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Abstract—In this paper, the Relay Selection (RS) schemes for
cooperative  downlink  Non-Orthogonal Multiple  Access
(NOMA) networks is investigated to evaluate impact of the
number of multiple relays on outage performance. The fixed
power allocations and the number of relay are considered as
main factors affecting on cooperative NOMA performance. This
paper considers the outage probabilities of the separated signals
in NOMA determined by simulation and analytical methods.
The intuitive main results show that the considered relay
selection schemes with higher number of relay outperforms the
less number of relay in such cooperative NOMA networks.

Index Terms—Non-orthogonal multiple access, relay selection,
outage probability

I.  INTRODUCTION

In recent year Orthogonal Multiple Access (OMA)
scheme applied in wireless communications widely, in
which large number of orthogonal channels to link huge
number of sensors, mobile devices and other appliances
are known as the traditional multiple access schemes and
it can be deployed for Internet of Things (loT)
applications as smart homes. That are main reasons
including limited channel resource and the orthogonal
channels and such challenging leads to decreasing
spectral efficiency. Recently, as a attracted multiple
access technique, non-orthogonal multiple access
(NOMA) scheme has been recommended. Considering on
principle of the NOMA  technique, same
time/code/frequency blocks are allocated for multiple
users or devices, but such signal are processed in
different power level. As a result, one can enhance the
spectral efficiency in NOMA-aided networks.

In specific NOMA, the system capacity and the
reliability of NOMA are enhanced by introducing the
paradigm which combines relaying and NOMA to
become cooperative NOMA (C-NOMA) models as some
recent considerations [1]-[4]. In particular, the achievable
average rate for C-NOMA networks is investigated [1]. In
[2], multiple-antenna cooperative network help NOMA to
enhance outage behavior of system and hence analyzed
system performance. In order to improve the spectral
efficiency, the authors in [3] presented in NOMA which
can be integrated with directed link as well as relaying
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link. In [4], an optimal and real power allocation policies

in related to detection scheme was proposed in provided

NOMA network.

To widely adopted and enhance the transmission
capacity, the diversity of wireless channels in cooperative
networks is exploited by deploying user or relay selection
[5]-[7]. As key technologies for wireless communication
systems, multiuser decision or scheduling model has been
proposed and applied in LTE and other advanced
networks. In addition, [8]-[10] introduced as existence of
the relay selection under NOMA. Such related results
confirmed that NOMA cooperative relay can greatly
enhance the QoS for overall system. Furthermore, the
two-stage relay selection scheme and derived closed-form
expressions of outage probability with decode-and-
forward cooperative systems as proposed work in, [8]
while the derived the approximate and asymptotic
expressions on average sum rate with relay selection are
illustrated in amplify-and-forward (AF) cooperative
NOMA [9]. Moreover, a partial relay selection strategy
was performed in [10] by processing partial channel state
information, and analyzing the outage probability and its
asymptotic results were studied under the impact of
partial relay selection.

Most of the previous literatures about relay selection
C-NOMA are analyzed over Rayleigh fading with the
assumption that fixed relay for forwarding signal to
destination. However, by advantage of hybrid network
where several users near the base station do not any help
of selected relay while remaining users need a relay
selection, this paper investigates of both direct NOMA
link and relaying NOMA link to achieve better quality to
help to transit signal.

Motivated by novel results in [11] and advantages of
relaying model [12]-[14], in this paper, we consider a
downlink C-NOMA network with both relay selection
and direct link to intended destination NOMA users
under Rayleigh fading channels. The main contributions
of this paper are summarized as follows:

e We combine NOMA with relaying selection at
forwarding relay node for the far user and direct
transmission for the near user to improve spectral
efficiency and to illustrate performance enhancement
in such network, the outage performance is analyzed
for evaluating the network.

e To optimize and clear guide the actual architecture of
NOMA, we dervive the exact expressions of the
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outage probability in closed-form as the theoretical
analysis in such network.

e To validate the precision of analysis in NOMA, these
derived expressions are confirmed via important
simulations
The rest of the paper is structured as follows. In

Section I1, we introduce the system model and analytical

computation related to signal s. Outage probability

analysis for relaying networks with NOMA are addressed
in Section Ill. Some numerical results are shown in

Section 1V and conclusions are finally drawn in Section

\%

Through the paper, Pr(.) denotes as outage probability,
Fe (), fx (.) stand dor the cummulative distribution

function (CDF) and the probability density function (PDF)
of random variable X respectively, E{} is the

expectation operator.

