DEBEris

i 19-44-09-14 The Journal of Korean Institute of Communications and Information Sciences ’19-09 Vol.44 No.09
https://doi.org/10.7840/kics.2019.44.9.1702

RF &4 $ikalsl C VLT A 23} A|2Ele] AL
‘-‘ 3]:14- H]-o].

AN ARG, AFd A2t

’ s H O 1w

An Approach to Improve Achievable Secondary Throughput for
RF-powered Backscatter Cognitive Radio Networks

Shanai Wu’', Jin Young Kim*, Dong In Kim**, Yoan Shin’
e <

2 =FfolMde= RF 24 QA #t]& (Cognitive Radio; CR) UIE$ A 2x $Alskbd (Secondary
Transmitter; ST)2] A& Ad5-S /W] $l8] FHel| SAl8l= RF ASE qAEl] ARE Adshe 73 %
Ab2l 241 (Ambient Backscatter Communications; AmBC) 7]<2] #gHlekS wesleir}. ST oyx] 3=
"I AR5 12F (Primary) Adel] Asle] T SRR Faled, Al A5E F5slof sl olluiA|
TR ZE] gheuellA $218F oUA]E vl v R dlole] BIEE zd3kc) ueb] EE8FO0Z ofufA
5 A S8 £ el AR AdE AEEE o ST7F EE 7Rk R ouR] a3l o saaket
FollA & e REg Addlsle] Felshe Hikbs e gt —r‘7]'7‘4° AN FFAS s 7] wlieel 14}
Ade] vle] glem ST 338 oUAE AREsle] dlolel & AHEsAl Hlct o]} 3] T2k ST7F 24 7}
= A A TR Aes =8 8 4 52 F—‘:—% A ouf=] Abejrt WS gEo] 83}
A He, & =welde dMEY fAEAAPE (Quasi-Birth-and-Death; QBD) el 7]uksle] ofLf=]e] Alef
3= Xﬂ"‘ﬂ T e RS FEIlolen, 1Eksle] oux] A4 mdellar wWralgirl gtk 23 Al~Hle]
oo g O A7) 3 ST B ouR|e] wdls wesle] R Ad 35S sl Alelsh= Wkt
= ]°]’75}°3°U4 HllF<s QBD 7t oA A4 mRAS FHdle] ofuix] Al AHAAEES =SS
Monte-Carlo E2JA3-& F3l] oUA] 52 mdzye A5 oux] Aol AAses A5 2 2431500,
Al 55 wiely) WSS uigks Fe8ll STV 294 7 AsS vl 2 243k

;

o?.:

Key Words : RF energy harvesting, cognitive radio, ambient backscattering, quasi-birth-and-death
process, energy accumulation model

ABSTRACT

To improve the achievable throughput, we consider the application of the ambient backscatter communications
with which the secondary transmitter (ST) can transmit information using a negligible amount of energy. In
RF-powered backscatter cognitive radio networks, the ST can charge energy by absorbing the primary signal and

can also convey data bits by reflecting the energy received at the antenna. In this paper, to support efficient
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energy replenishment, we assume the operation mode,

i.e., energy harvesting or ambient backscattering, is

stochastically selected by the controller when the primary channel is detected as busy. Without additional energy

supply, the ST transmits data using the harvested energy when the primary channel becomes idle. Therefore, the

residual energy at the battery will change with an operation mode, and we derive the transmission and

backscatter  throughputs  considering the available

energy. Then, we develop a level-independent

quasi-birth-and-death (QBD) process based energy accumulation model to derive the stationary probabilities of

energy states. To achieve further improvements

the secondary throughput, we propose an energy

level-dependent scheme so that the ST can flexibly control the selection probability at each energy state, and

build a level-dependent QBD based energy accumulation model. Finally, Monte-Carlo simulation is performed to

validate the stationary probabilities of energy states and to compare the achievable secondary throughputs between

level-independent and level-dependent schemes.
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4: G, =(1-U,)'A,

50 t=t+1

6: end if

7: R=A,(1I-U)™!

