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Novel Detection Schemes Based on the
Unified Receiver Architecture for SWIPT

Jinho Kang®, Young-bin Kim', Dae Kyu Shin", Wan Choi
2 o

= ErellAe A A AR 2 A AdE Alxglelx] AgE-oluA] @ Ao A<l
T a3 }5}7] HEH A AR A2 A7) FES 7R BRI U2 AR AE 7HEE Alskit

28-S 97 AR AxeiE 48 ¢ e AF ARE T8 fEEE R kes
g Zdj & A AET F 7] AR 538 el e 5 sl A ARE S8 fERE RS 7
e FHF 28 AEshe old AT 7Ie Al t‘dﬂﬂi 7128 AR H3s5} IS T L 5
A RS EIF FEE= Ao} oA splARE 97 AR AEediE e ¢ ode AE
P fEEls ARlE Ajel] FEE AT & e AEElE e 23 AE 7S AR 2
A 01131"1} FE ATEUA] Y, A TheR AFE-CUA 4o SRelx 7] AR

Efo]lt e

"

Key Words : SWIPT, Receiver architecture, Detection scheme, Rate-energy region

ABSTRACT

In this paper, we propose two novel detection schemes with low-complexity based on the unified receiver
architecture which minimizes a fundamental tradeoff at rate-energy region in SWIPT system. The proposed
detection schemes are twofold: The two-stage detection scheme and Euclidean distance combination detection
scheme. The two-stage detection scheme detects amplitude information of symbols from rectified signals for
energy harvesting. In the sequel, it detects symbols based on phase information of baseband signals for
information decoding. The Euclidean distance combination detection scheme detects symbols using linear
positive-weighted sum of two metrics: Euclidean distance based on baseband signals for information decoding and
Euclidean distance based on rectified signals for energy harvesting. For numerical results, we confirm that the
proposed detection scheme can achieve better performance than the conventional scheme in terms of symbol error

rate, symbol success rate-energy region and achievable rate-energy region.

First Author : KAIST, School of Electrical Engineering, jinho_kang @kaist.ac.kr, 43|
Corresponding Author : KAIST, School of Electrical Engineering, wchoi@kaist.edu, £413]%
* KAIST, School of Electrical Engineering, aliasing@Xkaist.ac.kr
** Samsung Electronics, dk1107.shin@samsung.com
Tl E KICS2016-08-228, Received August 31, 2016; Revised Januay 4, 2017; Accepted Januay 4, 2017

¥ 2 o= 2016W % AR ] Al oR kel rAlke] A|41S ol 3%l 7] 237A1RIY(2014R1A5A1011478).
*

268



I~ 0

A A AR Y AY AEE 9 5 A P2 7N A2 AE 1

I.M 2 gk gAE FHass] Sl Y AR Z ouA]

(Integrated information and energy, IIE) 5~417]7} A

FHZ A AlA b= FellA= wiEe]e} 22 3 Sk, TIE A1) FRelAE 4241 AlE7) ol

N

g

a

H ouR] FFe] A e old) &84
ouz] AFe] F5 vk glck =2 73 7]
g2l wielE] LAY ofeFog gld)] 1A =] A
Aol g A7) B o] Fo|A|aL glom, o]
w2 AR Al olufA]  3hH|2~E)(Energy
harvesting)©] 2k A wiEle]e) e w4
gl FFHZNE oA E ATk 7|2 VES
3 Fxobe =] o oA FHEEeZNE] oy
A BpaEE Fa AEA ouR] AFAHe] Jks
3ot ofluA] AlEd-S 913 T4 2™ A5 (Wireless
power transfer)®] 7]&2A4] $Al%l  RF(Radio
frequency) A58 714 A 4l 2 wH3gtoZy
D72 (Far-field) ¥ AEE F3f o] sl
o] 7F&3k RF el[U#] shll~8] 7]<e] F51kar glet
B4 RF A5 A8 25wt ohle} AR A5747)
7Fs3l7] wiitell, 22 RF A5 =2 ou]x] 3w~z
AR B5315 Al 2 ¢ sl TA A AR
W A3 A<x(Simultaneous wireless information and
power transfer, SWIPT)¢] #l|qk=|o)on] 2 kgl
A7} A= P,

Varshney”7} 1.8} oU=]& FAlll AFsl= 7
He Ao Agkslelen, $akoux] dE 7|
ko g ARr w oz] FA| Al A1 B

