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Abstract This paper investigates a cooperative non-orthogonal multiple access
(NOMA) network, where cell center users (CU) can directly communicate with base
stations (BS), while cell edge users (EU) needs to have half-duplex relay to assist in
transmission. Specially, a D2D communication link from relay to CU is designed,
which fully exploits the spectral resource to transmit a new signal. In addition, a
two-stage relay selection strategy (TSRS) is proposed, which maximizes the proba-
bility of CU’s successful decoding under the premise of ensuring reliable reception
of the EU. To evaluate the proposed D2D aided cooperative relaying using NOMA
(DC-NOMA) scheme, exact outage probabilities of each user data are derived and
confirmed by Monte-Carlo computer simulations. By analyzing the outage proba-
bility, the performance of the proposed DC-NOMA using the TSRS outperforms
that of the partial relay selection scheme (PRSS). In particular, the increase in the
number of relays can effectively improve the outage performance of the proposed
DC-NOMA using the TSRS network.

1 Introduction

With the explosive growth of Internet of Things (IoT) devices and user services,
future wireless communications network will face major challenges in high spec-
tral efficiency, low latency and massive connectivity [1]. Against this background,
a key technology for next-generation cellular communications is NOMA since it
allows multiple users to allocate different power domains by sharing the same
frequency/time/code resources [2, 3]. Many researchers are dedicated to studying
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NOMA integrated with existing advanced schemes such as cooperative relaying
system (CRS) [4], device-to-device (D2D) [5] and cognitive radio (CR) [6].

Relay technology is widely used in modern wireless communication networks
because of its advantages in effectively expanding network coverage and improving
communication reliability. Reference [7] studies a downlink full-duplex relay system
using NOMA and considers the influence of self-interference factor on the system
outage probability. D2D communication has now attracted intensive attention due to
it can improve the local spectral efficiency. The key idea of D2D is to allow direct
communication between two adjacent devices without a base station (BS) involved
[8]. The work in [9] proposes cooperative D2D communication with multiple D2D
pairs, and optimal power allocation is obtained. A D2D-aided C-NOMA (DC-
NOMA) was presented in [10] to enhance the outage performance of the EU link
using NOMA. An appropriate power allocation factor is selected, the ergodic sum
capacities of DC-NOMA becomes better than C-NOMA and C-OMA [11].

Considering the multi-user relay system, the diamond-like relay selection model
is studied [12]. On the basis of the max–min scheme, performance analysis of two
relay modes are carried out: amplify-and-forward (AF) and decode-and-forward
(DF). The simulation results show that DF relay performs better than AF relay. In
addition, the relay selection scheme can further improve the performance of DC-
NOMA. In the cooperative DF relay system using NOMA, PRSS is used in literature
[13] and system outage performances are improved. InDC-NOMA system, this letter
proposes a TSRS and PRSS, and the outage probability of closed-form expression
are derived for each user data information.

2 System Model

It was illustrated in Fig. 1, a DC-NOMA network consisting of a base station (BS),
a EU, a CU, and N relays Rn(n = 1, ..., N ) is considered in this paper. Due to
the path loss, there is no direct link between BS and EU. Thus, BS needs send

Fig. 1 A DC-NOMA
system model
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information to EU helped by N DF relays. In return, the relay can directly send
itself signal to CU via D2D communication. All channels are Rayleigh fading, the
channel coefficients between BS → Rn , BS → CU, Rn → EU and Rn → CU are
represented as hsn , hsc, hne and hnc, variances are expressed as λi j and zero mean,
where i j ∈ {sn, sc, ne, nc}. Moreover, noise model of receiver is complex additive
white Gaussian noise (AWGN).

In the first phase, BS sends a superimposed signal
√
Psa1xe +√

Psa2xc, where xe
and xc denote the signal required by EU and CU, respectively. Ps denotes the total
transmit power of BS, and the ai denotes the power allocation coefficient, satisfied
a2 < a1, where a1 + a2 = 1. Therefore, the received signals at CU and the relay are
respectively given by

ys→n = hsn(
√
Psa1xe + √

Psa2xc) + nn (1)

ys→c = hsc(
√
Psa1xe + √

Psa2xc) + nc (2)

where nc and nn denote the additive white Gaussian noise with σ 2 variance at CU
and the relay. According to NOMA principle, the decoding signal-to-interference-
plus-noise ratio (SINR) can be expressed by

γsc,xe = a1|hsc|2
a2|hsc|2 + 1/ρ

(3)

where ρ=Ps/σ 2 is the transmit signal-to-noise ratio (SNR). Perform SIC on the CU
and SNR with signal xc written as

γsc,xc = ρ|hsc|2a2 (4)

Besides, the side information obtained by the CU through decoding is used.
In the second phase, when the relay forwards the decoded signal, it also sends

its own signal to the D2D receiver (i.e., CU). Suppose that an optimal relay Rn is
selected from N relays, this part will be discussed in Sect. 3. The DC-NOMA allows
Rn applies the superposition coding technique to combine two independent signals√
Pdb1xe + √

