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Abstract: Considering the heterogeneity of users to be served (different receiver structures) and the diversity of service
requirements in the future large-scale Internet of things, an IRS-assisted simultaneous wireless information and power
transfer (SWIPT) non-orthogonal multiple access (NOMA) communication system model for heterogeneous scenarios
where power splitting (PS) users and time switching (TS) users coexist was proposed. Under the condition of satisfying
the quality of service of the proposed scheme was better than other schemes two types of users, the transmit power of the
base station was minimized by jointly optimizing the active beamforming of the base station, the passive phase shift ma-
trix of the IRS, the power splitting ratio of the PS users, the time switching coefficient of the TS users and the successive
interference cancellation decoding order of the two types of users. In order to solve the non-convex problem, an alternat-
ing iterative method based on successive convex approximation was used to split the problem into multiple sub-
problems. For the passive beamforming optimization sub-problem of IRS phase shift, the sequential rank-one constraint
relaxation approach was used to solve it. Simulation results show that the base station transmission power of the IRS-
assisted communication system is significantly lower than that of the non-IRS scheme, the base station transmission
power of IRS-assisted NOMA communication system is lower than that of IRS-assisted orthogonal multiple access com-
munication system, the base station transmission power of the IRS-assisted PS-SWIPT system is lower than that of the
IRS-assisted TS-SWIPT system.

Keywords: IRS, SWIPT, NOMA, resource allocation

WS BEA: 2023-10-12; {EEIRHA: 2023-12-26
EEWH: HEXAAREE T IINE (No.61871238, No.62271265)
Foundation Items: The National Natural Science Foundation of China (No.61871238, No0.62271265)



- 40 - wofE % W45 %
0 35 I3 B MRS A S LR S A A e T a5 S de ¢

W 25 Ik DX RS Bl BTG IR S5 % iR 55 1R 3 5 Ok
J&, BRI PR, 1R
Al AR TR A 2021 414 138 120 1
282025 4F (#1309 42 To Lk K & BN 45 6G (=
RGN RIBOER:, S8 REAEFNEL B A
FERFR AR OR TR FTARA PR SR R ARk
R 285 PR KR ASEEF2E R0 FH 2 B sy R IR 2% 28K, R IEAS
Z hkH: N (NOMA, non-orthogonal multiple access)
FERFEEAR I TN 518 17T 2 KE. 550
1EAR Z HE8: N (OMA, orthogonal multiple access)
FERAE, NOMA SCRFZ AN P L5 [ ) 5
o], SRS, Rk, e R PASCRER P
RIBERE . BARTE, DA AT 8 1) Th % 35
NOMA ABI, 43 5 7E 56 A1 P Ab B2 R B 0 4 it
FIEAT THLIE BR (SIC, successive interference can-
cellation) #iA, {518 &5 559 i H P AT DALE fif b
ZHITH BRAS T8 3 28 5055 B F s i i [R5 TE T4
NI B v 00 285 2% I LI 2 FH P B v () R 55 o &
5 s 461

A—JTH, AL RIEOIY, MR
REFE R 2R EIIG N . HAB PIR X T 2 A% Ik
A W A IR TG A R At L, SR R
PR, 75 AT S 4, ) ] 5 7 v XSS 3 X 1)
TR AR IR AT AL, HL L 10 B 48 35 0 2 5 SR s B0 1 Bl
Ko RNTEPGX— 8, AT TR BRI
N T IR A, ILRE XEE. KBHEE
SFHMRTIE IR E, SRIMIX LTI B A FE LM
A e R R, AN RE 8 AR 4 AR e I At L IR
%, LU 2 R 45 i (QoS, quality of service)
(R ESRT, B4 (RF, radio frequency) 155 H. A5 BE
AT DAREE S, T DR ERE R EEREE, JFH
AR, 2 TR e Lk #%E S
kAR, BERSIRMLFRA AR T M. Rk, EF
RFE S LA RREARZ R T2 00, Haek
L EEREIE(E (SWIPT, simultaneous wireless in-
formation and power transfer) , & JC k{5 B A% fi fl
Tk fe E ARG 5 ey, v LUEE RF{E 5 [
WG SR Re . BHAT, SWIPTHIR FZEAFALE
3 Al SO 25 A0 10— Rl 43 B B L 45 4
B A S B R e B WSO ER 23 ) 2 A4 40 B R R AL s
P, X PRI 45 R T O PR (S RS E B A 2 A

HISCER RE B [B] AT 1) . AR, 43 8 ) R WAL
gh M4t i SWIPT [ BE 2 2e 4 vl i, Re Il 4E
B 285 RTINS &, AlfEl
o Gi T {5 ARSI E B0, A X —
) R, SCHR[12]48 55 40 2 R bl : D2 0 %)
(PS, power splitting) FZYSCHLFI I [B] 7] 4 (TS, time
switching) WL, LhE 7 I RS20
S T B2 N ANE D33, e —#7r T
R, M TR E S, i
DB RE, (RS R4 R LS E Bl R A
RE AR Z IR ~P 487 s I TR] D) e BRSO L R RS OR
2 8] I b 7 AS S S N e R 2 T AT D 4
B — AN I B 9 K 322 YR B 1Y) RF (S 5 i A7 R WA
T3 AN R A U B R A 5 1T B,
ZREONL 3 R AR AR (S SRS AR A
TS T I R 56 =34y k. Ah, TS HEL
T T EUREAA 0 15 S/ B VA PR ] [R50,

i, FAE AT (IRS, intelligent reflecting
surface) K REA% 7R I I BRI ISR 28 2 TR
LAGE, Wl 7TEARFAM I Tz k3. it
Ab, BRE SR AT DURCRHR s AR . ReIR AR
IR 2675 T %, R I FRAIR I 28 BUAS, BN 2 6G
TEEIE RGN REEA . BRI E, B REST
EH K B AR T TR R S5 oA 2 e, B o
RERE 0 NS B B S S AR AL 284k, JE I i 5
NSHE 5 g IR AL, SEILTE 2R A5 i p) E A,
GG dk AN, B RE SR TS — AU g AT
© R SO NG T AN AT(E S AR, R
A TGN . Ak, B e SOR T A2 —Frkh 7R
W, DRI e ] DR 25 2 BB 1 B 24 HiT R TG 26 I 2%
AT EAS SRR bR e, AL O
UL, G S 2, R RE RO T 4 B ) O 2 X 4% ]
DATE K RUBE R . PG RCR . RElR SR A S T7
THI i A2 oK 6G W25 Bk g 1S

FE TR BE S S TH () 1% 26 2 Z A #, IRS Hl B
TC R IEAE X 48 1E AN 7] 3 5 FIAN [R) 5 A 1 Bz FH 45 2]
TTZWoe, AFEIRS 4Bh A R AT 2 H FomfEle,
IRS 4 B ) 2 N\ 2 Hir tf (MIMO, multiple input
multiple output) U7, IRS % B (1) K AL MIMOU'®
IRS 4l Bh I B8 a2 it 510, IRS Bl Bh 4 2 2 2
438 EPORIIRS BB TE ANLEFRYEE . Ak,



