak user v ∈ Uwe
s in NOMA group k, it receives its

data from two sides: directly from BS and from the strong user
u acting as a relay in the same NOMA group k. It is affected
by D2D interference, so its received signal yv , received SINR
γv,v to decode the data transmitted by BS, and received SINR
γv,u to decode data forwarded by u are respectively given by:

yv =hv(
√
Pvxv +

∑
u∈Ust

s

ηk
u

√
Puxu)︸ ︷︷ ︸

Superposed signal from BS

+n

+ hu,v

√
Prxr︸ ︷︷ ︸

Relayed signal from strong user

+
∑

d∈Ds

ηk
d

√
Pdhd,vxd︸ ︷︷ ︸

Interference from D2D pairs

,
(4)

γv,v =
|hv|2Pv

|hv|2
∑

u∈Ust
s

ηk
uPu +

∑
d∈Ds

ηk
d |hd,v|2Pd + σ2 + σ2

c

,

(5)

γv,u =
|hu,v|2Pr∑

d∈Ds
ηkd |hd,v|2Pd + σ2 + σ2

c

. (6)

User v combines the signals received from BS and the strong
user u using maximal ratio combining technique[13], so its
received SINR is γMRC = γv,u + γv,v .

Within the same NOMA group k, the data rates of a strong
user u and a weak user v can be given, respectively, by:

Ru = B
∑

r∈R
λk
r log2

(
1 + γu,u

)
, (7)

Rv = B
∑

r∈R
λk
rmin(log2(1 + γMRC), log2(1 + γu,v)), (8)

where λkr is the binary variable that indicates if RB r ∈ R is
allocated to NOMA group k or not. Furthermore, for a D2D
receiver d sharing RBs of k, its received signal yd, received
SINR γd, and data rate Rd are respectively given in (9), (10),
and (11):

yd =
√
Pdhdxd︸ ︷︷ ︸

D2D transmitter signal

+hBS,d(
√
Puxu +

√
Pvxv)︸ ︷︷ ︸

Interference from BS

+n

+ hu,d

√
Prxr︸ ︷︷ ︸

Interference from the strong user

+
∑

d′∈Ds\{d}
ηk
d′
√

Pd′hd′,dxd′︸ ︷︷ ︸
Interference from other D2D pairs

,

(9)

γd =
|hd|2Pd

|hBS,d|2P +
∑

d′∈Ds\{d} η
k
d′ |hd′,d|2Pd′ + |hu,d|2Pr + σ2 + σ2

c

(10)
Rd = B

∑
r∈R

λkr log2(1 + γd), (11)

where P=Pu+Pv. Note that the D2D receiver d receives the
transmit signal from its D2D transmitter, and is affected by
interference from the BS, the strong user u and the other D2D
pairs sharing the RBs allocated to NOMA group k.
In the next section, the optimization problem is formulated.

IV. PROBLEM FORMULATION

In our system, we aim to maximize the overall system
throughput and satisfy slices’ technical requirements. In this
section, the slices’ technical requirements and the total system
throughput are defined. Then, the optimization problem is
formulated.

For the eMBB slice, the throughput of cellular users and
D2D pairs must exceed a minimum threshold. So, the technical
requirement of this slice is expressed by :

Rj ≥

{
Rmin

CUs , ∀j ∈ U
Rmin

d , ∀j ∈ D,
(12)

For the URLLC slice, the latency of cellular users and D2D
pairs must not exceed a given threshold. Denote by Xj the data
size. So, the technical requirement of this slice is:

Tj =
Xj

Rj
≤

{
Tmax
CUs , ∀j ∈ U
Tmax
d , ∀j ∈ D .

(13)

The overall system throughput Rsum is given by:

Rsum =
∑
s∈S

∑
k∈Ns

( ∑
u∈Ust

s

ηk
uRu +

∑
v∈Uwe

s

ηk
vRv +

∑
d∈Ds

ηk
dRd

)
(14)

Intuitively, the two objectives of maximizing Rsum and
satisfying each slice’s technical requirement depend on:

• Intra-NOMA group interference (inferred by ηki , k ∈ Ns,
i ∈ U),

• Interference between the D2D pairs and the cellular users
of a NOMA group (inferred by ηkd , d ∈ D).

