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ABSTRACT

In this paper, we propose a SSD (simultaneous single-band duplex) system using Digital Cancellation. Also,
we propose a method for Digital Cancellation when RF Cancellation is effectively performed. The proposed
system has estimation frame for effective self-interference channel estimation in time-domain. The proposed
system calculates signal power for selection of optimal coefficient after digital cancellation. Then, the proposed
system selects coefficient of minimum signal power. Further, the proposed system uses LDPC code to minimize
the effects of remaining self-interference signal. The proposed system shows BER performance of at 20dB by
cancelling self-interference and iterating LDPC code. That is, the proposed system shows that the SSD

communication is possible in static self-interference channel.

I.M E AT A FAE she 71719 AHge] FAFH
Z7Bka siek oltAE A B S Qe ikl

# o] IS 20138 A9 Ader gl AE ol #al v1xAdTAld
(No.2013R1A2A2A01005849).

o TR} FEOEk X8k acy890217 @naver.com, A3

° WAIXA} : Bt RS ecomm@cbu.ac kr, 7<4§] «
=W KICS2013-06-270, Al 120134 69 284, ZHE =4 da) 120134 9 9

810

www.dbpia.co.kr



o

=/ ~HEY 5§

5 °
% /‘oLT-—'_‘

S 54 Al (Simultaneous Single Band Duplex) A]Z~®l

S| ol se) el ahe] Ae A
A AR 8T AR WEA] 9
P715e] ek Qek olefdt 1S AuE
Fa] Slste] olF B4l WA ALgRI

0% FAL TASE wWydE % Jeln

TDD(time division duplex) ¥}*]Z} FDD(frequency
division duplex) ®M]o] <ltl. TDD HMS A|7H
ZQlof|A] Alzkedede] RS FEl olF FAlS
F&gkcl FDD wAle Tl md|Qlella] e
99| ¥abs 53 olF FAle 7. TDD
WA A sk B Fdie] A ARRlE &
4% 4 ¢la, FDD WAl AL, skl =] ok & o
AL ARSgo R sl Tl xp”le] wiE ARg%l
%3 TDD, FDD HMAle Akel=io} sjafel=
ZHE wAE] 915 7—}74' Hs AZE B o
o] sl o3t nE Friez Qla A7t
ok T ARl Zefant
ol FARE A2sh] stel Ae A ol
Al W& ) ol FeiXa gl o &
SR FAlel Tl WY oR A 31 HaE A
3= SSD(simultaneous single-band duplex) A|Z~&l

[o3

N'E £ o ._Q

o gt A7} o]FeA L )l 1 2 Tl
Erele BalslA] okw EAlel] 44eAls= SSD
A|~Ee X7 ed|Qla) Fale ”ﬂ‘ﬂ"ﬂﬂ TDD

W FDD Ao E qla whyshs Ale] YIS @

SSD A|2HL Xl X djdorw £5pA1L
o] el Al G4l ALBe) Al 441 A1
F7kel 7H4Je] il o]sl Al AlsA} 4
A7) witell Alelld SAIRE Alsel ofsl e
k= AP 2] AsE A st AR
o A5E ST 5 gleh a%7) ake] 2]
M AEE AAs] 97 o= W] A
2ok dEde wyeme
Cancellation, RF Cancellation, Digital Cancellation
Zo] 9Jr}”” Antenna Cancellation = 2719 %
Al ok ARSste] 2] A AlsE Al sk
Aok o] w2 2789 FAl S ARSSlok
she Wz Z7) AlRbEel 4 whdrlel A
£3}7]el|= ofz'o] 9tk RF Cancellation & ¢]
w3k Alwel eb FA7E Al71e] $4de] vl A
B7b @A A A} deluhe PE olgd
o) x}=e] 73Egl 44 X137} A= Al
of =S o S4171e] RE weld] o] Azl o
& o A 188 ARANFEoRA A] B4 Al