Pdb2xd , where xe is intended message to EU and xd is a D2D signal
intended to CU. What’s more, b1 and b2 are the power allocation factor, assumed as
b1 = a1, b2 = a2 and Pd denotes the transmitted power of Rn , where Pd = ηPs .
Thus, the received signals at EU and CU are represented by

yn→e = hne(
√
Pdb1xe + √

Pdb2xd) + ne (5)
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yn→c = hnc
(√

Pdb1xe + √
Pdb2xd

)
+ nc (6)

where ne and nc denote the AWGN at CU and the relay, respectively.
After evaluating the channel information hnc, use the side information xe obtained

in SIC to eliminate the interference signal hnc
√
Pdb1xe from yn→c. Therefore, the

CU can decode the signal xd without interference, and its SINR can be indicated as:

γnc,xd = ρd |hnc|2b2 (7)

3 Relay Selection Scheme

3.1 Two-Stage Relay Selection

This relay selection scheme is usually divided into two stages. The TSRS scheme
proposed in this paper selects the relay that maximizes the quality of data transmitted
by the CU under the premise of ensuring the reliable reception of the signal by the
EU. In the first stage, in order to ensure the reliable transmission of EU, a relay set
of successfully decoded signals is established:

Sr = {
n : 1 ≤ n ≤ N , γsn,xe ≥ γ th

E , γne,xe ≥ γ th
E

}
(8)

where γ th
E � 22Re − 1, and Re is the target threshold for signal xe.

It is worth noting that, whether xc can be successfully decoded only related to the
BS → CU link. Therefore, the relay selection scheme will not enhance the outage
performance of xc. In other words, it is only necessary to consider maximizing the
probability of successful decoding xd in the second stage. Select the relay n∗ with
the best Rn → CU link channel state information in the relay subset:

n∗ = arg
n
max

{|hnc|2, n ∈ Sr
}

(9)

Next, the outage probability of the TSRS is derived to further analyze the system
performance. According to formula (8), it can be seen that EU failed to decode
successfully xe, only when |Sr | = 0. Thus, the outage probability (OP) on the EU
can be evinced as:
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Pout,I
xe =P[|Sr | = 0]

=
N∏

n=1

(
1 − P

[
γsn,xe ≥ γ th

E , γne,xe ≥ γ th
E

])

=
N∏

n=1

(
1 − P

[
|hsn|2 ≥ �th

E

ρ
]P[|hne|2 ≥ �th

E

ρd

])

=
(
1 − e− ϕn

ρ

)N
(10)

where �th
E � γ th

E /(a1 − γ th
E a2) satisfied as a1 − γ th

E a2 > 0, and ϕn � �th
E

λsn
+ γ th

E
λneη

(∀n ∈ N ).
Since an outage event occurs when CU cannot decode successfully xe or xc, the

OP can be derived as

Pout,I
xc = P

[
γsc,xe < γ th

E ∪ γsc,xc < γ th
C

]

= 1 − P
[
γsc,xe ≥ γ th

E ∩ γsc,xc ≥ γ th
C

]

= 1 − P

[
|hsc|2 ≥ �th

E

ρ
∩ |hsc|2 ≥ γ th

C

ρa2

]

= 1 − e
− 1

ρλsc
max

{
�th
E ,

γ thC
a2

}

(11)

An outage event occurs at CU when: (i) |Sr | = 0, no relay is selected to send
D2D signal xd ; and (ii) |Sr | > 0, CU cannot successfully decode xe or xd . Hence,
the outage probability of xd at CU can be formulated as

Pout
xd =P[|Sr | = 0] + P

[|Sr | > 0, γsc,xe < γ th
E ∪ γn∗c,xd < γ th

D

]

= P[|Sr | = 0] +
N∑

l=1

P[|Sr | = l]

P
[
γsc,xe < γ th

E ∪ γn∗c,xd < γ th
D ||Sr | = l

]
(12)

Since the channel gain satisfied the exponential distribution, according to the
knowledge of probability theory, formula (12) can be divided into the following
parts:
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P[|Sr | = l] =
(
N
l

) N−l∏

n=1

(1 − P[γsn,xe ≥ γ th
E , γne,xe ≥ γ th

E ])

×
N∏

n=N−l+1

P[γsn,xe ≥ γ th
E , γne,xe ≥ γ th

E ]

=
(
N
l

)[
1 − e− ϕn

ρ

]N−l
e− ϕn

ρ
l (13)

P[(γsc,xe < γ th
E ∪ γn∗c,xd < γ th

D )||Sr | = l] =
[
1 − e− �thE

ρλsc e− γ thD
ρd a2λnc

]l

(14)

In summary, the closed-form expression for the outage probability of CU can be
obtained as

Pout,I
xd = P[|Sr | = 0] + P[|Sr | > 0, γsc,xe < γ th

E ∪ γn∗c,xd < γ th
D ]

