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Abstract: The one delay tap cancellation system is weakly to suppress the co-site interference between the Very
High Frequency (VHF) radios in multipath channel. To overcome this obstacle, a Radio Frequency (RF)
interference cancellation scheme based on the multi-tap delay and orthogonal combination is presented, as well as
a new solving attenuation coefficients method. Considering the fixed delay scale and the number of taps, this
method accurately estimates the reference signal autocorrelation matrix and the cross-correlation vector between
reference signals and received signal on the basis of instantaneous and iterative weighted averaging. The
attenuation coefficients are achieved by solving Wiener-Hopf equation via the estimated autocorrelation matrix
and cross-correlation vector. Compared with the existing approaches, this method does not need to adjust and
control the amplitudes as well as the phases of reference signals simultaneously, and it improves the accuracy of
estimating cross-correlation vector and autocorrelation matrix. In addition, the closed-form expression of
self-interference cancellation ratio is derived through theoretically analyzing the attenuation coefficients solution.
The analysis and simulation results show that the proposed method could obtain self-interference cancellation ratio
of more than 90 dB, which is about 9 dB higher than the existing method. This study is significant for eliminating
RF self-interference in multipath channel.

Key words: Co-site interference; RF interference cancellation; Multipath channel; Cancellation ratio

Vol.39No.3
Mar. 2017

1 355

PEBIAL 2R T A e, AATDR AR LR 7 R SRl
ETb, RXTEREROR TR S s S H R g, [

Wi H 39 : 2016-05-23; t/ml H $: 2016-10-09; F4E Hikit: 2016-12-02
MEEEE: X linjiancheng1987@126.com

EE&TH: HRAREEIES (61531009, 61501093, 61271164,
61471108)

Foundation Items: The National Natural Science Foundation of
China (61531009, 61501093, 61271164, 61471108)

N R R T e O SR ER | Krnl LS| (N &2 R P 1
HAFEZ LS AL e &, 59— & M AE BH g,
BAETC L AR £ IR AR B, 7™ R e L IR
TAE. o, MERE- 6005 RGOS R4 LA
N RIS R4 3 T 5 48 (Co-frequency and Co-time
Full Duplex, CCFD)%:3)47 46 ™ 5 1 3Lk T3 i)
RO, AR AR P C 2 A 4 N B R B T A T A
IR, Y TS RSN AR IR
FEL U AR FH 285026 R 4 1



3

IR 2 BR IR TEAS A U 22 A0 A5 8 S TR0 655

HAT, KRB MIMO BRI R 715 5
T4 A, A IEARERE il P[]V & o ok ¥ 4% 1]
AL HE TP R . 222 CCFD i 3 TP A,
A UKL HE TR - 2 3 Fifilakas, RIS A0
BRSO 1R B2 R 3OO A )
PRATRIRE s SR 1O BT R B S 41
FA O R V22 Y 2 IR U 1 PR
i, N AT BRI R R, ASBE S AR G M4 )
[ 5 JEZe v & ] LR TP B B T
B3 A SR AN E - I A, S AT R RE S TR
UERS AT G AR PHLZE, AN A ADC(Analog
Digital Convert)# 4 & 40 A7 ZONI ) 243 [ (1) 2
KU, 225 BT B T AR, 2
T WP AL LB 57

RO T B ial 70 AR T B AR
IEATE B TP T %, S2BLT 40 dB By3taET
Yol SCHR[10) R b BERT FFg th T — Rk AN 5
AR RCA [ 3 N T35, 107 10 22 B8 S IR A 1)
AT, H T HE(Self-Interference Cancellation
Ratio, SICR)iA %] T 50 dB. [EHNL X ) 22z
AL 80 AFEARAK B SRR A TR T AR 5
PEHEAT T A, 23 b T 5EaRET ZR GEME e ) S B DX
o WU, BN TP BOR M HAGF R 7 A
ZHEEMZRNE, B BRI FEPEGEE REH T
PLAIAL, BB N HIT 5 5 AR BN mAE bR
JIT SR FH D ) e A4 0T R 4819 o SR [14) 76 A
TGN RS AR b, AT T AR BAR R ER )
SOM o SCHER[1) 230 B 1 BB A IR SR A0 TP ¥ v 4] 2
G S, g T ARG MRV FE AR, 3
BR[6,12) R H T SR Ja R & th 2 2% 05 5 (14
W7, AT R S DR E et A Sk 1) R, SICR
AEfEIR T 45 dB. SCHk[5,15) 3t T JE T X0l 1E k1%
IS AT o s ik, RURENLAE DAC(Digital
Analog Convert) &bt PRk 5, —BHESEE
o, I I A R A T L AR AL, B
HTE S H B T PO 7 ST 4
ZHEAG TN ZE . AHAL RIS, Hi T4 TAR
(RS, WA BRI AT M B TR 5 AR
Pepsy, R e 3RAF 30~35 dB ) SICR. 1Tk
REGA)AN P S AP AL 2 AR S, A TG S 1EAE
A ANFIEIR Sy 5, LR ) B SRR G 7 S e
IEF SICR AR, SCHER[16~ 194 T 2 2% 15
FIEIR G R T, R R T 2 AR
TN E TP 1) 8 STHR[16)5 B b T 2 %145
SRR ETHOUT, S B AH AR U R B AL

