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(57) Abstract: Disclosed is a beamforming scheme for simultaneous wireless informa-
tion and power transfer for multiple relays. The present invention relates to a beamform-
ing scheme for simultaneous wireless information and power transfer (SWIPT) in an am-
plify-and-forward (AF) multiple relay system, the scheme comprising the steps of: (a) se-
lecting K relay nodes for which a destination node is activated; (b) calculating an optimal
power split ratio of each relay node for which the destination node is activated; (c) feed-
ing back the optimal power split ratio to each relay node for which the destination node
is activated; and (d) power splitting and amplifying a signal transmitted from a source
node by using the optimal power split ratio that each relay node has received from the
destination node, and then transmitting the signal to the destination node. According to
the present invention, a good channel capacity can be obtained by optimizing a power
split ratio (PS ratio) for the SWIPT in the AF multiple relay system.
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max
Lo (o ":’( {ak}s {pk})
subjectto  1-¢,>0, Vk
l_pk209 Vk
OL;(EO: vk
P
pk2 2 s vk
Bl rlhyl
[110] T8k 102 A HuA 2 02 F-3) # 4 S)(joint optimization) 7} & & 5},

T2 102 T3 HA ek E A= (o} & {pe) ol THise] E-S(convex) o] BLE,
KKK # 71 (Karush-Kuhn-Tucker condition)-& ©]-83}¢] & 4= )t}
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[111]  53H2) 100 U3 KKT 232 s 512 112 TA1E 5= ok
[112] [78F2] 11]
[113]
IV~ (5,-¥ O
0 Px
[114] A7]elM,i=1,2,...,K°|a, A= 53512 12,7 & 3124 13,3, & 573514
14% g el gt}
[115] [312] 12]
[116] 2
K G‘k|hkgk|\/(1'pk)(kakPT”lkl 'PC,k)
k=1 2 2 2
= \/GP,k+(1'pk)(GA,k+PT|hk| )
o 2 2. 2 2 2
2 K orlgl (GP,k+(1'pk)GA,k)(kakPT|hk| 'PC,k)
Gpt Lig= 2 2 2
opat(1-p)(oy 1+ Prlhyl™)
[117] [73812] 13]
[118] _ 2 2 2 .2
Y, =[ghlP ro;) {Bi(GP,iJr(l_pi)GA,i)
2. 2 2 2 2
+BiPT|hz'| (GP,iJr(l_pz‘) GA,i)_PC,iGP,i}]
2 2 2.4 2
[ {op,+(1-p)(c.;+Prlh;| )} ]
[119] [3812] 14]
120 2 2 2
U0 s =gl AP ra ) (B (P b I (1-p ) 4P ¢ 05,
2 2 2 2
+B1’PT|hi| ((1'2p1‘)0}’,i+(1_pi) GA,:‘)}]
2 2 a . 3/2
/[2{GP,i+(1_pi)(GA,i+PT|hi| )}
2 52
X{(l_pi)(BiPiPT|hi| _PC,i)} ]
[121] {a} 9 {pi}oll thale] B3 H 435 hi= A -9-oll, I o] A8 24 2 A (power
control factor) oy i= %+ k ©l] T8l 34 10] H,
[122]  whebA, 5804 109 S5 A48 A= 504 152 ¥es | 5
[123] [-3812] 15]
[124]

2
X |hkgk|\/(1'pk)(BkPkPT|hk|Q'PC,k)
Py k=1

2 2 2
max \/GP,k+(1'pk)(GA,k+PT|hk| )

. ) P 7
tpud 2 v gl (et (Q-po ) Brpil rlhil =P ey)

G pt Lig= 7 2 2
Gpxt (L-p)(o st Prlhd™)
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[125] subject to  1-p, >0, Vi
Pey
Bl rlhil”
= {p} ol el &= (convex)ol . whebA {a} 2} {pi}ell thebo] S5
= 73%, wE ol B A Al e i g 1ol de.
el A9 o =10l 2=, 5752 1004 At F3-8](SNR)E
Al 715= & A o A H R E(PS ratio) {p*}E 271 e, Al 2 3HEn]
2 1] B(p) 2 H1|H-3}o] 8= A H e ] o E(subgradient) dy/0py
st Th 2 7 AFSHS W (gradient descent method)= ©] -85 5= Q1 T}, o] 7] of A
CUAEE 812 1127 48 5 Jam, 38124 163 o] Foxlt}
1

Pr=

[126]

