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A= (301) I AREAF ©EH(300) 7HY] A AdE] AR (hg) et SA FX(302) 9k AREA @E(300) 7R Ad AE)
AR (h)E 53, 71AFE0DF A AX(302) 7He] Ad AE AR(h,)E 53R Fam 7R Tl A
o] 2 Y P)eF TA FHeAM ] FA Y (PHE AL F Qo A e A¥ 43S B Yske

A% (desired signal)E &4 4 U},

ki
>

= g dAA Y oA, TIAFe EE FRE EAIS LWt
T 45 #FHashd, 410004, 71A (301 H79 AMExl @ddE
information)Z EH/}} Z AEE 3 AHHE IS 5 ).

[e]
NE FE S Axe

TP = k. aga, AAEE A EH’Q’QE of & -'Tir"(error coding) 2 A
Y FY(channel coding)S 3T & Avt. oAU, AEFAYE 39, 55 A9 59 oy 24 2 AE =

=
e A% 5 g

420 oA, 71A=(301)S AAg 2 A
QAN ¢ WzxE 38 4 Q).

e
Il
ol
it
r>
fol
il

ggoz dxsE IS 5 v, o7, QPSK, 16-

430  SANA,  ZIAF(301)L Wz AxE gidez  AFH  ZdQ(power-domain)olA  FTFH AL
(superposition signal)Z A3k o]3 440 @A A, RF A& (frequency up-conversion and RF processing)
% QHUE F3 BREANZET G k. o, <tElVE @Y <HHUY R 3, o HUd X 3
o,

delz, gHuUE F8 71AS (801000 Eobe AFEA ©E(300) 2 A FA(302)2 BIZEANAE HE FH
Al% (superposition signal)+ “a‘Px‘J'VaZPxZE g28€E £ gk, =, A F=H Az VoarPx+yo P, = A1

T =1, O

Bl &3F AR @ (300)dlA] A= G ATk, o714, P(F, PoE ZIAFAAY $4 dHS YER AL,

a i 51 o= : B = A Z‘-lazil 1 & =0= Z35r 2=
= A" & A (power allocation coefficient)E UEIE ZACFA, i = s 15 &
ATt

= 5 B Wge] Ao gloiA, FA FA e EE FRE ZAIG ZHo|t),

A FA(302)= 7IA=FBODEFE $£2E AEE ez RF E=dQl(domain) FollA A8 - (power
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[0052]

[0053]

[0054]
[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]
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splitting)S 3T 4= 9tk olu, A ZFA(302) A3 23 Al Bl 71xdte] 7] $ald

A 8}Hl 28 (energy harvesting)® A X ®A(information detection) Z+Z+& 918 B: 1-Bo wa} £3 &
oo, g, &, A ZAAG02)E B HEgR Bidd A3E e oy dwuAE(energy
harvesting) % WH e F4E& +4F 5 Avk. o]o], Wiy W (battery discharging)& T & AT},

olwf, TA FA(302)= 1-p H&ER £¥H TS ez RF A 3 F3 b AW A(RF and frequency

down conversion)e & 4 drt. oJo}, F ] FA(302) = FIF v AHHE AEE ddoe= 4 A
7 A %i(successive interference cancelation and demodulation)E& 33 %, tlxd(decoding for
information signal)< S38& 4 Yo}, 2HA, FA 217](302)" add A3E gidoz A+A4 2 35

3}(Information signal regeneration and coding)S 433t & WZ(Modulation)S Fae 5 Ak, A #
Z(302)= WHEH 2EE ez, d8 =l (power-domain)ell A 53 21&(superposition signal)& T4
g ¢ Qdo. aEW, FA FX(BE02)E Al B £RAAA FAE 25 E dde® givista e Al B &
FollA B HER SH2"EE dUAE Jwtez, A2 B &£FdA 1-8 HEE HR X (Information
detection)7} FHE AF(F, A8 THdor TAE TH A3)E Aoz, Fa¢ ¢ AHA(frequency up
conversion) ¥ RF A Z|(RF processing) & 33t JHUE &3 AFEA @252 HEE & T},

delZ, 71A=(30D) el BREAMNAER FA Fx(302) @ ARSAF TE(302)00A4 Al AS(F, R A
S (information signal))+= ofgfe] #38h2] 13 o] TdE = Uvt. A7, TA FX(302) D AHEA @
(302)0l A FAlEl A&E= T3 A Z(superposition signal)ol sigE 4= Slt}.

