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1. INTRODUCTION

The spectral efficient and energy-efficient requirements are necessary to satisfy the explosive
increase of mobile user in wireless system with high-rate services. However, high spectral efficiency (SE)
cannot be achieved since the fixed spectrum allocation strategy is adopted. Unfortunately, 30 percentages of
the licensed spectrum in the United States is fully occupied as the report from the Federal Communications
Commission [1]. By allowing the primary network to share its frequency band with the secondary network,
cognitive radio (CR) has been studied and hence SE improvement achieved [2]. In principle of CR, spectrum
sharing paradigm permits the secondary users (SUs) to operate together with the primary users (PUs) at the
same band and power constraint must be obeyed to limit interference impact caused by the PUs [3, 4].
Several techniques such as cellular networks, relay networks, and wireless sensor networks, benefit from
implementation of CR to provide the potential SE improvement.

To further provide massive connectivity, more advantages can be achieved by employing multiple
access for mobile users. In particular, the network allocates resource to users by dividing the total radio
resources with two underlying techniques, i.e. orthogonal multiple access (OMA) and non-orthogonal
multiple access (NOMA). The interference can be eliminated in OMA scheme while NOMA employs
successive interference cancellation (SIC) technique to alleviate interference from other users’ signal [5]. By
exploiting the users’ channel asymmetry, NOMA can remarkably enhance the SE and then the transmission
latency can be reduced [5-8]. The authors in [9] showed that the achievable rate region in the uplink NOMA
is improved in comparison with OMA and such analysis is adopted in wireless powered communication
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(WPC) networks. In [10], main results reported that NOMA with advantage of improved user fairness and it
provide more benefits compared to OMA. It is further proved that NOMA performs better than OMA in both
downlink and uplink by achieving the problem of joint maximization of the downlink/uplink rates while
taking fairness between users is satisfied [11]. In [12], the authors presented energy efficiency in wireless
powered NOMA networks and system performance is evaluated. In addition, recent works [13-22]
considered advantage of NOMA to implement in emerging networks. In particular, this paper develops
system based on results in [23-25]. More specifically, in this paper, we formulate the received signal at the
secondary user (SU) which can extract the data signal by using SINR or SNR. The outage probability (OP) of
the SU are analyzed in details in terms of probability of SINR and SNR. The results show that CR-NOMA
provide fairness to two users in term of OP.

2. SYSTEM MODEL

We assume that the system model with a downlink dual-hop underlay cognitive
radio—non-orthogonal multiple access (CR-NOMA) network shown in Figure 1, in which there are a primary
destination (Pp) who is located in primary network (PN), a secondary source (BS), a relay (R) operating in
half-duplex mode and two destination users (Uz1; Uz). The wireless channels follow Rayleigh fading-channel
u with channel gain @2,,. These channels assigned as in Figure 1 are hg, hy, g1 and g, are independent and
identically distributed (i.i.d.) zero-mean complex Gaussian random variables (RVs). Single antenna is
assumed at each node. In this scenario, a perfect channel state information (CSI) is adopted.
As Figure 1, the distances between nodes are denoted by ho, hi, g1 and gz2. In CR-NOMA, the BS make
interference to Pp. It is noted that R requires decode-and-forward (DF) mode to forward signal to far users.
It is assumed that R is placed very far from the transmit primary source Pp and hence it cannot interfere with
the primary network as shown in Figure 1. The power constraint for operations of both primary network and
secondary network is considered in this context.
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Figure 1. NOMA in cognitive radio network

The transmit power at secondary source is set based on constraint as above consideration
. 1 =
Pgs < min (W’ PB.S‘) @

where Pgg and I is denoted as the maximum average transmit power available at BS and interference
temperature constraint (ITC) at Py, respectively. We call a;, a,as power allocation factors. In the first time
slot, R received the following signal

yr(k) = hl[\/ Pgsa,s; (k) +/Ppsa,s, (k)] + ng (k) 2

where hg~CN'(0,2;0), 11 ~CN(0,0;,,), ng~CN (0,03), it is assumed that a; > a,nd a, + a, = 1.

By using NOMA, to detect signal s, R decodes and removes s; from the received signal. Therefore,
it need be determined the signal-to-interference-plus noise ratio (SINR) and signal-to-noise ratio (SNR) to
detect s; and s, at R as follows

_ ppsailhq)? 3
VRs1 pBsazlhy|?+1 )
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P
where pgg = 22
OR

VYR,s, = PBsQz |hy]? 4)

Then, within the second slot, R forwards the detected superimposed signal

v Pra 8, (k) + /Pra,5,(k), where Pg is the transmitted power at R, §;(k)and §,(k)are the detected and
forwarded data to the respective receivers. Therefore, U; receives the following signal:

Yru,(K) = gi [\/ Pra;3,(k) +/ PRa2§2(k)] + ngy, (k) )

where i € {1,2}, g;~CN'(0,04) and ng~CN(0,03y,). Furthermore, U, implements SIC by detecting
51 (k)while considering its own data §,(k)as a noise. The SINR of which can be written as:

_ _PRA1lg2I” 6
YRU2S1 = praslgal?+1 ©)

where pr = % Then, by alleviate interference existing in (6) it can be detected the remaining signal.