L ke RSN

N

S|
AH¥. Grover®} Sahai7} F7FQ] wWlA 719Xt
9] frequency-selective AEZ ko 2xn] TEA
ol Efol=2 27} 9185 glalgii’. Ax g
UA] A Hfol|Ae] Al Edle]= e x7] gls
A F, o]zf3l Eo|E Q22 Zo|= thAl AHEE-o
UA] s Hislshs SWIPT Al2sglellx]e] 5241
7] Fx A I At FEs] o] Fo] vk
P18 X171 ~ 912 (Time-switching)S E3f A E *
F3 AY ASS 7]3F 02 ~9H3le] Ede]l=g
HA g sl A7} AshEglom! a1
Hal(Power splitting) S £l Ax 24
FAlel 7VssH sk ™ Bl vlE
SAF o ZN Efo|E e XE Fo] HFE-
FHojskshe QA7 A=A, A7k
] A7) Fe AR Bosiel o
yz] s B A 18] Al oA
o] 7t Q=] wiitel] HgE-olltA] oA
8 o] FEAQA AP glek oA Rl &

AN e}

o Mo

A s A~ElS 98l A F(Rectified)F 2 AFH A&
F Aol AR EgstR oA ik AgE-ollu]
A] dels] el 1 IIE FA1e 54 A5l
allA He] ellu]x] S8 AT = AR HE
Eo3yt ARE ASE 58 o]FA7] wiel F
gk S3F Alo] HAISHA| Sk o|2dt A4S S5
37] $leiA A 7sdt ASE-olluA] el &+
EAQl Efolme e FHAs|she o]zl g
A F U= SWIPT Al2=gle] 2 A7) 5
7} Ak A RFA Ak A7) PR v)E
o AH Bos s T I
2+ Arel ARE Ale 25E
£ Ao =N AH K53}
£ Fast & 4 9lrk
SWIPT AJ2=®lelA] Hg-5-ollL]A] <39
Al 2EA]1 Edlo] F|43)8}7] Qa7
TFZol| B Al EB] o] FoHAHL, olzidt
T2 A =S o]l Ak xR 71
stedeh ZRe-AIRE B 12 e = AlRF Sl
o]EAe g Ade] A& A ¥ (Mutual information)E
FHefshghelar ded# glew, o5 7R-Alet A &
2KCapacity)°]2} &2 ), sp2|ut 749t ExE
JH-e Fahek o 8408 Ve A5l ol
A As7E 7] wtel] AA| e v
ot} A 7lsst el = Maary A 1= W
Quadrature amplitude modulation, QAM), A/-ary
H2 Z1ZE HZE(Pulse amplitude modulation, PAM)
ZE filgl o] 8 4E 7= Bl A4
X(Constellation)®] JHoZ wE=|oJo} ) 7|&
o AZE-2$AF AE el FAVE 7R E 5
gk 89| Bl ANEE 7= M-ary QAM
3} M-ary PAM®] JH R AFE-olA] dje] &
EAql Efol=oz s
131 71ze) Ar B33} spde
2 9 Are ARE AseiE
A% ARE Agtewsy A=
(Maximum-likelihood detection)S 7|HFS2 M-ary
QAM} M-ary PAM2] 13 3lol] H3Z oflelg
(Symbol error rate)S FAsH= 77t Z =gt
WO o5 A% 7S 553 389 A% 15

7h iRl g stel] FAl7]elA A ARE o o

2~
T

el

cowE
]
8|

‘:Lﬁl_l?‘il:

i

H

269



The Journal of Korean Institute of Communications and Information Sciences ’17-01 Vol.42 No.01

o]/xo};go] 74 7]1:14_& °]'E'4X4 o];(]u ] 7&% Bzl
(Complexity)7} =th= —v—Zﬂ7]— al °U4 *é Az o] J
AA(Myo] ARGF Bt
A Slck
B ol = [14]004 AlEAl AljkeE 4l
7] FEE 7HEeR EdEAel AEe] sl
circular M-QAM &1 slol|A] BA w7} U2 AA-S
TR AR AE 7S Ak =E (1415 A
H o2& 7MEe R AFA A|jksl= SWIPT $417]
FE7h gl deleld olHal Al
AT 5 IS ATl e, & i = [14]°]
A AIRE A7) T 0 9] 2 W Al
£ Znlelne] A2e A HAbE A% A HES A
AR, MEQAME A4 7Fsdt 2S5 A
Q1] Foll $t 45 o2l e welthy o
2] 9lom, circular M-QAM?®]| square M-QAM Xt}
Sral A5S Tpicka el Qe 3 Az A
k= A% 7S ol A 7Helvk AR A%
2HE] AL ode AF ARE FE 2= e
(Euclidean distance) & 7|HFo2 H-5o] 21E-S wiA]
AET F 7128 AR H53 IHelx S 5 sle
%’4% XéE% 3l fEElE s 7HkeR AeE
A= 7elrk 7 WAR Aljbske AE 7S
frEele A=l 23 AF 7ol 7180 AR 53
3t S Tl AE 5 ol AEI A ARE V)
nkow gk Aweel AR Aseie 48 e
5‘7P;‘4° AF ARE 7Hke® g AR ke
fraele Azls A¥ste] #3535 AEshs 7IHelth
2oAFE T3l Aldske MR AE HES 2
A 7hsRE FE ol e dotra, 7]*59] A8 53
s apgue Ea AT 4 ol FE olelg ue)
o] HHE A Fx TR0

o ol Adel A% 1S A1ee] An %
53} A% el Eele] e mg pajsiglon, 4
R0 oy JPe AFEoliA e Bl
ek