A7 my = [y 00 m | o EE 1(0) o] 2t
FwlEjo|n], Po‘— = 2d {1(0) } o] Holsi=ds ¢
vk i) d 1(0) ol 2kt A vhe) 4
dizk o)7L (a), 10)& olekste] el
S Dol ==k F (b)) Aste] Dell BB (by)
AA7H= 1(0) 02 nw FoleA (bg). ol

o|
%
£ o
.1
2,
Q“

|

I
> ol
=
o
£
ot
ri’L’
f=a

. 2

A z( ol ==kair] A7 (1)

e BEspel ek A9 UV ()dA &

ate] 1(0)ol] Ealr] A7 1(1) & R -

sgolu, kil Aolale] (1) 2 Folerka 7igah
byt Thest 2 e,

:i u)f = (1-uW) . 7

upehx] doldd P okt 2A =k

-1

P, =A"+AP(1-U"Y) A (28)

5.1 2&=2 QBD

duss  QBD e AT Al

(AL A A)S  HEsb] wEel, U™ =U,
G" =G, R =Re] itk @by @ne o83
ZA Fcl

T = W()Rn (’rL > O) (29)

wE bS] T2 10t (re=1). F; 29)EY-

L
Bl A58 27 m Y Rle=1< S 5 9lon,
n=0

(26), (28)5 I AR&sto] olv=] el AAtehsE
Ml S AL 5 glek W% QBD o] WY
RE 73P7] S8l & =iellis & 1ol4] Folxle
-] ;q g8 Ut GE u]__li—s],oq
A, 7} 0] w8 US) Gl R
slo] wig] A v E WS daelEs FES

¥ 3d RS 7 5 s ®ok

5.2 2455 QBD

B =tolld frd ko) wielE]E sl o
Fof| L& AFe] ollud#] #Mlo] ZA|EHA] k=
weba (23) i (25) 24 ouA] gl (L)l tﬂ
3] e yle oot ) wHe AS oF 4 gtk

= eHE s)el Hsishd oA @ i(n)

Lo (L=1)) ol4e) 9 U kgt ol
el

iy
x

1

U(n) :A211)+A[()11)(I_U(n+1))* Aén-%—l). (31

olsh o] fabie] =S 2 #MES QBD
AL (30)3 7ol B UPS WA 77 F, 7 o
Uz el sigEls Ue 313 2o AXlsted
#ed R"E 3¢ 4 gick dM%s] QBD A3t &
A AR olx] Adeie] AaketeE s 73
T sler, #MEE QBD HHe] st o
7} e},

L n
WU(I+ b HR(“)e: 1. (32)

n=1k=1

=

RF &4 3u1ke} CR LﬂE%lﬂ"ﬂ*i ST+ 17} 4

FTE BpEle] RS A, THpAEE meE
AElgh 7felle gtelufellA] 418 oA & ukalst

7 L};g—’v:'}% glolg] BIE ‘1” = 05 A5 5
3 =rollAE STV E8H 02 ofuR| & 4]
3}71 %’4’3“ A5 Aol sl 2 7o R o

Uz A T ikt Fella] 3 vle] meg Al

slo] Sashs wkke wedsloich wak 274 A
gt HES AGsled ARSske HES ikl

1709

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-09 Vol.44 No.09

(@™ = )& Fall 27 Azwle] 24 e AA|
A% A% (R +R)S M) f18l] £ =l
HaEs wiel (o) =a,e S Akt & ST
7F B3k elix] o] gle] om 3] meg Ald
3 255 | sle] Sukaleke 59 o] W dlolH
H|EES A$st 4= 9l 2 3)9] 2 Monte-Carlo &
JAglS Fall sy ukkle] A Bla g 24
<= Zlsgslelc.

wolAlgd g Fa sEEEs 2% 2t
7=100 msec, A 77t 7, =2 msec, WE T3}
& f, =1 MHzE AH8-3tlek =3k 14 A de] o
Ag i Aol Fx AR FES
P; =001 AAslgon, g 4k o), =10, ST
oll] 418k 12} 415.2] SNR v, =—10 dBE &3}
o] ST7} 13} Ales Al A& 25 1,5 Akt
stodek oluz] 4 mdllel] diside wiele]e] Alo]
Z L=5, 7 oA el A i m =28 2
asiet.

A dgRE mle} o] ellufA] Al o 14
e 12 Alsrt EAfshs et 3 o] 55
S 7 Qlek webA eluiA] 4 melRne =332
A Alzdle] A AAes A% 2 vlasky] g8 13
g wdle] HolghE p = 0.5% 1AA7)L Aol
E py7t 0.1 0970419 k& Z2EE wesiolrh.
ulzba p,7h0.10l HE 13 AdL 215 w]e] gl
Al =5 0.9 7PAIASRE 12} A3t A5 SE
Tolrlc). mdl Tl TP 2)8sle] Sl
22} AlzEle] A Ao ASsha =y
okt APMlES: wieke] s wlaE S8l 2] 4 &
E ooy (0.1 = qp < 1) we} ¥slshs vy 4
2 w23k o] W o] 10]d oA F3luke
3R 795 e, a°] 0.1¢] 7WHARE
ST oluA] 3lnr} F Fupatabs 215 s}
Al Fek