Our optimization problem can be formulated as follows:

P1: max
η

Rsum(η)

s.t. C1 : ηk
d , η

k
i ∈ {0, 1}, ∀i ∈ U ; d ∈ D; k ∈ Ns; s ∈ S,

C2 :
∑

k∈Ns

ηk
d ≤ 1, ∀d ∈ D; s ∈ S,

C3 :
∑

k∈Ns

ηk
i = 1, ∀i ∈ U ; s ∈ S,

C4 :
∑

d∈D
ηk
d ≤ q, ∀k ∈ Ns; s ∈ S,

C5 :
∑

i∈U
ηk
i = 2, ∀k ∈ Ns; s ∈ S,

C6 :
∑

u∈Ust
s

ηk
u = 1,

∑
v∈Uwe

s

ηk
v = 1, ∀k ∈ Ns; s ∈ S,

C7 :
∑

s∈S

∑
k∈Ns

∑
r∈R

λk
r ≤| R |,

C8 : γu,v ≥ γv,v,

C9 : (12), (13).
(15)

Constraint C1 ensures binary values to indicate whether the
CU i and D2D pair d are allocated the RBs of NOMA group k
or not. Constraints C2 and C3 ensure that each D2D pair d and
CU i are associated to only one NOMA group k. Constraint
C4 guarantees that at most q D2D pairs are associated to
each NOMA group k. Constraints C5 and C6 guarantee that
there are only 2 CUs in each NOMA group k: one strong CU
u ∈ Ust

s and one weak CU v ∈ Uwe
s . Constraint C7 ensures

that the number of allocated RBs to the NOMA groups in all
slices does not exceed the total number of RBs. Constraint C8



ensures the SIC success within each NOMA group k. Finally,
C9 ensures the satisfaction of technical requirements of each
slice s ∈ S. Problem P1 is a non-convex problem introducing
computational complexity to reach an optimal solution. So,
we decouple it into two sub-problems: i) NOMA-grouping of
CUs, ii) D2D-NOMA groups matching. In each sub-problem,
we consider the slices’ technical requirements and the total
system throughput. We solve them using matching theory [14]
as explained in Section V.

V. PROPOSED SOLUTION

In this section, we present the proposed solution to the two
sub-problems presented above in two stages: 1) Assigning CUs
to RBs of NOMA groups (ηki , i ∈ U , k ∈ Ns); 2) Assigning
D2D pairs to RBs of NOMA groups (ηkd , d ∈ D, k ∈ Ns), as
detailed in Algorithms 1 and 2, respectively. They are solved
using swapping-based matching theory.

In the first sub-problem, ηkd , k ∈ Ns, is randomly fixed,
while CUs and NOMA groups are the two player sets to be
matched. Each CU is matched to one NOMA group, and each
NOMA group is matched to two CUs. This forms a many-to-
one matching ψg with externalities (interference) [14].

Definition 1. A many-to-one matching ψg is defined over the
set Us ∪Ns and is characterized by:

• | ψg(i) | = 1, ∀ i ∈ Us and ψg(i) ∈ Ns;
• | ψg(k) | = 2, ∀ k ∈ Ns and ψg(k) ⊂ Us;
• ψg(i) = k if i ∈ ψg(k);
• ψg(k) = {i ∈ Us : ψg(i) = k},

where |.| denotes the cardinality. Each player in a set has
different preferences for the players of the opposite set. This
preference is determined by its satisfaction when matched with
players from the opposite set. Utility functions can be used to
quantify these preferences.

For any CU i, its preference on a NOMA group k is
quantified by the utility function Ui(k). And for a NOMA
group k, its preference on a set of CUs (i′ and i′′) is quantified
in Uk(i

′, i′′). They are formulated as below:

Ui(k) = biRi (16)

Uk(i
′, i′′) = bi′bi′′

(
Ri′ +Ri′′ +

∑
d∈D∗

s,k

Rd

)
, (17)

where Ri, Ri′ , and Ri′′ in (16) and (17) are related to (7) and
(8) depending on whether it is strong or weak CU. Rd relates
to (11), and D∗

s,k denotes D2D pairs that are initially matched
to share RBs of NOMA group k (randomly fixed ηkd ). bi is a
binary variable that indicates if the technical requirement of
the CU i ∈ Us is satisfied or not; it is related to (12) and (13).

For the swapping iteration, two CUs, i and i′, matched to
different NOMA groups k and k′, respectively, swap their
matched groups. This changes the matching ψg (where k =
ψg(i), k

′ = ψg(i
′)) to ψi′,i

g (where k = ψg(i
′), k′ = ψg(i)).

