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Abstract

In this paper, a downlink scenario of a non-orthogonal multiple access (NOMA) scheme with
power constraint via spectrum sensing is considered. Such network provides improved outage
performance and new scheme of NOMA-based cognitive radio (CR-NOMA) network are introduced.
The different power allocation factors are examined subject to performance gap among these secondary
NOMA users. To evaluate system performance, the exact outage probability expressions of secondary
users are derived. Finally, the dissimilar performance problem in term of secondary users is illustrated via
simulation, in which a power allocation scheme and the threshold rates are considered as main impacts of
varying system performance. The simulation results show that the performance of CR-NOMA network can
be improved significantly.
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1. Introduction

Recently, as widely consideration on candidates for the fifth generation (5G) wireless
communication, a novel multiple access (MA) technique, named non-orthogonal multiple access
(NOMA), has been introduced. Main advantages of NOMA can be seen as massive
connections, its superior spectral efficiency, balanced user fairness, and low access
latency [1, 2]. In contrast to conventional orthogonal multiple access (OMA) relaying networks
such as time-division multiple access (TDMA) and frequency-division multiple access
(FDMA) [3-6], the non-orthogonal resource allocation is employed in NOMA. The authors
in [7-9] developed system model which combines relay scheme in NOMA to introduce novel
scheme, namely cooperative NOMA. In principle, the power domain for realizing MA and such
key idea of NOMA need to explored to highlight different performance of NOMA users as
different power levels allocated [10—12], while the receivers perform the successive interference
cancellation (SIC) to eliminate the multiuser interference [13, 14], respectively. Next, the related
works in conventional multiuser cognitive radio are explored. The authors in [15-17] studied
the multi-antenna problems with single/multiple secondary receivers (SRs) and single/multiple
primary receivers (PUs). The authors in [16] studied the multicast multiple antenna cognitive
radio network where single data stream is transmitted from secondary transmitter to group of
secondary receivers in the presence of multiple single-antenna primary users.

The advantages of cooperative communications have also been deployed to CR-NOMA
networks [18, 19]. In [18], the authors studied the NOMA application to transmit unicast and
multicast information respectively to primary and secondary users (SUs). In such network,
the secondary network (SN) provides the cooperation for the compensation of accessing to
the primary spectrum [18]. Furthermore, a two-stage cooperative strategy was studied to
enhance the SU fairness and such novel cooperative multicast CR-NOMA scheme was
proposed in [19]. Other applications can be seen in [20-25]. Motivated by these works and novel
result from [20], this paper studies outage performance of CR NOMA.
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2. System Description

A network consists of a secondary source (S), a relay (R) and two destination users
(D1, D2) is considered. We only examine a downlink cooperative underlay CR-NOMA network
and existence of a primary destination (P) as shown in Figure 1. The corresponding distances
between nodes S-P, R-P, S-R, R-D1, R-D2 are given as dgp, dgp, dsg, d; and d,.
Thus, the secondary transmit node k is restricted as P, < min (lilik’l’z,ﬁk), vk € {S,R}. In this

P

case, P, denotes the maximum average allowed transmit power at node k while I indicates the
interference temperature constraint (ITC) at P.
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Figure 1. System model for CR NOMA network

In the first time period, S sends its superimposed signal Zle,/PSa]-xj + ngp to user D1
through the assistance R. In NOMA, a; is the power allocation factors with Z?=1\/71' = 1. Then,
the signal received the relay can be express as:

2
Yr = hsr/ Psds?;gnz \/?jxj +ng 1)
=1

the signal-to-interference-plus-noise ratio (SINR) and signal-to-noise ratio (SNR) of x4 is
decoded and removed from the received signal at R and it can be given as:

|hsg|®ai psdsg®
YR = 2 -m (2)
|hsg|?azpsdsg” + 1

then the SINR of X, when it is decoded from the received signal
Yr = |hspl?azpsdsg” (3)

P
where ps = J—S

>- In the second time period, R forwards the detected superimposed signal

Z,z-=1 /Prd].‘mﬁjfj to both users D1 and D2. Therefore, the signal received by the two destination
can be given by:

2

Ypi = hiz ’Prdj_mﬁjfj + np; 4)

Jj=1

where i = j € {1,2}, B; is the power allocation, with Zle\/ﬁ_j =1 treating x, as interference in
Yp1, the instantaneous SINR at D2 when treating %, as interference can be obtained as:

S |ha|?Biprdy™
bzt |h2|?Baprd;™ + 1

()
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Based on NOMA scheme, D2 first decodes the message designated for D1 and removes it
using SIC, then it decodes its own message without interference. Therefore, the instantaneous
SNR at D2 can be expressed as:

Yoz = |hz|*Baprdz™ (6)

next, D1 can detect ¥, by treating %, as a noise with the following SINR

_ |7y 2By prdi™ %)
o1 = 2 Byprdi™ + 1

3. Outage Analysis
3.1. Outage Probability at D1

Consider metric to evaluate system performance, the NOMA users’performance will be
examined in term of outage probability. The transmission strategy in CR NOMA is performed
related to how success each node in such network can support transmission, which significantly
improve quality of the communication for multiple services provided. In this paper, main
evaluation metric, namely outage probability is used to characterize the system performance.
The outage event for D1 can be expressed by:

OP, :1—Pr(min(7R1.}/D21’7m) > 71)

(8)

= F7021 (71)+(1_ F«VD21 (71))(F7D1 ()/1)“" FVRl (71)_ FYDl (7/1) F}’Rl (7/1))

Considering x,y as integration variable, by employing exponential distribution for |h]-|2

and |hsg|?; the Cumulative Distribution Function (CDF) of |hsg|? is Fij .2 () = Pr(lhsgl* <y) =
1—e7”. So, with help of (2) F,,, (y,) can be write as:

R1

sl e ps |hsg|?ai4 9)
F =Pr( o S oy ps<d |+ Pr|— <y, ps> 4
le(h) T(thRlzasz + d;r}l? Y1, Ps r |h5R|2a2A + d?}g Y1, Ps
Q P i
where: A = ﬁ Qsp = p;dM, ps = a—g p; = —. Now, we can transfer as:
Y1dsk Qsp
R (V)=PT(Ih | < ——————, |hspl* < —
VR 5K ps(ay — y1a3) P ps
4 (10)
Y1dsrlhsp |2 Qsp
+ Pr| |hgr|? < ———————, |hsp|* > —
< SR (a1 — y1a2)Qsp sp 3

B

in this case, we define the first term and the second term of (10) denote A and B respectively.
Based on the exponential distribution of |hgz|?, A can be written as:

_ ndde _YOsp
A= (1 — e Psl@i-riaz) <1 —e P3 ) (11)

next, the second term denoted by B can be obtained as:

_<Y1d§}e+QSP(a1—Y1“2))
Q (a1-y1a2)p=
-=SE (g — y405)Qgpe 171142)Ps

B=|e Ps —
V1dgzlq + (a; — y103)Qsp

(12)

therefore, replacing (11) and (12) into (10) ., (y1) can be express as:

R1
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m _(Vldgr}e"'QSP(“l—h“z)) a
_ 7idsg yidle (a1-r1a2)pg ¥1 < 1
FVRl(Vl) ={1—¢ Psleiriaz) 4 1SR i a, (13)
dll + (a; —y1a3)Q ;
Y1Qsr 1 1@2)%%sp  otherwise
1
similar, with help (5) we can wirte F,  (y;) as:
|h212B1pr |ho |2, A
F, =Pr|—m7r———7= s <A Prim———7—7x< s> A
yml(h) T<|h2|2ﬁ2pR +ar <Yups< + Pr Iy 2B, + ar Y1, Ps > (14)

next, F,

sy (Y1) Can be transfer as:

(Br — v1B2)pr

Y1d£n|hsp|2 Qgp
+ Pr |h,|? < ———"——, |hgp|* > —
< 2 (B1 = v1P2)Qsp sp Ps

then, following the same steps as in (10)-(12), Based on the exponential distribution of
|h:1?, F,,,(y1)and F,, (y;) can be written respectively as:

y1d3 0
Fypy(r1) = Pr <Ihzl2 <2 |hgpl? < %)
’ (15)

D21

_(hdgn"'QSP (31‘]’132))
v1d3" yidle (B1-v1B2)p5 a

E,_ (y)= {1 —e BinbBdrg 4 Y < —
Y21t v1d3" + (B — v1B2)2sp ! (4%} (16)
k 1, otherwise

and

- _(Y1df(;QSP(g1)—Y1I32))
Y141 T 1~V1P2)P3
YViase
)yl < (17)

