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ABSTRACT

In a wireless communication environment, an in-band full-duplex communication system can be one of the
better solutions for spectrum shortage. In this paper, we propose a system configuration suitable for the
self-interference signal cancellation for full duplex communication in multi antenna environment. In particular,
problems such as multi-antenna interference, IQ mismatch, and PA non-linearity included in the self-interference
signal increase the complexity of self-interference(SI) cancellation system. In this paper, RF SIC(Self-Interference
Cancellation) block is simplified through using polarized antennas, and the complexity of digital SIC block is
reduced by using SIC through the auxiliary transmitter and intermediate frequency. By implementing IFD
communication platform, we show that the power of residual SI is reduced to that of background noise by
cancelling more than 90dB of SI signal. In addition, the quality of received signal observed by constellations is

shown to be comparable.
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Table 2. FPGA resource utilization of digital
implementations
Types of resource Usage (%)
CLB LUT 38.6
CLB Register 17.9
Block RAM 67.6
DSPs 26.9
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Fig. 6. Self-interference cancellation performance of IFD
transceiver

E 3. A1 AA s
Table 3. Self-interference cancellation performance

Cancellation(dB)

(PA out: 15dBm)
RX 0 RX 1

RF SIC(with circulator) 47 47
HSIC 20.9 18.3
DSIC 23.8 26
Total cancellation 91.7 91.3

1048

Wslef wh SI AlA A=} fr-gAelch tA" SIC
£ RX 0¢l4] 23.8dB, RX 1°|4& 26dB SI A13%
24171%}313134 skl 1 oiu] #HF EHo4 RX 0
£ 91.7dB, RX 12 91.3dB2] SI A1 57} A=) &
=o](noise floor)7HA] Foll-8- Halslirt & 3
7zt B2 81 AlA Adss A" Aelrh

O =
A=)
o
—

42 IFD &4l M=

MIMO-IFD £41 £ DS A3l W&k 4l A5 &
13171 flal, F N9l FUg MIMO-IFD 541 #HH]
b AS ol A Al S FESldck =

2 dlole] FREoR o] Rzl o] = glell]
A b Sk Alwe] 7Hde] gleleof R, 7
v 7F 717 Besieh wyk doly] b F]t
DSIC i3 o2& SI 4% 9 DS Al57} FAle] S
_Q_Jg_i DSIC )rl_i_gi oh?:] 7],‘;% /}li_o/] tﬂo]i
234 e 7|2 G4l Alwe] 2Ae] F8sirh
weba] shte] Zaql glel|, F= Fet F AA
7t 715 25 Qg Als A, DS A5l =] &
L¢3 Al% A% 2 DSIC 207 qlyyE
28I A58 37) 2Ao] 7FselEE 2|9 AA
skoick

dlo]E] Al$+= 5SMHz 9] LTE Als5 AM-313]
owm, Fukgale] gz 30070, AR oIS
4.5MHze|t}. SI A7 A8 2733t U3k 3176l
dlolEl= qtelvbd ke dlolelE AFsiolom, 4
= DS Az Ugt AA=E 17 73 ﬂoml EVM
S -26.69dB o7 =3 =it}

o

N

Pt L

o ¢

Constellation

Quadrature

v

-1 -0.5 [4] 0.5 1
In-phase

S8 7. AL ALE AP F 44 ALs AR
Fig. 7. Received signal constellation after removing
self-interference signal

www.dbpia.co.kr



e A L

FArle Mol A AAe) AA 2 7

v.8 B
B =S vhglEu Aolg FAl Alzglell A3t
g T35 AAElden, 27) e AR AolF
A 2 el sl ARkt ol Esl
27174 ST Alse] Al77} 7hedhe Bolom,
o F 7] Aol A=’ 7t FA] F4Al Al
3l OFDM Also] AAes skt
=l AlARE 5} Qe sle]BE = SIC
ke AR 52 YA =] ST Al ek
o, BARE AfAd el mRe] g Falsisl o, A
§l~c Aol A mh2A H-gsle] FA FAl
wole} wepr olejgh HelF Al Al
*éXﬂ A A A8 E Sl
7 eghet.

>

1i%

1.

g Ij_\_', oX
°‘1N e tlo o 1:110
OFﬂ

N

O 4t N OW
oo 2 e
fo —&J SF rE
2, ol
[o nllO

4>
O
>>L

2

References

[1] D. Bharadia, and S. Katti,
“Full-Duplex ACM
SIGCOMM, pp. 375-386, Hong Kong, China,
Aug. 2013.

[2] F. Boccardi, R. W. Heath, A. Lozano, T. L.
Marzetta, and P. Popovski,

E. McMilin,

Radios,” in Proc.

“Five disruptive
technology directions for 5G,” IEEE Commun.
Mag., vol. 52, no. 2, pp. 74-80, Feb. 2014.

[3] IMEC, DUPLO Deliverable D2.2: Integration
report of RF and antenna self-interference
cancellation techniques, Oct. 31, 2014, from
https://cordis.europa.eu/project/rcn/105190_en.
html

[4] Philip Levis, STR Radios and STR Media
Access, IEEE 802.11-13/1421r1, Nov. 12, 2013.