], F SR AR AL AH g8 U 2 R ) R, R )
AT, R AR A AT SR AR, (H SO
A BT a0 ] SR A AR kB IR AR DG 1) SR B AR OC
FE R o SCHR[17)HP 1) 22 % IR X T AR IR R 22 1 ] 52
FAREAS 5 B B 7 VR R 0 A 5 AL, FEX 5
ZAFTRRZER S PR, RFE, TR E %
622555 IR P S (B, 58 RO 31 R 5% 1190 S5 T 1))
B ST BB SR, AT KR AR
PR ARANAR S, AR TR SEHL. SCik
(18RI B THA5 W WA A5 AR, $e T JES5 R
B 22 B SEIR 0V ik, RRARAEIR S AN B — N
FHAS RO B2 iy, — B R LA T IR % 5
B SRARARAL i) . SCHR[19]3E— 204307 T 2 M 4B IR
TYO I i, eI v B R A 5 256 HL P RE
SO, gt T B A A R 5 e s AL P sk =K At
i, LM GEIREEE S SICR Z KKK, HHEZ
BRI TTIEZ IR, B B LA PR

LR oM el i, i FH IR 22 B S AR X 3 45 4
PLF R AR A I Ay, TR E, AT
FALIR S B S EP SR AR . DRIk, 18 SCR & 1)
B 22 % SEIR IEAS A R i 26, ol T A IR S
PR IE P I I es REUCSR AL V. Bk, 5%
G DR AN 2 ST, it
ANTR) P ] SEIR 2%, PRS- S A0 M IEAS P %,
AN (R B s ks, BE I A BONVE A S5, R0
BRI S I A TP X Tl A R AR
fERARAL, A SO LA AU T AH SCHE BRI O
), DAESR AR BT 2 57 R e 9N FE K FE A9 3 2 ek g
REAGRIEA, SRR 1) S . 5
CA B, 27T TRESEEL, A SICR
49 dB.

2 ZRRERERSHSRTHHRE

2.1 B ZRERGIN T EREE

RIS OR HUR 2R IR A7 A5 2 S5 AL R AT, %
JEIR AN 5 A S b N h PERE 2 B, AR
BRI T . 2 6 2818 85 4 ] B i vk
ZARAG TGS A TP 1, A Seik b £
% S SRS VR 7 92350 R T sl 45 % A 4 AR 5 3 0k
MEER, AR I S HCR LB R %, W
K1 R, Horp NOBSER E

HE 1 AL, O 2 B AEIR X AR rh RR 4% 4E
1R 2 i T LR I RS A A RN S DR A N S
K, SCHR[16]) TR H AR E s K/, T AR S
I 715 AN i S A o RO HLEAR ] QPSK
W, A 100 kHz, WORSE >N 54.5 MHz



656 T 5 FE B %M 39 %
) R
iy N7 K d(h)
Y s1(1)
(%) so(t)
) -
)y AU e B o wo [ Lo 40
e - ; oo
= & R Pt e #| T
(=t s [TLE MLH— i
A | B T2 S 2 sog(f) T s 0
Pt Ay r e(t)
ik wo ¥N-1 On-1 e
LH R ‘* =
| e, sassols e T [ |
KAl w01 Tan AL

B 1 A 2 EEIR ST P i S A [

M154.0 MHz, HTHEEAEE 3 448, Bl Sk
B E TIPSR B D LA 5 3N 85
dB F1 105 dB. XV R AP ALIR, TN
BlfE 51 1/2, WIARRFEXS N SICR W& 2
Frone BB 2 T, R S HOR MR A7 AE )R
LRI, PRk Ah, T 1 N 2 A
IR R G0 RE N (RN 52 AT AR B AH 28 FI 3 Jlas 1R 7
HapA T
2.2 % BRIEIRIE X & RST80T 3 8 AL