Antenna

-

5 AHJAIZIE " oltl RF Cancellation S 9]t
1 S A= Al $41718] RF & AlsellA 9
e WAL ASE A ZAA s
otk o H” Az E wE7] S8 AlEE A
A7l ol AP] 2 AlE7) Al $Al7]ellA
A= 417 77};(] el uf o] zlel] 25| AlE
7F e As aEfElel 5 & As AVE
e $1gE el R =Felx=  RF
Cancellation % Digital Cancellation 2 ARE3H=
SSD A]~~®l mulS- A|A5lx, RF Cancellation ©|
Ay ow o]Fo] Hria 7P S uf 2] ZHA
Ad A& 53 2349l Digital Cancellation S
A3 S Al

I. &

ue

Che

ofn

Al 0I5 St

SSDE B Foke thedold Aol A 0% F

e ks etk Fd Sl ﬂ%“cﬂw Al
FA FAE s 918l 1% } G714 A
= FAZIENE = 2] 7 E#Z*i

e et Al A e o
FA Als w9 5 A el o] =k ZV] 7&
A Az A 74 A3} o AR 7 AE
T 7HRE 2 5 olck A ] Alse A=
FAV|ERE AR AT ARE W 9Es

T AlsE Alse] 7|7t g A A7) elA
7}3} A AAsf ok gkt A 1M Alsr) mekgh
Folli= A7 Ade 7HAlE o AR AAds EEl
A= AR FEole= Alsr) 7S Yok
webd AEel S AEE sl Slede
B 2| ZH AlA 71ee] a3k

B ol Akl sdud FAEAE 1%
Alzg] mele a5 13 ) of7]e4] BSeF MS
+ 717} Base station ¥} Mobile stationS 2]v|gF
t}. Aloksl= SSD A]~ElS RF Cancellation W}
S E& =717 W & AA 2] ] AlsE &
HHow AASIL P v AR 2 U’ 7
A AEE 2] ] Ad = ouEe oles
Digital Cancellation WS- o]8-3}e] #|Ag} 2
il | 0 R = S g b Sl S = e s e P it
A1&+= RF Cancellations £33l Zapdoz2 AA3F
i 7l o ARl o3k 1A AlsE Al
6]’*‘ oﬂ TX—] = "T‘

2 =relAE ‘:]'%‘78‘& 27 7V Qe =34
a7] 913k whe®m A& dae|ES ARt A
811

www.dbpia.co.kr



2183 =74] *13-09 Vol.38A No.09

Tx

LDPC OFDM D/A
encoder Modulation

X

P

3

Self-Interference
Channel

Estimation

Y
FIR Wy
Filter

S, sic d

a3 1. Akeks L Ay 4 EAl AlzEle] AR
Fig. 1. Block diagram of proposed simultaneous single-band dupex system

S daeFe F3% AlS= RF Cancellation ©] 5

4 g Az 441 wellA
DAC olfisl 4155 4k 3 A1 ol ek

1 ASE P 2 ok A
9 A$E FIR fllteroﬂ g3t T 2= FA719
DAC O]Xd/] Ass FIIA 2] A AEE A
szl $13 Ales A A4E ASE RF
Cancellation ©]5-2] Al$ollA] wijx ol 72 <
gk 2] 7 AlsE AlAg.

RF Cancellation ¥} 2p7] 7H] Ad 4 8kA]
= &3 2] A Azot s A = A
o] o ow Adis FA dHelHE Al 5
Atk

. 7| 2+ HiA

1. = 7=

Algk 3= A]~Hloj|x4]+= RF Cancellation ©]5-¢]|
okl B A2 24 ALFe Ags e
= Aol Faslct w3l &3 7] Alse] A
9 e o] Faskeh ek A 44 AlE
o} Apeire] 441 AlEr} FAAN A=k 4
3 M AE DS s olelsiAleh A
1% A7 AlzdelA= old 2] 4] Al
AL fAls A wel] o)E wbdew
AZAE) Slake Aze mele) TE2E AL,
B Rl old EAEE naksh) $slel
aR2eh A2 = 725 ARSI 2] A
Ade] A 24e 98 Aol A7)
Ade FASE Blel AEelqE S48
o} olg W 2] 7] AdS BS9 MSe
A R er 2 skl A7) 2k Al Al
& 298 F A7) W AAE sheA ssD