B =] A thet 22t 24-el4]= SWIPT
9] Az mddz} 7] FRE ?3;1946}\:} 3ol 4] =
AEA AFEGE SWIPT $2417] 322 A2},
B =rolA =oshe AR HE ]ugg !
ok 4ol e mojalgS Bl e Akl AE

714 9] A5 sl 5-eA B =i F3lelo]
AZE AAgHY

210

. AlAg =g

H =2 o 13 22 slo]¥e|=(Hybrid) A
H(Access point)9} dlo| BT A7) 2 FAIE EA]
A AR g A AE A glS el slo]He]
= A2A slelBE|= A7) A7 gk 7R gt
2 A=

23 7FA(Symbol duration)S 7=} sk X139
g B—1/Tek byt spolrels g
A AFEE B4 715 WS A135(Complex baseband
signa) S z(¢) = A(t)e 2} g} A(t) 9} o(t) =
A a(De] A% 99 ehiel,
EHlz(t)P]=1 olck slolrej= HZHelM $Al
Alse] Ja AL pet 7RI} whef vk b
f7F Brx} vilg- Aok 7PAEPE, sfolHe|E A
Aellx] A= S Y (Passband) A5+ thaat
Zro] =)

= \/ﬁR@{x(t)eﬁ“ﬂ}
= \/ﬁA Jcos (2mft+ o (t))

¢y

AsEle BY Alse i A A
Els(t)P]=P & w53 el A28 A o]
S& Ze SRl WA 7RI’k Ah(Additive
white Gaussian noise, AWGN) iHLQO]E]-J_ 71 shH
Ad EHL e 2o xHFT:

= V2 Re{y(t)}
= VZ Re{VPhe"z(1)e”" +n,,, (1)}

= V2PhA(t)cos (2nft+¢(t) +0) +w,,, (t)

o
W B

als

B A o5 ASE 0= [0,27) & S
b, n,,, (1) ~ CV(0.0%,,) & <kt 2hgole]

34 diA B4 7F9-A19t A{(Circular symmetric

=
vl

o

ant(t)

o |
Es(t) @w(t)

Hybrid Hybrid

access point receiver

Information decoding
Energy harvesting

S8 1. EA R4 gn 0 0 9% Asd e
Fig. 1. A SWIPT system model



/A A AR

A FFE A7) FE e AR AE 71

r
rdo

complex Gaussian noise)>Z e} W] A,

w,,, (t) = \/>Re{ - t)eﬂ"ﬂ}% S 74
R A% eItk o2, = NBelu, Nt 2 W
A soEg) Wrg e

2.1 ME 253}
I™ 2.()= FAIeNA A o ARE o )
< o AR %‘i S SIgk HFe] A5 A= }X%
el 4l s 714 AR Ao wgkEl

(Down- converted) F opdEa—TAd W3k ] o ¢
34 efAksbeel ofAkst o7t 7RIt RES
Svha 7Hgshd, A wzbr)e} ohd® - ]é il
F7lellA] sk Ak} ool el AR
S ) AFAIRE A (1) ~ OV0,0%,)
Rl 4 glek oA opdETAE Wikl
Ze ARE <l kollA] The} o] malsc

33

lm

y wlkl= 2 k] +npplk] 3

zplklet yplkle 22 A dEst 29 et
W, nplkl ~ CN(0,07,,+ 07 ) & Bd 7HAIRE
8-S vehdck /lE AEE 7ReAIgE AlE HelE)
Vet a1 A AErF AR 258 3Rl 2
oAl ¥lrhd, 24 7153t A5 (Rate)> AWGN A
9 gfo] =n ohga) o] vhehd S gl

h2
Cp=logy(1+ 7) (C)
mn‘ + U
inlk] xip[k]
ADC ‘4’ —| Decoder [
Nege(t)

Down conversion

(a) Information decoding

() g () ten(t)
e e

Rectifi
Want(1) cetier Trec(t)

(b) Energy harvesting

S8 2. FA ¥4 gu W A9 A% Asd e
Fig. 2. A SWIPT system model

2.2 ollx]| stei|~g

17 2.(b)e A7)l AF3 kel iRectenna)
2 7MEo 2 RF o] shl2E] A% A2 IAS
PP g B3l Ayl deA 4l
AE7E 7AW AlER Ao W3k o] o
=] ¢row 7437](Rect1fler)°ﬂ o8 RF o A5
7} A% A5 AFE). 57 Schottky tho] 2
=9} A9Es} Je|R 74 %‘:} Al Az =rE
¥ A5 ALS iy (1) 7h oA ShzEle 913t )

Elg] 3402 A=) Schottky the]exellxe] &
2 AR i(t) = e 2o
i) =L —1)=cr(t) e )+ (5)