554

Z4  IRS 4R B0 549 SWIPT-NOMA & 48 ¥ I /0 it 77 = <41 -

VF 2 2235 IE S0 T W 78 IRS 4 Bl ) NOMA i@ {5 1
IRS #f B Y1 SWIPT. % T IRS %fi Bl [ NOMA & 15 ,
SCHR[22]7 18 17—l i N\ SR H Y NOMA R 2%
T A LA RSN {5 I 3 R A0 IRS AH RS A
M, ARG EL &, SCHR[23)5EH T —FH
T2 /N X IRS #i Bl ) NOMA S8 15 5 45 1) % V5 70 Bl
BIHERE, SRR ARG AE R R . SCHk[24]42
H T IRS Hl B B R AT BE B% g & 0% MISO £ i 7
% %7 FIE I AT S v A YR R I SR ) R AN
IRS IEAHRS, RKBFAR T Z i S RS TR, X
BR[2510F 98 T IRS Fi B ) 2 K NOMA 248, 1EH
JE SIC RIS IH 2 2 0, BRI IR Z 29 DL 2 IRS AH#
ARMZMT, KRG EF, THk[26]% &
NREGEIRSIE B (CSI, channel status informa-
tion) N IRS 4B NOMA 15 2%, EidBES
PRAXA P DL B TG U5 TR BB B KAk R 0 FH T
R, SCHR[27182 H T —FF IRS fl B NOMA E15 &
g, oalitie T HAIRS S, ELLIRSHEE. &
BUIRS FHES X6} 1 BE TR 520 o

b FER, XFFIRS HiBh A SWIPT &4, “#AK
FAALEAT T REBF T . SCRR[2818F 78 T IRS $ B 1)
SWIPT 5 %t I Rl 2 e KAK IR R, EF X R Ge b A7
ERPEH P RME B MEEREH P, IEH TAE
NEERA I R EE Y. SCER[29TKH —
FloBr AL EE, AR5 25 B A Age s -
RS R IR, I8 A LA S 1 T
FUIRS AR, S MEFEBE R B TI . SCRR[30]
WEFT T IRS 5H B 1) SWIPT Ik M 2 Gt v (1) ) 3 )2 ¢
A, BRE AL TN 7 R R JEuh DL &
IRS AR Y, AR REICEI R . SCk[11]452
H 7 —FhIRS 4B A PS-SWIPT 2245, % [EYHE
A IEAT ), IBC A 0 b R S 1) R BT R R
IRS JoUi i o B A PS T 7 e R4, Fe o KA P
ALIARSEHE A, SCER[31F 7T 1 IRS 4l B SWIPT-
MIMO % 4t, AR RES 7T 2Eab i, SR
AR T B2 B G A 35 3t 114 282 326 T 4 0 4 ¥ I TR'S
MR, KA EE P AU g% . 3L
BR[32]7% &5 B F P A e & - 6 iR 45 o = 1R TR
ok, B — P IRS 4 B ) SWIPT-NOMA R 4t ,
R RRY, Bty o] DU iF b iR 5515 B H -
PALE e s B P o SCHR[331R 7 — Fh IRS 4l B 1)
SWIPT-NOMA ¥ 2% B2 #4, J o1 IRS A T 4& =

NOMA £ REAT SWIPT ) Jo 2k Th &AL fn i, 753
SRR I R 55 o B SR AN e B WA IR 1Y) 2% 1
T, BEEAHBRAT TV BR RN | 5l i
R & RS EILAIRS MR A&, f/ME
BESE R TN E, iR RRY, 5T0IRS 15
M 2% A EE, IRS i B i) SWIPT-NOMA [ 2% 0] LK
RNl R SN D F K 51.13%

LA I IRS BB SWIPT RG W7, K
Z BN S8 — R A T A A% Rl 15 B USO LAF £E 1)
535, RIMTESZBRIM R Zirh, T B ARSI
P E2MErE, mBshks. BILAS, HFHFER
Z5 V01 P AT B A TR B s 7 A LR A TR 45
M. DR LA KA A B IR 5 75 oK, 544 1) SWIPT B
FrE ARk 6G ML Y HEIBE S5, A, IRS
Bl Nt 6G LRl S ARG SSB AR, IRSH
I, —J7TH T DR i E R kR, R —
J5 T ] LA KN 6] 7 2 o) )5 0 2 e k. 7
NOMA 4, H P ZHM{EEZE Rl E,
HAEREBLF, IRS IS AT A7 K NOMA R4t
. B, ARSCEZEFARTEDT.

1) X R 6G W4 TP HE M@ E S 5, 2
H—Ff PS H 7 A1 TS P JEA7 1 IRS i By (1) SWIPT-
NOMA B {5 RABAL . 7R3 2 I RS &
DA K SIC RS I R L ) 56 AR, Il B A ik R
S A VRS AR T . IRS CIRAHFEAE RS . PSH
ThZ 4y EILL . TS P A (] ) 46 2 25 A R 3 2%
FH P ) SIC it 7 oK foe /ML R il R R B Dh . 5
£ 4811 SWIPT-OMA i (5 R AAH L, SIC Y
WERAFCRNZ RN, WL EEAE, Bl
A 10) Ry B AT 2% 1 22 A8 B AH LRSI AR AR AL )
A, R HE DL B R A

2) N T RRYCZAEN A, SR A TS E
I (SCA, successive convex approximation) )52 #
ERTTER YR 2 A F . wok, BT
BAE B I 25 A SIC fREDINT « SRJE, TELRE MR
F P ) SIC @57 T, [ 5% IRS FHAS HE 5 LL K PS
FH P Th 2843 B0 2 800 TS 7 s 1) 40 i 2R %8
oA 0 R RSO ) &5 0 SIC ARSI, 7
FE b A VR I R IE LL K PS FH P () T R 43 1) R HORD
TS FH 7 (1 I T) 73 e 28 5000 2% 20 AR AL TRS T i %
WO A&, B0 IRS A I TR R OB AL+
R, SRR IES R — AR T VR . B S, AE



<42 o5

i/ %45 %

CL%N SIC RGBT, sl A 5% SR R B K IRS TG
TR AR B 1) B 1R 26 A N ARAK PS P (R T 2245 1)
FRECFI TS 7 R 18] 40 e 2R 5

3) L RE, IRSHBIEG RGREELK
WD) AR T LIRS /7 % IRS 4B NOMA 18
5 RGE U RS DR AR T IRS Sl B Y OMA 1B 15 &
Gi. A SCK IRS B A 4E PS 7 3 50R0 IRS S B
ai TS i PpseitAT b, 2/ (PN Br
WA E . FIEM . BME B E R RN RN E
WA R, P TAERAARED, RS RE
W], fEASCHEH @S 54, IRS $ By 1 PS-
SWIPT # 4t 5 ufi & 5 T A% T IRS 4 B 1 TS-
SWIPT R4, MAh, A SCHEH )7 5 k0l s BEFE
BT H AT % .

1 RGED

1.1 RGER

A2 RN 1 BTN IR RS $ B 1) R AT SWIPT-
NOMA {5 R 40, sl Ha MR R,
IRSHC# NS0, RS T RGN PSS SWIPT
REH R, BIKAPSHPMLATSHP . A3CR%
i EE R AR EE, BTG EERESERE
FEVEANRS A& O . @ = diag(e” @77 ) e CV° ¥
RNIRS AR HERE, q=1[g,.g», *",qy]€ C"VEIR
IRS (A &, HA IRS (58 n NS etht g, =
e C'Eir, 0,e[02n]. FHEERML, AL
BRI A, SEPLIESEARRS 1) A 2 AR B B,
25 R IRS RS HIUERS RECE bR, ST, A%
JETHEH R ERRAUE, IR LA,
M S B AE N G S 78 TAE . Wil iR B8 i LA &
B 8 B A T B RO R AR 21 Iz i B0, Aok
R

IRS

ek TSU
1 IRSHEBII T 47 SWIPT-NOMA i {5 R 4t

i R HE T AT LR
K L
X = z w,s, + 2 V.S, (D)
k=1 I=1
Hr, xeC"'" R KHPET, weC' M

v, e C* ' ol R o 35 IR % T PS FH A k A1 TS A
FIRAREREERE, s,e C'" ' fls, e C'' o
B2~ PS P kAN TS F P 1H) B bsfs BEIE S
1.2 PSAFEEEMAEEENE

T RGEHFMELAPS S, Hh
ke 12K, HBRESTURRAN

Yese = hix + m, (2

Hrp, B =h" OF + b , e C"YRRZE kPSS H
PR REIE, Fe CV " Fom MIE k5] IRS 15
E, B e CVFIRY e CY 4 IR IR LIRS F
PS I J' kLA K MNEE 0 B PS O kI AS TE
n,~CN (0,02)F 7% PS F 7 ke e 1 s B 7

