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Abstract: Aiming at the problems of energy limitation and physical layer security in the process of in-
formation transmission in CR-NOMA systems, a full-duplex multi-relay cooperative CR-NOMA sys-
tem model based on wireless power transfer is constructed. Firstly, an optimal relay selection strategy
is proposed based on multi-relay. Secondly, the approximate expressions of system security outage
probability and security throughput are derived. Finally, the correctness of the theoretical analysis is
verified by simulation. The effects of relay number, target security rate, interference power threshold,
self-interference channel coefficient, and power splitting coefficient on system security performance
are analyzed, which provides a feasible transmission strategy for CR-NOMA network security commu-
nication.
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Ak IF 32 Z 4k A (NOMA , non-orthogonal multiple access) £ R GEME SE I I &AL B A& LA
fIRATAE , AR A IE AR SR B . e B A i 3% 46 (Wu et al.,2018) o NOMA $2 AR TE A& i % AR 1E 28 07
KB LRSI, FIERS BT T, FIHPEFT TR (SIC, successive interference cancellation) #Hi
PLSE PR E 55 (Chen et al.,2019) o 75— 51, IAFITEZHL (CR, cognitive radio ) H A i o JE M AU (1)
TAEREOL, AEAFAEBAUT P AT A ARSI, KRB T 1453 A H] % (Pei et al.,2020) . firLk,
H Al & A 8 2 X CR-NOMA R G #4717 #F5% . SCHR (Tregancini et al., 2020) B 58 T 7 K 5% &k U AR
CR-NOMA M 45 ()i Wit R, JFUESE T CR-NOMA W45 (1945 2t . SCilik (Zhang et al., 2020) #4 £ T HA P
[F) A% i T SR BE H AR 19 CR-NOMA 4%, MEEIS FHES: T FH P 9 rh BT P 5 3Rk 5K . SCHik (Babu et
al.,2020) 5% T XU T i 4k4# B CR-NOMA REe W h Il aE, #ES 0 H P rh Wil 22 i i & 2850,

PME(E 5 CR-NOMA H R ZE G, TEETHEE N4 Zatine, fREReEReE, ML hryhgkty
T L RE AR AP Y BE BRGNS S . T JC R #E AE Al {5 (SWIPT, simultaneous wireless information and
power transfer) % R (Arzykulov et al.,2019) BES Sy Jo 2k i {7 #E AR HonTHE R fE =, [R] IS A& 5 54 451 (RF , ra-
dio frequency) i & L & LB B, B8 TUMED 4k S RE R 2 RN, fEA AT K g & 2 IR & 1
4. SCHR (Yu et al.,2019) # X5 5k F SWIPT HFME CR-NOMA M5, #ES: i R G0 h Wi iR 1 45 R i
UL BAE 5 (5 e LU X ST (&2 2 0 SE B B . SCHR (R B URAE, 2020) 2t —FPEX G55 D) S8 T[] 43 ic 7 58
KAt RG T WPERE . SCHR (Le et al.,2019) 42 1 T 5 T SWIPT 1Y CR-NOMA R 4t, 4k 15 fUF il oK i%
RO AT T U B L Fr, IFHE S R BT E SR A A UER A . SOk (CE ER 4 ,2023) W58 T 5T SWIPT (1)
AT NOMA [ 45 (1) HH I BE

T NOMA {58 /) #5 M AA M TCZe H b RE AR 5 IOME FEM:, CR-NOMA RGARZE S AR H P 63
Wt (Bisen et al.,2021), ik, CR-NOMA Z Gt iy ¥ H 242 4 [l 7 3] T E N M3 1T 2 Kt SCik(F
FERAE,2020) 7 T HRVR LA K 57 W1 s S BEHL A A 3B (5 5 T, BF5E T CR-NOMA 4% H Rk P i) 28 42
A MERE. SCHK (Chen et al., 2020) BF 5T T 22 R WU T H 4 PME NOMA 25 (¥ 4 PR Z 22 4 [n) L, X653 Wy
FHP ST AT RARIESS B AL R 264 . SCHk (Zhu et al., 2020) 55 JiE /2 CR-NOMA 9] 4% (1) ) B2 22 4 PR RE
e R e A TSR A B D) 2Rk 2

WA BFTE K Z X% CR-NOMA %48 55T SWIPT (1 ME CR-NOMA R G #E4T B AR M P Wk e /47, 1E
— LN T RGN 4 . IR SEPRICA A BT th AR L BT W P oS R R RR Y RE e, DL e
KA LT CR-NOMA RG34 BRZ 4 4 [ U 53 AR X 4820, AR SCHREF )R 43 (PS, power splitting) 42
F i) SWIPT $ RBFFE T 4 W T. 2 rh 4k B CR-NOMA R G W B2 22 4 )i, BAEH ) R SRR SCR 1A
T RS L e tERE; L e Wil R L 25t 80 FE, R B RE T T g
iy 7 ZE A R