Il.  SYSTEM MODEL

In this section, the relay selection network and signal
models are illustrated. It is noted that in the NOMA
networks, the criterions of a pair of relay selection
schemes are considered to show improvement of system
performance.

A. Network Description

Brip2

Fig. 1. System model of relay selection for the far users and direct link
for the near user in NOMA

Suppose that the NOMA system co-operates at the
signal transmitted from a BS to transmit signal to the
device near the BS, and to device located at the cell
boundary, also known as two NOMA users (near devices
D1 and far device D2). Particularly many traditional
mobile users (CUs) in the role of intermediate node for
transferring to D2. More specifically, the BS directly
transmits the signal to the user D1, while user D2 needs
the help of the best relay relay. It worth noting that the
weak signal occurs in the link from the BS to D2 due to
obstacle of the high building. Because the half-duplex
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mode is employed, single-antenna is equipped in each
node and Amply-and-Forward (AF) is operated in such
pattern. In this model, two consecutive time slots are
required in the collaborative NOMA. (Fig. 1)

More specifically, the best relay in K AF relays

R,... R, K >1) is selected to support a base station (BS)

which is expected to forward the signal to the far user D2.
Normally, selection criteria for determining signal which
need be forwarded including max-min selection, best
relay selection and partial relay selection. Such decisions
are provided to select the forwarding node in the central
control unit in considered network. Here, as the simplistic
model can be applied in practice the partial relay
selection option which is studied as in this paper. It is
possible that additional Gaussian white noise (AWGN)
terms are applied in the model, and assuming that
Rayleigh frequency blocks are chosen for any link in the
network.

It can be denoted hg; ~ CN(0,dy ) as the

complex channel coefficient between S and R, and the
AWGN as W, Jro2 ~ CN(0, ¢ 1,)

and W, , W, stand for the complex channel factors and

R,

the AWGN term between R and D2, k=12,.,K |

respectively. In this scheme, all channel links are
assumed as independent and flat Rayleigh fading and it
means they satisfy the same in block time but
independently vary with other blocks. It is noted that

Wp, Wy, denote as  the  AWGN
w,, ~ CN(O,N,).

In addition, it is assumed that in the same cell K relay
nodes operate and they are placed close to each other to
lead to similar distances in different links between the BS
and relaying node, and thus the radio channel model is
independent identically distributed (i.i.d.) applied as
frequent assumption in in existing papers.

It worth noting that we assume in NOMA that D1 is
required to be served opportunistically while small
packet with a lower target data rate is requied at D2. As a
further application, download a movie or carry out some
high speed transmission is assigned for D1 while;
medical health sensor sent the pivotal safety information
containing in a few bytes is performed at D2 , such as
blood pressure and heart rates.

B. Signal Model

Firstly, the BS will transfer signal in each fading block,
and signal processing frame is divided into two time

epochs.

transmitted from the BS to all relays and two NOMA
users in the first phase, which is show as

Xs :\/a1PSX1+\/azst2 1

noise

terms w

D1’

In particular, the composed signal X is
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where X, and X, are the messages intended for D1 and
D2, respectively; X, and X, are the normalized signal
for D1 and D2, respectively to satisfy E{x’}=E{x}}=1
while &, and @, are the power allocation coefficients,
and P, denotes as transmit power at the BS. Following
the principle of NOMA, we assume that |, | > | &, | with

a +a, =1. The received signal at R, is given by

Yr, = hSRk Xs +Wg,

2 )
=hg D \JaPx +wy
i=1

The received signal at D1 in the direct link is
expressed by

Vo1 = Nepy Xs + W,

2 3)
= hsmz ;P X +Wp,
i1

where the distance between the BS and other nodes are
normalized. In the second phase, the instantaneous
SINRs are computed similar to the first phase. It worth
noting that without using successive interference
cancellation (SIC) scheme at relay node due to applying
AF for signal processing at each relay. To calculate the
instantaneous  signal-to-interference-plus noise ratio
(SINR) of the two epochs, we define the average transmit

