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1. INTRODUCTION

As a candidate technique for forthcoming 5G networks, non-orthogonal multiple access (NOMA) net-
work has recently drawn in considerable attentions [1]-[8]. In particular, the higher spectral efficiency benefits
can be achieved by the deployment of NOMA and it outperforms the traditional orthogonal multiple access
(OMA) scheme [1]-[3]. In practical NOMA systems, to achieve low complexity, the successive interference
cancellation (SIC) decoding technique is needed to satisfy the performance of the NOMA system and it re-
quires the user grouping as an important issue. In the recent works regarding NOMA system, the improved
performance can be achieved as by employing relaying networks [4]-[7], [9]-[13] with NOMA to introduce
new paradigm termed as cooperative NOMA [8]. Regarding system performance, the optimal sum rate [14],
[15], and the minimal transmit power [16] are introduced with respect to the user grouping.

Recently, to provide smarter, safer and more efficient road traffic, vehicle-to-everything (V2X) com-
munications have a lot of achievements in both academia and industry [16]-[18]. Three kinds of V2X net-
works including vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I) and vehicle-to-pedestrian (V2P) are
implemented to enable real-time traffic information exchange among infrastructure, vehicles, and pedestrians
[19]-[21]. In such a V2X, low access efficiency and data congestion are caused by the fast growth of number
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of connected vehicles. The development of V2X communications need be tackled the challenges in vehicular
networks such as [22], [23]. This paper considers the ability of two pairs of vehicle can be communicated via
the Roadside Unit (RSU).

2.  NETWORK ARCHITECTURE AND PROTOCOL DESCRIPTIONS
2.1. System architecture

Figure 1 depicts a scenario of AF relay assisted two-way NOMA-V2X systems, all nodes are with
single antenna except for relay with two antennas for FD mode. The base stations (BSs) employ a RSU to
serve group of two vehicles. In the multicasting scenario, RSU serves multiple users using NOMA. In this case,
vehicles in the same group require to receive different information (e.g., vehicle-specific control information)
from the BS. The source 51, .S, are able to send the corresponding signals x1, 2 ( with power allocation factors
a1, ) to the RSU in the same time. The constraint of power allocation factors, i.e., a; > ag and o +ag = 1.
It can be shared by two source-destination Groupl = {S1,U;} and Group2 = {Ss, Us} pairs. The transmit
power at sources S1, .So are the same, i.e. equals to Ps. The channels for links S;-RSU, S5-RSU, RSU-U; and

RSU l/ ) are h ,h27917.92'
6 )
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9

Figure 1. System model of NOMA V2X

2.2. SINR calculation
The received signal at RSU is given by
yrsu = Va1 Pshix1 + /@ Pshaxa + Prsu f + nrsu, (1)
where nrgyis AWGN noise with variance of 0. We call f as self-channel due to FD mode applied at the

RSU. The received signal at U;, (i = 1, 2) can be expressed as follows:

yu, = v PrsuBgi (\/alpsfhm + VasPshoxa +/ Prsu f + 77RSU> + nu;- 2

The amplify factor is defined as follows:

1
VorPulm P + axPulhal® + Prsulf> + o3

= 3)

A A .. .
where ps = Ps / 08 and prsu = Prsu / 08 are transmission SNR of source and relay node, respectively.
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The SINR at destination 1 in order to decode its own data can be written by

2, 12
a1psprsulgi|”| ]
aopsprsulgrhal® + prsulgi]” + caps|hu|® + prsuprsul £ |g|” + 1

Yu, =

The received SINR for destination 2 to decode message x; is given by

Oé1PRSUPs\92\2|h1 |2

WUQ_H =

Destination 2 detects its own message with the following SINR.

2 2
_ OészSUPs|h2| |92|
prsulgzl® + a1pslhil?® + prsuprsul f7]g2]” + 1

VU4

3.  OUTAGE AND THROUGHPUT PERFORMANCE ANALYSIS
3.1. The outage probability for group 1

042PRSUPs|h2\2\g2\2 + PRSU|92|2 + Oélps|hl|2 + PRSUPRSU|f|2\92\2 + 1

“4)

&)

(6)

The outage probability is basic metric showing probability to SINR less than threshold value. In

particular, the outage probability of group 1 can be written as:

OPg]ID =Pr(yu, <79)-

Next, OPgll3 can be computed as

2 2
FD a1psprsulgr|”| ]
OPy, =Pr 2, 2 - 2 2 2, 2 < ’Y(%
azpsprsulgr|”he]” + prsulgi|” + arps|ha|” + prsuprsul f7|g1]” + 1
) A ) prsulgi|? (azps|h2|2+PRSU\f|2+1) +1
=Pr (1,|gl| g)—i—Pr |hi|” < 5
PRSU a1ps (PR§U |g1| _ 1)
Y0
oo
1 PrSUTX T 1
—1—— [ exp |- - dx
Agy Any Q1P (“‘%w — 1) Agi A, aips (”Rﬁ% — 1)
g Yo Yo

PRSU

1
Putting ¢ = 285Uy — 1 = o = — (¢ 4 1) then OPE? has become

Yo PRSU

OPED _; % exp<_ % 76X>
! PRSUAg, AgiPRSU A, 015

o0
1 X 1 1t
x/exp(—( + Yo )—%>dt
) A 01ps  Apaips )t Ag pRSU

a|gl

1 lX 1 1 1X
—1—exp (_ Y0 ) > 9 Yo ( + 70 )
AgiPRSU A, Q15 AgiPRSU \An Q1ps  Ap, 01ps

! 1 X
X Kl 2 70 ( + 70 )
AgiPRSU \ An Q1ps A, Q1ps

(7

1
Y0
RSU
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where X = (agps\hg\g + pRSU|f|2 + 1). LetY = agps\h2|2 + pRSU|f\2 = X =Y + 1 then the outage

probability of group 1 written again as follows

% W+ 1 1
OPg? (Y)=1-— e Noror Aglalps 2 "o < 1 + % (Y + 1))
Agi PRSU \ Ahy Q1P Ahy Q1P

1 1
x Ky |2 Yo ( 1 +’YO(Y+1)>
Agi PRSU \ Ah, 105 Ahy 01 Ps

1y 1 1 1 1 1
—1_e A}L’Irixlps - AUIZ%SU - Ah:(glps 92 Y0 ( 70Y n 1 n Y0 ) (10)
>\91 PRSU )\hl Q1Pg )\hl Q1Pg )\hl a1Ps

1 1Y 1 1
x K12 0 ( Yo + + 7 )
AgiPRSU \An 1ps  Ap@1ps  Ap 1ps

=1—2e 1Y 72 VUI3Y +94Kq (2 J3Y + 194)

1 1 1 1.1 1 1
_ Yo _ Yo Yo _ Yoo _ Yo 1 Yo
where 91 = —22—, 195 = Y3 = Y4 = .
1 Nnpaips® 2 PRSUA gy + a1psin,’ S Q1PsPRSUAG, Any * 4 Ag1 PRSU \ Ahg @105 + AnqyP1ps

OPgD can be calculated as

OPEP =y {1 2e= Y =02\ /95Y + 94K, (2 03Y + 194)}

=7(1 — e V2 [0y L LK, (2 03Y + 194)) fv () dy (11)
0

=OPy> + 0P,

We have

y (12)
PRSU /’RSU .
1 / v I B / W )xdx.
Af Af
0 0

Here we look at two cases for CDF and PDF:

3.1.1.Case 1

1
T /\h2a2p = 0, we have

pRSU/\f - O‘st)\hfz s
Py (y)=1— ¢ PRSUA; ST (13)
) PRSUAf — Q205 Ahy Q2PsAh, — PRSUAS
— ey b v
P hoV2Ps
fr ) = ——— ¢ (14)

+ .
PRSUAS — AhoU2Ps  AnyU2Ps — PRSUAS

OPg?l can be computed as
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OPLY =By {1 — 207" 0 /03Y + 04K, (2 Va¥ 194)}
(15)

2e~ Y2
02

858 a

2e~Y2

—1- 6, —
PRSUAS — AnaU2ps ! AhyU2Ps — PRSUAS

where 71 = (pRSU)\f + 191)

g, & / Gy + 03K (2195 + 01 ) dy
(16)

0
mﬂ4m+1

M
7194 193 93 193 1 (_Tl) 2,1 —-m
< (st (12) -3 & e i )

By using the lase equation in [25], vol. 4, (3.16.2.4)], we have:

é/ e ™Iy (2v/95y) dy
a7

0
= 19326’%1_‘ (—1, 193) .