1 ARG

1.1 {E5#E5E

FEAREGT T H P AR RIS LT, AR SCHEE T — A8 TR R 2 X T2 h 4k UME CR-NOMA R4t
BEAL, Qi 1R o %R L (PN) RN 45 (SN) 2% . = 926 F— A = & S PT AT— A~ H
PULRG, WM — D IANHE S SBS. NABERZBRM Pk iR, (n =1, 2, -, N), WHF SU,(i =
1, 2) AR — ARG U P B4 BT H k1 3 TAE T a0 T B R A BURER, HAth Ty 5 T
PETF 2T AL H AL B R 2K

PR . (1) MR TR B 876 M S s £, FrLA SBS 5 SU, RN E Jo L RE RS, e a4k 7 s
56 A B 38 By (2) BT A7 BEB% ED R O E BRSO Sr 0 B R 4 A, Wk~ CMO, o),
i e{PU, SP, R,P, SR,, R.U, RU, RE}; (3)FR%55% %% 44k 195 20K B (CSI, channel
state information) ; (4) "4t 5 R FEZWE S S REF, B FI/ETFENTELSEHE TR, Hit
KA 8 A TR AR (Karthika et al., 2020), FEiEfFEEE T L35 AG G, B/NER B T ES
SRIE; (5) A RO rh 4k SR B TR, SR 2k n i, RV B R 43 2R g0 Bl e i) kA 7
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K- (D)Hip, = P /0%, py = Py Jo. FHETT 1 R AT AE LR AE 1 B AR

E, = TnB(h P, + Py ki, + (o’ + o), (5)
H(5)H0 < n < | JORAEREEHR . (B Ak 35 R, RAEROFTAT AERE 2 T R 5 RN I R, X PU
T4, WAEEII I QoS, Py AT 2

L,
h R.P

PK“ = min , (6)

Py,

’ 2

Hrppy~ = E,IT.

TEAS 2 BhaE P G A b, PR SR, TE N SBSHAURAE S A [FIIE, [/ SU, . SU ¥ REME S« «).
FIEAAAEARE BTV I B, e P ARt A TR S A R N TR S i B R (Huang et al.,2021), 51 AR
P e M hBENLE S ~, . H, BIMES v =/, Py v,/ + /Py %'+ o' Py x,, SU,. SU,IHEUES N

Yo, =hiy, (Jo Py 2" + [,/ Py 2+ [a)Py x,)+ Py +1y (7)
Ysv, = hR,,Uz(q/TP)R,,xI’ + Ja, Py x) + Jo'Py x,)+ Py + 1y, (8)
(-8, +a, +a,' =1, n, . n, FSU,. SU, BIIIPERIT 8
HRAE SICHEMEAR, SU ¥, MR, 06k #EATARS, I SU, 1Y SINR 2y

_ pR,,allh‘?i’,,U,
'}’u,ﬂx; - pﬂnaz,hznu + g + 1 . (9)

SU,E et x,, ¥ A BE SRS, R TR S FH#eS A 855 e, SU,HSINR Ky
Pr & ,hfe,,uz

Y b L T o
_ pRﬂQZ,h?E”UZ
Yo, = F+1 (11)
A O)-OD IR, mELAK v, v, BT IAHAN
Rsn, = 10%2(1 + '}’SU,), (12)
Rsug = 1082(1 + 751/3), (13)

R 12)-(13) Hy g ya, T2 AR 5 R, A T r, . o ORIV RCSINR, oy =min{y, o, o),

Ysu, = min{n,,ﬂ, wmr}-
kG P BRI RINES R
yE:hR”E(mxl’+m9¢2’+m9¢")+Pw+n£, (14)
KADF Py~ CMO, (o) FREMEE T, ny ~ CMO, o) T ERIIPE R FBS
R ARRGI T P ESE 4R R, — E{EEER CSI, HA BGR 155 4 PERE ) EXHBREHLGE 5 A,
Hhi,y <hiy, < hiy TEMEUTHPESE, o, ETIE, XESU, SUBEATE RS, WS ' 1Y
SINR 735!