L= £3} A F<(Saturation current)S LFeRf, ~

= Schottky Tho]e =2 o k] &<4(Reciprocal)
= e, A o = LKL k=12, & A5
o] "lde|(Taylor) 55 E&olw, 2] (2)9] r(t)
% ohest o] vehd 4 glek
r(t) = v2ul(t)cos @rft+, (1)) 6)
u(t) = u[( )JruQ( t)
1, (t) = arctan )
\/_hA COS ¢(t)+9)+nant [( )
= /PhA(t) 81n(¢(t)+9)+nant7Q(t)
O'zm Uint
n,mf,,j(t) NN(O7 2 )9/]' n(mt,Q(t) NN(O’ 2 )

= 52 7AW grelg AR ny,, (t) 9] in-phase 43
33} quadrature 4385 vehdch 33} o]ake] RS
AL AS)el A6)& THedste] sk Thest
A=

N

it )~02u )+ \/>clu cos 27Tft+1/1f( t))
+ cyu? (t)cos (4nft+2¢, (1)) @
Schottky Tl =g A 28 AR/ i(t) = A
3 FHE AA o Ao feb f =0l Al
AAgeh. ARoleIe]l A e WA ke
N,..(t) ~ N(0,0%,.)ol2}  7FAsha Xé%% A%

ipc(t)E vhrah 2] x38d &= girk

211



The Journal of Korean Institute of Communications and Information Sciences ’17-01 Vol.42 No.01

Z'D(/'(t) ~ GU ( )+nre(( ) (8)

25 27 A5} oﬂqz] S| 2] o] *F“-’”ﬂ%
Az 2HE =] W 7
Ela) HHEF/M] A== el
S ek et e et £ e -
tholo o) & AA= *L’\E HoldL 24l
¢, = 1012} 7Hgskslrt.

Q= nEli po(t)] =nh*P (J) ©)

2.3 ofl4x| stHIAE
24 7FeRt AEE-ollUA] el ] npz AA
= &3} 7o) é-ﬂ%v}. SWIPT A|28lollA= A A
Al AZ7F AR Eese} ouA] sy I
T 2rodol 31| el Al 2 7FsE AEE-ol
U] 3 AEET} ouA] A4 Ede 1E ez
7h WhAEke, A (10)9] v Z4A Rt Abetar odeA
°M olg|gt Edlo|=e 2 E Folal A 7l A
FE-oluA] 49 v AAl| =237 918 SWIPT
*171 Txo gk AF ATEe] Y=o s}

[7,11-14]

CrE(P)
h2P

2
o ), @< nh’P)

eff

=(RQ| R< 1,1+

10)
. =87 729 A= 7™

E Aol =7 [14]004 Aok E3k $A)
o] 2 7o g H =Rox] A
W3} fFes Al 4 AE 7|

31 MHE 5535}
a7 3 AHHe oux] EAE HAslsl] $E
AlEA Zﬂ"&% FA| FERE L‘rE‘rﬂdE‘r“‘”. 7|2 A
W F2A7 AR Bastel ofyx] 3|
5 TJr?é% A3 A7) A5 A 271 9l ",
AEZ3 2 ARE A = sl 71ANY A5t of

(e}
A shlzE e sla) AR Alset Ay 4l
B AE r(t) 71 A AollA A Hul=|e] ZA] 241
]

o pe[0.1)] WhE RlE o] iz
splaed 41719] 9J# ALE7E e deix] 1]

212

cos(2nft +6)
® Pin(t)
rt) A
ﬂé Ji-p jsin(2mft +6) ‘ ADC F@{ Decoder
Want (1) @ el®)
Y (o N el r B ) | C

Diode LPF 1 WJ 5
Rectitier 0 4’1—8

O3 3. s8] =
Fig. 3. A unified receiver architecture

alE= e o] X 553} 3PS Ak A
A AclA FeliEle] AR B3} S AR = AE
o} o] s~ $41719] /] Alse B e
9l(Complex domain)ellA] ZHzt ofelle] 4] (11), (12)
o} )

rp(t) =vV2(1—p)P he79A ef‘*’ et (11
+ v 1 P ant

'rEH =/ 2pPheﬂA eW Jeinft
+ \/;n/mt

(12)

AR71E Au AR AlE( 3 B)= ot 2k
: 2
it —CQp[{th Jeos (¢ (t) +6) +ny,, ,(t }

{\/_hA sin(o(t) +6) +namQ ]
F70,.(1)

13)

A BelA] v HalEe] 1§ wlge] o] vl
] FHos 2rolu] ymx] § wiE-2] Aol X
353} FollA] RF HHE o)A Hr) B3|
(Decoder)ellA = 714t AlZ25E] Q& 2F 9
A Arel AR As2Ne] 9 A% ARAA
OF A3l X Hosts At} 69 wigw
2alEl AES nlEkez Ay 3] ful(Power
management unit)?'' 0.2 FE] 2% Bels] AFH
RFE ¥ i, (t) & ZATo2H, A CollA] 2S5
S Al A9 AR Fhe e
23R AF Ml HRe A7E lde [of|A] oo}



