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Abstract: In traditional NOMA systems, signals between the near and far user equipment (UE) in the time and fre-
quency domain are fully overlapped to obtain the highest spectrum efficiency, but interference between the UEs has become
a critical issue. Partial NOMA (PNOMA) systems can significantly reduce the interference between the UEs because the
NOMA mechanism is only partially adopted in the whole frequency band. Compared to traditional NOMA systems, PNO-
MA systems can significantly reduce the negative impact of imperfect successive interference cancellation (ipSIC) on the
system sum rate. Based on the full-duplex cooperative NOMA (FD-CNOMA) and PNOMA system, this paper proposes a
full-duplex cooperative PNOMA (FD-CPNOMA) system to reduce the interference between the UEs and accordingly im-
prove the achievable system rate. Considering the non-ideal interference cancellation in practice and a FD-CPNOMA sys-
tem consisting of one base station and multiple UEs, this paper proposes an optimization algorithm for UE pairing, non-or-
thogonal ratio control and power allocation. In addition, closed-forms of UE outage probability and approximate closed-
forms of average achievable rates in this model are derived. Simulation results show that the performance of the proposed
UE pairing scheme is better than the other three schemes, the maximum achievable rates of PNOMA systems are all better
than the conventional NOMA systems, and the maximum achievable rate of FD-CPNOMA system is 95.42% and 44.06%
higher than that of half-duplex cooperative NOMA (HD-CPNOMA) and PNOMA systems respectively with low signal-to-
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noise ratios (SNR). The proposed FD-CPNOMA system provides a better tradeoff between the fairness and average reach-

able rate among the UEs at high SNR.
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I A

) 7, W] LA
Cram?2 (DS

S N~ 2
Rz () Copyr (DE+Cr pypé+1 (29)
. Cl,sumyl (l)é{

SINR, , ()= Con O+ T (30)
SNR, ()= Cr 7 (DE (31)

2 n e P20}, UE, [ W7 & A= 76 UE, A g i 2 i i
UE, 5%, UE,, 3 = % B AN fig il 2 i 05 i 47 4 . DA Sk
[ 19 AR, HE S v 15 UE, AR IR an =t (32) , Hir,

R,

&71 —
6,=2% 6,=2% B,=(1+p)NA, a,=
HI(CR,FZ))R5+1) _ el(CR.FzyRéz"'l)

Cz,sumér_ 602C1,F2§ 4 Cl,sumé:_ Cz,nglé'

UE, i br g A LR AR DL N A G«

(1) UE, NRERLIIf#AS B £H15 5 H UE, N BE ) i
5 UE, 155

(2) UE, n] DL I UE, 915 5, {128 MRC J5 1)
AR/ N T HAREHA

AT LKA UE, (9 R e an =X (33) , Herbray =

0,

CI,FZQZ_ C2,sum0] f
P3=1-Pr(B,log,(1+SINR,,,(1)) > R,. B,log,(1+SINR,, ,(1)) >R, )

. a (1-a)
> > 32
‘1, if0,> 51 —a) orf, > P (32)
l-¢™ m"x(““GZ), otherwise
P{"=Pr(SINR,, ,())<0,.SINR, ,(1)<0,) +Pr(SINR,, ,())>0,.SNR, , ())+SINR, ; ()< 6, )
1, ifg,>1¢
(33)
- otherwise

250, n
(1 —e‘*l‘”)(l —e‘”'“"“) +e‘*2”2(1 —e o %e C"”{zwi\/ 1-22 f(v,)
i
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5.1 SEHH

A% FD-CPNOMA Z 4t 9 1] 3k A 2 17 50
SIATVEAN O BT S BN 1R . FERSE AT,
SCHRR Y R BT R RS IR ] L FD-CNOMA R4 H =
B, JF UL T I8 3 65 MR 9 NOR A FOR 2
HCE, 75l a=1,8=0.

x1 HESH
ZHATR (UReE-ZN HH
PRARIFE REL v 4
PO AE R R L ¢ -10~40 dB
TR AL 2N 2048
TR vE A 15 kHz
1T UE (3353 1l 2 8 a 0~0.3
Il 5w i UE 2 I8 A9 3 L d 1~6
A A STC R %K é 0~0.5
AT RE R 0~0.5
UE%H 2K 12
Mg Ty R N, ~174 dBm/Hz
Kl 4(a) FIEI4(b) 53 5 7R T AR H & 58K FD-CP