[4=3H2] 1]

. =h, \/l—ﬁ(\/alpxl + faZsz) +n,

(5814 2]

- (Jas +faP)

g2 18 71301 A Ay 23 s VAluINePYh o aigus 28 dxsid, 24 22(302)0
B3}y

b B |
A FAE AEE gieR AR X (information detection)E 3] 1-8 H|&E= A

w919 ek 2 AAFHEDAA A7) FF AsVEIINERS 2 ahuge Be assw, e B
= NS vepd 4= o).

Sela, e 1R A 2004, ok T 47 A FA G0N e] WA kAl FHS(IGN) B AL
2w (Yol Ae] ANGNS vhebd 4 9itt.

ojul, A= (301)el FaHE AFEA dhEEo] 2709 AxEl S A, AFEA @ 1(U) 2] QS & Aol A
S 9 209 QoS &7 AFE Bk 84 H&(5, @ o) S Mg S . oAy, AREA v
1T QoS &7 Atgro] AF8xF G 2(U) Ry 7] diddl, T4 FA(302)2 AFEAF &2 1S 98 As9
MR B 28 913 A5 FAE URYS $ad 5ot olu), AbER v 19 A% Y AbgA v o
o AZ 2Z yzy st 9%, F=A A (302)9149 SINR(signal-to-interference-plus-noise ratio) %

SNR(signal to noise ratio)< o}#|e] a=82] 33 Zo] H3H = v},

ol

(5814 3]

Vi = alplhsr |2 (l_ﬂ)
a,p|h, [P A-p)+1

and 7 =a,p|h, [" Q- B)
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[0065]

[0066]

[0067]
[0068]

[0069]

[0070]

[0071]
[0072]

[0073]

[0074]

[0075]

%
>
w
2
>
R
I
3
9
flr
[ox
>‘
%
Py
3

AF(3019 F41 RS ER Ak, Z, AHEA 9E 1% A
Gl £3AH AAFEODCZNE FHH NEE e d2uad g, T A5E
2 B9l £FelA AEk £AE W) a9 Yl Gaiting @ + Aok o]

g B AS g A FAG)AAM AFgA v 19 A% el Abgd 9 29] AE 2 mEES A

B o
Y

2
~~

¢

> 2 >7 -
axse Ae wAgsts) 98 v 449 F Ak, dag, o0, T Thm, © =R
X e

H71 flel 875 53 bol (target rate)ell aFsh= A, Ao A8 & A=

= ofele] b 4o F)zatel AR S Alrh,

Jo B

ol

~
rlr

i
N
oy
ol

_W‘_

max {1_ Sl/gsr’o} ?

V)

=&

l-¢lg,, g,>¢

. {max{lazfgy,O}, £ <&

0 8, <¢
P> h £ = 22
Goba gy, P@T@n) T pd gy ETMAES) g gug & ogn. v, AL el Sl
H sl olUAE Aoz, A2 Bl sRdAe A5 44S A% A 2A G $4 de ok

584 5ollA], ni= wWEE 4 2 A ASE 711{9_ e olux WE A5 Ued 4 . 584 5
A, FASE 2 Awl Al okl Feold AAE SAE qUAE EASE AL AHHE & Qo
FA AR (302014, AFEAF @ 19 AE Yol Agx v 20] AF % 2 gmyd o] ALeA wRER
A (forwarding) g ME2L T3 ASE olge] =38t 63} o] BdHE 4 QYr}.
[k 6]

x, =\Ja,Px, —\Ja,Px,
A2 B ZxoA, Aex v Uioa 5= As olyle] 484 73 go] @D 4 9o},
[s=et4) 7]

2) _ ( - ) )
v, =h(Ja,Px a,Px, ) +n,

) 7 * —

sopa) 7oA, M A2 Bl SRl A Abad wn Uoae mine vepd 5 g, 8= 28 (B =0)
ojuo] we thE BH o] 44 AN ALEA ey Ae" 4 At S 5% w1z A &

2 7re] A de] tie Y Ae] AH(Channel State Information, €SI 7 ¢lo] # s} =0z g=st 4
otk e, 7 A vl Yo oS 1EskE NOMA B4 92](QoS-grouped NOMA detecting principle) 2

(]
Zto 2 Qdaks A(desired signal) S BAT F Ak, weEkA, AR B2 19 s U gxE gg

j=3
=4 =
o] SNRE ozl F3h4 83} o] EHR 5 U},
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n=——- if g, <&