U = o ph*PAf+ 1y (14)
N = 2¢, ph \/ﬁAl{nmltﬂcos (¢,+0)

10 lein(qzﬁl-ﬁ-ﬁ)}

+62p( a7ltll+nant Q, Z) +nre(,l

o] 3’4-7“0]]11 Arel o] AL Haw I
Ak AF AHHE 7| Ase}l AFE AlE 25T
i—”rﬁ AL Z X6 YAk ARE J|AY Alsay
B 9L F gl7] wlie] 2 rss AEEe] 7
fhel 1—po] A wiii-S 243 3 -’F At A4
BollA4] dofxl Af{ Alselx Az of g #
(Signal-to-noise ratio)®] W37} 917] wiEel §—0
5 ol A2 gtew A 5 gick weba] el
FAEE AR 8F Q= nph*PE Holst &

T

—

ek Ak $417] Fx2] AEE-ollvA] 3ol
o] < ZAe} s AR = (14100 AAIEE )
gol girt.

32 4 7Y

3.2.1 o|elTwo-stage) ZZE 7|#

Ajksl= ot A& 712 vl 2ot 4] (14)9]
ARE AZ iy, 2HE AF AHEE A& 5 9lch
A3 ] FloR AFE RF A Ae 44y
AuabEs wEE @ 5 ol 248 R 1Y
st 4176l Wl wx Qvpzle] f2el=
Al e vpekog AE AR AL 4 glrk Mz o
P X ={x, =4, |m :1,2,...,M}a} & o,
circular M-ary QAM®] W= AAErE N, 7€) 21
AHle A Zhzte] 2% wlo] 1, ) AR o}

N,
23 A rRIek M=) M, & S HA
k=1
o] BAlwg weislel hzke] 1% wulo] 7he 5
I R £ S A oL

A:{Ak Ay lm=M,(k—1)+u, (15)
N, u=1, ...,MO}

7AE3 RF A9 A iy, 2 ¥ fF2= A
718k ALE A1 ot 2ok

=

Al (16)25E] Wiz dujule] 212 HuE J8 5
el AFE Az e Jde xE ARE sMie g

‘}a} 3}
AR 4 gl 2k

&
=
o3
g
=
=
S
=)
|
NS
N
>
9]
%
~
o
9]
~
=
3
N—

E:
zg_a%_— RO Al (17)S B3l SIS AETe=EH
olet AEE 7R FAl7]ollA Xl W g
S AE T F ook oldt &S ARE Azzre
A% 3 AE ARe] Aater) 93} A (1602 5
3 A& 2F Hre] {7} whAlskd A (17)¢llAM
A& 1 AR 2F7F A7) wltel 24} A5}

(Error propagation)”| *HAlglcl. Al AA A5 F
A=| sp~Ee] Y wiig prt AETE AE
A elA] Aol BIZFEIA]7] wsmel] A A8} A4
o] HhAglt}. olzigl W& Wekshr] 9l3l kg Aol
A A2 FEFEE A A8 AE 7S Al

3.2.2 [RE8IE Hel 2 HdE 7
Alkahe 22l A2 A A
25} 4 E Fa) L& £ sl A% A9 4
7hte g 3 AJAFE oA 7 al
NELEIGERS %M,OL A% Xéi% 7]t

%*(Superposition)3}e] H-F 5 74%5%? 7 ]“S':’]‘;]'-
Circular M-ary QAM2] A& 8-ary QAM(N, =2,

xgX ~—— Xxs
rec
dCOilU drn
ey
x5 Xy X,
X + 5

wolnje] fele Ae)

a8l 4. F A
Fig. 4. Euclidean distance of the two constellation

213



The Journal of Korean Institute of Communications and Information Sciences ’17-01 Vol.42 No.01

1, = o2 AAEE Bk thewt ek 7] 4
S-ary QAME 7102 A1 853} el
& ol AakEe} AR sy 948 4 e
F719) s bl 19 4@t 7189 4
B 855} spgeld] $AV1G A5 87 HEE
she] §gels Aelrt it He e de 3
ke sheleh 2 4ol Hehise] 4407
oA At 87S] FEEL 2 B HME A,
G ALss) 2 S e el AelE e
% olek A1l 41 A9 P, A AR bt 6,
A2 g p, AR A o F AT ek 7Pe
W, A 958 o RiE Qe 4 g AEs
AFE Az 9L 5 AAES $4700
Ao Wm odwple] AR elom A
(Normalized) 7}Vsstct ZH2ke] Aqrsle AAk=2y-
B e 5 gl f2eE ARE o bl
ches} e,

o rlr

conv D _ JOum
I ‘ (1=p)P he” A e 1%
ce | [ tmma
" ‘ o ph’P )