PS A TAERE P& 2 firow

K2 PSHIT TAERA

BT PS L 2R RIEL /3 5 p R L — p,
WU P 15 ARG F) 325 5 AT LAROR A
v, = /p(hix+n)+z, 3)
o, z,~CN(0,07) 8 H 2 4 )5 2 b 72 A 11
Ik R R . R T RE R IR S T AR
RN
yito=J1=p (hix+n,) ©)
H T PS H 7 K FI NOMA i fL s i, A4 H
J K SIC SR BR/NX T8, SIC A RE 7 £
FIP BOA5 TG ThE 1 25 s, {5 T8 Th 26 189 25 o 1) Pl
FUR] DA 3 Th 5 1 23 5 59 10 B AT W BRI AN 2
Z R H B, SR, 7E IRS i B 1) NOMA R 4t
i, TRS fA 5] A 335 B F P 2 18] (45 1 2h 2 48 25
AFTE NS A o TRS AHRL HE B K AR 2 50 FH P )
(B8 D) 281 58 S S5 0T, 7 5200 e SIC g it
Feo Rk, 55k PS AP RIS T L AT DAER



343 ZAE  IRS H BH ) 54 SWIPT-NOMA R 45 7 ¥ 4 B /7 B <43
RN F kPSP WM BERE AT LR N
pliiw,| N AN :
SINRfg, = d Lk EPs,k:n(l —,0) z |hll:'wi| +z|h1'jv1| +op (11)
2 2 i=1 1=1
p z |h§wi’ +pz‘h?v,‘ +po} + 0;
=1

D(i) > D(k)

)
H, B =hNOF + bt e C " RRFELNPS

MERUETE, D (k)FNHE kA PSH P BIAERSINT ,
D(i) &5 i A PSS, o
ie 1,2, Ko MRIEXAMT, I kAEMEE
B5 20, %X D>G) <Dk) Wi 1E 50T
fifEhd, FEKED (i) > D (k)R i G5 R T4
(S) 7 BE 2 — TR R 56 kA~ PS P 52 21 i i it
FFAERZ AP G BT, B IR
TS FHA WS B4, RERI AR AT DI IR N
Ris, = 1b(1 + SINR{, ) (6)
23K H OMA A& i SERG Iy, A SR FH IR 73 22 31k
N\ (TDMA, time division multiple access) HEAT/%
i, HEASPSH P BME TR IR IR N
P|hEWk|2
pi|h{’v,|2 +po} + 0;
XTI TR FE W] AR IR A
REM™ = L Ib(1 + SINRE™) (8)
U4, XWTD (k) <Dk NP, BIfE
SR P AR A kAN P IS T AT DR
RN

SINREOMA = (7)

pl |
pD(.;m‘h?wi ‘2 + plzl‘ h?vj‘z + po} + 0;
~ )
Hr, Y =n"@F + b, e C" V" RRHEENPS
MEEREIE, D (k) RaH kA PS A ARSI
D(i) X% i A~ PS H /1 #6505, Mo
ie1,2,+,Koe ()7 BEFEE — TR R k4> PS H
JA 2 B RS F AR 2 R R P s B, Bk
H A IR R TS FH P B3 B8, ARIESIC g
BERRINPAT, T5 2 AR SIC fffd s R £ 33,
SINRjs, < SINRf ., D(k)<D(k)  (10)
B, i34~ PS P BIEASIT N D (k) =
ii=1273, WPSHF2FPS 3 SIC it is 21+
i §if /& SINR/, < SINRJ,, SINRJ, < SINR}, Al
SINRZ, < SINRZ .

SINR;

PS.E

Hr, 0<n< | RRREHRHIBE.
1.3 TSHAEEEHMEEWE

S FRGETMEIANTSHA M S, Hh
le12,L, HEWESTURRN

Yrsas = g'x+n (12)

Hh, gl'=glOF + gl e CYRIRFINTSH
M58, gheC Y ghe C "4 HIFERMN
IRS | TS FH F* 1 A0 3k 2 TS HH P 1 {5 18,
n,~ CN(0,07) 37~ TS F P LA 1 s gt 75

TS H P TAER P& 3 firos

RER SR

T

Fsf ] B4
T

{35 Y
EERR VRN EN
R TS FH 7 A o, I B A BEAT fE BB, fE o,

BRI Bk, e + o = 1. XTI
TSI, HAE o, MR IR RE R T LIRS

K L 2
Ersi =101 z ’g;{wk’2+z‘g}_“’j‘ +of| (13)
=1 i=1
Hrp, 0 <y < I RRBERFRME. TSR
IS B P9 BEATAE B AR M, TRIRE SR F NOMA 1 A% i 5
W, 55 1A TS FP HR U 1 L AT AR IR
2
|g/Hv1|
S H 2 H 2 2
2 |glwk| + 2 ‘g/vj’ to
=1

50> S
Horr, gl'=glOF + gl e C""RRFEINTS HF
IS UEIE, S (1) R 5 1A TS FILP (RS R
S(HRRFFANTSH S, Hrbje12,Lo FFI
FERES B CE S 20, B S () < SO BM
(5 ST, S () > SO ES
WATH. R(14)5 BEF 5 — TR PS P HOA5 5.
THE, 5 IR 1N TS H P 52 BRI e 78
ZJEHITS P BB B 4. X B A ] ik s 2 ) B

SINR{g, = (14)

R, =7, 1b(1 + SINRJ,) (15)
2K ] OMA A% % SR g Isf,  3X B [A) B %



44 B

L

%45 3%

TDMA, 551/~ TS 7 HUIiUfs Tk Bl DA
el (16)
2. 2w, +o?

HOXH R ] ik ] AR IR

RI™ = 741b(1 + SINR{S™) (17)

geAh, XT S <S(HREINHEP, 51
AR RS LA P BSOS TR H T LR
™

SINRIM™ =

2
‘giHvl‘
N H 2 H 2 2
S leiw ]+ > e[ o
k=1 S(j)>S)
N T RAE SIC B89 R Dh AT, 753 A2 BL T SIC
RS R LW,
SINR’, < SINR!

T8,1°
2 [elRER

FIEFI R K G EE =T, FERS
MR P 2R 28, A —FPS H P TS
L7 ) IRS % B A SWIPT-NOMA i 5 Z 4¢ fi A
TEWEMEM  (PSHPATS H/D RS R ER
AR, RIS IE S A IR AR TE w, v s
IRS MTCIR B A AR HE @ PS H 7 )54 #1 &
B p. TS H PSRV R B r,7, LA ZRF Y
SIC RS D (k),S (1) R fpe/MGIEE S (1) R 5 T %
ZARAL ) AT LR R A

SINR!

TS, 1

(18)

S(1)<S(1) (19)

K L
PO:  omin ;nwknz + ;nw (20)
st. Risi = Voss 21)
Epsi 2 Orss (22)
0<p<l (23)
RlTs,z Z Vrsy (24)
ETS,I 2 QTS,I (25)
,t1,=11,20,,20 (26)
0<0,<2nVn 27)
D(k)ye 2,,S(1) e Q, (28)

X10), =(19)
Horp, K@D (22)%w PS A PR %5 B & &
Ky poss T Qs 20 IR PS HI 7 K (/M B R
FRM BB R IR R, RNQ@3)RRPSHIN
PS 5%; QHAA(25)F R TS H 7 RS i & 7
Ky yre 1 Qrg, 70 IR TS FI P 1T /M B s R
TR MR Ae mWAE TR K NQ6)FRRTS FH 1)

I (A )4 24 :(27)% 7R IRS SR 7T AR % 2
#s KQ8)FRFIZEFH 1 SIC RS IFT, Q1 Q,
gy IR PS FH AN TS 7 (4 BT A A B Dt /7 1) 4
A RA0)A L (19) 73 7 = PS 2 F1 TS H 1Y
SIC fiR R R Z) o, RAE SIC BERE B Ih AT - %)
R 2 A7 w A A A AR Ak ), X LB
KA

N T FRPGZAEM A, AR — T SCA
WA B IR, W R 2 ST IR, BT
A EHEHE M ARAL T 0 R, SR A SCA J7 i dEiM &)
WA R Lo, AR CVX TR FE R
MR A 1] R