27’1 T1

Fa T
and 73 = 5 | e_%y\/yKl (2y/y) dy. Putting t = Cy — y = U4t — dy = Y4dt wheny =0 — t =0

y=9 -t=1—-C= 19%1 Based on (18) we have:

1

¥
=g st (2y/0at) dt
0 (18)
M 194m+1
2mZ:0 19 ma1 G (194|10 m)'

_ S 20 in[24], (1.211.1)] andfac — )" 'K, (ay/T) da =

Where the lase equation follows the fact that e”
k=0

v— v_ N .
2T () G (51505 s in (241, (69522))

av

And

é/ Y/ 03y + 94K, (2 3y + 194)
0 (19)

M m m—+1
maty [ g O3 V3 1 (—72)" 04" o4 _
=e™V ena | —1,— _,E —— G753 (4] g .
s ( g 4 ( T4> 2 2o 9y 1,3( 470 —m)
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0’2
where 74 = m + 1. By using the equation z*/2 K, (a/z) = {Q%fﬂ ew [ (71/, %) in [25], vol. 4, eq.
hog 2P s
(3.16.2.4)], we can computed 75 :

oo

Ts é/(3774y\/ P3y Ky (2 1933/) dy

0 20)
_ s e%F —1,% ,
27’42 T4
7
m=g [ (20T dy
3
0 2n
1 I (—=ma)™04" T oy (404,
D) Z ! Gis 1 1.0 —m
m=0
3.1.2. Case 2:
1 1
PRSUNf  Ang2ps 0, we have
Fy(y)=1—emsins — Y oNgazn 22)
PRSUAf
J_oxv. (23)

M =S

OPg?2 is given as

OPEP, =Fy {1 ~ 2 V2 [g Y 104K, (2 DY + m)}
2 /e—(%—m)y-ﬂz (1 (g9 +0a) — g4> VIsy+ 01K (2/05y + 04) dy 24
3

:1 —
/\y/\y 193
0
=1—04+ 65.
where -
0,4 =T7/E_T8y(193y +94)°° K, (2 U3y + 194) dy
0
g0
=rre 5 (Ay — Ay) )
M m.qg m+2
vy | 93 U3\ 1 (=78)" 04" oy o
— I3 —W_ — ) — = — G (W4T
T7€ U3 e 2,1/2 (7'8> D) mZ:O 193m+1 1,3 ( 4|17O,7m)
By using the equation [ 2/2K, (ay/7) dx = pﬂ:l/zF (b+54+D)T (p—%+1)exp (%) XW_,_1/2.0/2 (
0

in [251, vol. 4, eq. (3.16.23)] and [ a"/°K, (ay/z)de = 1558 exp (£ ) T (=v, 4 ) in [25], vol. 4, eq.
0

(3.16.2.4)], we can computed A1, Ag:

Ay :/e_TSy1933/2y3/2K1 (2 ﬁgy) dy
0

R 95
77—82 W—2,1/2 (7'8) )

(26)

3
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9 27
M m—+2
1 )" 94" a4
19 9 m41 G (794‘10 m)’
m:O
and
— / e TNy + 04K (2/F3y + U1 ) dy
0 (28)
M m.q m+2
s0a [ 7704003 93 U3 7 (=78)"a 21 (g |-
=e 7 es'|—-1,— ) — — AV SR s bl O T A
’ ( 27’82 * ( T8 2 7; 193m+1 173( 4 1,0,*771)
where u
_ 9. 93 : o)™, ML —m
= Sy T =y F UL T = izens T (_1’ %) \TI0 = 3 20 = %) G5 (0 —m) -
3.2. The outage probability for group 2
The exact outage probability of group 2 can be written as
OP =1 - Pr (yu,e1 2 70,70, 2 73) (29)
The outage probability in (29) can be computed as
alPRSUPs|92\ ‘hllz > Al
OPED —1 _ py | c2prsups|hal?lg2]* +PR5UL92\ Faips|hi]? +PR5UPRSU\f| lg2l+1 = 0>
22 a2PRSUPe|h2 lg2|? (30)
1 Z ’70

prsulgz|?+a1ps|hi]®*+prsuprsul 1?9217+

=1-(OP§), + OPy>,).