P
SNR re-calculated as — , and the random variables

2 1

P(h
Yk = —Ssz y

9,

(RVs) represent  the

instantaneous SNRs of the links S —- R and R — D2

with k= 1,2, ..., K and i= 1,2, respectively. Based
on NOMA protocol, one node utilizes SIC to first decode
the interference signal and then recovering its own signal.
Thus, the instantaneous SINR at D1 related to direct link
for detecting signal X, x, can be expressed as

a1P|hsm|2
= 4
Vsp1x1 a2P|hSD1|2+ O'g (4)
aPlh.. |
Vsp1xt = 2 |28D1| 5)

0
And the instantaneous SINR at R, related to selected
link for detecting signal x, can be expressed as
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2

a,P|hg,

2
2
aZP‘hSRk‘ + o,

(6)

Vsrox1 =

Similarly, after applying SIC, the instantaneous SINR
at R, related to selected link for detecting signal x, can
be computed as
2
Vsrox2 = aZP‘hSRk ‘ @

In this scheme, two NOMA users deploy the fixed
power allocation coefficients for simple analysis. To
improve the performance of the relay selection model,
dynamic power allocation and optimizing the mode of
power allocation can further analysed, which may be

studied in our future work
In the second phase, the relay transmits the signal

Xz =Gy Yg to only D2, in which G, is the amplifying

gain of the k™ relay and it can be expressed as

®)

where PRk denotes the transmit power of the k™ relay.

Without loss of generality, we assume that the transmit
powers at all relays equal to the transmit power of the

BS . ie, B, =R =..=F =PF; =P . Therefore,

the received signals at D2 (forwarded by Rk) is
expressed as

Yrop, = 9r2Xg, TW,

R.D,
=0kngD2hSRk \/ﬁxﬁ' 9)
gk g RkDZhSRk a, Ps X; + ek g RKDZWRk + WRk D,
In the second phase, the calculation of the

instantaneous signal to interference plus noise ratio
(SINR) is similar to the first phase. Regarding the

link R — D2, the instantaneous SINR at D2 to detect X;

and the instantaneous SINR at D2 to detect its own data
are, respectively, given by
2 2
y _aip‘hSRk‘ P‘ngDZ‘
D2,x1 A+ B

(10)
in which

2 2,
A=a, ‘hSRk‘ P‘ngoz‘ +0y P‘hSRk

‘2

B=02P|g. .| + o
=00F |9r b2 Oy
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2 2
azp‘hSRk‘ P‘ngoz‘

2plh.. [ +o2P ‘¥ ot
Oy |Nsg, | +04F|Or 2 Oy

(11

Vp2x2 =

I11.  OUTAGE PERFORMANCE ANALYSIS

To perform the users’ quality-of-service (QoS)
requirements, the target SINRs of the two users are
calculated. Therefore, each user has its own preset target

SINR, 6,,i=1,2. Keeping this in mind, next we will
derive the OPs for the two paired users D, and D, . For

simplicity, we assume that all preset target SINRs of the
two users are the same, i.e., 6, =6, =0

A. Outage Probability at the Near User D1
We first determine the outage probability at near

device D1 related to detecting the signal x,Xx,
respectively
4
OPo1 — Pr(}/SDlVXl < 9) :1_e (alfgaz)ASDl (12)
4
OR, = Pr(7SD1,x2 < 0) =1-g %o (13)
B. Outage Probability at D2 for detecting x1
2
Pih Plg
We denote Y = s:“ 2= R;Dz The
O-O UO

cumulative distribution functions (CDFs) of the RVs
Y and Z are, respectively, given by

(14)
K (Kj N 71
=1- (-1 e ™
o LK
N
F (0)=1-e ™ (15)
P P
where A, = ¢ZK and 4, =# represent the
O-O 60

average SNRs of the links from S to k-th R and k-th R to
D2, respectively.