A (18), (19) = oAl frZel= 7A2E vk
o2 fEEe A A3 AE 7S ool 2
ek w e (0,1) & F ARERYE 25 5 e
= 7o Ad T4 AN Fo=E
eMl= 77| Al (Weighting factor) o]tk

arg min ’(1*w)dfzm +w d:,fc‘
m,w

wgr1e] ofatst oele] AHg n,,, () ~ CN0,0%,),
zﬁﬂoﬂw AL A 0 (1) ~ MO0, )
. weluge B4 DL

g wolgq sl LA

[
(<)

3
3l —r7ﬂ 74]

kS
¥ R

274

A 59Jr i 6—8— # 7]l o] A Eulgol
p=03, p=07 & ﬂﬂ Als o ARguel] gk 35
o2& Ao vekick A3 o AsHles el A
woll gk FA7]elxe] A wlgelch Al A=

h=1, A& ¥4k o), =0l =0 =1 |2t 7}
Asheder. BAMHQl circular 16-ary QAM(N =4,

1, =4)°o2 Wz 7S AP&%}MS’_
7|MES AR 4359 & -
= A 7ke] AR H53} 7] et vlaL
ahdet.

, Al 7%

S8 A gk Tlee

1.0 T T
—e— p=0.3

0.8 —=— p=0.7 amm i
© LNy o
S 0.6 _/ /._.,o i
(@)} ~./ o-o®
% 0.4 4 .»u-c"*r‘" oot
= I
(] - - - - - - - - =
; 0.2 E

0.0 T T

0 10 20 30
SNR (dB)

12 5. HAsE A Al
Fig. 5. Optimized weighting factor

(o}

10

Conventional
Proposed #1
Proposed #2

Symbol error rate
=

10 T T 3
0 10 20 30

SNR (dB)

a2l 6. % delg, p=0.3
Fig. 6. Symbol error rate, p=10.3



ASE A3 3 FA] 7= 7] A2 AE 7Y

fr
o
)
r,
}O{I
=2
L
o
R
N
N
N
w
)4
J
Iy
N
o
rr
o,
oot
tlo

5
o we} qhel 2He, ohdE LT E Wiyl =}
3} Ahe, AR F7HHel AHee] ek o
2} (18)elx19] gy, SF A (19)ellA12] iy, W3} RIZH
w7} i)y wielch,

I3 63 19 72 HAsE FA ATE 7Hle R
Ak A% 7PSe] 23 olels A5-S Lpehict
1) GollA] A ulE-g0] 033 uf o]k A% L
712e] FHuc} 28 BE el go] Lpehin, A%
o A wl7h ARGSE A2 7] Adse] Wl

= opre shelsk 4 olrk Wk, 2e)= A 2
& 2% e A AlE o) AL o] dedel 7]
o] 71 Ry} S5k A 35 ol g Sheld
5 olek 28] 7ol A wjE-ge] 07 & wf o]t 7]
% 73t f2e)e AR A% 2E 1Y 2 7R
714 B} 945d %S Bele sheldt 4 glglon,
A5 o) AHe vl AR ot AE S 2]
= Ae] A3 7% 7 s ke slel &
% olrk ol A MjE-go] AMSE A (14)9] AR
d Al RRE de %1E Yre] Feer) ol
diolct 2= A2 A% A4E /e A wjw

=

10 T
2 10,1 | Conventional |
© Proposed #1
— Proposed #2
e
e .
o 1074 E
©
€
>, 107 1
w

10" : ‘

0 10 20 30
SNR (dB)

ag 7. ¥ CEE, p=07
Fig. 7. Symbol error rate, p=0.7

N

o
=

Fo] AATE 7|Ee] 7 F3 ollEE A5 At
7} A3 ARE Flsioleh AR Alse] =g w
2] 9= 7180 AR H53) 7] 5 ofleldel v
3 AR Az e Q8 5 gle FRQ A% A
B Qe Ak 7ES] 3 ddEge] dES
o 4 ik

13 8¢ A% o] AL 17120 dB A W 5 A
FE-oUA] G9E et 13 AFES (1-4E
el E A=l FAl7|eMe] 28 Yo 14
H A& w A7) 2 wlEg pell ule} s
2E o7 $85 45 5 gk elluA] wsk 74
o] &E n=06 2} 7HAEITE SHAE oyA]
Sl ue} 71E] AH K553} 7| oldk HE 7]
W Alele] 3 AFE-olu]A] A A Sl <]
Edol= s 39l & & glrk P AE ouA] £
ol Qpy< 25 A uf ot A= | F& ATE
2 710 7R} e AFES HolARE o]
Lo AAFE T /e Aol HA FoleH
Quy> 25 A W 71E8] 7IEc} 958 A5
Qlrk 28 79] Al A XF S E ofR] S-2ko]
A ALSE 2= A A3 AE 7THI vl
g A5 welck fFElE AR A3 AHE e
RBE el el 7]Ee] 7R 3 Ades
vebdE gelaldel oA ko]l Q=155 4
o] 7]1E9] 7L 079 AFES 2AskE W, &
= AgAF HAE 71H2 099 ATES 235
Ark SHAE ouz] S2ko] AASE Akt HE

o
1=

% olet

I3 9= H3E K5 ol el digk 24 sk A

1.0 :
% 0.8 Conventional
o Proposed #1
% Proposed #2
@ 064 g
Q
5]
35
P 044
[e]
e}
; 0.2 1 B
(%)