3 fULiElEE KR

AR EE T SCA 28 B ik A7 154 JE 4a
il R AT IR, B, WS
SIC f@ RS 7 . SIC B RS IS 5 H1 B P 14 i T 2%
WS vese, I TRS AHAS AR B B KA B
PSRRI 25 2 A, RRE kB - i B S (S 1E
I @ I TRS J it A 20 B A T A B A5 55 28 A5 0
54 B E PSS P R SIC ARSI . SR, TE4:
SE P P 1) SIC fRREIRT T, A8 & IEARR A
IR e 1 & IRS MJCIEAHR A6 R, LA PS H
FUHI 34y E) R EOR TS F P R ] o0 id R %0 &
X A F A AR 2R, SR SCA 7kt
JDTREA Y O | S PR A el 1F 18
3.1 ETHEREEEEER SIC BRI

TEIRS i B Y NOMA &5 # 4, H P SIC
FR A & — AR L E . FONTE AT
NOMA # (5 RS, S5 505 18386 25 /N P AL 56
FRRD AR T Y A L v ) P AR DI B R S
SR1M, 7EIRS 4HBNI NOMA (S &4+, IRS I
SFEAFIRS RE B 2= i FH P 1) S 20 (5 1 30 2 ) HE 7, 3k
T 520 3 SIC ARSI PR, thab, AHH H IRS A
R A X AN ) P D 558 25045 T 3 2 1D 2 ) AN R A
. PRt ek IRS AHAS 40 B I KAk R 48 P
BHP RS SEEE R 2 M, A58 RE M IRS
SSARREAERE , ARAE I B F P A EE (S IE R s
T I IRS S S 1 2 A 108 R IBG B 55 40015 T 34 2 40 )
Hf 2 PR A P 1 SIC fig sy . b, RALETH
FH P S5 R0 T 1 5 2 AT DLROR N

K L
Plimax > [mi"+ el @9
k=1 =1



554

Z4  IRS 4R B0 549 SWIPT-NOMA & 48 ¥ I /0 it 77 = <45 -

b, nl R gl oy R IREE kAN PS P RIS 1A TS
H AR SEREE. 590 N2 Eqg=
[¢.11"e C"""" g =[q1.qs"qy] € C Y ERIRIRS
MRS E, Hig, =% 6,e[02rn]. %
Q=qq"cC" ", HAGHHA

: H
H = [dlag(hr,k)F e CNim (30)
h),
diag( gF ) F
G1|: g(g”) e CN+1xM (31)
8

UESY
[wioF +ni| =

2

¢ H,| =Tr(HQH!) 32)

[stor+gi| =[a"G.| - Tr(Ge6r) ©3)
Rltk, P1RTEAEAE N

P2: max gTr(HkQHkH) + 2Tr(G,QG,“) (34)

st.[@] =1ln=12n+1 (35)
0=0 (36)
rank (Q) =1 37)

Hor, REDNAEMZ R, ALK A Y I E A
(SDR, semi-definite relaxation) [, i g %0015
FTHREHE . A2 451 SDR J7 30K Al M fk — 20 R FA ot 3t
1TRAE, ARG S B TV ERE R — i, X
Tt 75 45 (R R s A2 AL 3 AR — il i 2 kAR, HEE
FEARNTATI . AR FE SR — L b it 7 23T
RIEPT, ZIEE R RG8) B itk —AEL 240K
U, (0")'Qu,, (0") > a"Tr(Q) (38)
HA, w,, (07 QO 15 KRR L) 5 KA
fEM &, QW FRIRTEL i RIEAH o BT BLI AR Ak
fift, WAERRIIERGHSE o N OKEINEI 1, 7T LA
RS — AR, P2 aEA] A — R m N
P3: max ;Tr(HkQHkH)Jr ;Tr(GlQG}*) (39)
s.t. (35), :(36), X (38)

0] RN — A bR e R, BT DM CVX T
FARRAT R MR, ToUR B R R ) & g n] i i R
SRRE, Bl =qq", BAEVEEE RN
E1TR.

BiE1 BT EEM AR EE

Li=0, e=107, o = 03RRI B P3, KE

i ./ i 1 - Tm X(Q(i))
0, % K eneloltIm@D ]y
o o% 0" e {O, T (0") H

NS

T (0") = 1, ()" Qu,,,, (Q)
1) for A ¥ 5B K fif
2) CHla®, 0V, KENEP3;
3) if [ B P3 AT i
4)  FAHE Q"
5) BEHHKS =50
6) else [ P3 AN AT fi#

(i)
7) E%ﬁiﬁﬁ&””:%
8) endif
, ToQ")
9) E%ﬁa(””=min I,M-Fé(””
TI'(Q(’H))

10) HHri=i+ 1

11) end for
3.2 B BEIREREFEML

FE45 € WIS [ SIC B IRy ~, B IEAR
e AY L S 1 0 RO [F) R TR [ T JRAH B8 4 B
LA K PS P (1 Sh 2 U1 LA TS FH - 1 B[] 4 i 3R
Ko ARTLECHN SIC IS IRF . IRS AHF%HE 4 DL
PS 7 (¥ 3 % 43 B R EURN TS FH P I 1) 3 i &R 250
[ 2% A R ATk B R R 1] &

L W, =wwl e C" M, V,=yplle C"M, I

H
| hiw, | = Te(WHIQH,) =4, (40)
|y, [ = Tr(V,HQH,) = B, 1)
giw| =Te(WGlG)=C, @)
giv| = Tr(v,Gr'eG,) =D, (43)

Sl PR AL TR LR IR A

K L
P4: min SN Te (W) + > Tr (V) (44)
R k=1 =1

A
s.t. — 52 2 — 1(45)
2 Ayt 2 B, + of + -
D(i) > D(k) =1 P
K L
S oA+ B2 )
i = 71(1 - p)
Dl,l e

>27 -1  (47)

K

z G+ z Dj,[+0-12

k=1 S(j)>8)

N < S Ors, 2

> C,+> D,==B g (48)
=1 nt,

k=1



46 - o

4 545 %

Ak,k <
L 52 =
z Ai,k+z Bl,k+o-k2+7k
D(i) > D(k) =1 P
A -
b 5 ,D (k)< D(k)49)
> A+ z B +ol+—*~
D)= D(k) P
D
H <
K
Z G+ z D, + o}
k=1 NOERD)
R . S <S8 (50)
z Gt z D+ o}
k=1 S() =S
W, =z20V,=20 (51
rank (W,) = Lirank (V,) = 1 (52)

Hrp, @9 (50)5 7 PS H A A1 TS H A 19
e SIC RTS8 R 5 20 . 1 2 5 20(49) 9 1 B
PORACIT AT

In(A,)- 1n(

ln(Ak}) + In

2

L
A+ z B, + o} +%
=1

D(i) > D(k)
L

0;
¥ el
= p

<0

D(i)> D (k)
(53)
Horpr, SE—TUREE UM R AL, 2 B L () A

LWL V)35 . SR SCASKELS (W) RLE (W, V) %)
7 f 1 553 ) A )
fiw)<f(wln)+

Te (Ve £, (WD) (W, = WD) ) = £(W,) (54)
.fZ(Wk’V/) S.fz(WkU_ l)’Vl(x_l)) +

Te(Vy foA(WE VD) (W= WD) ) +
Te (V3 AWV, 0V, = V) =

fw.V) (35)
Horft, WL ORY D FORE E— L IR R R

i, f(W)Rf (W, V) Rk 0 1. B
I, (53)r LA
]I(Wk)_ln( z Ai,k+i Bl,k+0'13+,50]2( -
D(i)>D(k) =1
In(A,;)+f,(W.V,)<0 (56)
[, Z(S50)a] UL N
ln(DU)—ln(i C, + D, +a}|-
k=1 NOEO)
In(D,;)+In i C,,+ D, + a7 |<0(57)
k=1 S(j)=S()

B, AR
( —In z Cut Z D,+o!|~
S(j)>S8)

( ,,)+g W.V,)<0 (58)
b, g (V)HFg (W, V)2 HERRRE) RS
T K0 25 DU 3 (1) SCA | 5+, 3R aE A3 LB 3% 1.
A (52) AT —AE M BRI, KA SDR J7i2:fa st fk— 4
W KL, @ P4 AT LLEEAL N