4
K
>
Y
I
%‘

2ty 4
ol
fr

(

g e
fln X

M
)
o

\<
|
o A

H
[127] [
[128] Jy

[129] 23 A4 g+ {52 (centralized manner) &2 € 4= Qi) &A1 5}
(130)o 4 EAA =22 AL ZR(CSDE ASE 5 AT
Z(190)= 243 E Hyole BE Al EHl A B (global CSDHE & <
, B8 A =E(190)% A A A DA e B (global CSDHE 9t al

, HA A =2 (190)= H A 9 s E ALEE g vk B4 A

T A 7 3 E-HH] E(PS ratio) p, = 7 o] = (130)F ] vl

j

=2 (190)=

B
[130] 532 el d Ao mE Hxr Wie 2= oﬁ+0]ﬂr
(1311 WA, A Dol =BT EEIRHASE ﬁ% LLE}(S310)

SEAIOEFE SR AT AH9E 3
Aol Q>0¢ Azt ke Heo] == 130)7} —:Uﬂ. ] 115(190)3
A e RCSDE A& FThS320). %A A 2 (190 DA 2} L]
wEo] AP AR CSHE AG T 5 Ak
[132] HAX] =2 (190)= St A2EH A3 Q>0 ¢! FA43H K /19 Heo]
EE(130)5 A BIETR(S330). A A = 2 sk 2 o] me] H A
A B H-E 8] E(PS ratio) py” Bk =1, ..., )& B 2E Heo] 2
A/ el 4 B (global CSDHE Olﬁo}ﬂ A2 EHTH(S340). %E, 2 w2 7F Hyo
w0 HA AR E o k=1, ...,
N = E A E3HH(S350).
[133] A o] =E(130)= A o231y yumo g Hankd 33
EH) 8-S o] &3], A =E(110)EREH ASHE A T E(S360)
332 SFaL(S370) T 81 (S380) T84 62 Xouu AT E RIEW BT 74
o] ==(130)E UEYH AT E 224 =2 (190)& #43HTH(S390).
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m
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&
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=
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HAA] =2 (190)7= 24 3tE ZF o] mE(130)7F A&k A& E Al g
[134] L4e Eod o] A A oo mE H A AdHEL S| & T8 "}r\"‘iEO]E}
[135] 53} # 4 3}(joint optimization) W E T HMH - 22 X =T (190)0l A TR
ﬂﬁcoﬂﬂﬁfwwwﬂamwﬂa@ﬂaa%QM%@Mmmmmsz

KE TS 7
[136] () s ~EH Le—jl Q>0 <N K 7He Heo] mr=of thafl, k=1, ..., K °ll 3l
e 24 2 A (power control factor) a, = 1 2= A2 A $H(S341).
[137] () 243 Kk N ‘j“]i'ﬂol F o) thefA, A H IS & p 7
Py & e 2140w, AH TS & HE A =[py, ...

7 <p«<1
Bal’ 71/ 4l

,pxl B 2713} $H(S342).

[138] 3 °lm] &l A HEDH]E HE A, ol thall, A=) F=RI(SNR) y(A) &
ARFEIH(S343).

[139] ) A& Y] yA,) & A HwESH] & p 2 AV iEste], B 1Y AE
- 3 v(An) 3 v(Am) E Alqbetth(S344).

[ 0 P1 70 Px ]

[140]  (5) ABEulE WEIE A, = A, + 001 2 d]o] EFHThS345). o] 7] A, 6 =
28 AFO] Z(step size) EA FHEEE 2 487] Yl AFEE T U 22 4E
ALEHE 9ol AlRbe] 2ol XAl U 2 ghe Abg ek W 5
NO TR S Fh> A 2=Flof] ghao] A ket gha A st 2lo] uhgh A s

[141]  (6) GullolE¥ AR & NE A, £ ol&3to], 2 Ao 53] pa
1) S AR TH(S346).