A7) AE TR NE v 27 gxEy] 9% ALeA B 2049 SRS obeje] 344 9 % eha 103
k| o

gSrsg

X~

}/2‘ :a2pg32’ lf gsr =&

. P >0
ojay, & 7¢ (O<F <D o 2o gae) 20 12 7708 a0, 24 31G020= 4740 24 4
5 =2 e 9BEE A (forward) T 4 Tt
A1 B SE W A2 Bl 228 B Aea v Ui aw A55S ofgle] %ot 113 o] 34 3

@ | e s ]|
h.JP, | g | 7, \F

F2] 11904, P= £7F A= &9 dd(equivalent power allocation matrix)< vebd 4 Ay, 71 A€
29 Pde 2x2 H9 A9 w=x 9} 9o Jelz @D 5 o, dad, okl Fe4 129 go] =
= 4 ot
[8h4 12]

cos@ —sinf cos@ sinf@
P=| . or =] .

sinfé cos@ sinfé —cosé

D _ T _

28t 12004, O€(0.7/2] o) 2x2 w9 BA(identity matriv e v Lopg P E=FPPI=L g
= 9o ot 119 A% P FA5 AR dEEe] A4 (orthogonality) S Aled 4 vk, =, Al
1B} 2EolA A8 Az 47 A2 Bel £RelA 48 AsE AR 4 alorthogonal ity) 3L, AHEA
SuEe A SalE 4Bt AR Aag 5 vk oleld Amgom s, AR WR(E00 tekd 48 4
3H(linear combining)S ARE3dFe] APAle] sl A E HAT 4= vk, WHEA(generality)e] &4 glo], ¢
of ssb) 120041 Pel WAL W (reflection natrix) FENE Melsho] Al2dle H5S P 5 At

AR A5 A7) A5 N g s B g gAe] 98] ARSA v 1 U B AR B 2 Dol Ao Ay A

o olele] 844 13 % 148} o] 47 W & grk,

)
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[0098]

[0099]

[0100]
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1) @)
~ o a, v,
7= anh 4+ £ N
135 hsl Pr hrl
(69] @
N L N
1
Ps h:l })r hrl
[+ 14]
1 )
PR AP
, =
})s th })r hrz
1) (2)
a, n o, n
=x, + — 3 — =
P h, \P h,
T 6 o] A glolA, AEar g EF F2E EAg EWolt),

= 694 RF % F344= tf AW A(RF frequency down—conversion, 610)& = 39 A& =A15-(310)o A <=3Y
a1, A% ZAF(detecting with linear combining, 620), 41& Fx]2](information processing, 630)L = 3
A

NZ 553200004 3d 4 3.

T 69 61044 Al BFY &Fel 7IAF(301) o2 8EH FH 2% 7F FAHe] RF A7 2 FI5 v 1A

FE 4 Yk, o)F, A2 B§Y &Fd FA FX(302)ZHE F3H 237} F21H0] RF A 2 Fug ohe

AW do] F=3d 4= 9},

6200014, 215 HYAF(320)= Al B EFAA FA"E T3 Al
W, 9le] 48] 4o 7]zl AAW AE g

FA A9 F2 A™E 71A =] FA A

2R A2 B E3x0lAM salE

A AR o= QY gadS Syt g whdold 93l A (desired signal) & BLs 5 Q.
o

;99 b 13 2 4E Ve R AV BdH A5 T = ARSA 7 7Hd (Inter User Interference)oll

A A g
,

o) et 13 9 142 PR Aal, A v U how b gy ad gucsnw ope, F4

Ao 54 AY Pt AAFe] $4 A Pol e £ Aok, aHw, A9 F84 2 % F84 72 we

2, gy as VOISR g Jeba el g geae gaa) 22 b, 9 pel Aol 29E 4+ 9

T

o, ol weh, A wa Vidg hom b qu e gncsne g5aw, a9 48R gdelAe b
o

3
ARE A5 RaE 99 S8 2 % £ 70 szl P, R P& AT & vk

mln{ o, pE . npgslgrl(g:r _E) }7 g,>¢&
B a,pe+l nag, (g, —€)+a,g,

P8y

> g,<¢
a,pg,, +1
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[0105]

[0106]
[0107]

[0108]

[0110]

[0111]
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P nPg,8,,(g, —¢) . gnE
Uazgrz (gsr - 8)+a1g52

73:<a2pg52: gsrg‘c" and gszzglf

0, g,<¢ and g, <¢g

CNOMA A]2=®lloll A CDRT-SWIPTS] AleS #HF3l7] $13 Al&eolAd Ielve= ol F 13 & 5= ).