a5 1978 32 A7 12 Ade] AolakE py ot
7] ezl 3 2HE o 9] ol W el g A
7 S SRS, oA 5 Ao AAERE
2 ST 24 7Fsd AAl AE Aes EAg) o
714 LD¢} LID= 27t 9l vl el =g v
ok& oJmlghe) 13} A Ao|shE p,7t wAH A
o p7t AASE ST7} 13 AEE A A&
A Elo] B} g U] ) Skl

o
2o

A}

i e

ie o

u

>

[e5

Lo 4§

1710

Energy Outage

Value of a, 02 0 1

==x r Y
i ILD; theorefical &___2LID, theorelicaly g D;simulateda 41D, simulated]

T3 1. AeEE p,st A A FE qpel wE elY
A oz Aee] Aeke

Fig. 1. Probability of energy outage corresponding to the
transition probability p, and the value of o

0.8

Energy Deficiency

0

ey e
05 ot
o
o ‘[p
0
Value of o - 0 1 At

I LD theoretical i, 4LID; theorelicalg gD simulaied __ ALIDsimulated]

33 2. Aol pot 27 ovA FF HE ool WE
STS] elz] H= Aele] BdEs

Fig. 2. Probability of energy deficiency corresponding to
the transition probability p, and the value of q

Achievable Secondary Throughput
»

0.8

06
04 ity Po
02 gansiion Proke

5 = r
‘,\, JLD;theoretical & ___ALID tnenrancal: :,D's\mu\ated‘ ﬁ,\D-swmu\atan‘

J2 3. AelEgE pot 27 WA 4 FE el WE
STe] AA A% 5

Fig. 3. Secondary throughput corresponding to the
transition probability p, and the value of «

www.dbpia.co.kr



=i /RF %

71817} FoiAlek. weba 23] 15} 2004 =AI A
7o) o] 7 Alee} oiA] ¥ Abels] e
52 7h4sla a8 3oxe) ko] STV 9A] 7
3 Aol dEE FAE Balek o] uf ohqx] 5=
4 3 0] Z718k STV} 4 meE Ee o
& oA S S S A Ho] ot 35 e
olgste] Hole] Age] 7Fsdt oix] Al 417
Aejstel, olulA] Al (0, 214 Fsted (1, Dol
s Hek we STAF ellulA) Al (1, 1ol
dlolelE AgshdA] thA] olldx] 2t A= Aol
ab, dlolBlE A 7t 71317} i o s
785l elAqA] azd Abelzh e 2] tha =7
Zrbehe 2% 29 12 BRI 5 Sik = of
Ux] 27t A7) #hlshd ST+ % ezl F2
PP5at7] el 1 ARNE o[dE HEE a2 3
e W] =T SEAIRE elluiA] A (0, 2)¢llA ol
YRS palshdA A9 o] ddz Adolshr] o
Eell, apol Z 3 7 A 1(0) & Al o]
@ shsale] oix] B3 Al A AR

_\_,

2% 2648} o] sl Hek dMES ke
ST/ 253 o227} skl 2o Alug 3

A
oy HEE A o Abgsle] Bt mEE Al
el oA sk AdEeh 55 AderE e Ak
SEES I AUER] el vish 2 b
_1

53], 17} Azot A5 % %ﬂ Z7)o)| Alelgt 53]
FE 0] Z A5l ABES ek A em 5
= A Aol = “Eﬂﬂ AE ghES 2§
o} ubdel] 12} A 57} 25 AZE s A (= ST

7hwle] gl 13 Al A2 71817} How) ST
7h B o] Aol we) T FARke 5

W s} AAE7) W], 19 3el4s) o]
5}el ST Aol e 5 98-S shlsielek
VL E E

RF &4 $uhilglk CR WE 04 ST PUZF
ARERAL Sl el A28l AAE sAls
FH R E3 ol vlES AFsiAl Hck
T7W° U#] T4 23] W= 7-9-ell ST
= 12 Aol vlof glom A oA E ARgst
of dlelelE AFgel £ =Eellx= RF 34 %
AFgk CR VIES]Z0l|4] STO] &-8%]Ql ollu#] $415
Al AR S AEside o FE ke o

Uz ealah i st mes At et

WAk CR MEN T 27 A28e) A 4% B W
= Hgke 1 4—3],0:11;], STY] =t mey)l sudl=
oix)sh 54 75t oA Tefslel QBD 714t