Lemma 1: Consider NOMA scheme, an outage event
occurs if neither the direct transmission nor the relaying
transmission succeeds. Therefore, the OP at D2 for
detecting x1 can be expressed as [11]

0)=F_ (0) (16)

Yp2x1

OR = Pr( 7y, <

where
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2 2
VD“(Q) Pr [alp|hRK| P|gD2| <9]

A+B 17)
=Pr(Y (z(a,-a,0)-0)< 20+0)

From (17), one <can also see that if

z (al - aﬁ) —6 <0 the outage always occurs, whereas

if Z(a-a,0)-0>00r Z> =6 then the

a - 03.2
outage may occur or not. As a result, we have that [11]

) -5 @) R [T @ 0

Finally, using K,(-) denoted as the first-order
modified Bessel function of the second kind.

... ()
-1- i(:](—l)“e_é(w”mj 2ok, (20)

ké + koo

(19)

where @ =
RK*ARk*DZ
Finally, the outage probability of D2 can be obtained
as

k(-é)+ -0

Oﬂzl—i(ﬂ(—l)“ 4¢K1(\m)e@k‘ 7 (20)

k=1
In high SNR scenario, uKl(u)zl,u — 0 then outage
probability can be rewritten as

< (K k(-0), -6
P =1—Z[ k j(—l)“e e )
k=1

If one relay is existed in such model,
uKl(u)zl,u—>0 then outage probability can be
modified

-0 . -0
PR
OP, =1-¢ " " (22)

C. Outage Probability at D2 for x2

Lemma 2: In case of D2 needs to decode the signal of
D1 first, D2 will be outage if both the first phase and the
second phase are in outage. Therefore, the OP at D2 can
be formulated as [11]

OP, = Pr(ymx2 < 9): F...(0) (23)
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aYZ
F 0)=Pr =—2" <@| (4
Yp2.x2 ( ) (7D2,x2 V741 j (24)

Next, it can be obtained outage event as

F;/RK*DZ‘XQ (6)
0 k 1
K K K1 aZ{Z’SR * +;"R *Dz}
-1-Y o |0 4‘PK1(~\/4‘P)9 ¢ ) (25)
k=1
where W = ﬂ .
aZ//i“SRk* /’LRK* D2

Similarly in high SNR scenario, uK,(u)~1u—0
then outage probability can be rewritten as

O k1
Opzfl—i(l:](‘l)k‘le el (26)
k=1

Particularly in scenario of one relay, uKl(u) ~1Lu—0
then outage probability can be rewritten as

6‘{ 1 1 J
_Z +A

a,

2 /LSRk* R D2

D. Overall Outage of Hybrid best Relay Selection
Scheme
To begin with, we characterize the overall outage
probability achieved by two cases of NOMA link, i.e.
relaying link and direct link in such cooperative NOMA
system. Denoting the threshold SNR requirements for D1
and D2 as y,,

Proposition 1: For detecting signal x, , it can be
shown the overall outage probability of system as

OP,x =1-¢ @7)

Pautoa =Pr {7sol,x1 <7 Vo2 < 7th} =OR, xOR, (28)

Proof:

It can be easy derived by using Lemma 1. We omit
detail derivation here.

Proposition 2: For detecting signal x, , it can be

shown the overall outage probability of system as

Putxe = Pr{75D1,x2 <7 Yp2x2 < 7/th} =OR, xOF, (29)

Proof:

Similarly, such proof can be easy derived by using
Lemma 2. We also eliminate detail derivation here.

Remark 1: In this section, finding of the optimal relay
selection, and power allocation are studied by optimizing
multiple variables sequentially. It worth noting that the
optimization problem of outage performance can be
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divided into two subproblems: the power allocation issue
and the relay selection issue. Then, by simulation the
necessary properties of the optimal solution such as
number of relay subproblem is established. Finally, it can
be shown an efficient optimal selected parameters to
solve the problem.