Therefore, to detects its own signal at U, , SNR is given by

YRUy s, = PrA21 9217 (7

It is worth noting that U, is allocated with higher power factor, s; has higher priority to detect compared with
remaining signal, then SINR is expressed by

__prailgsl? g
YRULST = o paslgy 2+ ®)

3. PERFORMANCE ANALYSIS AND NUMERICAL RESULTS
3.1. Outage probability analysis at user 1

In this section, we examine the outage probability (OP) for s; and s. In [10-13], the OP of a signal is
defined as the probability that the achievable rate is below than a predefined rate threshold R, i.e.,
Py1 = Pg[R; < Ry, ]. Therefore, the OP of s; can be derived as:

Ry =Pr(Min(7eg 7o ) < 72) =1=P (Vg > 1 Vru,s > 72)

/35331|h1|2 pRa1|gl|2 — P J
=1-|Pr| = >, > ¥y Pas < 9
Post e +1 7 g1 T [
L A
pa paloal p ]
+Pr > 7, > Vi Pas >
palhf T peaslaf T [

A

where p; = a% and y; = 22R1 — 1 is SNR related to interference and SNR related to target rate R, of user U,
Pp

respectively. Based on distribution functions of wireless channels, it can be expressed as:

© Pas

fm2 (x)de: f‘gl‘2 (y)dy_(l). l‘w2 (z)dz

A=pr{Inf > Lo > L <2-)-
P Pr Pss
PR (10)
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where ¢ = . In similar way, it can be computed the second part of (9) as:

(a1-v1a2

_ 2 ‘/’l o| 2P|
AZ_P{lhl' P o> R’|h°| >gj_ X)dX”f\m\ fip (2)ydz

» ‘5'—)8

Ps Pl (11)
w RS- N At v ) v
_ j 1 e Qg dx.[ 1 e y[gho /’lgmjdy: pIth e Pes [Qho /’IQMJ PrRQq1
ngl P =%ho £+,
PR

Pes

by replacing (9) by (10) and (11), (9) can be re-expressed as:

v ¥ __PI p10m i (91 : }1; ) 1!/;
— pPpsi2 pPpsi2
Py, =1- [e PBs@h1 PR (1—9 PBs no)+me PBs\2ho PICn1) PR gl] (12)
it is noted that the above formula is correct whena, > y;a,.
3.2. Outage probability analysis if perfect SIC at user 2
Similar to the signal si, at user U,, the OP of the signal s; can be expressed as:
,PUZSIC = Pr(min (7/R,xz 1 VRU, % ) < 7/2) =1- Pr(yR,xz > V21 VRUyx, = 7/2)
_ 2 2 _ P, 13
=1-|Pr sza2|h1| >72’pRa2|gz| >72’pBS<_Iz] (13)
o]
L B
P aZ |hl|2 2 — P
+Prl ———>7,,P:%, |92| >V20Pes > T 7
iy o]

B,

where y, = 22R2 — 1 with R, corresponding target rate of U,. The first part and the second part of (13) can
be further computed by:

B, =Pr| [h[* > L2 |g,[ > yz,h2<’_o_']
1 [m Lo > Lo <2
“ % 72 72 A (14)
= [ £ (0 I fe(N)dy [ 1. (z)dz=g it [1—e PBS‘%]
72 0

\92\

Pesd PR a2

then, other term can be given as:

AL
BZ=P{|h1| >;—;,|g2| e |h| o J'f‘gz dxj j foe (V)1 (2)dydz

%2 R P T2y
PRaz Pes P13
" ( 1 7 ]y 7&(i 7 ]7 7 (15)
-[ Qg dX 1 — e Qpo ﬂlQmaz dy — pIthaZ e Pes (Lno A1 ) PR3,
7 o =%ho P 2,8, + 7,
PR Pes

by substituting (15) and (14) into (13), (13) can be rewritten as:
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Y2 v2 __pI 0 __PI_(L Y2 )_7—2
}755"3 =1 —|e PBs?naz PrOg2a2 (1 —e ﬁBsﬂho> + —Pi%ml2 o pps\ano P1%n1d2) PRAg242 (16)
2 P12pr1a2+Y202p0