SR e FEslglon, g mdzre
elo]e] Aol Bl ofuiA] H= Aeis} oiA] 4

ARt 7Fggt oA g Aer) HAS AEEE
2 74]4-;5}04 ST g] x4 /ﬂ%;]. .?uol—x].a} A v

N

(

SSie). Eah STZF BAt o)) due Teis)el
R L FsPl Aefaks AES me A9

RS- zﬂo].g]_oi Ou:] u,]/gbﬂ% %3}] 12]— zHLgo] ;(]-
ARG 7ol HEE e AE niele] 23}
ST 452 AN 7Ps sl Z7]el) el ofix]
| ghgo] 245 Al S A ek
313131l

0

o

¢

PO
N

tlo m

o

References

[1] Y. Bae and H. Baek, “Achievable throughput
analysis of opportunistic spectrum access in
cognitive radio networks with energy
harvesting,” IEEE Trans. Commun., vol. 64,
no. 4, pp. 1399-1410, Apr. 2016.

[2] C. Xu, M. Zheng, W. Liang, H. Yu, and Y.-C.
Liang, “Outage performance of underlay
multihop cognitive relay networks with energy
harvesting,” IEEE Commun. Lett., vol. 20, no.
6, pp. 1148-1151, Jun. 2016.

[3] Z. Qin, Y. Liu, Y. Gao, M. Elkashlan, and A.
Nallanathan,

radio networks with compressive sensing and

“Wireless powered cognitive

matrix completion,” IEEE Trans. Commun.,
vol. 65, no. 4, pp. 1464-1476, Apr. 2017.

[4] M. Ahmed, D. I. Kim, J. Y. Kim, and Y.
Shin, “Energy-arrival-aware detection threshold
in wireless-powered cognitive radio networl
IEEE Trans. Veh. Technol., vol. 66, no. 10,
pp. 9201-9213, Oct. 2017.

[51 D. Hoang, D. Niyato, P. Wang, D. 1. Kim,
and Z. Han, “Ambient backscatter: A new
approach to improve network performance for
RF-powered cognitive radio networks,” IEEE
Trans. Commun., vol. 65, no. 9, pp. 3659-
3674, Sep. 2017.

[6] S. Choi and D. I Kim,

communication for

“Backscatter
wireless-powered

communication networks,” J. KICS, vol. 40,

1711

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-09 Vol.44 No.09

(7]

[8]

[°]

[10]

[11]

1712

no. 10, pp. 1900-1911, Oct. 2015.

V. Liu, A. Parks, V. Talla, S. Gollakota, D.
Wetherall, and J. R. Smith, “Ambient
backscatter: Wireless communication out of
thin air,” in Proc. ACM SIGCOMM 2013,
Hong Kong, China, Aug. 2013.

S. Wu, D. I. Kim, J. Y. Kim, and Y. Shin,
“QBD-based energy model for RF-powered
backscatter radio networks,” J.
KICS, vol. 44, no. 1, pp. 180-189, Jan. 2019.
Y.-C. Liang, Y. Zeng, E. C. Y. Peh, and A.
T. Hoang, “Sensing-throughput tradeoff for
IEEE  Trans.
Wireless Commun., vol. 7, no. 4, pp. 1326
-1337, Apr. 2008.

ADG902 RF Switch Datasheet, available online
at https://www.analog.com/media/en/technical-
documentation/data-sheets/ ADG901_902.pdf.
G. Latouche and V. Ramaswami, Introduction
to Matrix Analytic Methods in Stochastic
Modeling, 5th Ed., Chs. 6 & 12, SIAM, 1999.

cognitive

cognitive radio networks,”

2 M O} (Shanai Wu)
=-EA13}5])=H5A] Vol. 41, No. 9 3%
[ORCID:0000-0001-6572-2838]

Z & A (Jin Young Kim)
=EAI8}3]=7A] Vol. 38C, No. 11 3%
[ORCID:0000-0002-1456-7097]

Z & 2l (Dong In Kim)
2418 =FA] Vol. 41, No. 9 %
[ORCID:0000-0001-7711-8072]

B

Al 2 9F (Yoan Shin)
L EAIES]=5%] Vol. 41, No. 9 =
[ORCID:0000-0002-4722-6387]

www.dbpia.co.kr



	RF 충전 후방산란 CR 네트워크에서 2차 시스템의 전송 성능 향상 방안
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. RF 충전 후방산란 CR 네트워크
	Ⅲ. 제안하는 에너지 축적 모델
	Ⅳ. 제안하는 에너지 레벨종속 방안
	Ⅴ. 에너지 상태 정상확률
	Ⅵ. 모의실험 결과
	Ⅶ. 결론
	References