IV. NUMERICAL RESULT

In these simulation results, the proposed relay selection
strategy for NOMA transmission is performed to
determine the outage performance, and several
corresponding parameters are conducted. It is noted that
in specific result, the clear values of the adopted
simulation parameters are declared. In this paper, over

10° random trials are performed in all simulation results.
Particularly, to evaluate the outage performance of the
near user and the far users in NOMA scheme, our
numerical results are provided and detail evaluations are
shown in several scenarios. We  first set

a, =0.8a,=0.2y, =1(dB), 4« =1 4,, =10 except for
specific concerns. As main contribution, the system
performance can be deployed via analytical results which
can be compared with the Monte Carlo simulation.

10%%4

10

Outage Probability
3

1, sinn.

1, ana.
( = 5, sim.
{ = 5, ana.
10, sirm.
10, ana.

. . .
0 5 10 15 20 25 30
SNR

Fig. 2. Outage probability for X, (OP1)

In Fig. 2, the performance of proposed scheme is
illustrated as comparing the outage performance versus
the transmit SNR in case of varying number of relay node.
It can be seen clearly that important role of helping relay
for the far user can be communicated while the far device
do not need any relay. From Fig. 2, high number of relay
node contribute to increase performance significantly.
More specifically, the performance gap can be seen
clearly at high SNR regime. Unfortunately, the proposed
relay selection scheme has the similar performance as the
number of relay is 5 or 10, and this situation confirmed
that the limited number of relay can be performed to
approach performance floor. It worth noting that the
analytical curves meet very well with Monte-Carlo
simulation results.
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Outage Probability
=
&
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o 5 10 16 20 25 30
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Fig. 3. Outage probability for detecting X,

As can be seen from Fig. 3, the outage performance for
detecting signal of x, versus the transmit SNR. Similarly

as in Fig. 2, the performance gap provides the enhanced
performance as reasonable selection of number of relay.
To improve the reliability of the cooperative networks,
the higher diversity gains is required and such model
satisfies basic requirement. It is noted that in the low to
moderate SNR range, the outage performance of the
considered NOMA network declines remarkably.

10

-
=]

-
=)
5]

102

Outage Probability

10°¢

QOutage Probability

0.5, sim
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6, sivn.
6, ana.
0.7, sin,
0.7, ana.
0.8, sim.
0.8, ana.

=

10

15 20 25 30
SNR

as varying power allocation factors

1. sim
1. ana
2, sim
2, ana
3. sim
d.ana

i sim

15 20 25 30
SNR

Fig. 5. Outage probability of X, as varying threshold SNR
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It can be shown outage performance of detecting signal
of x, as changing power allocation fractions as in Fig. 4

and varying the threshold SNR as in Fig. 5. In this case,
the analysis lines of the outage probability match tightly
with the simulation lines. It can be seen that the
performance of such NOMA with more allocated power
leads to better performance. In other hand, the higher
threshold SNR requires higher data rate, and hence
declining outage performance seen in Fig. 5. Similar
trend can be seen in Fig. 6 for corresponding signal X, .

M

107

-
o
da
T

Outage Probability

o
=]
b
T

0%

1, sém.
1, ana.

BTN
3 ana.
4, sim.
4, ana

108
a

10

15 20 25 30
SNR

Fig. 6. Outage probability of X, as varying threshold SNR

It is shown in Fig. 7 compare outage performance for
detecting both signals. The different power allocation
factors results in different outage performance. Another
observation is that the performance of two user is differ
value at high SNR.

10

-
=
A

1, séim.

Outage Probability

1 ana.

o
=]
B
T

1), sémn.
10, ana.
1, séim.

-
=
&
T

1, ana.
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I I I
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10¢

Fig. 7. Outage probability comparison for X, and X, as varying
number of relay

V. CONCLUSION

In this study, the outage probability of NOMA
networks together with optimal selection scheme was
presented to enhance system performance in two real
scenarios at near and far distance between user and the
BS. In such model, the selected criteria is with joint



Journal of Communications Vol. 14, No. 6, June 2019

location of user and relay selection. In particular, the
closed-form analytical expressions is provided to system
performance. It can be determine how number of relays
and the target data rate have effects on system
performance. The second reason to choose such model
that the number of users is reasonable chosen to improve
the transmission quality in NOMA. In future work, more
users in NOMA can be served simultaneously with
satisfying fairness.
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