0.0 T T T T T

0 10 20 30 40 50 60

Harvested energy

T2l 8. 3 AFE-ollvA] 4, SNR=20 dB
Fig. 8. SSR-energy region, SNR=20 dB

215



The Journal of Korean Institute of Communications and Information Sciences ’17-01 Vol.42 No.01

4 T T 0
Conventional
—— Proposed #2
—
3 4
=
N
[@)]
o
= 5] ]
1}
[0]
-
o]
X 4] i
0 T T T
0 20 40 60

Harvested energy

J3 9. 24 ke’ ASE-eluA 99
Fig. 9. Achievable rate- energy region

oA el vehir, D4 AFsR AEEE
FA7VNA Meary HES AREsla A7 64 B2
2 AN o FA7JN BE E ol eE U
s =24 71sEk o] WR 2}<(Modulation order,
ME Ae] FrRate=log,M). A% o L vl=
20 dB o™, B% H3 & P, =001 otk
Circular M-ary QAMCS.2 WHZEE zl8isldc]. sp|
2B oUx] feko] 15< Q< 256 @ellA] 71E
o Aw B33l o 2 7158 AEEL 30]
]u]— xﬂo]—zs]- TEV-F',]E 7{3] 7ﬂb‘l 74 ]H}j_o_iw_
A 7hsd ASEe] 47 v 953 ASE S
QS Folsldr) oulR] 8eko] 48 < Quy< 51 ol
Jolt 71e] Fgoz By TPs ARl 24
vl Aokl A& 7|HoRE 38 DAERS Bl
tf. 23 82| AjellA] SPAE eifA] §o] 71 d
5 Ak’ A= 7ol 71Ee] 7R} o $=
Ho AFES B, 23 99] 51 < Qpy 39
el W AFswt AEge] 712 e U
o5 Ardahd thaat 2tk 51 < Quy B elA XI
oizE 7ol AR Alswie] A 2% AHHo
Ly W T AR Qy 7t P 2 73 71
AR 858 el AT AeIAe] S Ant
et ollelsh 271 A ., () ~ OV0.0%)
o] o] BI7ksA|= v A FE AZ2RE A AR
of ek =53 WS 5 flonR S AX A=
g $5 oll2lgo] WA}y wlitele). o) 17l 8
2] 51 < Quy ¥ AIelA ARl AE 7o+
& AgEe] 343 sl A3 e weele,

p

ol

¢

o

¢

LI

mﬁr'

216

V.2 E

of

L fm

H =HoA= BA] T4 AR g A S A
el AEg-oiA o] eI 2rAe)
dol =08 Hxstsir] 918 ARFR Az 4
T2 7Hbo R BATsl Ul R A% s
2 Alsksict AA| Ag 7}53) circular M-QAM
4 ke Akl 417 %Lioﬂﬁ A Al
FREE] QL S 9= A= 241 27]—0:] A17]

A % 7 71

e R P P E S P
zo) An B33} Aol 2L
B3l gel= A g e

Aol 28 71—444

References

[1] V. Sharma, U. Mukherji, V. Joseph, and S.
Gupta, “Optimal energy management policies
for energy harvesting sensor nodes,” IEEE
Trans. Wirel. Commun., vol. 9, no. 4, pp.
1326-1336, Apr. 2010.

[2] J. Yang and S. Ulukus, “Optimal packet
scheduling in an energy harvesting communi-
cation system,” IEEE Trans. Commun., vol.
60, no. 1, pp. 220-230, Jan. 2012.

[31 D. K. Shin, J. Kang, Y. Kim and W. Choi,
“New receiver architecture for simultaneously
wireless information and power transfer,” in
Proc. KICS Summer General Conference
2016, pp. 261-262, Jeju Island Korea, June
2016.



A A AR Y A A% SR A 7R e A2 AF 1

[4] B. Hong and W. Choi, “Distributed MIMO [14] Y.-B, Kim, D. K. Shin, and W. Choi,
systems based on quantize-map-and-forward “Rate-energy in wireless information and
relaying,” The Journal of Korean Institute of power transfer: New receiver architecture and
Communications and Information Society, vol. modulation,” submitted to IEEE Trans. Sign.
39A, no. 7, pp. 404-412, July 2014. Process.