P5: min zTr(Wk)JrzTr(V,) (59)
U k=1 =1

s.t. (45~ (48), A (51), K(56), H(58)

% i) @ ) 2 TR E R ) R, wT BAASE
CVX T B E KM
3.3 IRS TiEM R AL

ATAE ORI SIC AT« FE 3l A7 PR I R s
DL PS F P Th 22 73 5 S 80 TS H P B 18] 43 Fid
FBR A TARALG IRS TE U5 o RS ) &

A

£
|mw,| = Tr(QHW,H,")=X,,  (60)
2
|nlv,[ = Tr(QHV,H') =¥, (61)
lg'w,| = Tr(QGW.G") =S, (62)
2
lg'v,| = Tr(@GV,G" =T, (63)
AL ] B AT LR N
P6: find Q (64)
X
s.t L — > 2™ — 1(65)
z X/c,i+z Y, + o+ :
D(i)>D(k) =1
S XY Vr Mg (60)
- k ~ kil ;7(1 _ ) k
T )
: = >2% -1  (67)
z Syt Z Tl,/+0'12
k=1 NOEKO)
& S QTSI
E S;ﬁz T,> ; (63)
k=1 j=1 0
X,
k.k 52 S
Xk1+2 Y, +ol+—=
DY > D (k) P
X D (k)< D(k)69
: 5D (k) < D(k)(69)
z X%,I—"_E Yz,z+”f+*k
D(i)> D(k) =1 14

T,

i S, + 2 Tz,/+0'12

k=1 NWENO]

<



554

Z4  IRS 4R B0 549 SWIPT-NOMA & 48 ¥ I /0 it 77 = <47 -

: S(1)y<S(1) (70
z St 2 T?,j+o-72

k=1 NEEN)]

[@] =1n=12;n+1 (71)
020 (72)
rank (@) = 1 (73)

Hrr, (69 M= (70) 7 718 PS H A1 TS H 1)
e SIC fihd s R 22 . i S Xt 2 (69) Pl B
X EIERL T

L 52
Xk,i+2 Yk,l+o-k2+;k
=

In(X,,) - ln(

D(i)> D(k)

L
XZ,[ + z YZ,I
D(i)> D (k) =1

In(X,,)+In <0

52
tol+ -+
p

(74)

Hop, H-TRENTCAMEE, 25 F ()
F,(Q) 7. KA SCAIRELF,(Q) M F,(Q) % N
(1 5553 B

F (Q)<F(Q" ")+

Tr(VaF,(Q ") (@ -0 ")) =F (@) (79

F,(Q)< F,(Q" ")+

Tr(VaF,(Q ") (@ - Q" ")) =TF, (@) (76)
Hoir, QU RINE t— 1 WIEA WX MK E ,
F, (Q)FIF, (Q) M3k RVE MM 1, Fik(74)
LA

F(0)- ln(

z Xk,i+i Y, +oi+ %%
=

D(i)> D(k) ;
In(X,,)+ F,(Q)<0 (77)
F2, =(70)T AN

IMEJJ%ﬁlﬁﬁ
i S7_k+
4, WLV
G, (Q)—ln(ﬁ S, +

2 T, +o;

NOENO!

)+ n T, + o

NOEK0)

<0 (78)

1l

ln(Tf

2
T/,/ + 0
NI ESG]

In(7,)+ G,(Q) < 0 (79)
H, G, (0) MG, (Q) 75l Fm . (78)H 28 — I
AP SCA F 3¢, FRIALIEIM R 1. (73)
TR AR PR, SR 3. T R E SR A R
st 753k, ARG Bk Mk — L. Bk i
P6 1] DALl

P7: find Q (80)
st. 7 (38), (65~ K (68), X (71), = (72),
X(77), (79
0] R — A bR A, AT DM CVX
LREIEAT SR, TCVR IR R O v & g n] 38 i R iR e
Mgk, %0 = qq".
4 PSTHERSE|REAN TS BHE] S E A H
AHTAE TN SIC MRS« 5t A 5 R e
DA% IRS TG 59 R B v) & 1) 2648 R 4k PS P
(1) D 2245 F R BN TS H P IS 18] 73 BE SR 8. i [)
I3 0 R FCR F — 448 205 SR i - 4R i AR R g 1) 23 i
A Moy, HEEHRNERE, RS FIRE
oAb il AT LR AN A
P8: find p (81)
s.t. (45), (46), K (49)
Z )y AR A ), AT B CVX A
FaR A o
4 BESMEESH
4.1 ETSCAWMRBRREZL
zi LR, SR T SCA M58 B kAR 07 ok
JRIEDA I R AT R . 5%, e iR
F 7 89 SIC RSN - R 5, TE4h E 2R I
SIC IR T, 28 Bk AL A JH 3 (1 U TR [v)
&, IRSITLIFEARHIE, DL PS P T35 %
RN TS F P BB 8] 70 B R A0, L5 %A1 il it
AR 2, SR SCA JTiE R M A R .
MR VRGP BRI S 2 B
k2 ETEgNEIMRZ HIEREE
18 3 SR i in) A P3 i E R 2 P ) SIC i Ry
JIs
1) for 2L A1 SSH 7 SIC @By, — 44
R L R 7, € (0,1)
2) VISR TTAT R { w, ) (v}, {0,)7,
P At=0, e=10"
3) for 28 BIER{w, ) (v} {0} p
4) CLANIRS AHFEHERE £ 0,1, B 8] 7 i
R, DIEGFIRE Y, KW
PS, FHERAF{w, ORIy D
5) O %0 R uh R B {w 3D M
{v 0, WE SR E r, DI
AP, K fE W B PT, IR

A
77

/
3



-48- B

L

%45 3%

{0, "
6) OO0 2 o R T (w30 A

{w, 370, BRI R E 7, IRSHHFS
HE {0,30, ORf# 17 B P8, IF
PAFph

7) FHr=t+1

8) end for

9) end for

10) %t f A8 B 8] 23 e R $ 7,
{wh {v} {0} p
42 BHEEREURWSSH
421 FEE BN

TERF— IR, T 1) /8 P3 F PS5 33 R flifk
IRS AH#S, 3 #l5 A i P AU SR A AR 5t 1 SDP 1]
A, PR i) R P3 AN PS AE 3K i SDP i #3511 55 R 2%
FETTLERIR A O (N + 1)), KN HIER AR 7] 7
P7 IS E N O((K + L)M> )39, flifk 1)
RoBRRBANE S RBMELERERER
O(1,), P I, R — 4 R EA U RS
ik BN S PI 7 BB 1, W 2 1 B A
FEBENO(L((N+ 1) +(K+L)M* +1,)).
422 FiRASCHE T

B35 2 PR ST e SIC RRS I, SR JE — 44
R 3 R 8 e, BEAREE S BT
WA B IR, FHISEIE R .