o

812

Rx

OFDM
de-modulation

Self-Interference
Channel
Estimation
3

P

X

oA orbm LDPC MS
modulation encoder

o2 FAlS gk

a3 2004 27| 7S e ZH) Pk
Ad F4E e daFe] Aol wet Wsk 3
= olt) aElw 2] 7 A 3=3lo] skms
SSD EAIS 3= ke Ade =] 7H AdY
Ha7) 2 79 v AA 24T 5 gk B =
Folie 7 2wyl A QaelFos
ZF ez LMS g 8|E&e ARgste] z17] 7+ A
9

T

& 34 sk

‘1°1' i

I Simultaneous Single-band Duplex

BS T RTTTTTT .................
E R{R|R|R|R|R
MS | R| T/ TITITITIT
E|R|R|R|R|R|R
time
T : Transmit

R : Receive
E: Self-Interference Channel Estimation

J8 2. A7) 7 Al FAS A% A7 =]l =
gl 7=

Fig. 2. Frame structure for estimation of
self-interference channel in time domain

32. X7| ZHY A &
B Rl A7) 24 A e Ag gw

Y EE ARSRIE 1] 29| =AY FE2E ARESle
7] ZH Al FAE S1g HA e 215 vk
2 e FAl|eAE 4417] DAC o]Ae] 213
24132 3}aL RF Cancellation ©] $2] A1
=g /n]zlg x5}o] z}7] Z¥A Adel 24 ]»‘5
g AsE 73k 74 Jfﬂ"’ 7wk A8 &
quﬂ oJ& Tzl A5 FIR filterol] 283
% 2=+ £217] DAC ]xu A1%Z FIR fﬂteroﬂ
FIAA 2] A AEE AA] S7E As5E
wEh A AsTE A7) ] Ad fAkkE
RF Cancellation ©]-52] Alse} Fdaf|A]|A] =k

www.dbpia.co.kr



%41 (Simultaneous Single Band Duplex) A]2~®l

=] eokix} uwlehbd] 37 =Y 7|71o]

g -] 2] A Al Aes AdEEke
7] a8t

+ _EOM A1 7MY AdE FAE) Q13
A daElEeR LMS glﬂl%% i

LMS 051 Ze FHE AsE

Hyl =g Asole] o= A’\i}‘cﬂ-h ATE 4

do|EE she Fele darelFelrk LMS dae
Zo] Aol Wig Al o) Rk
ep =dy— Wi'X, M

>
[
@,
=2
Y
fqr
g K
A
& ot
e
o N
o
T
T
‘L i
2
N~
1
lo
fr =
s o

Solt) Aljksh= Al2H

of]J4] RF Cancellation ©]%2] A15ZE AR&3lc) o]

LA FHaslele WEFe R Alg s o] Es

of 2P| ZHd AES A Hoh Ad S
=3

91a A% ogele]

-

Wiy1 = W, +2pe, X, 2
pe 28 272 AsE AAEke S e
W A grolel whEAel A% qldlel =g
A AZE 2] 2 Alset frakebAl wkee 2t
7] 2 A ASE 393 5 9ok
3.3. XpP| 7 =g 71|*0| AEH
A o]l old FAE 2] A A Al
T 4 ZElle] AVESE 2] k] A Al

So} Al o Ala) F4E A AS
7h A7) 2 AL AGSE 2R = A% o
= 9A% AARA glo] £S5 =e) we F
R =) Tk B Al ol A A% Fol

A A4S A=A FIR filterol]l A-8-sfjo} 3t

£

After self-interference cancellation, Signal power

Self-

Interference . sic
Channel X onin power FIR filter ——»