_ pEa],h?{”E
[Chi hfe,,E(azl + asl)pE +{+ 17 (15)

_ pnazlh?«’”n
Yeou ™ hlze,,lsaslpﬂ +{+ 1’ (16)

. P e P, .
X (15)-(16)p, = ? JHPTEBIW 2 ) B 5T TR Ny
E

RLZIOgZ(l +’yﬁ'*>x,’)s (17)

R2E=10g2(1 +’)’E4’x£)- (18)
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AR AR ORI P AR 5 Ul R 2 22, AN P 0T 382 4 i 3 Ry
Rﬁb\ = [1082(1 + ')’SU,) - 10g2(1 + YE**x")i| >

: (19)
R::UZ = I:logz(l + Vsu:) - Ing(l + /},Eﬂxz')} )

2.1 ETFURREEES AL PLEEER

S e R TV (3 AR A £ LR B BT PR P RS (35 L, B AU Y ] 322
SRR I, RN AR A A AT R T e A, IR RS e
b, REUH T T A% A Ny

Ri‘z»’ = sz, + R:ZUE . (20)
PRI, b 4k £ 07 5% R
. 1+ min{')’R,,a.«,’ ’YU\**X;} 1+ min{yR”sz’ ’)/Uz**x;}
n’ = arg max . (21)
n= 12N (I+y, ) (T+yp..)

2.2 BRERBEESH
ST e A TR, R A R S AT R BRI 2 A T L 2 A e P i SO 2
ATk % AN T FRRZE A ORI, P R R 224, R (19), 224
mem:Pr&ﬁu<RJ:Prb@u<211+th)—Q:JZFX”(nygm(xﬁh, (22)
St RAREAVSPT 0 BB =20 2) = 1, B () Ry M RBUMIREL. £, (0%
TRys . WO BE B
PRSP R, WRG R AP, I, REZSTEIERIR Y
SOP™™ = 1 = (1= P g )(1 = Pos). (23)
WP, FIP,, o BN GEEE T 0B, REEM% A PRI T0, ARG ZAYERT., K
., RGN A P 2 LR, T A SO S A o T S 1 % 4 AR
EHE1
SU, 24 i g

o\ &l Laeme] yulg+1) L
[fl(§+1)+P1€0§l]

Poul,Slr",:261+251, +

1, oty ((HD+LY
’ 20 pi* 1, v 1 20
+6,/|1-]e E e g
g Yn ({+1)+[,,,‘I’,,
N nyy® 2 (L)1, ¥ +ny, Por?
N n-1 T21-8) o™ ny, ®o SR
12— ( ) -1 1—e 2Py e PR , 24
[ nzl n ( ) ( (I_B)Ith\lfl+nyllq)az (24)
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L =150,
P, = o, - (azr + a3')mll,
0, = Cos(2Z ~ 1 17),
‘fl:min{ ’0‘1 ,’(1"'0{1;)2_&_1},
o, + o, a,
P = all - (azl + a3,)§1,
\I,rl =0 oy,
\If” =a, - azryz,,
®=(1-B)upyhi + ¢ +1,
v, =251+ m,)-1,
- (0,+1)¢,
1 2 :
iE Bf
E BT AT I 2k AR T UL R 5
T2
SU, G4 3
J»n({ﬂ) _ {.,v {m ] o , 7(7'2)'/2({{»1)4’[”'&27
P, 0, =20,428," | 8,| 1-{1—e "™ || 1=e " || 48, |1-|e " ——— 022 e T
o oy, ({+1D)+],a,
2( ) (=1) 1o e, ma®o? SRR
(1-B)1,a,+ny, 0o’ ,
(25)

/\q:l
__P
, o, (¢ + 1)(1 -e 2”) 1-6,
5. = r z e e,
27 max ’
2L 2p}; §0122
L =50,
yo=2%(1+m)-1,
() :azr —Qz;m
_— (6,+1)¢,
1, )
o !
&=
3
JE A

RE B 2 AIE I I RE 2 DL SR .
2.3 REFMHESNH

LAyt R AT R R RGN ) — AN E B AR bR . H e i e SO RS AR A AR

S A P £ R O TR AR, B
LARTFAE = (R, + R,)(1 = Py )(1 = Pos)-

3 PiE4CRS

(26)
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SVEREME I . fFES e =a' =06, a,' =03, a' =01, n=07, (=05, hi =0.1, I, =40dB,
MR T 25 R 1
R, =0.5bps/Hz, R, =0.5bps/Hz, HHN =3, 4, 5KEIEAXMESHMERTE, B4 MRS L 4Th
WTHE SR B b 4k 1 mUB B A . BEE AR I 2, RENE 2 TWEREUN, et B A SR
PO H TR (1) i AR BERER R, (A B A AN U PSS rh AR BCRE RS R, DT A5 T it ik
PRI AR A 2, (ST AT SRR A AT BRI R, RRAS T B LS M 22 A G TR B B 0T T R
(R IE A, SRS 2 TR
MN=5, R RIBURFEMER, FR57% 4% H
T T T )| MOREER R S BT R . SRR,
R 5 24 WTHE SR B H bR 2 4 il SN, RS
S PERERUEAF 1T SEME SR . (EREE AR R