[51 S. H. Chae, S. I. Paek, B. Hong, and W. Choi, [15] I-M. Kim and D. I. Kim, “Wireless
“An overview of the compressive sensing information and power transfer: rate-energy
based multiple access techniques,” in Proc. tradeoff for equi-probable arbitrary-shaped
KICS Summer General Conference 2015, pp. discrete  inputs,” IEEE Trans. Wirel.
9-10, Jeju Island Korea, June 2015. Commun., vol. 15, no. 6, pp. 4393-4407, Jun.

[6] X. Lu, P. Wang, D. Niyato, D. I. Kim, and Z. 2016.

Han, “Wireless networks with RF energy [16] C.-H. Chang, R. Y. Chang, and F.-T Chien,
harvesting: A contemporary survey,” IEEE “Energy-assisted information detection for
Commun. Surv. & Tuts., vol. 17, no. 2, pp. simultaneous wireless information and power
757-789, Second quarter 2015. transfer: Performance analysis and case

[71 S. Bi, C. K. Ho, and R. Zhang, “Wireless studies,” IEEE Trans. Sign. and Inf. Pro. over
powered communication: Opportunities and Net., vol. 2, no. 2, pp. 149-159, Jun. 2016.
challenges,” IEEE Commun. Mag., vol. 53, [17] K. Abdullah, S. S. Mahmoud, and Z. M.
no. 4, pp. 117-125, Apr. 2015. Hussain, “Performance analysis of an optimal

[8] L. R. Varshney, “Transporting information and circular 16-QAM for wavelet based OFDM
energy simultaneously,” in Proc. IEEE ISIT, systems,” Int. J. Commun., Netw. Syst. Sci.,
pp- 1612-1616, Toronto, Canada, Jul. 2008. vol. 2, pp. 836-844, 2009.

[91 P. Grover and A. Sahai, “Shannon meets [18] T. Cover and J. Thomas, Elements of
Tesla: wireless information and power Information Theory, Wiley, 1991.
transfer,” in Proc. IEEE ISIT, pp. 2263-2367, [19] T. Paing, J. Shin, R. Zane, and Z. Popovic,
Austin, Texas, USA, Jun. 2010. “Resistor emulation approach to low-power

[10] R. Zhang and C. K. Ho, “MIMO broadcasting RF energy harvesting,” IEEE Trans. Power
for simultaneous wireless information and Electron., vol. 23, no. 3, pp. 1494-1501, May
power transfer,” IEEE  Trans. Wirel. 2008.

Commun., vol. 12, no. 5, pp. 1989-2001, May [20] J. A. G. Akkermans, M. C. V. Beurden, G. J.
2013. N. Doodeman, and H. J. Visser, “Analytical

[11] L. Liu, R. Zhang, and K.-C. Chua, “Wireless models for low-power rectenna design,” IEEE
information transfer with opportunistic energy Ant. Wirel. Propag. Lett., vol. 4, no. 1, pp.
harvesting,” IEEE Trans. Wirel. Commun., 187-190, Jun. 2005.
vol. 12, no. 1, pp. 288-300, Jan. 2013. [21] Z. Popovic, “Cut the cord: Low-power

[12] L. Liu, R. Zhang, and K.-C. Chua, “Wireless far-field wireless powering for wireless
information and power transfer: A dynamic sensors,” IEEE Microw. Mag., vol. 14, no. 2,
power splitting approach,” IEEE Trans. pp. 55-62, Mar. 2013.

Commun., vol. 61, no. 9, pp. 3990-4001, Sept.
2013.
[13] X. Zhou, R. Zhang, and C. K. Ho, “Wireless

information and power transfer: architecture
design and rate-energy tradeoff,” IEEE Trans.
Commun., vol. 61, no. 11, pp. 4754-4767,

Nov. 2013.

211



The Journal of Korean Institute of Communications and Information Sciences ’17-01 Vol.42 No.01

Z Tl & (Jinho Kang)

2013 :KAIST 7|AlZsH2
6‘1—/\]—

2015\ :KAIST 7|AlZs2
AA}

2015'3~84) : KAIST #17] ¥
AR Al

=

<tilitel FAEA Alzd, EAl AlEAE

Z A Yl (Young-bin Kim)
20081 : KAIST
A}

gt}

20109 : KAIST #17] & A=}
&} AL
20174 :KAIST #7] ¥ Az}

218

Al O} 7* (Dae Kyu Shin)

2009 : KAIST
St

20114 : KAIST #17]
FEE AAL

20161 : KAIST #~7] 2 Az}
aLEky \ﬂ_}/\}

Azt

SR

N2

o 1T
20164 : AMAAAE HIES]=AL
SR
<Aool BT

% 2 (Wan Choi)
19964 : At xSt

At
e 1998+ : 2Tt Axlest
d A A}

19981~20031 : KTF =%

20061 : Univ. of Texas at
Austin A x]:ﬂ_z‘ﬂ— m-/\]-

20073~2011 : KAIST 7<47] o AR 2ag

2011 3~3A) . KAIST #7] ¥ Azlzats s
<AlEel Al *1i%4, Al AlsAe], §A4l
2 AHol2