E S w ORI v 3O N5 ¢ GEAR R R PS ()i
{0, F p 43 ) 8 A 7 P7 P8 HIfi, H by pR AT
PLER A P({ w0, { v}, {0,370, p1, ). TEFIE2
BB, S5 { 0,10, p Rlr, TTLAAG B
RPN A& B

P{w, {30 L 0,30,0"5,) 2

Pliwyen, (o300, 00m)  (82)
TERIE2 MRS, O A5 uh PR B
Cw DR w00, IR B B, DR E R
¥po, SRIRMBPT, P 0,300, Fih
7)({ w D (v (6, }(t>’p(t),.[0) >
P({w 0, (v}, {0,000 ,) (83
ERE2 M o)k, O 3L o O
Cw DR w300, AN R B r,, RS ISR
BE{ 0D, SRIRFIBIPS, 3. Hth

L&A

PIw 0, {10, 160,39, p,) =

P{w 0, {w 0, 10,3070, p0 V) (84)

FFPL b #r, AT LAE 3]

PEw 0, {v )0, 10,}0"1,) >

P{w, 0, {w 0, {0,300 D) (85)

XRWLEF 2 N IEA N, BRERE H
FreR B MEE A 0, BT P5. P7. P8I HFRER
BEE —NERE TS, PRI AL 2 R
Stk
5 (FESMEESHT

AT I MATLAB 15 25 R R A SCHE
] IRS % Bl ) SWIPT-NOMA ¥4 fig . &3k £ IRS.
FHERPSH . BB TSH . IRS#PS .
IRS 2| TS H P I BE B8 20 W dyis dopss dors dipps
dy, . FTESERBS AT FER RN DLR RN

PL(d)==C4;f) (86)

Hrp, C,=-30dBNSHIEE d, = 1 m AL
¥, dNBBIRIEE, o NERIRTUREIE B, Huk R
KH PP FETE S a, = 3.8, U5 F]IRS 1) #%
RIFEIE B a, = 1.6, IRS B WEH P (8 FE 48 51
a, =22, XF/PNREZERE, FEuh3| P P AIRS
B 28 7 18 R B ) 3 v A TE AR RO, LR 7 £
{ZIERA A LR N

hd,k = PL(dBP,k) hﬁos (87)

gu = PL(dg)) gff,f”s (88)
hr,k =4 PL(dIP‘k) hE,I/I;OS (89)
g.,= . /PL (le,l) g;\]JLOS (90)

FOef, RS gl S gl A AR L B
B9 29 B o 3 B RS S P 36 97 38 94 15 3
R, HO R R T AR

KBI LoS 1 NLoS
F' + P
Ky + 1 Ky + 1

©On
Hot, Ko BT 75 F2S MY ) 5] 3R R
EPEMZL LM (LoS, line of sight) #4573 & F % A
TEYE S R RSB MRS 43 567 F 0, 0) A (10,
10), FLAREE R H M = 16, IRS JGIFHIN = 40.
K = 3PS HI P BEHLA A 7E 0 (40, 0) A5
SmE N, L=34TS BN A 76 0y




554

Z4  IRS 4R B0 549 SWIPT-NOMA & 48 ¥ I /0 it 77 = <49 -

(30,0)« PEANSMmPIEAN . BEFHEHE R
RFERN pps, = 715, =—10dB, FEEWHEF RN
Opsi = Ors, =—20dBm, Hem Wy =075,
REWEF IR o = 62 =—90 dBm, PS /15 B iR
P AR AN 75 Ty % 62 = =70 dBm. 9 J fEVERE AT 5
R g2 RIS P, BT BE MU SR N e =
10°, iEERHE»HXHAZRERD R, B
100 A5 T8 SEILR A -

T, RPASCEE 2 B S B AT AL . B 4
RTEAFIRS JOHHEC T, Bl e 5 oy % i 2 kAR I
A, IWE 4RI LA H, BEE BRI
I, sl S D 2B W RN, B K IRS o4,
REPRARIE S R AT Th R . bAh, 7EAS A IRS Jofh4L
T, BIRLES 10 ORI AR WS, it — 251
BT 2 I 0 DL BT S

54

—-— N=20
—-— N=40

Hevl 7 51 Y1%/dBm

10 12 14 16 18 20
IERUH
B4 FEAIF IRS TEAFELT , Bt R 5 1) 2 A A AR VR A2 4k

1 1 1 1
0 2 4 6 8

ZEFTIR RGN — R RE L (RIRSN
NAEEPSH Y, AAEETS D, FRE N IRS 4
B PS-SWIPT £ %t. K =3/ PS H ' BEML /A6 £
H0 N (40, 0). 2R NS mFIRIPY, FEh R 28 B
Feuhi KRBT R K R MBS iR . % ERTI R G R
(57 — PR S (R RENNAAETSH T, A
FEAEPSH P, FRH YIRS %I TS-SWIPT £%: .
L =3TS H PR A #2002 (40, 0) AR R
Sm IR N, Rl R 2R ORI B i R S T R Ok &
B 6. 1i &+ OMA J5 35K H 4% 4t 1) TDMA
YEXTEL

MBS AT LA H, ZHEANOMA-IRS /7%
Bk R D 2K T 22 B 15 /K NOMA-IRS B L PS &
BHE, XARNEPS A, @il & % PS

ZREAT U RO s i P S S R A e SR ) L
H, MNMEF S E RS ERE, Bk nT LA B PS
AKEMAEEE, NE 6T LLEH, THIER
NOMA-IRS 77 % 4 ¥l & 5 o) R AL T 22 & 541K
NOMA-IRS FEHLTS #2377 %, XK N TS
o, JE RS ELE R TS R BT LUA s s S
B ae BRI LLE, M S iR = R S
A&, HULATLLE B TS KRR E 2. Ih4t,
MBS FIIE 6 ¥ mT UE H, Bl A 5 0l K 28 45 1) 38
I, FESE R TR, PRI, gt R R E T
DABRAR L ol & B T, 45 IRS B 1) 3 Ry 4948
FTLIRS T%E, HL, IRS KIS AT DL AL G
REFohE, TEHEAIRS 5 Z 40T HEHLAHF IRS J7
%, BT LR B B ERIRS (S EE ;. T F %
FENOMA 75 Z2 B ufi it D AR T 22 B kA OMA 77
%, Ik, SR NOMA [ 4% 4 55 i AT AR 2 3
RIFTNE

8 —— PS:JGIRS —e— PSHEHLHIFEIRS
56 —7— PS: 38 % IROMA-IRS
q —— PS: % UNOMA-IRS
541 —x— PS: 3 EENOMA-IRSBEALPS B $L
aé s2t
# 503
]
R 48T
-
Gaor f
441
42F i
40 1 1 L L
4 8 12 16 20 24
VB R

&5 PS-SWIPT Z 4t 7 3l R LR BURISE U RS Dh R K &R

60 —— TS: RS —o— TSHENLFIBIRS
58 —— TS: 2 %A OMA-IRS
—— TS: R ERNOMA-IRS

56 — TS: % %k NOMA-IRSFEHLTS & %k
g 54}
% Y
ﬁ s2F
250
% 48t
a6}

44t 4

4wt

40 1 1 L L

4 8 12 16 20 24
FEFRLH

El6  TS-SWIPT Z 4t H 5l RERKUFN IS, R S 3R K &



+50 - W ofE % Wk %45 %
B 7 Hols IRS 4 B IR 4 PS F P 3 55 IR S i B 5 s
o4 TS FA P 5 B AT Ee, 2 i B F P N ! SRS
LGB . (EiERRE . M E S R AR B ol S NOMARSSDR.
BT RBME, RREZEHS TESER. S|
N N 2 N N o ‘
HiRRW], ot OMA (S REHEZ NOMAJE(E 2o}
R, IRS 4B PS-SWIPT £ 45 5 v R 4 1 A% £49)
T IRS f 1[0 TS-SWIPT B %5, XL K 76 15 ik A6 ,
. - . o N . 44 +
EFokeA, PSHEME IR A2 — 1, TSI o
Trs L L L I
FicMas TRt N2 — 1, Hr, BE 2R R <0 8 12 16 20 2
0<t <1, TEFMPEIREEERERT, TS A/ " ﬁﬁj;jjiwmwm
AMET MR LK T PS F P B IME TRRLL,  [RIULTE A e
LM EE ST, IRSHBIK PS-SWIPT &4t 54
Heblh B DR AR T IRS 4B ) TS-SWIPT R4t s2f
50 m
56 481
V= TS AL IROMA-IRS g
544 —— TS: 385 /ANOMA-IRS w46l
. —0— PS:ZHEROMA-IRS B
csl —o— PS:AHERNOMA-IRS ik
a %%‘42 T—— FEIRS
504 1o ||-e FBUESIRS
= —— % %IROMA-IRS 3
= 38 || —— ZHHERNOMA-IRS
4%48 —»%— NOMA-IRS:SDR
= 3 - : : -
Wl 4 8 12 16 20 2%
IRS G
al 9IRS JLAFHON RGEMEREI I
2, 8 g‘.ﬁ%ﬁz 6 2 2 X PSH P AT TS I P L2 e ddm =, 10
Wi RZ