NOMA % 4 5 HD-CPNOMA % 4t 2 [a] LA f FD-CPN
OMA Z%: 5 PNOMA % 2 ] () ] ik FI R 221 . X
ETEPA ISR I £=10 dB, JE HAE SIC & %06=0.03,
I UE (%50t 28 a=0.25, 363l 5 UE, & UE, iy i
Bbd=d /d,=2,d,=1 RG240 . fEr A EE %R
ZHT ,FD-CPNOMA £ %4t 5 HD-CPNOMA R 4 2 [a] LA
K55 PNOMA F 55 22 [8] 9 ] 36 FGH R 25 (5 2 o0 1R M, IE
W] T 1EAR R 4545 F , FD-CPNOMA £ %2 7] LA3A % [ HD-
CPNOMA % 4t fil PNOMA 2 4t W i (1% 1 3k F % . (]
PR B B 2, 25 (8 e KM I ) I 1Y B B RO S RE il 4%
EX2 LI BPSIPE B8 o

K SRR THEARTRMEME L R 54 R G o kT ik
R | FEMRAE M LR DL R, FD-CPNOMA R A HE T
oA 3 &8 ] 35 RN B R B K5 i 24 SNR > 25dB A,
PNOMA % 4 fi fi% 15 3] 55 FD-CPNOMA Jt 7 A [5] i 1
e, X EH T EER SR T ,PNOMA £EH UE, M H
T K EERE 1T UE, EEUREE A O A Bk
G5 . AN TEEEW T, 55 NOMA RS 1]
IR AR A ORI {5 e LR UE Z 81 T
Yol 2 i 2 AR K M TS UE Z | T &4
AT A I 38 (4 5 0 Bk I 25 . T PNOMA Z 48 ] LA i
R A DX, AT e B /N UE 2Z 8] 4, P ik
TEE M LT, PNOMA RS0 HAZ 58 NOMA R 45 (1 5
B s

SN2 I I N A € N [ VT I |

04 06 08

(a) FD-CPNOMA & 45 HD-CP b) FD-CPNOMA £ %i5 PNOMA
-NOMA 2% 0] 1k FI R0 22 H FRGE T IR AR Y 25 (H
FEl4  RIFEZRGEZ 0] ik FH R 220 H g

ENGIER /%3 QNS By 150 3R | R O eb TS
6 01 77 17 R UE, (DR AL 280 a W0 R B 7 1], A
43514 0.3.0.2 F10.1, FD-CPNOMA % %¢ #l FD-CNOMA
RGRY AL FIECR Y B M E A TR 5y 1938
&, FD-CPNOMA Z % fil FD-CNOMA 22 %5 1 7] 345 Fil ik 2%
Hj AR R . 24 a=0.3 H y,>0.33 i}, FD-CPNOMA
Z G0 1Y AT AL T PNOMA £ 50 14 7] 36 A5 2% 5 T
2 a P E T BT e B FAE 7RSS K. X Ui UE, 1Y
I HA3 B0 S 8080)N , FD-CPNOMA £ %5 1] LR 3% 58 K1)
TR m . X2 i T2 o 19 KA, UE, fi# 5% UE, B 16
IIfi 1 UE [8] T 4038 A, et @ F4ess kK, UE, /g nl ik
RS R [ T PNOMA HINOMA %‘:5%2&%7 ff
AT, HIL RS R KA MRS A TR 5
Tk,

5.2 BEXERSH

AN XF AR SCHE Y G UE 2 X 5 58 RN H At = Ff
A BTy Xt R 48] 1k F sl A 52 . 2K 4> UE %
HRMFIE B 2 M P HES, o Aol 55 N EE A s AE A
PRI G SR 5, SRS TP AU 25 4K . 7R3
PR A TR A BB — A UE SEATICXT . = Fh A e it
TFEAN N (1) - BT B UK 554 A P s 1
% ¢ (e (TS UE A TIOR3 (2) i IR AT < 22 U i
A G iER 25 UE 55984 T 05 181 25 UE
ATECXT 5 (3) BEHLECXT : 78 P H BEALIE PR A4~ UE
AT, EE KK .

17 e om T DUANEC XS 77 58 T 3R Gt e K AT 3k AR
AR DL . ZHK =12 (5 B3 15 IR FE B A, =
A [0,600] 22 [0], A S50 5 K 4 28U TR . AE A R
SNR R, S SCH M B9 KM g R 559 AT 308 341) 1) 5 KT 3k o
BT T =R RO B, B AR SCRA AT DL ) R
T 2R R I A B 6 A AR B A AUE GER)
K BEAR .