3.2.1. Case 1:
_ 1 .
If max = a}{igslhl‘27O¢2P5‘h2|2717PRSU|f|2 , we have:
OP;?,I :/fm2 (2) d= / f|h,2|2 (y) dy
0 (PRSUZ+1)

0‘20
wez (1
a1 \32 Y

1 a1psr+1
X 1—F, 2 2 (x) dx
/ ( lgz| (PRSU a;psl’ — Qopsy — PrsUZ — 1 S @)

J;
arss (@2psy+prsuz+1)

3D
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Continuing the calculation process, we have

1 x 1 (wéaz < 1 1
v - L)+ )y
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3.2.2. Case 2:
_ 1 .
If max = "j—é’?"'lhz\z—l—msu\f\z’ we have:
OPE?,g :/fm2 (z)dz / f\h2|2 (y)d
0 Y (PRSUZ“rl)
1 a1pst +1
X 1—F, 2 fin. 2 (x)dz
/ ( lg2] (PRSU 2Pay PRSU21>> |h] ( )
"(00‘2 1
“fo
EYN
42 - k+1 = = \ k+1
S BAE, (—aapodn )P le ST (:2(1+E)) <pRSU:2:5>
Q2P PRSUAf Pt ! Ei)g, Eilg,
7 _ LJ’,“I"RSUPRSU%» pRSU'YO z E 1 E E
></e (*f =2 @275 Ahy ) UK 2\/ 1 +p§s)1\1 52+ Zs) dz.
A —27g2
(33)
—_ la —_ Qops —_ sAh, @12 = —_ s Any 1 E
where 2, = 7% (& 1), 5, = e =, = £500S S 5, - pmstinnd,
3.3. Throughput
The throughput in delay-limited transmission mode is given by
T, = (1-OPEP) Ry,
1= (1= OPEV) Ry e

4. RESULT AND DISCUSSION

Ys = (1 - OPYY) Ro.

Figures 2 and 3 demonstrate outage probability of two vehicles. It can be observed that outage prob-
ability improves significantly at high SNR. There is existence performance gap among two vehicles due to
different power allocation factors. It is further confirmed that outage probability cannot improve at very high
SNR regardless of changing target rates Ry, R>. In these simulations, Monte-Carlo and analytical simulations
are matched tightly and it confirmed our derivations are correct. Figure 4 examines impact of interference chan-
nel related to FD mode on outage probability. When changing A; from 0 (dB) to 30 (dB) outage probability
becomes worse significantly. Figure 5 shows throughput versus transmit SNR p. Increasing p from -20 (dB) to
15 (dB), throughput increases significantly, but it meets the ceiling at high SNR region.
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Figure 2. Outage probability: R; = 0.5
bps/Hz, Re = 1 bps/Hz.
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Figure 3. Outage probability: a;; = 0.9,
Qg = 0.1.

Indonesian J Elec Eng & Comp Sci, Vol. 21, No. 2, February 2021 : 854 — 864



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 863
10° T +—¢
e
/;//)/ 0.1 S = s
. A
- 0.09 P XLl
‘/ s 7
_ax7 o //;// il
.4 0.08 ¥K Y
e - (4 /
£ 10 v 0.07 ’/’j/’/ /
= - Vi : f, LV 4
2 - » _- AN
2 * ., a St >
[ / ) k1Y
B D £ 0.05 *'7
o0 Pis 5 If I
2 D = ¥/ /
8 102 - e OPy - Aum, p=10 & 004 ¥y
10 - * OPY’-Ana.,p=10 |1 /I’f I
o--0-——-®" -y /;‘ m  OPYP - Ana, p=40 0.03 ,//, / / * Y- Ana,a; =050, =05 | ]
e 4 OPY’-Ana,p=40 Y / Y- Ana, o) =060, =04
_-¥ * OPEP - Ana., p=170 0.02 oy * Ty-Ana, =070, =03| |
-z 5 s I A » T,-Ana, ;=080 =02
. - -~ * OPy) - Ana, p=170 * ¢ - -
-z o v v To-Ana, o =090 =01| |
- - — —-Sim. 0.01 ‘4 > ¥ ———.Si
A, im.
10° : ‘ : : ‘ ‘ o ‘ ‘ ‘ ‘
20 -5 10 5 0 5 10 15 20 25 30 20 45 40 5 0 5 10 15 20 25
As (dB)

p (dB)

Figure 4. Outage probability: R; = 0.1 bps/Hz,

5.

Figure 5. Throughput: o = 0.9, ap = 0.1.
RQ = 0.1, a1 = 09, g = 0.1.

CONCLUSION
In this paper, two pairs of users in NOMA-V2X systems have been proposed for 5G cellular V2X

communications. The fixed power allocation factors are applied to highlight different outage performance of
each group of user. We provided exact expressions of outage probability to evaluate system performance. We
show that the formulated expression is verified via simulations. Fortunately, it indicates reasonable performance
of two vehicles in NOMA-V2X if self-interference channel is controlled well. Simulation results demonstrate
that the proposed scheme exhibits better performance at high SNR at sources.
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