Estimation ! v

a7l 3. #He) Ap] A AR AdEE] % T
}6]_1,:_

Fig. 3. Block diagram for
self-interference channel coefficient

selection of optimal

A el 2] Al

= Ad AsE AdEt
a=2e] 4 ﬂﬂ E
&3l T iH%?ﬂlh—g

zZre] A AeE AA LP_& FIR fllteroﬂ fs}oq
271 7 AlsE AAgE F¢ Als A= 37]%
A o2 JA] W A Erk 5
A zH sl kel A= F4 Also) o] o
el A7) 7] Alsmbe] ‘l‘/ﬂﬂ o E18A =
o|lxbH o g 27| 7] Alarb AA =Hdepd ZA
271 7R AA A= $2] Az =717} 0ol 717k
SR T = A = S s e B oz (5 P g S i g
o =77} A2 AlsAy o] £AE Fela A
2 A7t ARE welA sl A A AlTE

Aglste] 2p7] 714 A5E 7B 2 AlAskE A4
7:]]/\ /Hsllsl—r/].
3.4. LDPC &%
B Erllde 7Rz AS daEEal
LMS daE|Es ARStl LMS A8 dae]E2
Ade AR FAEAN s A A
7t

4= 9ick o|2{8t o]-f-Z RF Cancellation®} #}7]
A A S F8l 2] A ASE AT
3 stelEtE A7) 7k Alsoh shsb AlA =
Sogleh web welglt 24 Alsel Sla) AlE
7} WE = S5 Q7] el oy A Z=E AL

= e 9 A Ak B eE
o|x Algkske= A]2~HleA]+ Shannone| Aol &+
A= 733t oflg] AA Izl LDPC F3& A}
ke,

V. AlZ3j0ld & =4

[L ey |

B =RoA= Aokl SSD A|aE] mdle] A:

www.dbpia.co.kr



FHEAEFE| =F-4] *13-09 Vol.38A No.09

#45}7] $ls}e] Simulink A|Eeloll xw ey
Jdck Agdolde 91 Al Al o

o to
ol

5 AR 2] 7 A 42 300
el AA FAE 1 oo]F 4000=| )54t
SSD E4lS gt 3k =Z#H9e 78bitE A=
Ad s LDPC F=F AHESkdeh A7) 2H
AEd-L ITU Pedestrian A Ad> AR&3loich A
SO B2HE] = AlEe] AdS ITU Vehicular A
AdS ARSIt He daE]ES ITU
Pedestrian A @2 A3}

E 1. AlEeld 3
Table 1. Simulation parameters

Modulation OFDM-QPSK
Channel Code LDPC
Parity check matrix size 180 x 720
Code rate 3/4
Number of iterations 1,2, 5

ITU Pedestrian A,
Channel ITU Vehicular A
Adaptive algorithm LMS
Number of taps 10
Step size 0.001225
Estimation Frame 300
SSD Frame 4000

—O— wlo S| & LDPC(iteration 1)
—B—wio SI & LDPC(iteration 2) | =
—A— wio SI & LDPC(iteration 5)

EhIN0 (dB)
a2l 4. 2] 7 2137} ¢l 739 OFDM-QPSK A] 2~
9] BER A%

Fig. 4. BER performance of OFDM-QPSK system without
self-interference signal

I8 4= x}7] 7Hde] 918 7% ITU Pedestrian

814

A Adelx OFDM % LDPC #+3E ARSsheE A
2~gle] A5 vehdich LDPC 59| v u}
2} Aol EE A IS = ok 2| 2
A Azt 9= A4 LDPC F&E2] HlkEo] 5
3]l 79 20dBellA] k8 x 107 09 A% WE
7

107

BER
3

—O— wI SIC(Known) & LDPCfiteration 1)

—— w/ SIC(Known) & LDPC(iteration 2)

—S7— w/ SIC(Known) & LDPC(iteration 5) |- — — —— — — — — |
L L L L L L | | |

0 11 12 13 14 15 16 17 18 19 20

E, /N, (dB)