5.3 RGMHREDHT

8 J /N IRl R G5 H UE, fl UE, B BT %, S 54
M5 E 4 M. XFH UE, B9 S IR, PNOMA R4 .
FD-CPNOMA % 4 fl FD-CNOMA % 48 5 [ HE 4, i
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—#—FD-CPNOMA

________ FD-CNOMA PNOMAZ
6 | —#—HD-CPNOMA

vvvvvvv HD-CNOMA

—*—P-NOMA
S e NOMA

F K ATIAFIEE /(bps/Hz)

fEHNOMA Y

0 5 10 15 20 25 30
SNR/dB

5 [ SNR T 48 R G drg KT A Al

FD-CPNOMA
—#— PNOMA

a=(.3,0.2,0.1

F K AIAFIEE /(bps/Hz)

[ 0.05 0.1 0.15 0.2 0.25 03 035 0.4 045 0.5

HFHRRN
6 Ay, TARGA R KA ILFIE AR

UE, () F TR 3 DU (A B8 1 A B A R 3. 3 R R AR T
PNOMA £ % ,FD-CPNOMA RS 4 & 7 FH P i, (i
5 UE, (1 3R A5 2 $12 55, 17 UE, A9 38 A0 1 Hu b 2 F
W . FHAST CNOMA %5, FD-CPNOMA Z %5 i #+f gk 2%
AR T U, AR (HAI R MK T UE, /Y
A AN, 2 SNR > 30 dB I, 28U T 245 UE, (4 v Ik
PEBE HLA BT R GE 0 Hp Wi PEBE 22, X & i T 24 SNR{H
SERE AT, B R Gk RE Y 32 22 N B 4 i SNR §4 78
A TFARRE e, 12T RGEAZ y, BIFEI .

B9 J7R T DU FPAS [R] 5 G0 1 SF- 2 ] 2k R HER | G

—— S Y 5 T 0 A
—o— FfE Y a8 5 KA Y 28 Xt
16 [ —*— BEHLACXT SR

—— SR H AT S

f K AT IE R 2 /(bps/Hz)

5
SNR/dB

K7 RIEBCNTT 5T RGO AT AR

—6— FD-CPNOMA UE,
3| —©—FD-CPNOMA UE,
“— HD-CPNOMA UE,
—%— HD-CPNOMA UE,
—#— P-NOMA UE,
—#— P-NOMA UE,
—A—FD-CNOMA UE,
—A—FD-CNOMA UE,
5| ——-—HD-CNOMA UE,
—-—-—HD-CNOMA UE, ;
© iEAE N

L L L L L L L L
-10 -5 0 5 10 15 20 25 30 35 40
SNR/dB

8  A[ESNR N RS h g%

T UEE B LI E N d=4, KRSESKM 5K 48R .
FD-CPNOMA % i Ml PNOMA £ 45w UE, 1 AT 35 3 R A7
JEFT AL, 3% P RG] UE 22 ] Y 3 46 25 e 1 Jit [
551 9 v (1) R T ARE % 2 S SRR R A TR] . R AT R
2 °h FD-CPNOMA Z % Fl FD-CNOMA & %2 75 e 15 M Lt
R ALk R LR . A% T FD-CNOMA R4,
FD-CPNOMA Z % UE, i 3 45 8] T8 K $E 7t 1
UE, 13 R E e S0k 55 . X2 1 T UE, 76 2R J CNOMA
FEARB T K, 25 3] R G0 AR 1 ok A, jd b
UE, i) T4, % UE, B F 2R 2>, F 3 UE, 3R T
K% . >4 SNR > 30 dB i}, PNOMA 2 45 i 5 (R M fig i T
FD-CPNOMA R4t , iX [FlFE 2 Ty BISZ .

Wi FD-CPNOMA High SNR UE,
—6—FD-CPNOMA UE,
—6— FD-CPNOMA UE,
| —A—P-NOMA UE;
8 —A—P-NOMA UE,
-------- FD-CNOMA High SNR UE,

N 7[ —=—FD-CNOMA UE, ]
z —&—FD-CNOMA UE, 4
& 6 —%—NOMA UE, &
%‘\; —%—NOMA UE,
=50 ¢ UIRME ]
=
X 4
=
=3
E

b S oy~ —
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SNR/dB

9 RIF SNR N Y R G F- 2 ik i

K110 JB7R T B SNR 93K, 45 RGN F- 34 ml ik il
HRAEAL . 24 SNR < 30 dB I, /1 Ty, >>p,, Bl UE, 4t
TEAE H P, I UE, i 1% UE, f5 5 19 3R & T
UE, 4t 2 MRC J5 1Y 3 %, PRI AE I SNR B L, FD-
CPNOMA {9~ A] 35 F13# 32 5% T PNOMA. 1 24 SNR >
30 dB i, p, 5 A A 38 25 B 2 2 LATRAN A T 5 X}
TR E M, R G2 2 301 PNOMA P-4 1] 35 Filk 5
15 T FD-CPNOMA - Al ik F 2 1 1 4 . FD-CNOMA
F5: 5 NOMA RGN H R R N 5 FRflik—3k.
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[ FD-CPNOMA
10 - NN P-NOMA