[51 D. Korpi, L. Anttila, and M. Valkama,
“Feasibility of in-band full-duplex radio
transceivers with imperfect RF components:
Analysis and enhanced cancellation
algorithms,” in Proc. CROWNCOM, pp. 532-
538, Jun. 2014.

[6] D. R. Morgan, Z. Ma, J. Kim, M. G. Zierdt,
and J. Pastalan, “A generalized memory

polynomial model for digital predistortion of

RF power amplifiers,” IEEE Trans. Sign.

Process., vol. 54, no. 10, pp. 3852-3860, Oct.

2006.

[7]

[8]

[

[10]

[11]

[12]

[13]

[14]

[15]

D. Korpi, L. Anttila, V. Syrjala, and M.
Valkama, “Widely self-
interference cancellation in direct-conversion
full-duplex transceiver,” IEEE J. Sel. Areas
Commun., vol. 32, no. 9, pp. 1674-1687, Oct.
2014.

X. Quan, Y. Liu, S. Shao, C. Huang, and Y.
Tang, “Impacts of phase noise on digital

linear  digital

self-interference cancellation in full-duplex
communications,” IEEE Trans. Sign. Process.,
vol. 65, no. 7, pp. 1881-1893, Apr. 2017.

S. A. Bassam,

predistorter for the compensation of crosstalk

et al., “Crossover digital
and nonlinearity in MIMO transmitters,” IEEE
Trans. Microwave Theory and Tech., vol. 57,
pp- 1119-1128, 2009.

L. Anttila, D. Korpi, E. Antonio, R. Wichman,
and M. Valkama,
cancellation of nonlinear self-interference in
MIMO full-duplex transceivers,” in Proc.
IEEE GLOBECOM Wksps., pp. 862-68, Dec.
2014.

E. Everett,

“Passive

“Modeling and efficient

A. Sahai, and A. Sabharwal,
self-interference  suppression for
full-duplex infrastructure nodes,” IEEE Trans.
Wireless Commun., vol. 13, no. 2, pp. 680-
694, Feb. 2014.

J. 1. Choi, M. Jain, K. Srinivasan, P. Levis,
and S. Katti, “Achieving single channel, full
duplex wireless communication,” in Proc.
MobiCom, pp. 1-12, 2010.

M. Duarte and A. Sabharwal, “Full-duplex
wireless communications using off-the-shelf

”»

radios: feasibility and first results,” in Proc.

Asilomar Conf. Sign. Syst, pp. 1558-1562,
2010.

D. Bharadia and S. Katti, “Full duplex MIMO
radios,” 11th USENIX Symp. Netw. Systems
Design Implementation, pp. 359-372, Seattle,
WA, Apr. 2014.

X. Wu, Y. Shen, and Y. Tang, “The power
delay profile of the single-antenna full-duplex
self-interference channel in indoor environ-
ments at 2.6 GHz,” IEEE Antennas Wirel.

Propag. Lett., vol. 13, pp. 1561-1564, 2014.

1049

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-06 Vol.43 No.06

[16] X. Quan, Y. Liu, Y. Shen, W. Pan, S. Shao,
and Y. Tang, “Suppression of analog
self-interference canceller nonlinearities in
MIMO full duplex,” in Proc. IEEE
GLOBECOM, pp. 1-7, Dec. 2015.

[17] Z. Zhang, X. Chai, K. Long, A. Vasilakos,
and L. Hanzo, “Full duplex techniques for 5G
Networks:
protocol design, and relay selection,” IEEE
Commun. Mag., vol. 53, no. 5, pp. 128-137,
May 2015.

[18] H.-S. Ju, D.-H. Gwak, and Y.-R. Lee, “A

study on the design of reference signals for

Self-interference cancellation,

digital self-interference cancellation in IFD
systems,” in Proc. KICS Conf., pp. 1277-1278,
Jeju Island, Korea, Jun. 2016.

£ A E (Jungbo Son)
S W 20039 24 st Ak
' A7) Sk
2005 29 :KAIST HE-5Al
=3 At
2005 29~&A - AR
Aled7s1 A
<iliel AlEE, s

Al SoCAA

1050

2t 5 & (Donghyuk Gwak)

2010 29 : Aguisla %17]
T Ap

20139 24 :AEHgw %17
AFE T At

20139 39~dA] : FAAE
Al #)=)

<IlEol ek 7%,

F & 4 (Hyungsik Ju)
2005 84 : AAEw A7)
22} gk gt

~% 2011 84 : At Az}

= 283} )
v.
ds

20143 9YU~&A] : I=AAE
AledTsl 297
<PAHol> EA

)
A, AolE $4

o

www.dbpia.co.kr



	다중안테나 동일대역 전이중 통신 장치의 설계 및 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. MIMO 전이중 송수신 장치 설계
	Ⅲ. 시스템 구현
	Ⅳ. 실내 환경에서 송수신 시험 결과
	Ⅴ. 결론
	References