T8 5. 2] 2 A ARE 4 s Ag Alkske
A|z=5le] BER A5

Fig. 5. BER performance of the proposed system
according to iteration process of LDPC code when
self-interference channel is known

a8 5= A ZH AEs g Qlvka 7 g
%= Wl LDPC 32| uhEe] w& A5 viepd
t}. 27] 7] AL ITU Pedestrian A A2 A}
g31517]  wjie] 2319 FIR  ZEle] ITU
Pedestrian A Ade] AlFE 23 dijlsie] A&
oAl 3slsick 27| 7H] Alsrt &A R A|A =
= A& AT 5 ook 2d 49 2] ] Als
7b sl Aok e AR s Helw 2]
M Ade oo gl 2464 LDPC #-52] ub

Ho] 53]9 7% 20dBellA ¢F10”°9] A4%S W=

fu

¢

o
ok

A Alse] AA7Y 7P A == A

A AGZ el SSD EAIS 3 wje] A-S

Fot A Al exkZ Qs #7] M3 A Al
s Hr} Adse] FA| AN frAkRE A

S Fold 4= ik Aokl who g

Digital Cancellations 5~3& 7J-%- LDPC 59| 1t

o] 53| uf 20dBell4] 2.5 10~ 2] A% W

= RS #lF 5 9l

)

www.dbpia.co.kr



o
Mo
[
-3
[
o
}:pp
o
o
>,
o

offt
s
=

2
offt
>
ofm

Al (Simultaneous Single Band Duplex) A]Z~&]

BER

—>¢— w/o SIC & LDPC(iteration 1)

+ w/o SIC & LDPC(iteration 2)

—+}— wio SIC & LDPC(iteration 5)

—EO— wi SIC(Estimation) & LDPC(iteration 1)

—— w/ SIC(Estimation) & LDPC(iteration 2)

—A—wl SIC(Estimation) & LDPC(iteration 5)
I I I I I I I

0 1M 12 13 14 15 16 17 1

E, /N, (dB)

& & [
I O N 1

a7 6. A A A ARE sk A Alksks Al
25}e] BER A%

Fig. 6. BER performance of the proposed system
according to iteration process of LDPC code when
self-interference channel is estimated

BER

L
—§%— w/ SIC(Estimation) & LDPCf(iteration 5)
—H— w/ SIC(Known) & LDPC(iteration 5)
—X/— w/o SI & LDPC(iteration 5)

E,/N, (dB)

O 7. Ak AlzdelA 2] 7K Ad ARE g
o1& 9ot Akshs WY eR Fshs 49 BER A%
H| 2L

Fig. 7. Comparison of system using known SI channel
coefficient and system using estimated SI channel
coefficient

Aol7h Sli= HlF ¢ olvk webA 2 =tellA
AAE= SSD A|2HolA] Algkel= HAo ALE
s e AT A AR Ap) 7t

A AAE 3T 5 dsE FE 5 olrk

_1

V. &

ru

E =iolxs ~dER] 58 S 418k SSD
A AlzEl mEE AAEla Eapdew 2| Zh
A AlE AAE S Ade SR Slsled A7t
gde] Az =S ARESIcE o] =Z#H|qle)
FA7IZE B 4" 2] W A Al el
Ao Aes Adsh] 918t M AlsE A
gk o Al AHE Axbsle] G2 AlsxES 7}
A AA ke A ATE Adsks wAlE Ak
o} gk W2 2] A Alse] ks FHAs)s|
213ty LDPC IF=F ZAdsl Ao Aes
T AEE ek Ajtels WS o8]t AlzH
o] A5-& Simulink A|E#Ho]AS o] 83l Elsis]
ol Ak Alzwl> 2] 7k Al
4] LDPC H3¢] 53] uHE-S E3& 20dBelA]
1.5 X 10 *2] A%< Jick Algksls w2
7 Ade] AlshAl WshA] e AddelA] AlsE
AR AA A FY HGolA FAlel o]
T TAe # otk & Adsks AlzEd vy
S

R
olgalo] ~ER] Hge T A 5 Slek

o

References

[1] R. Esmailzadeh, M. Nakagawa, and E. A.

“Time-division duplex CDMA
communications,” IEEE Personal Commun.,
vol. 4, no. 2, pp. 51-56, Apr. 1997.