E,_ (y) = {1 — e Bi7niBIrg 4
Yot Y141 + (B — v1B2)C2sp a;
k 1, otherwise

ay

therefore, OP, can be obtained by replacing (13), (16) and (17) into (8)

am _<y1d§'}3+95p(a1—y1a2)>
1- e_ps(zll—syliaz) _hdsze b X
0P, = Y1dgg + (a4 — v1a2)Qsp

m _<1’1d,m+QSP(I31 _VIBZ)) (18)
__nd yldl?"e (B1-v1B2)P3

“B111B)Pi — = -
| e R J1<— 7 <
L Y1dlm + (B1 — v1B2)2sp ! (4%} ! B

i=1,2

1, otherwise

3.2. Outage Probability at D2
Similarly, the outage event for D2 can be formulated by:

OP, =1-Pr(min(ys,.75,)>7,)

19
:FYDz(}/Z)+F7Rz(7/2)_FYD2(7/2)F7Rz(}/2)' ( )

with help (3) then we can write Fg,(y,) as:

20)
Ihsgl?asps g2 e (
%Q@pgﬂ + py [ Misel" @24

SR

Fro(y2) = Pr m <ynps>4
dgg
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similarly, based on the exponential distribution of |;|?. So F,,,(y,) can be express as:
_<Y2d.79r§z+azﬂsp> 21
Fyp,(r2) = 1— e‘gﬁf%}; 4 Padshe il D
VR2 M2 Ya2dsg + a2Qsp
with the help of (6), we can write F, _(y,) as:
|21 B2p |hy |24
Fynz()’z)=PT<%<h.P§ <4)+Pr %<yz,,ﬂs‘>d (22)
2 2
applying similar techniques as before, we simplify £, _(y,) as:
_(degn'*'BZQSP)
_?agn yzd;‘ne B2p5 23)
E =1-e Ferr +
vb2 (r2) ¢ Y2d3" + B29Qsp
replacing (21) and (23) into (19) OP, can be obtain as:
_(Vzdﬁnﬂ?zgsz)) _(degzlz"'azQW)
—yﬁ—zd? Y2d3'e Faps ——}2/2953 Y2dsge “2bs (24)
OP,=1—| e P2Pr — — e 202p5 _ _
Y2d3" + B2Qsp Y2dsg + a2 Qsp

4. Performance Evaluation

In this section, we evaluate the performance of resource allocation for NOMA-based
cognitive radio network. Consider a geographical area covered by a primary wireless network
and a cognitive wireless network. We assume equality noise terms as ¢? = 07 = 02 = 0% = ¢?
and regarding distances we set dgp = dgp = dgg = d, = 2, d; = 2d,. The path loss factor is 3,

power allocation fractions are a; = 8; = 0.8, a, =, = 0.2, [ = 25dB and ¢ = 0.001

We evaluate the impact of the transmit SNR on the outage performance for
NOMA-based cognitive radio network in Figure 2 and Figure 3. At higher SNR, outage
performance can be enhanced significantly. With the case data rate R1 increases, the outage
performance will be worse. In addition, there is strict agreement between analytical result and

Monte-Carlo result.
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Figure 2. Outage probability of D1 versus SNR as varying R1
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Figure 3. Outage probability of D2 versus SNR as varying R2

From Figure 4 and Figure 5, it can be concluded that the proposed system not only
guarantees the minimum transmission rate, but also improves the outage performance
significantly. Although NOMA scheme improves the performance of cognitive radio network, it is
at the cost of increasing the complexity of secondary user receiver. At high Consequently,
designing a proper value for the parameter threshold SNR can achieve the values of
the threshold SNRs y; and y,, the system meets outage event. The tradeoff between
the performance gain and the required transmit SNR of secondary users. This is due to the fact
that there is more power for transmitter to improve the outage behavior at the receiver.

10°
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Figure 4. Outage probability of D1 versus y; as varying SNR
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Figure 5. Outage probability of D2 versus y, as varying SNR

5. Conclusion

In this work, we studied the downlink NOMA problem for NOMA-based cognitive radio

network. The secondary network performs the resource allocation of power with acceptable
outage performance. The transmit SNR, the threshold data rates are main impacts on outage
performance. Simulation results demonstrated that the proposed system improve the spectrum
efficiency significantly.
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