[142] (D A= 59 8 22 1 (A - (A | < e & F138H(S347), Al &)
287t A & A, Q)P AR Fol7F b gkt of V] o| M, e &
Al Z=glof] upe} 2 F8] 2HE ghE A e st /\}”Q“SLZF ATt
[143] o] o] B3t H A WL o] &5, v Hulo] YIEY oA dA A o=
%] 4 3} ¥ A -5 (globally optimal performance)< Orj% T Atk
[144] L5 g o] o AAlde) mpE Hyo] mEgp BAX] o e S

Ukl -4 Seof
[145] %55 delo]l ==130)9] T4 2425 et A Eol v H o]
=E(130)= FAI(510), A o] 47(520), F41F(530) = -4 €,

[146] ‘*E@mbﬁﬂﬂbtiﬂaﬁaﬁa%QM% A% 59
Ao F(520)+= Ba Aoy HA Ag st 82 o] et MEH A s

B”%?ﬁ‘.%&%ﬁm~ﬂﬁﬂﬂﬁiﬁﬂﬂ ol 4 A4 3 ) 7
ﬁi% %XJZ] g 51/1\_]_6]— 2= olq_

[147] Ao#(520)3=, Bello] mET s R R ASEE NS5 BAA
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[148]

[149]

[150]

[151]

[152]

[153]
[154]

[155]

[156]

ot
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oo

ol
ot

Sa

olN
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= 5}o]

A

Hl & o] 1¥

A

2

2RE 2AE H A A
S
=

P o
ob [

17(530) o] 2] ol 5= A (] &= A
Fu)% 5 Qon, ol ¢ THLAES 42 HYY RER T S5
= (@)

o M
=
ey
il

i
iy
4
2
iz
&
S
N
L
iz
A
[\
=
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2

32, o
lo i
>

2

H

&
5(b)= HAA =2(190)9] A 2 AE Ve A ot} B4 4
(190)= F=A13(560), A2HE(570), EA1 (58002 T4 © o},
ALF(570)= 23t ZF Hlo] = o] FH A AEHE S| &2 A
o} S (580) = 43t 7 HEo] g AL A ek H 4]
ERaLIEsy ok = ek, AR G60)E B8 7 Heo] w2 R
AL deldE 2 H A e P &S ol &ato] A NEY AT E AT
[e]

H
[

T

AAE-(570)3=, 2/ sk 7F o] mrol tisl, A8 2 (e A= 1 2

TS WE(A)E 2738t

s a) & e (Al Dl A E o) FEu) pA)E AXE L,

= M (py 2 AP st AE I AEME

a A4 e AHL DR E(pE T T AT

(p) 718k, 794 38 Rkt s A4 5= 3.

B2 FAE(560), A4HE(570), E414F(580) o] ] ol &= A (1] 5= A])
@]

AEL A4 BYPY BER TAY S8

o
z
o
N,
)
o
p
2

)

Su
=
ol
o
o
i)
=2
o

Proposed joint optimal |Optimal oy with fixed py |Relay selection

AL 53 E |5T,0(K)) O (K1) 20K

Feedback bits |K iy log K + KB KiylogK+ B ip+ B

Computing s HE e

type

Q3 CSI |52 CSls =% CSIs =% CSIs

2ol @ AAldo) WE B3 HAE P e s At
Q )

= RIS
optimization) ¥ 3 HH -2 Proposed joint optimal 2, H| &3] 19 7] A ¥
Wz HPH -2 Optimal ay with fixed py, 2, 2@ o] A B8] H1H -2 Relay selection
o2, o & py Bhol BT A E @ e WHH S Fixed oy and py 2, A5 A

HFH O Exhaustive search = 3 A| 3HC},
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[157] A4S 1bd3] sl7] 98l B FH A s Wi el diste], 28 A E A4k SNR
H7Y, o 4k A4, o oL AR 5 H e Ak WEA A o diEl Z ol gk o) ©)
sdsiriar 7Hg T

=

(581 £ A4 ol oise], A ) B 55 Tk sP, W = WAL 5
O|nLE, 7F F LM T AlakE STIO(KJ) 7} ft}.
[159] g o] A el bl (relay selection scheme)oll A= 52| =7 2 p, 4 2 SNR

B
o
N
>
ol
ok
(o

2 AN B2 3=20(K)) 7F Aot
ALE TR MR I H py AEOE o 4L H A F sl
2= Hy o] T} g ghS A of sl e AAke] Babyi= oK) 7}

[160]

(=9

O

g =

rlo Iim
ol
M
o
>
~Nd

(i
it -‘E

[161]

X
% >
2 rjo 1o

T of
ol m.li -
o ]
e
2
ol
i)
lo

[162] 2 dyo] mro thal], 52 A w7 Hyo] 9
Qe 2sh 15 0] A4 A 23] £ (PS ratio)?) py’ kS A s}l of @ o)
= 1log K+ KH & ALY o 7]oll A = Hidlo|

=t Qe o) 3, B A EE A4 p, B A F HESo|),

[163]  FE 1°1A, Bi= AE Aasly] /g H|E a20]aL, i, 1= Helo] =29
ole) g Astshy] 98] W v ESo|t,