7 PS-SWIPT RZi I TS-SWIPT R4kt L

XPFPSH P FTS P HAF M M5, K=
3/ PS H P BE AL 2> A7 A 10 2N (40.0)s P28 5 m
MIEW, L=3/TSHHPLSAREHCR30,0).
FENSmME N KSR 9 BIER T 1 3K
LLHANIRS JeH N R PERERI 2 . MK 8 ]
LB, o R, Fuli kDK, M
BOhal LAE Y, BINIRS soih%, Feuh Kk HohR
PR MBS FE 9T LA, ASCRAMA
BIEICIRS 7 E AL L) SDR J5 R T FEHLAH A
IRS 77 MR, UL LLAE H A IERIRS 1 &
B ARSCR AR B IEARIRS 77 g AT SDR 77
X, ML DU B ASCT R PE. Ak, M
KI8T LAE i, 7E IRS JufF# [l E Mol ., A3
B 7 SRR KA BAR T H A4 R 7 . 9w
DAE Y, FERRE R EEEE B DL R, ARSI 7
EMERERAR AT HoAh 4 Fh T R

AN 23 3R T RS PS F P MO TS H A
Bt vl R BT ThER A2 . B 10 8 PS A P ANk
B TSHPANMAEM ARG Hilhs. WE 10 $
AILVEH, BEZE PS FH AN N, FEuh RS ThE
Rz 8. B 11 A TS H P A Eeeas . PS A A4
WA ARG E 2. W1 TPl LB, BEE
TS FH P ANEG N,  Heh A 5 sh it 1.

54

521

w
f=}
T

£

548 y

5

R4l

R

§44 3 /

# 0 ——FIRS
—o—BHALFIFEIRS

Tl
T T

—— R HEEIROMA-IRS
—— IR IANOMA-IRS

&
(=}

)
5}

3
PSHI A%
E110  PSHI AN HO0r 2w A6 Ty 3 15



554

Z4  IRS 4R B0 549 SWIPT-NOMA & 48 ¥ I /0 it 77 = ©51-

——JIRS
—o—FENLFHFEIRS
47— 285 1%LOMA-IRS
—— 3 IEIRNOMA-IRS

HEH R AP /dBm

N
=

43y

42

w

3
TSP A%
BT TS H AN BO0r b A6 T 3 152 R

6 ZERIE

A SCER X AR 6G 2% 5 ) LI I8 15 5
e —F0 PS FH 7 TS F 7 3L 47 11 IRS 4 Bh 19
SWIPT-NOMA i# {5 RGHAL, 7ET 2 P P IRk
25 i DA S SIC fRRD IR L R 264, /M2
SRS IR . N T RN L, AR —
FidE T SCAMZ G LR TiE. ARG REKH, 5
TCIRS J7 AHLL, IRS 4l Bh IS R G50k R 2D
FPEAL; RS HHEIH NOMA {5 R Gl k5 oh &
KT IRS HH BN OMA @5 R 4t; 163 2 M A I 55
JRE I T, IRSHBITI PS H J* SWIPT & 4t %
sl RS D AR T IRS Sl Bh 1) TS FH ' SWIPT £ 4t -
WA, AR T R Re LT HAR T & .

FiR1 ALK RS

/?\
(w0 = Te(WOVHIQH,) = AL (92)
i [ =Ty mtom) =By 93)
giwi ] = Te (W GRQG) = €5 04
gl ”’ = Te(V/"6/'QG) = Djj " ©3)
Hif, -1 T -1 IR, met(szt)EPEﬁf( ) FIE(55)
i f, (W) 3k 205 3
F(W) = In( 4 )+

+

_ L 52
LWV)=In| > AL+ B V+oi+t
D@Dk =/ P

H

Tr H;HQHz(Wi_ Wi(/il))

D(i) > D (k)

L 2
A= S B g
= " P

D)D)

L H,H Hf V_V(,,I)
Tr oMY, Vi) || o
> ALY B et
D(i)> D(k) = : P
WA(S8) it g (V) g, (W, V) itk 5
g,(V))=In(Dy ")+
H
G/'QG .
Tr ( D’(,QD’) v -v ")) (98)
Ll
— K
A UROR DT W
k=1 NOEKO)
K _ -0
Tr| — GI'QG, (W, - Wi ") N
=1 z C', D4 z D<;71)+0_
k= sGy=say
G'OoG. (V.- V!
Tr < IQ I( J J ) (99)
S()=SW) C,f’t{l) + Df:71)+0_72
k=1 S()>S)
A
|h§(:7|)Hwi|2 _ Tr(Q(zfl)HkWinH):X’f’:fl) (100)

Wy [ = Tr@ P HY HM = YD (101)

g [ = Tr@ GG = s (102)
gy [ =Tr(QU G yG =Ty (103)
FHorfr, h{ VU RL gl DR AR RN AR - l(jxliﬁlﬁ%k/\PSﬁ%
FOREE IS TS P ISk 53, WsR@s) i FL(Q) Ml
K(T76)HHIF,(Q) HFRiE 55N
F,(Q)=1n(X"‘”)+

(HWH

Tr
(-1
Xik

(Q 0" ”)) (104)

+

oz
X(f 1) Y(t 1) 2 Yk
z =D+ z + o2+ )

D(i) > D(k)

I_‘"z(Q)ln(

HkWinH) (@-0"")

(D(i)>D(k)

Tr +

L 5%

(-1 (-1 2 %

XU+ U+ o+ p
=1

NOERIG I

(j HZVIHZH) (Q

L 52

(t=1) (r=1) 2 k

X0+ oyl toi+o
=1

DY =DMk)
MRTNTH G, (Q)FG,(Q) HIFILRD TN
G (Q)=In(Ty ")+

_ Q(rfl))

Tr (105)

H
- (GfV,G,H

(-1
T/J

(- Q('”)) (106)

+

K
62<Q>ln(2 Si+ S T o
k=1

NOENO]



+52- | ofE ¥ R %45 %
K H nications via intelligent reflecting surfaces: a contemporary survey[J].
< (kZ GzW/fGyH) (0-0"") IEEE Communications Surveys & Tutorials, 2020, 22(4): 2283-2314.
;Tr i S04 IO 4+ o2 + [14] RENZO M D, ZAPPONE A, DEBBAH M, et al. Smart radio environ-
& sGES50) Ly ! ments empowered by reconfigurable intelligent surfaces: how it works,
u state of research, and the road ahead[J]. IEEE Journal on Selected Ar-
G1VszH) (Q _ Q(r— 1)) eas in Communications, 2020, 38(11): 2450-2525.

Tr i(f) >80 (107) [15] PAN C H, ZHOU G, ZHI K D, et al. An overview of signal processing
NOENO] 2 Si(,’/; h oy T;;_f H 4 0.72 techniques for RIS/IRS-aided wireless systems[J]. IEEE Journal of Se-
k=1 S(>S" lected Topics in Signal Processing, 2022, 16(5): 883-917.

[16] WU Q Q, ZHANG R. Intelligent reflecting surface enhanced wireless

BERER: network via joint active and passive beamforming[J]. IEEE Transac-

tions on Wireless Communications, 2019, 18(11): 5394-5409.

