72}
o —
. W o do 3 Y
= <EX 28 M Ao S
S %0 £s gl S %0
Q 60 oy gx ~ X N
= o ED g8 — T ol i
c & 33 T N
oy oF = 3 ol ™ S = o — 7
(il B o — s "o E N = N o
%o 2, B w3 < & R
%] T 5 . = oF + R =
g wiAw 2 ioar)nﬁrﬁ,% e
M O RN g @E(@rﬂﬂd..u%
* X Zm ol A o oy = N
H = [y ) »~ o] P o
= < Q g = o " ol s = o o O
5 et i o hx <z = 5 = + B
Nio < w Hﬁ% = A ﬂﬁw&@ﬂxﬂ
ay 5 2 £ R - RE L CRE NI
* i - = T ENIE @o mﬁw S LY AWn &
~y B ® < . Ay R = -
o h < = O £ S R o
A= W_ £ ani N m w = P g w Gl + ¥ < i\m %
F = E & 5 D == 8 : 73 Lﬂommﬁmamg
o o @ E § & 3 % % up P A;J,w%qmwm
AP 3 = ~ET @ £ -3 E & SE < g0 of =
— i - -~ N 7)o > = Ee - 3 g2 — o g Lm W
< R ¥ = £ O o o g 5: S N m 5 % g TR oM
— . ) . ‘= mm s e s o it K- — -~ v,N —_
R £E3 « D3I% : I ] = ufemhﬁ;%w
I 5 5 =P EY : i w Awawamﬂﬂfﬂ
%MEm = 2 o I, o Tz sl A
m} ol 5 v =3 o . » T < = =0 =
<! e >3 & = 8 o o W ok e m e = < c B
0 = muuo » B o ot B BN T W9 AT
® &) m > =) W L ol = N Wi.__ﬂ o W ook mB o N <R
i g g % LHTw yT e T Y rrme O
o= ; ~N ﬂ.H].l. _ — —
B < S = o A T § o ° e W o=moop oy I < o) Wy, B o%
= “— — aal of Ml %o oF N — = B WE jl o Tn T W A =
N~ g = = iR o FLEmy TELEET A R gy
X A T _zzflm_ gy G
S o™ % W R Om WA oA R =0 o i~
— S TF A sl s I A ) B i
u Nw mmv <0 %H W - = o m T E R B < wﬂ Ouw MW jod %o & oy o
0 5 %wmmﬂw oﬁeﬂ@mﬂm]ﬁdmﬂ?]wﬁ B u]rz. Jo & 2
% =™ m %%ﬂ%ﬂf%ogwm A O o
o0 o 2 F P _)%nt7%?%uoqowﬁm%mﬂﬂ e T M oo
N (s ge— ho AL ~ EO ™ o o T = ZT E .
< o Al g X & o BB L 0 B o ST o = X
= o Al o %Eoﬂwﬁohdmc% oo T Lo = =
_ T 5oy mcdﬂ.rﬂ% iﬂoﬂ%_@ pe B E wor
) ok X o B £ o+ ,Wﬂi@maﬁﬂmﬂﬂ% =T o 0~
—_ o] l_zJ_l | um - Mbr =T ol N T A= %o ~ < (= W
= o N f_nanOMVmo, PR g9 AL 4o
M AR o e < 8 5 = ~ W o= ‘m No 0% ol LE = < el
B ER N i Sl S ] oo o o
i mixlu%%ﬂ%ﬂzgﬂﬁg_ e T
. ao X = fal) = H r
iy £ m¥ W e T oo 2 O o o
o = 2 i o = < ] w
o SER LT T G i o m m T -
ittt} f22 TR
%mﬂo_w?@ﬂ.ﬂwmﬂm%éﬂzr zrwaﬁ ﬂoﬂr.
- X N %ﬂ%?@? = A ) zT]Ar oo =
T o l.%ﬂﬂ#%m N <! )
Lo N (anliy = X = No = gl
1;4%%&%%%%@%%%.wﬂweg@ 0o o
! ol < o — = .= T I~ g o Iy ol
OA::TQH@WOMzﬁ%Qzﬂ T o
< ™ 9 0= - " e -
PRy T ﬁmo ofy .auL
o g <
<

shpel

)

ow

=]
=

o| RF 413.& &
= ©°

=

T

LKD),

a
f1l A3, 2 ol

Uniform({1,--

Lk
(3

atef dele g &t

)

sick Wb "
ke KA
EH:L z 9

1=
o ©

7t

=
Has A9
o

B
B. 1A} A~

o B 07 &
B2, 23 A1
& Aehs].