= P[|Sr | = 0] +
N∑

l=1

P[|Sr | = l]P[(γsc,xe < γ th
E ∪ γn∗c,xd < γ th

D )||Sr | = l]

= (1 − e− ϕn
ρ )N +

N∑

l=1

(
N
l

)[
1 − e− ϕn

ρ

]N−l
e− ϕn

ρ
l
[
1 − e− �thE

ρλsc e− γ thD
ρd a2λnc

]l

(15)

3.2 Partial Relay Selection

The PRSS selects the best relay based on the channel quality of BS to the relay link,
which can be expressed as

n∗ = arg
n
max{|hsn|2, n ∈ N } (16)

According to the principle of relay selection, the probability density function of
|hsn|2 can be defined as

f|hsn |2(x) =
N∑

n=1

(
N
n

)
(−1)n−1 n

λsn
e− n

λsn
x (17)

Hence, the outage probability of xe at EU can be formulated as
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Pout,II
xe = 1 − P

[
γsn,xe ≥ γ th

E , γne,xe ≥ γ th
E

]

= 1 − P

[
|hsn|2 ≥ �th

E

ρ

]
P

[
|hne|2 ≥ �th

E

ρd

]

= 1 −
N∑

n=1

(
N
n

)
(−1)n+1e− n�thE

ρλsn e− �thE
ρd λne (18)

The OP of xd at CU can be derived by

Pout,II
xd = 1 − P

[
γsn,xe ≥ γ th

E ∩ γnc,xd ≥ γ th
D ∩ γsc,xe ≥ γ th

E

]

= 1 − P

[
|hsn|2 ≥ �th

E

ρ
∩ |hnc|2 ≥ γ th

D

ρdb2
∩ |hsc|2 ≥ �th

E

ρ

]

= 1 −
[

N∑

n=1

(
N
n

)
(−1)n+1e− n�thE

ρλsn × e− γ thD
ρd b2λnc × e− �thE

ρλsc

]

(19)

Furthermore, the outage probability of xc has nothing to dowith the relay selection,
so Pout,II

xc = Pout,I
xc .

4 Performance Analysis

To confirm and compare the outage performance analysis, numerical results are
provided in this section. Aiming at the proposed TSRS DC-NOMA network, Monte-
Carlo computer simulation is carried out in a Rayleigh fading channel. Unless other-
wise specified, the proposed system simulation parameters are set by default as:
normalized distance dsc = dsn = 0.6, dne = 0.4, dnc = 0.25.We consider the fixed
power allocation factors, a1 = b1 = 0.65 and a2 = b2 = 0.35. Besides, the pass
loss exponent are set as asc = asn = ane = anc = 3, and η = 0.5. Without loss of
generality, Re = 0.7bit/s, Rc = 0.4bit/s, and Rd = 0.4bit/s denote the target rate.

Figures 2 and 3 show the outage probability of xe and xd under the PRSS and
TSRS relay selection schemes versus SNR, respectively. It can be clearly observed
that analytical curves match with simulation results. It is worth noting that compared
to the PRSS scheme, the proposedTSRS scheme can significantly improve the outage
performance of xe and xd . For the xe, the PRSS scheme only selects the relay with
the best BS to the relay link quality, and only guarantees the outage probability of
successful decoding xe at the relay. However, the proposed TSRS in this paper is
based on the premise of ensuring successful decoding on the relay and EU. For the
signal xd , the reason is that the TSRS scheme selects the relaywith the best Rn → CU
link quality under guarantee the reliable reception of the relay, which significantly
reduces the OP of xd .

Figure 4 illustrates how the number of relays affect outage probability of TSRS
and PRSS scheme. Observe that the OP of PRSS scheme remains unchanged when
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Fig. 2 Outage probability xe versus of ρ

Fig. 3 Outage probability xd versus of ρ

the relays reaches a certain value. Under the TSRS strategy, as the number of relays
is increasing, the OP declines linearly. Noted that the superiority of TSRS scheme is
apparent and the outage probability can be effectively reduced with the number
of relays increasing. From a practical point of view, it is important to consider
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Fig. 4 Outage probability xe and xd versus of N

multiple relays scenarios. Furthermore, the TSRS scheme is especially significant
for improving the outage performance of EU with poor channel quality.

5 Conclusion

In this paper, D2D communication is applied in the cooperative relaying NOMA
network. In the future, the DC-NOMA can be exploited in the nearly local commu-
nication of the wireless communication network. Based on the DC-NOMA system,
we have proposed a TSRS multiple relays selection scheme. The outage probabili-
ties have been derived and the derivation results are fully consistent with simulation
results. It was also shown that, as compared to PRSS scheme, the proposed TSRS
scheme can effectively improve the outage performance of the DC-NOMA system.
Noted that the increase in the number of relays greatly reduced the signal outage
probability, so it can meet the application of large-scale relay scenarios in massive
connections in the future.
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