[1] WU Q Q, GUAN X R, ZHANG R. Intelligent reflecting surface-aided [17] YAN' W J, YUAN X J, HE Z Q, et al. Passive beamforming and infor-
wireless energy and information transmission: an overview[J]. Proceed- mation transfer design for reconfigurable intelligent surfaces aided
ings of the IEEE, 2022, 110(1): 150-170. multiuser MIMO systems[J]. IEEE Journal on Selected Areas in Com-

[2] WU Q Q, ZHANG R. Towards smart and reconfigurable environment: munications, 2020, 38(8): 1793-1808.
intelligent reflecting surface aided wireless network[J]. IEEE Communi- [18] UR REHMAN H, BELLILI F, MEZGHANT A, et al. Joint active and
cations Magazine, 2020, 58(1): 106-112. passive beamforming design for IRS-assisted multi-user MIMO sys-

[3] CHATAUT R, AKL R. Massive MIMO systems for 5G and beyond tems: a VAMP-based approach[J]. IEEE Transactions on Communica-
networks-overview, recent trends, challenges, and future research direc- tions, 2021, 69(10): 6734-6749.
tion[J]. Sensors, 2020, 20(10): 2753. [19] BAI T, PAN C H, DENG Y S, et al. Latency minimization for intelli-

[4] DAI L L, WANG B C, YUAN Y F, et al. Non-orthogonal multiple ac- gent reflecting surface aided mobile edge computing[J]. IEEE Journal
cess for 5G: solutions, challenges, opportunities, and future research on Selected Areas in Communications, 2020, 38(11): 2666-2682.
trends[J]. IEEE Communications Magazine, 2015, 53(9): 74-81. [20] DONG L M, WANG H M. Enhancing secure MIMO transmission via

[5] ISLAM S M R, AVAZOV N, DOBRE O A, et al. Power-domain non- intelligent reflecting surface[J]. IEEE Transactions on Wireless Com-
orthogonal multiple access (NOMA) in 5G systems: potentials and chal- munications, 2020, 19(11): 7543-7556.
lenges[J]. IEEE Communications Surveys & Tutorials, 2017, 19(2): [21] LI S X, DUO B, YUAN X J, et al. Reconfigurable intelligent surface
721-742. assisted UAV communication: joint trajectory design and passive

[6] GHAFOOR U, ALI M, KHAN H Z, et al. NOMA and future 5G & B5G beamforming[J]. IEEE Wireless Communications Letters, 2020, 9(5):
wireless networks: a paradigm[J]. Journal of Network and Computer Ap- 716-720.
plications, 2022, 204: 103413. [22] ZUO J K, LIU Y W, QIN Z J, et al. Resource allocation in intelligent

[7] LU X, WANG P, NIYATO D, et al. Wireless networks with RF energy reflecting surface assisted NOMA systems[J]. IEEE Transactions on
harvesting: a contemporary survey[J]. IEEE Communications Surveys Communications, 2020, 68(11): 7170-7183.

& Tutorials, 2015, 17(2): 757-789. [23] NIW L, LIU X, LIU Y W, et al. Resource allocation for multi-cell IRS-

[8] SHERAZI H H R, ZORBAS D, O'FLYNN B. A comprehensive survey aided NOMA networks[J]. IEEE Transactions on Wireless Communi-
on RF energy harvesting: applications and performance determinants[J]. cations, 2021, 20(7): 4253-4268.

Sensors, 2022, 22(8): 2990. [24] ZHU J Y, HUANG Y M, WANG J H, et al. Power efficient IRS-assisted

[9] PERERA T D P, JAYAKODY D N K, SHARMA S K, et al. Simultane- NOMA[J]. IEEE Transactions on Communications, 2021, 69(2):
ous wireless information and power transfer (SWIPT): recent advances 900-913.
and future challenges[J]. IEEE Communications Surveys & Tutorials, [25] BXFE, A0 %=, B K, & . BT RR RO 40 B = K NOMA R 4t %
2018, 20(1): 264-302. W BCEC A T R[], 3845 F4k), 2022, 43(12): 113-122.

[10] OZYURT S, COSKUN A F, BUYUKCORAK S, et al. A survey on ZHAO S, ZOU Z C, HUANG G F, et al. Joint design scheme of resource
multiuser SWIPT communications for 5G+[J]. IEEE Access, 2022, 10: allocation for intelligent reflecting surface assisted millimeter wave
109814-109849. NOMA system[J]. Journal on Communications, 2022, 43(12): 113-122.

[11] LIBG, SIF Q, HAN D S, et al. IRS-aided SWIPT systems with power [26] OMID Y, MAHDI SHAHABI S M, PAN C H, et al. Robust beamform-
splitting and artificial noise[J]. China Communications, 2022, 19(4): ing design for an IRS-aided NOMA communication system with CSI
108-120. uncertainty[J]. IEEE Transactions on Wireless Communications, 2023,

[12] TANG J,LUO J C, LIU M Q, et al. Energy efficiency optimization for 19(4): 108-120.

NOMA with SWIPT[J]. IEEE Journal of Selected Topics in Signal Pro- [27] MU X D, LIUY W, GUO L, et al. Exploiting intelligent reflecting sur-
cessing, 2019, 13(3): 452-466. faces in NOMA networks: joint beamforming optimization[J]. IEEE

[13] GONG S M, LU X, HOANG D T, et al. Toward smart wireless commu- Transactions on Wireless Communications, 2020, 19(10): 6884-6898.



&4 W Zi % RS il B 574 SWIPT-NOMA R 4t %8I 43 ic J7 52 ©53.
[28] WU Q Q, ZHANG R. Weighted sum power maximization for intelli- Proceedings of the 2019 IEEE Global Communications Conference

[29]

[30]

311

[32

[33]

[34]

[33]

gent reflecting surface aided SWIPT[J]. IEEE Wireless Communica-
tions Letters, 2020, 9(5): 586-590.

WU Q Q, ZHANG R. Joint active and passive beamforming optimiza-
tion for intelligent reflecting surface assisted SWIPT under QoS con-
straints[J]. IEEE Journal on Selected Areas in Communications, 2020,
38(8): 1735-1748.

RECE, T, PVRAD, 45 . 35T IRS Hi B SWIPT #1K M 5 4%
APR ORI I]. 4R, 2021, 42(4): 185-193.

ZHU Z Y, XU J L, SUN G C, et al. Secure beamforming design for
IRS-assisted SWIPT Internet of things system[J]. Journal on Communi-
cations, 2021, 42(4): 185-193.

PAN C H, REN H, WANG K Z, et al. Intelligent reflecting surface
aided MIMO broadcasting for simultaneous wireless information and
power transfer[J]. IEEE Journal on Selected Areas in Communications,
2020, 38(8): 1719-1734.

FA, RO AR, XTI, 45 TR S5 5 RE R RIS AfBIR £ F ' NOMA
RGNAFIIRCTT ). 75105 8544, 2023, 45(10): 3603-3611.

JI W, ZHAO Y N, LIU Z Q, et al. QoS-oriented power allocation
scheme for multi-user NOMA system assisted by RIS[J]. Journal of
Electronics & Information Technology, 2023, 45(10): 3603-3611.

LIZ D, CHEN W, WU Q Q, et al. Joint beamforming design and power
splitting optimization in IRS-assisted SWIPT NOMA networks[J].
IEEE Transactions on Wireless Communications, 2022, 21(3): 2019-
2033.

WU Q Q, ZHANG R. Beamforming optimization for intelligent reflect-
ing surface with discrete phase shifts[C]//Proceedings of the 2019
IEEE International Conference on Acoustics, Speech and Signal Pro-
cessing (ICASSP). Piscataway: IEEE Press, 2019: 7830-7833.

GUO HY, LIANG Y C, CHEN J, et al. Weighted sum-rate maximiza-

tion for intelligent reflecting surface enhanced wireless networks[C]/

[36]

[37]

[38]

[39]

(GLOBECOM). Piscataway: IEEE Press, 2019: 1-6.

CAO H Q, LI Z D, CHEN W. Resource allocation for IRS-assisted
wireless powered communication networks[J]. IEEE Wireless Commu-
nications Letters, 2021, 10(11): 2450-2454.

CAO P, THOMPSON J, POOR H V. A sequential constraint relaxation
algorithm for rank-one constrained problems[C]//Proceedings of the
2017 25th European Signal Processing Conference (EUSIPCO). Piscat-
away: IEEE Press, 2017: 1060-1064.

BEN-TAL A, NEMIROVSKII A S. Lectures on modern convex optimi-
zation: analysis, algorithms, and engineering applications[M]. Philadel-
phia: Society for Industrial and Applied Mathematics, 2001.

BOYD S, VANDENBERGHE L. Convex optimization[M]. Cam-
bridge: Cambridge University Press, 2004.

WEE BN

= (1979-O, L, WHERAN, #Ht,
PSR K SR . Wi O,
ARG NNTELIBESEEES G, 6
R L N

X FB (2000~ ), B, WEBEN, B
112y N 1T e S X S s I s W s
ReilfE. R UTES.