¥ 1

No. | Parameter Value

1 Carrier frequency 868 MHz

2 Fixed R; and R2 0.5 bps/Hz and 1.2 bps/Hz
3 Fixed «; and as 0.8 and 0.2

4 Lo atdp =1m -30 dB

5 Shape factors ms1 = mgea | 2

6 Distances ds1 and ds2 25 m and 22 m

7 Path loss exponent ¢ 2:5

8 Transmit antenna gain 1 dB

9 Receiver antenna gain 0 dB

10 | Noise power o -84 dBm

11 Energy coefficient 5 0.4

AlEdoldelA, AE hol A= E4H(path loss)<

Y hot B AgE ved $ gl ?

2 AAH, ds} die= A7 Vs A 2 OA

£ A dEa, A= AE b SEHY oSS YERAL, L

rr

L =1

= 715 AP dollA SAHE H=2 , S LoS(line of Sight)® 213k #1%= 7+ (shadowing

b

e e

=
=3

attenuation)2 UERA &= 9}\\:]' L= 7k 7'1ﬂ}\_:" d,=5m, d,=25m, d,=22m. d,=18m, and dr2:15mi A
gAY, o} EIX AT HuE &, ¢ wEs A [517. Yang, Z. Ding, P. Fan, and N. Al-Dhahir,
"The impact of power allocation on cooperative non-orthogonal multiple access networks with SWIPT,"
IEEE Trans. Wireless Commun., vol. 16, no. 7, pp. 4332-4343, July 2017.9] AAlE AH HaAes D-
DF(decode and forward) W2 (scheme)o] <23t o}XE]X] AFo] o]&=E = Qu. = 794, F AU

( scenario S, ={m, =3, m,, =2, m, =3} scenarioS, ={m_ =4, m, =3, m,=4} )2 gato s, 24 gl te A=
2 Y77k m-3AF e (Nakagami—-m shape factors)S 71A= Ao = AAT 4= 9},
% 7o) wEW, CDRT-SWIPTE D-DFRT U 2 U, & tholld 4 2e o}LElx &

T 78 #EEH, 10 o}-ElA FFol| A, CDRI-SWIPTE Alvba] e S26A41e] D-DFH.TH Abgxl vt 1(U) 3 #d

ale] oF 9dB A% HE o5& @A geld & gtk E3, CDRT-SWIPTE AREAF ot U,9F ##sle], D-
DFell o]a) Al AbgAF w1 Ul vla] mlwdwtd ol EA BES 98-S A 5 k. 5, = 79
w2 CDRT-SWIPTE o] &ate A, A2(d, 71N ZRE AREA &2 1 U 2 AR o 2 U714 9

ARYAE ol gt Aol olelele FAY & Utk ol A4 YA Y= A5 FPH 0N F FART o
£& o} EA A5 2E DDF WAo] wrh $5wE, CORT-SHIPTE DDF HAnTh $59 ofSE 858
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[0115]

[0116]
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BAt= HelA 9u|7) o),
= 8o M= of2ER FFoMe EXE dolE Sx(target rate)e] FIE M|z} . = 894,
P =40dB =

S0Bm g R=04R, o yaer 4 guh. Rt RoF Z7F8HE A9 CORT-SWIPT 23 D-DF 94 7+ of
A Aol o A3 ztol7t glgo] Hluw" = vk, ARgAF w1 US Ao =, CDRT-SWIPS <@l
V58 ol9E]® BFEo] E=F dlolE FE(target rate)7} Z7ete] uwlel WA Zvlslam, EF dolE
(target rate)7} & gholl =2 u) 12 FZa= AL eldd 4= k. o, o}$-Elx] &Fo] 12 HZ3lr
Ao, CDRT-SWIPTE H-& H9e] ZF dloly <X(target rate) Rl thél D-DF #alHcl AR e ofLE|X

oX, >“[0

B\
H

oAY, WA WAm FRE AxgA BA T AR A% 2 A9 FRS 98 J94 A9 9% 2 F
A A% e AR 939 oA Mg 99 3 9258 Bd 4 84 B (branch) B FATE
, 3 2 %a Qe ABE 29T 5 gor], AT, ORT-SHIPT @S

pud o =
AAele] mhE P G FFE FUe Bahel £U8 4 Qb m2oy 3 Ju TAse] ARy W
% ks oAl 7128 & dvh. A7) AFE BF ks bl 220 39, deld 3, oy 72 5
& uSoR mt 2¥sel £IT £ Ak, A Alel 1SHE T2y 9Ye ANAE Ast] 509
AR R FHE AFOAL ARY ALESC] FARNA FAS] g ed AL FE Aok, BRY @
; - s