If they can swap, they are called a swap-blocking pair. The
swap-blocking pair is defined over these Pareto conditions:

Definition 2. (i, i’) is a swap-blocking pair if and only if
• ∀z ∈ {i , i′ , k , k′}, Uz(ψ

i′,i
g ) ≥ Uz(ψg)

• ∃z ∈ {i , i′ , k , k′} such that Uz(ψ
i′,i
g ) > Uz(ψg),

where Uz(ψg) and Uz(ψ
i′,i
g ) are the utilities of element z

in the case of matching ψg and ψi′,i
g , respectively.

Algorithm 1 shows how NOMA-grouping in each slice s
is implemented using swapping-based matching theory. It is
initialized with a fixed ηkd . Then, it runs swapping between
CUs. Swapping is approved if it increases the total throughput
and satisfies Pareto conditions, the slice technical require-
ments, and other P1 constraints. Algorithm 1 runs until no
swap-blocking pairs exist, achieving Pareto efficiency and thus
reaching the final stable matching ψfinal

g .

Algorithm 1: NOMA-grouping algorithm.
Input : Us, Ds, D∗

s,k, λk, ψg = ϕ, ∀k ∈ Ns, ∀s ∈ S
foreach s ∈ S do

For initial matching ψ0
g , randomly pair CUs to

form NOMA groups; ψg ← ψ0
g

end
foreach s ∈ S do

repeat
foreach i ∈ Us do

foreach i′ ∈ Us do
if (i, i′) satisfies Pareto conditions and

constraints of P1 then
i and i′ swap their matches,
ψg ← ψi′,i

g

else
i and i′ do not swap; ψg ← ψg

end
end

end
until Pareto efficiency is achieved.

end
Output : ηki , ψfinal

g

The second sub-problem aims to find the D2D pairs that
share the RBs of each NOMA group. So, D2D pairs and
NOMA groups are the two players’ sets. Each D2D pair d
can be matched to only one NOMA group k, and each NOMA
group k can be matched to a subset of D2D pairs D′ ⊂ Ds so
that |D′| ≤ q. A similar swapping-based matching algorithm
is implemented. What differs is that some D2D pairs might
not be admitted into the system (i.e., they are not associated
to any NOMA group). The utilities of d on k and that of k
on D′ are formulated, respectively, as:

Ud(k) = bdRd (18)

Uk(D
′) = bubv

(
Ru +Rv +

∑
d′∈D′

Rd′

)∏
d′∈D′

bd, (19)

where bu and bv refer to the binary variables that indicate the
satisfaction of the technical requirements of the strong user u
and weak user v that are already associated to NOMA group
k as an output of Algorithm 1; and bd refers to the binary
variable indicating the technical requirement satisfaction of
D2D pair d. Similar to Algorithm 1, in each slice s ∈ S , we
aim a stable matching ψd with no swap-blocking pairs (d, d’)



where d and d′ ∈ Ds. Algorithm 2 takes as an input the output
of Algorithm 1, it iterates until no swap-blocking pairs exist,
and outputs ψfinal

d .

Algorithm 2: NOMA groups-D2D pairs matching
algorithm.

Input : Ns, Ds, λk, ψd, ψfinal
g , ∀k ∈ Ns, ∀s ∈ S

foreach s ∈ S do
repeat

foreach d ∈ Ds do
foreach d′ ∈ Ds do

if (d, d′) satisfies Pareto conditions and
constraints of P1 then
d and d′ swap their matches,
ψd ← ψd′,d

d
else

d and d′ do not swap; ψd ← ψd

end
end

end
until Pareto efficiency is achieved.

end
Output : ηkd , ψ

final
d

The numerical results of implementing these two algorithms
are presented in the next section.

VI. NUMERICAL RESULTS

In this section, we analyze the system’s performance using
MATLAB. We assume a uniform cellular distribution with one
BS at the center and a cell radius of 300 m. D2D pairs are
randomly located over the cell coverage. Strong CUs are ran-
domly located such that their distances to BS is at maximum
50% of the cell radius, and for weak CUs, at least 85% of it.
An example of network topology with 12 CUs and 14 D2D
pairs is shown in Fig. 2. As in [13], the following path loss
model is adopted: PL(distance) = distance−τ , where τ = 2
refers to the path loss exponent. Table I shows the system
parameters used unless otherwise specified. The results are
averaged and plotted over 1000 random cellular distributions,
and the co nfidence intervals of 95% are computed.