[ FD-CNOMA
{ I NOMA

P AT A FLE R (bps/Hz)
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SNR/dB

10 AR[FESNR T4 R G130 1k f %

MEER R F M F FD-CNOMA & 4t , FD-
CPNOMA Z 4 17E 72 48 F R J7 A B T, HL K
F SNR M9 3G K, o R 22 53 78 78 W 15 K, 24 SNR =
30 dB iy, FD-CPNOMA £ 4t fl i R 2 TF 13.0% , 275 £
g8 NV M7 A BT R Bk Y4 SNR<30dB K, FD-
CPNOMA R FIHE — E 5 T PNOMA RGEFIHR Y
SNR >30 dB Iif , FD-CPNOMA % %i 75 & %t F1 1 % )5 [
B3 T PNOMA R4 . MTE RS PEJr i, K 9 Af
PL13 3], FD-CPNOMA % 4t/ L T PNOMA R 45, 7] f
UE, F1 UE, 2 [A] (138 R 22 ()82 10.6%.

6 BZ5

ARICHFGE T Z 0 P XU T UMET 70 NOMA & 48,
BEXEH A UE FCXF A A5 JE IE 38R 8 1 19 UE DR 4y
Be AL Ak [l 1, £ 1 T4 2% 8 UR B X387k 3k TR
PRI e 2 IE 28 s i) S Th R Bk . A
RFW Y AEAE SIC THERE, M T NOMA &R 4t , FD-
CPNOMA £ 48 Fll i R 75 19.5%. 1F SNR = 5 dB i}, A%
SCHEH Y UE BOX B TE RS A2 EA T - B X
T R - 7 B B AL X B0 4 S 4 5 10.7%
18.7% H123.4%. 53 4b, i B /0 B #E 5 1 iZ R 4
UE 114 71 DRI ARE 23 F4) K5 0 30T AL A 1T 389 1 36 808 194 3 )
E S WL N =R M sy A B A TI GO L8 o o [
REUE T FD-CPNOMA R 4t GE 514 5 Lk FD-CNOMA
ARG M PNOMA RG] A FIHR . 78 R W RE T
Ifil , FD-CPNOMA Z%: 5 PNOMA R Ge 402, (H Sk g
#hF FD-CNOMA ZR 55 ; 76 F- 3] 1K R Ty 1, (15 1§ e
T ,FD-CPNOMA Z S5 7E UE 23 -4 LA K S 44 7] 1k 1 i
567 THI ¥ AT LASHEN 5 /55 15 M L, FD-CPNOMA & %t 7J
PATE 22 8 I R AP 22 ]38 24T R R

S 3k

[1] MARAQA O, RAJASEKARAN A S, AL-AHMADI S, et

al. A survey of rate-optimal power domain NOMA with en-

abling technologies of future wireless networks[J]. IEEE
Communications Surveys & Tutorials, 2020, 22(4): 2192-
2235.

(2] TREZE, 23, Kb, 5. MW 5G UMEEE RGN TR

I3 TE AR 538 (9], F PR H R 2 2 4 (A AR B 27 1D,
2019: 143-157.
XU Y, PENG Y, YU X, et al. Survey on resource alloca-
tion techniques for 5G cooperative communication net-
works[J]. Journal of Chongqing University of Posts and
Telecommunications (Natural Science Edition), 2019: 143-
157. (in Chinese)

[3] BADRUDEEN A A, LEOW C Y, WON S. Performance
analysis of hybrid beamforming precoders for multiuser
millimeter wave NOMA systems[J]. IEEE Transactions on
Vehicular Technology, 2020, 69(8): 8739-8752.

[4] DING Z G, PENG M G, POOR H V. Cooperative non-or-
thogonal multiple access in 5G systems[J]. IEEE Commu-
nications Letters, 2015, 19(8): 1462-1465.

[5] KIM B, PARK Y, HONG D. Partial non-orthogonal multi-
ple access (P-NOMA)[J]. IEEE Wireless Communications
Letters, 2019, 8(5): 1377-1380.