- AN, SR AN, 2 SNR<10 dBIY, RS
z (59K TIT DA 2 AR A R SR SR K 5 1
& s G BRI, I A P TR AT G, B2

4 75 W LU A B I, 22 4 v T R T BB S3 S BRLT

W, (HBEREONZ . HRIEZISIR T, R

‘ ‘ ‘ . . Te M2 (MSE, mean-square error) K43 Hri B AH

0 5 10 15 20 25 30 3 40 S5fMrEZ ) n %5 (Fitzgerald et al., 2021).

» ﬁ@m%mzéﬁﬁzﬁﬁmﬁw T R, = 0.1 bps/Hz, R, = 0.5 bps/Hz i, MSE

‘ . I B4 1.52x10" /)y, PRI SRR AP im AR R 5 % 4

Fig. 4 The security outage probability varies with
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P 6 20t 1 22 4 v T A 3 B AS ] 1 40 2 4 13 1
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P, DR 5 R SR SEPR R S SRS 1, A

Ko BEAE 1IGHK, IAENEESS 5 485 200 SE R R

DA, BRI R AR 5 ok B, M

MFEARAE T 5 T Z MR EMR L, [l 15 iiom B 25

Dy \E WA R WSS, el b A 2B SR R AT
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I, 2R G022 4 v W B 38 2 B 15 e LU B0 98 O T I
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° O awa P oE TR, WL, RIANEEAE R AR
IS e Aee PR BE A5 de AR 2 Al AR LA T D R B (A L4 SR 1] P
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—E I RGP IR B g R TIIY K, BRI

DRAE Ak SOREMBE R LU IS N, T T5 B AR 0 Lu )y, 3 S B0h 4k 55 s 7645 S A 1 7 v i 91

RER A R RYTEOL, SEm ARSI AT ST, MY A rh IR, Y B—E N, RGL A P WA B w15 T
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AR BERE X, X R EEENUE SRR N, BT RGP I A WA AR, R e gk S
PRGN RS L R VERE TR, R, P LGE & BRI Al A B R i R e e Mg

P 8 Sy A Ay i e BE AL {5 19 L SNR B9Z2 Ak . 2553 HT, 6 b I 8 A AU 1Y 22 4= A7k B A B SNR B KT

R, ABA SR AR P B B O T AR AL . X T RE SR 2 IR P K55 5, SR PS-SWIPT H AR A] LA7EE
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100 T
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Fig. 7 The change of secrecy outage probability with  and 8
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SEUEHRT T LAF, AL TR, 548 &

BT A6 KR o 4 5 T AR B 2R AT 2% 336 A0 T @

1B, W T BRI RIEIR | RRAE 547 kb A1) H s B RN %

Mg . B AR R T Ak BOE K, et B

Wil RN, etk e, Wik, 2T R

4k SWIPT-CR-NOMA R4 % Ay 42 5 1 1.7 1% 0 ‘ ‘ : ‘ ‘

AT, Sl T ASCARR T R T e
4 % B 8 24t B L5 L 125 1L

Fig. 8 The change of security throughput with SNR
ARICHFFE T underlay B CR-NOMA R 4L (1Y

Yy E 2 ax )i, AEBI T P AFAE R DL R, BRI T — R T IO RE B AU T 2 R 4k P CR-NOMA

PIZEAETY . 4 XUT AP AR A BRI i R (5, RS Sl AR AE R T 1 —Bh Bk 5 o4 &, 15

WS A R, e b Ak gl RE SN R ARG IR, () I f E i B3 Wr F  k NCEMR AS HRAR T  Bd, HES

tﬂf%\éuiréqﬂﬂfﬂ%ﬁ Yz aeAv it iRk PP EATREN], AT RS A ST R 4
'ERE, PRUIEE 5 ka4 4

TS
RAE(3).(9) . (15) . (19)F1(22) , fb =L (26) T P, 5 M
P, = Pr{RY < Ry} = Prlys <214y, )= 1 = [ B0 7, (x)d,
Hrry, =2 (1+x) - 1, F" (y) My, BRBUME RIS, (x )%%/T}/Eﬂ AL 255 B PR AR . 2% TE I A TR A
W35, A2, ie{SR,, SP,R,P,R,U,,RU, R E}E&M%ﬁﬁ BB | b, [ 0] By | OS5 E RN

i( )( - 1) %eT (27)

L
fhw‘l(x) = Ee > (28)
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