[21 L. Dong, “Open-loop beamforming for

Sourour,

frequency-division duplex mobile wireless
access,” IEEE Trans. Veh. Technol., vol. 56,
no. 4, pp. 1845-1849, July 2007.

[31 A. Paulraj, R. Nabar, and D. Gore,
Introduction to Space-Time Wireless
Communications, Cambridge University Press,
2003.

[4] T. Riihonen, S. Werner, and R. Wichman,
“Hybrid full-duplex/half-duplex relaying with
transmit power adaptation,” [EEE Trans.

815

www.dbpia.co.kr



A18}+3] =2 *13-09 Vol.38A No.09

[5]

[6]

[7]

[8]

[9]

[10]

[11]

816

Wireless Commun., vol.
3074-3085, Sep. 2011.
M. Duarte, C. Dick, and A. Sabharwal,

“Experiment-driven

10, no. 9, pp.

characterization of
full-duplex wireless systems,” IEEE Trans.
Wireless Commun., vol. 11, no. 12, pp.
4296-4307, Dec. 2012.

X. Chen, M. Suzuki, N. Miki, and N. Nagai,
“Simultaneous estimation of echo path and
channel responses using full-duplex
transmitted training data sequences,” IEEE
Trans. Inform. Theory, vol. 41, no. 5, pp.
1409-1417, Sep. 1995.

M. A. Khojastepour, K.
Sundaresan, S. Rangarajan, and M. chiang,
“MIDU: enabling MIMO full duplex,” in
Proc. 18th Annu. Int. Conf. Mobile Comput.
Networking (Mobicom ’12), pp. 257-268,
Istanbul, Turkey, Aug. 2012.

J. I. Choi, M. Jain, K. Srinivasan, P. Levis,

and S. Katti, “Achieving single channel, full

E. Auryafar,

duplex wireless communication,” in Proc. 16th
Annu. Int. Conf. Mobile Comput. networking
(Mobicom 10), pp. 1-12, Chicago, U.S.A.,
Sep. 2010.

A. Thangaraj, R. K. Ganti, and S. Bhashyam,
“Self-interference cancellation models for
full-duplex wireless communications,” in Proc.
Int. Conf. Signal Process. Commun. (SPCOM),
pp- 1-5, Bangalore, India, July 2012.

I. D. Chang, D. J. Park, and K. I. Kwon, “A
self interference
OFDM-based full duplex relay,” in Proc.
Korean Inst. Commun. Inform. Sci. (KICS)
Fall Conf., pp. 348-351, Seoul, Korea, Nov.
2010.

H. Futaki and T. Ohtsuki, “Low-density
parity-check (LDPC) coded MIMO systems
with iterative turbo decoding,” in Proc. IEEE
58th Veh. Technol. Conf. (VIC 2003-Fall), pp.
342-346, Orlando, U.S.A., Oct. 2003.

cancellation method in

OF & 2 (Changyoung An)

20134 29 FHoistal Ak
shak(g-stAh

20134 34~ FEoHSha
AAgsta Akt

<R FAEAAZ,
Az A

F & T (Heung-Gyoon Ryu)

19881 ~&xl| FE L A=}
o e A

200291 3¥€~2004% 24 =8
st AHFEA R FAIAT

)
\O
=)}
arh
[
e

Al IEEE, IET +

2002 F=rAdapelets] stk

20081 ICWMC 2008 =A|8t&t3] “Best Paper
Award’® A}

200911 SPACOMM 2009 <A|3htl3
Paper Award” 4}

<Fltel FASAIAE, 91454l B4G/SG €]
F5AIzE, BAIS|E A 2 Al Als AE

“Best

www.dbpia.co.kr



	스펙트럼 효율 향상을 위한 동일대역 동시 통신 (Simultaneous Single Band Duplex) 시스템
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 동일 대역 동시 이중 통신
	Ⅲ. 자기 간섭 제거
	Ⅳ. 시뮬레이션 및 분석
	Ⅴ. 결론
	References