3.3. Outage analysis if imperfect SIC at user 2
The SINR and signal-to-noise ratio (SNR) of decoding s, at R and at destination U, can be
respectively written as:

¥ — pBsazlhyl?
RS2 ™ ppslfil2+1
(17)
_ PRA2192/* (18)
VYRUzs2 = pRIf212+1
then, the OP in case of imperfect SIC at U,can be calculated by:
,PUinSIC = Pr(min(yRXz ' VRD, x, ) < }/2)
:1_Pr(7R,xz > V21 Vro, %, > 72)
— 2 2
a a
—1-| pr i)ss 2|2h1| zva 2|§2]2| >, Pas < P|2]
PBs|f1| +1 pR|f2| +1 |ho| (19)
L G
2 2
a a
+Pr P §|hl| 2>7/2,pR 2|?2| > 122 Pas > pIZJ
Ayl | et +1 [
G,
similarly, (19) can be rewritten as:
Pi 72 72 Q -1 Q -1
RISIC —1—|| 1—g Psho | WPes® Aty (72 S +1j L]
’ inaz ngaz
(20)
Q 7/ -1 }/ZQf -1 ) _ P;) 772 72
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3.4. Asymptotic analysis

This part provides approximate performance as extra insights in our conisdered system.
When p — oo, it can be applied e ™ = 1 — x, then approximate performance can be archived as below.
The approximate OP of user U, can be given by:

) (]
?asym'ul =1- [(1 — L — i) P1 + P1{ih1 (1 _ P1 _ Ypr _ P )] (21)

PBS?n1 PR/ PBSCho  PI2n1+tYP2ho QnoPBs  PIPBS?h1  PRR2g1

the approximate OP of user U,in case of perfect SIC can be given by:

Poo,pSIC :1_ 1_ 72 _ 7/2 pl
asym,U, — —
’ Prs @, pRQgZaZ Pasho

£1£2,3, { I L 4V ¢ 7 J
P182003, + 7,0 QuoPss P PasPind, pRngaZ

(22)
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the approximate OP of user U,in case of imperfect SIC can be formulated by:

-1 -1
PSR PP 7
Prsho Q1 Pss pRaZQ\gz QRN ngaz

1 =)

0 7,22 B

+[—h072 +1J (—2 e +1J (72Qf2pR +pRa“ZQQZ) ®3
Pa, &

XpRaZng{l_ _pl _ }/2 72 j:|

Pesho  Pes@  Pr azggz

3.5. Throughput
In term of throughput, each user can be shown throughput performance as:

7y, = (1= Py )R, (24)

where *€ {1,2}.

4. NUMERICAL RESULTS

In this section, we evaluate the performance of CR-NOMA, we set power allocation factors
a, = 0.8 and a, = 0.2, the target rate is set to be R; = 1 and R, = 1.5, the channel gains 2,,, = 1, 2,; = 1,
Ng1 =1, Q4 = 0.4, Qry = Ny, = 0.001. Interference between PN and SNR is p; = 40 dB. Figure 2 and
Figure 3 plot the OP of two secondary destinations, as varying interference level p, and power allocation
factor, transmit SNR. Outage performance of U, is better than that of U,. It can be seen that when higher
transmit SNR is required, outage performance will be improved significantly at considered range of SNR and
OP meets saturation trend as SNR is from 50 (dB) to 60 (dB).

The asymptotic curves match with the analytical curves very well at high SNR. This output confirms
exact approximate expressions of outage probability archived for two users. It is intuitively seen that no ITC
case exhibits lowest performance since no harmful interference from the PN exists. It can be seen
performance gap of these cases with different data rate is small, it exhibit acceptance performance for such
NOMA with acceptable small value of target rate. In addition, Monte-Carlo simulation results match with
analytical results very well in whole range of SNR. Figure 4 proved that higher rate result in worst case of
outage performance. In addition, as observation from Figure 5, throughput is high at high SNR and high p;.
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Figure 2. Outage performance Figure 3. Impact of ITC on outage performance
versus SNR at secondary source versus SNR at secondary source
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rates,with p; = 20 (dB), a, = 0.9and a, = 0.1

5. CONCLUSION

In this paper, CR-NOMA networks over Rayleigh fading channels is studied by exploring
the end-to-end closed-form expressions to indicate outage performance . To compare the outage performance
of two secondary destinations, we derived expressions of outage probability and then numerical results are
provided performance comparisons of two users in CR-NOMA network. As main result, the fairness of two
users is satisfied as in numerical results by the proper selection of power allocation factors. Other condition is
that interference to primary network can be constrained. Moreover, comparison results of the outage behavior
showed that U; performs better than U, in considered scenarios. Finally, in the future work, we will consider
multiple users who operate in manner of CR-NOMA network.
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