[6] KIM B, HEO J, HONG D. Partial non-orthogonal multiple
access (P-NOMA) with respect to user fairness[C]//2019
IEEE 90th Vehicular Technology Conference (VTC2019-
Fall). Piscataway: IEEE, 2019: 1-5.

[7] THET N W M, OZDEMIR M K. Joint overlap ratios and
power allocation with user fairness in partial non-orthogo-
nal multiple access (P-NOMA)[C]//28th Signal Processing
and Communications Applications Conference (SIU). Pis-
cataway: IEEE, 2020: 1-4.

[8] MOUNIN S, KUMAR A, UPADHYAY P K. Adaptive us-
er pairing for NOMA systems with imperfect SIC[J]. IEEE
Wireless Communications Letters, 2021, 10(7): 1547-1551.

[9] CHOWDARY A, CHOPRA G, KUMAR A, et al. En-
hanced user grouping and pairing scheme for CoMP-NO-
MA-based cellular networks[C]//2022 14th International
Conference on Communication Systems & Networks. Pis-
cataway: IEEE, 2022: 319-323.

[10] ZHONG D H, DENG D H, WANG C W, et al. Maximiz-
ing downlink non-orthogonal multiple access system ca-
pacity by A hybrid user pairing strategy[C]//2021 1EEE/
CIC International Conference on Communications in Chi-
na (ICCC). Piscataway: IEEE, 2021: 712-717.

[11] LIMA B K S, COSTA D B DA, OLIVEIRA R, et al.
Power allocation, relay selection, and user pairing for co-

operative NOMA systems with rate fairness[C]//2021



%

6 M H 2P 2 XUT PME PNOMA R Ge3E IE A 584 il K D324 B AR AL i 1851

[12]

[13]

[14]

[15]

[16]

[17]

(18]

IEEE 93rd Vehicular Technology Conference. Piscat-
away: IEEE, 2021: 1-5.

EL T VPR, BRI JE AR S T HE R T AR IR
LA AT R G ERE AT ). T SR B
R, 2019, 41(12): 2795-2801.

WANG X Y, XU X M, CHEN Y J. Performances analy-
sis in uplink non-orthogonal multiple access system with
imperfect successive interference cancellation[J]. Journal
of Electronics & Information Technology, 2019, 41(12):
2795-2801. (in Chinese)

JIANG H L, SHEN B, DONG K M, et al. Performance
analysis of full duplex cooperative NOMA system with
imperfect SIC[C]//2021 IEEE 94th Vehicular Technology
Conference. Piscataway: IEEE, 2021: 1-6.

XU P, WANG Y W, CHEN G J, et al. Design and evalua-
tion of buffer-aided cooperative NOMA with direct trans-
mission in IoT[J]. IEEE Internet of Things Journal, 2021,
8(10): 8145-8158.

ZHANG Z Q, MA Z, XIAO M, et al. Full-duplex device-
to-device-aided cooperative nonorthogonal multiple ac-
cess[J]. IEEE Transactions on Vehicular Technology,
2017, 66(5): 4467-4471.

ZHU L P, ZHANG J, XIAO Z Y, et al. Optimal user pair-
ing for downlink non-orthogonal multiple access (NO-
MA)[J]. IEEE Wireless Communications Letters, 2019, 8
(2): 328-331.

DINH P, ARFAOUI M A, SHARAFEDDINE S, et al.
Joint user pairing and power control for C-NOMA with
full-duplex device-to-device relaying[C]//2019 1EEE
Global Communications Conference (GLOBECOM). Pis-
cataway: IEEE, 2019: 1-6.

LIN X Q, JIANG L B, ANDREWS J G. Performance
analysis of asynchronous multicarrier wireless net-
works[J]. IEEE Transactions on Communications, 2015,
63(9): 3377-3390.

ZHANG Z K, SUN H J, HU R Q. Downlink and uplink
non-orthogonal multiple access in a dense wireless net-
work[J]. IEEE Journal on Selected Areas in Communica-
tions, 2017, 35(12): 2771-2784.

EEEN

BOSE JHL19784E 1 A, BN 2% X
N B W BTy A E AR MIMO &R
SRR IOZ

E-mail: shenbin@cqupt.edu.cn

M 2, 19994F AR TR R BN . R
DRMR L R AR 4, W52 07 6] M AR TE A ZHHEA |
INHITELR
E-mail: 974923110@qq.com

BB 55,1996 4F 7 A A, I OT
N PRI R, B9 1w gl IE 32 2 ik
A AR
E-mail: 1370178823@qq.com