[164]  E o] 5 p, GO o kS A A e PP shhe] A5} 7}
dgo) g oldAE Aupsti= Alo] F Qs

[165]  Hdlo] A= Wiol M= A Helo] o e 28} pr A HSH vt

[166] HAst A5 H7L

(1671 LANe] delo] wE7}2s of o] BAAE G o) AP L of 9L,
f228h BAA B A Aol sm AP & T2 o2 9146 o]tk

74 gkok

[168]  BE kol t3dle] o =] st~ EEH) &&°] 70% 2 45, = B.=0.7 9
tiato] AlE# ol A sl Th B kol tHall 0,,2=0.6, 052 =04, 0p2=1 %! -5,
& A&t 751 (transmit SNR)= Py = Py/op? = P/(04 2 + 0p)2) &2 -3 =
A TH

[169] A 5 hy oF g = e oA 1700 o8l e = 9L

[170] [573H2] 17]

[171] o —5/2 —EE/Q.
hk hk Cnk-> &r gk Cgk

[172] BHA] 1700 A dyy = A28k Hlo|2F A g o)L, d,, = o] & EH %k
A F/] ot} Tgh A= =4 X5 (pathloss exponents)i &, = g, =5 ©] L, Ty ©F o

= ol 0 oAz, WAko] 191 ¥ 3 HA 7H-2 F-3E (circularly complex Gaussian



15

WO 2019/139197 PCT/KR2018/001000

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

distribution) = 7} gt}

[3£2]

Scheme |o, s s P1 P2 P3 Rate(bps/
Hz)

#1 1 1 1 0.0012 [0.1694 |0.9597 |0.9089

#2 0.0522 |1 1 0.5 0.5 0.5 0.5956

#3 1 1 1 0.5 0.5 0.5 0.1393

323 @4 Fdlo] =ETF3/HRN -k =3)0l o sl 2 el H A5 ghes
BolErh 412 ¥ g o] A AA Q1 B3 H 4 SH(joint optimization) W ©] 3L
#23= M| 5833 19] thgddl o] xR olaL, #32 Ho] AEH &
Lhebd T

F 20 EA "] ==7F37H(K = 3)0] AL, A4 SNR ©] 20dBS! 74 -9-¢l th &,
ol W 5] A4 s} %}EQ LJrE‘r”“?}

8 4=~(power control factor) o =1 O]UJ], Sl "/H |qE E%(EH Qﬂd‘—f‘% 3_—/‘0:%'
bps/Hz)©] 0.9089 & t}& 4Rt} & 22 &
H| 53558 19] 24 9] o 47 28" py 4

pr b2 H A3 A AL 055 LG E A S
3)

YEk kel el au=1p =052 2 H Aok A 9@#3) e v ulE ¢l =,
&3 S Z o A5 (bps/Hz)©] 0.1393 & & t}2 H$-H o} sholo),

HAsI Al ol 47

Lo i A Aol wmE & A3 g V& E Q] A E SNR
Sty th & B&& Yetdl 12 oln & 62 v Hdlo] SWIPT Y %1
o] e B 248

A B v $ 5 B A W (exhaustive search
method) ¥ +- 413 9] B3 H A 3tol] & A7t sAdA S A RIS
o =it mE FyolEo] ¥ YEY o Folalr] ujito, Heo) A=
" (relay selection method) 2] A g o] 7F4F whotr)
o] /| L=3°]aL, Pr=30dB Q! A -5-¢ll, T3 A& st A=, 49
3 p=05 2 1A EH & 7HA = v 55 10 A o 1
7 p, =052 G H S A = dee Wy, 1 o Helo] A iy
v ek ), Z42F 7%, 14%, 26% 2| 38 B A A S5 (bps/Hz) =
Helt,
o] /4= L=12°]3L, Pr=40dB ¢! B -%ll, 5 A A3t A3=, 449 a
W p =05 2 a8 e 7HA = H| 5T A

=

_

il

=
¥
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16
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i
B8r

H
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B0

J % SNRO]
SRR
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=

#(bps/Hz) <]

s

T .

T

ot} =9
A&

(bit error rate; BER) ¥ 3}

Ay

(gain) 2|

B

—

t}= 2 g o] AF A| A~ H o A SWIP

al
T

7HA
7HA

(o]
HRR 3 v Ehe] | ZH7) 1dB, 6dB, 9dB T ©|

meE

=
o] ¥ 2 (quadrature phase shift keying; QPSK)
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=
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=

=
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