We start by evaluating the performance of the proposed
algorithm in terms of convergence rate. Fig. 3 shows the CDF
of the number of swapping iterations for different numbers of
CUs and D2D pairs in both slices. We note that the number
of swapping iterations is the sum of the total number of
swappings in algorithms 1 and 2. Intuitively, the higher the
number of CUs and D2D pairs, the higher the probability of
having swap-blocking pairs. This is clearly shown in Fig. 3,
with a maximum of ≈37 iterations to reach the convergence.

In the following, the influence of the transmit power of the
underlay D2D communications on the overall system through-
put and the number of admitted D2D pairs is studied. The
latter quantifies the number of D2D pairs admitted to underlay
the cellular communication (i.e., share the RBs allocated to

TABLE I: Simulation Parameters

NOMA groups, D2D pairs / slice 11, 23
Maximum power of base station 46 dBm

Transmit power of D2D pair 15dBm
Transmit power of strong CU 10dBm
Bandwidth, Number of RBs 20 MHz, 100

Channel Model Rayleigh Fading & Path loss
AWGN power spectral density -174 dBm/Hz
Circuit Hardware Noise power -80dBm

Residual SI factor ρ 0.02
Rmin

CUs, R
min
d 1Mbps, 0.5Mbps

Tmax
CUs , T

max
d , Xj 5 ms, 10 ms, 7000 bits

-200 0 200

-200

0

200 strong user

weak user

D2D Tx

D2D Rx

slice 1

slice 2

Fig. 2: Cellular Distribution

the NOMA groups). As these D2D pairs introduce additional
interference, their admission depends on the satisfaction of the
technical requirements of the CUs in each slice.

Fig. 4 studies the effect of varying the SI cancellation
level on the performance of the proposed algorithm. It shows
that less residual SI (better SI cancellation) achieves higher
total throughput and number of admitted D2D pairs. As Pd

increases, the interference on CUs increases, so the number
of admitted D2D pairs decreases. While the total throughput
initially increases due to the increase of the D2D data rates,
it reaches a peak and then starts to decrease due to increased
interference level. This also applies to figures 5 and 6.

Fig. 5 compares the performance of different matching
schemes between D2D pairs and NOMA groups. In particular,
the many-to-one matching (i.e., considered in our paper) is
compared to the one-to-one matching (i.e., only one D2D pair
can share the RBs allocated to one NOMA group), and random
many-to-one (i.e., many D2D pairs can randomly share the
RBs of one NOMA group without using matching theory).
Numerical results show that the many-to-one matching scheme
outperforms the other two in terms of the overall throughput
and the number of admitted D2D pairs. The random many-to-
one scheme presents the worst performance.

Fig. 6 studies the effect of network slicing on our system’s
performance. For comparison, we consider a scenario where
the network slicing is disabled (i.e., users of heterogeneous
service types are not separated into different slices. They may
share the same RBs (different service type CUs can be in the
same NOMA group k, and different service type D2D pairs
can share the RBs allocated to k), and their diverse technical
requirements are not considered, but a common quality of ser-
vice requirement is considered). Numerical results show that
the enabled-network slicing scenario outperforms the other in
terms of the overall throughput and the number of admitted
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Fig. 4: Comparison of our proposed algorithm’s performance
versus D2D transmit power for different residual SI levels

D2D pairs. This is due to the different interference tolerance of
different service type users. The gap between the two scenarios
increases with Pd because the increase in interference level
highlights the different interference tolerance and the need to
consider different technical requirements separately.

VII. CONCLUSION

In this paper, the benefits of adopting network slicing in
full-duplex CNOMA-based networks with underlay D2D com-
munications are investigated. An optimization problem that
maximizes the overall system’s throughput while respecting
slices’ technical requirements is formulated. A two-phases
heuristic based on matching theory is proposed. In particular,
the convergence of the proposed solution is proved, and its
performance is analyzed as a function of different residual
SI levels. Furthermore, we have compared it with another
scenario from the state of the art where network slicing is not
adopted. It is shown that the proposed solution outperforms its
counterpart in terms of the overall throughput and the number
of admitted D2D pairs. As a future work, we plan to extend
the proposed solution by varying NOMA-groups sizes.
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