L
A5}

KAl %

Flelo] B2 Holy

A
k]

L

o] u]

B

ol sev, Zzel A

12} A" 3} 22 A

2d
1

A
2| & vl
Jwgozm wxy voes

L, 27k Al



o, 27F Alzage] 4l AeE ot 2ok

Ys (n)zosz(n)—i- RiaTix(n)B(n)—ﬁ-w(n),
AN g, gy g A2 22F S9JWIE 3} 23 #4170, 23t
shoju] ot Bz, Ejre} 22F $2417) Apele] Aot}

1. No SIC.
TAAAZ 44 S W) Bl Aee ohgat 2o] vepd 4= gl
o9,
z —Zaer{g]max | |ozR-|-77oszg}-i\Z — ‘ |aR|2| ‘
2. SIC.
U2 FA AT x(n)S 22 A2 o 5= gu ol
Ad FAS 7HAsE HAAAA7} 7Fss
z(n) =y(n)—azz(n) =ngpa e (n)Bn)+wln),
@nﬁ&ﬂ_%@%zwwwaaR—aHz%ﬁﬂL%@%
7HA g kA ZHLH wol 71 2 # "as A=,
= ar .
i a 1mal’}|nangm|
. A%5%7}
£ oM AlEdlAE B3l A5 A A€o

e 22 5

P, = P,(B(n)# B(n))

— P (Bn)=0|B(n)=1)P.(Bn)=1)
+P.(B(n)=11Bn)= o)  (B(n)=0),
Npl1—P
=1t B<N b>.
AlE ol o] AR THEln|E = Y S8R pold F2 0102
AR AlE] B0 Zha Bl 1o 5 WA 7| A Al oA
< A3k

FHEE 030 *E }21# Bl19] 5 17, 37H

2l

off o} } 719 AIMU *ébﬁ

a1, dlole HFEEe] F

ol SICE A3 7|9

%Pﬂ?it}. ol ghgt A
4

FE

o,
rSL

EE s
I

Bit Error Rate

o't

SNR (dB)

oM G 1E ARgete] 23 F13
PPN 719 A AEeol
/\]_ }_T_t‘ﬂi _,_H]—/\].a]. EA /\]

ox v o

1o,
L‘\_‘
-
1o
)

4

i
3_
0?0

ACKNOWLEDGMENT

EMWEZ@%G‘%M Aoz dxdTate] AdE
A9l (No. 2019R1F1A1059125)

F1E 4

[1] 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, Aug. 2013.

[2] Z. Ma, T. Zeng, G. Wang and F. Gao, “Signal detection for ambient
backscatter system with multiple receiving antennas,” in Proc.
IEEE Canadian Workshop on Information Theory (CWIT), July
2015.

[3] Y. Liu, Z. Zhong, G. Wang, and D. Hu, “Uplink detection and BER
performance for wireless communication systems with ambient
backscatter and multiple receiving antennas,” International

Conference on Communications and Networking in China
(ChinaCom), Aug. 2015.

[4] K. H. Jang, S. M. Kim, and J. Kim, “Performance Analysis of Multi
- Tag Multi - Reader Ambient Backscatter Communication
Systems,” in Proc. IEEE International Conference on Ubiquitous
and Future Networks (ICUFN), July 2019.

(5] J. Y. Han, J. Kim, and S. M. Kim, “Physical Layer Security
Improvement Using Artificial Noise-Aided Tag Scheduling in
Ambient Backscatter Communication Systems,” in Proc. IEEE

International Conference on Ubiquitous and Future Networks
(ICUEFN), July 2019.

[6] F. A. Khan, T. Ratnarajah and M. Sellathurai, "Multiuser diversity
analysis in spectrum sharing cognitive radio networks,” in Proc.
International Conference on Cognitive Radio Oriented Wireless
Networks and Communications, June 2010.

[7] A. Ahmad, S. Ahmad, M. H. Rehmani and N. U. Hassan, “A
Survey on Radio Resource Allocation in Cognitive Radio Sensor
Networks,” IEEE Commun. Surveys and Tutorials, vol. 17, no. 2,
pp. 888-917, Feb. 2015.

[8] G. Wang, F. Gao, R. Fan and C. Tellambura, “Ambient Backscatter
Communication Systems: Detection and Performance Analysis,”
IEEE Transactions on Communications, vol. 64, no. 11, pp.
4836-4846, Nov. 2016.

[9] X. Zhou, G. Wang, Y. Wang and J. Cheng, "An Approximate BER
Analysis for Ambient Backscatter Communication Systems With
Tag Selection,” in IEEE Access, vol. 5, pp. 22552-22558, July
2017.