S vz, Taw gsz 9 A4s] dolzsh g 4]

o
==
2
~~
=
o
09
o)
D
ol
(@]
=
(0]
o,
o
~—

W Z (optical media), ZFE|Z t]xA(floptical disk)et #& =A71-F wiA
(magneto-optical media), = &=(ROM), #(RAM), ZYA HWl=g T3 & a3 WHS A FP5%=
(e}

S =593 PHE Hudo] PA7h £FET. Zeow guel dt Fuded od wEoAE R ge
Aol mEww ohel cEsed S AgHA AFEA d@4 2P £ Yt mF do] ;=g
B

olgat ol AAelEol H% FAH Aol wro] ols) ARHAoL, AP slERoblA By A4S 7
A Aeh g71e] ARE v £4 % wgel s, dE Hol, ddE J1EEe] 4Yd W o
£ A2 FREAY, 9w 45E 29, P2, FH, A2 5o THesEel A¥d WEd e I
2 A% wE 2gHAL, GE AL EE FERA st AHAY A@HYSE 449 A9t 94
.

.
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k1
N2

1
(g
~

100

k1
:
[\

\
X =0 &ots =222 AEX SHZLS & X0

Hote SH FAE a2z JIXN=MUA 210

SZEHAES MSE 1 EHY &R0

"
>

\
IXN=0A EZEHAES MSE SH FXIUA
I8t 012, SH BXIE Soff Al S AEX 220
LSS laoz dEE MSE M1

!
=L A SH B 542 MEX HES 228 2H)|
Ng #ad 230| HYoHE MY BEE J|poR

20 20% NSY 2 BY 220 288 o3
NS E &8 Z8H(linear combination)dto! J1 XI= 0l A
BZCHHAES A6l= MSE S

\

= 2
[
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EH3
301 302
/
IN= | | 33 3%
X o, f
NB
3107 sag
NB
3207 =ae
L7

Multiuser source
information
processing (410)

V

Information

Signal Modulation
(420)

v

Power-domain
superposition
(430)

v

Frequency up-
conversion and
RF processing(440)

Y

Transmit
antennas
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s==4

Receive
antenna

T

Power splitting

Transmit
antennas

LB

Encnly Frequency u
harvesting Battery dquency up
: / conversion and
and battery discharging .
. RF processing
charging

Y

RF and frequency
down-conversion

Y

Successive
interference
cancellation and
demodulation

i

B
H

Decoding for
information signal

i

Power-domain
superposition

I

Modulation

I

Information signal
regeneration and
coding
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EH6

Receive RF and £
antenna | and Irequency
down-conversion

(610)

v

Detecting with

linear combining
(620)

v

Information

processing
(630)

-2
- | =0 CDRT-SWIPT,
- | —O— CDRT-SWIPT, Uy, S,
- | === CDRT-SWIPT, Uy, S
3/ | TV CDRT-SWIPT, Uy, S;

Outage probability
o

D-DF, U, S
D-DF, Uz, S
D-DF, Uz, S
“ D-DF, Uy, S
10 '
20 25 30 35 40

P, (dBm)
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Outage probability

CDRT-SWIPT, U1,
CDRT-SWIPT, U,
CDRT-SWIPT, Uz,
CDRT-SWIPT, U,

ﬁ
_5’£ ==Q== D-DF, U1, S
10 - —O—DDF, U1, & E
f D-DF, Uz, S 1
6 —V—D-DF, Uz, S2
10 1 L I I
0.5 1 1.5 2 25 3 3.5

[HAh 2d R A
(#Ax74 1]
(2Ag@=] 89
[2AgAF-&=] 4736
(7841

Ll

AL B &%
GEES

AL BHe &%
(43124 2]
[(2AF=] 379
[(2AARZE] 3731
(%17 7]

AL By &%
GEED

AL BHe &%

Target rate R, (bps/ Hz)
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