ShyIRE A 22 G806 P RE [ I 32 ] A5 RS AH 2% A U
ARG R g, DRI SRR TR TR ] AR RS AH g8 AN & 1 T
(1) R #1101, mvﬁ?z%iﬂﬁxn&Mﬁﬁ
¥, I AR E TS T AT PR i AR
PR ALIR IEAS A B AT v gh il 3 fios . %
K1 B gt AiEL, &3 Bras (it 45+ b 75 R
A AT TE PR, T T O AT Y S R A
N BIEIRAE S AL RIS, BT A 1 B8 14 24000
KARLE— e F2 R AR 2T Wik, 1 TS,

I 3 aT%n, REHIRERFIIES s(h&it
ZRMATIEE, FEmNEEERRN h(t),
XL TR, B s(t). R IREA M,
AT & B3 5 P 3 80U 2 3% A R T
2, W42 AT B AT a4k A

6
§ 30+
= 2
2
EE 0
107 o O
300 9pp 2

100 ¢ O @
ML g ) G

2 WBRSEIR [ IR RS9, AN FIAIAL NS R SICR

FERABST

T e(t)

50,i(D) s0a(t) Sn-13(D)  Sy_ya(d)

KGR

UL

Pl 3 2 BRIEIR IEAZ £ R A00S T S BELAE ]

M-1

M1
th Zak@ (t —7,)el% (1)
k=0

k=
o, j RoREHHET, koﬁ%ﬁ%%ﬁ o, N
Bk RARIE SRR, 7 A kAR AR
BTHE, 0, 1RFRE k SARIIBENIAHAT .
B IR R m N, T AE SO LR 2t th 1R 45
() HRHBURERINE S () Z MR AR
r(t) = s (t) + d(t) + n(t)
= Re{[s(t) — j3(t)] = h(t)} + d(t) + n(t)

ST
+d(t) + n(t)
et
+d(t) + n(t) (2)

H, « BRBHIEH, Re{s} R o L,
8t — ) o st — ) TS RATEASAL, d()F0 ()55
SO B

WA, S a=(n; ag - ayy Gy
81(6) = [50:(0) spq ()~ sy_s(t) sy, (O] WL
i 4 B AR E S AR 5 so() 1T 2
sc(t) = a" - s(t) (3)
W, SRR R o R TR
{0 T S A B A 1 W AT
. WHEE 3 F(3), MHEIIMES e(t) &R A
e(t) = r(t) — sc(t) = r(t) — a" - (1) (4)

i THHC S UGS d() B )
SETHRES s(ORHX, Fibl, ZHBERER SR



3

IR 2 BR IR TEAS A U 22 A0 A5 8 S TR0 657

X AT T SRR AR R R B B a, XS
EY R EREAIRe B S 2 N P ]
min E{|e(t)|2} = min £ {(r(t) —a"- s’(t))Q} (5)
3 FHERESEOKE R ERE DT
RATIGHE 2.2 A HR 02 B EIRE A A A
TP 7 B L, B HE S S s A R AT
KA, FHNTIZITE VAR TR .
3.1 BIRTHERKAIKE
TEER 2 45 P N7 1) 22 i B AR 1 AT B JS Vi AR 2R
FEAh b, eV 1) B SR AR (S S T e
S5/ IO N (R e LS I R ) o R R AR S Y
TR, w13
E{let) } = B{(r®) - a" - s'1)) (r()) — " - 5'(2))}
= E{r’(t)—2r()a"s'(1
+a"s'(t)- sT(t)a} (6)
B BN TG S %A P, EES D)
Iy Py, WEATIERA o, N A TS5 S
SRR AN OG, T LA (6) nT 2P T AR
Efje(t)} = B{s{ (t) + 2[5 (£)d(t) + 5, (t)n(t)
+d(t)n(t)] + d* () + n’(t)
— 2[81 (1) +d(t) + n(t)]aTs'(t)
+a's'(t)-s" (t)a}
=P + P, +o, —2E{s;(t)a"s'(t)}

+E{a"s(t)-s" (t)a} (7)
AiE R B TS EE 5 0 FRR, 4

p = E{s(t)s'(t)} (8)

R=E{st)s " (1)} 9)

b, p WEEE S HSHE SRR E, R N
SIA5 5 1 AR DCHERE, s (7) T #om
E{et)f} =P +P +0,-2a"p+a"Ra  (10)

12 (5) 01, & B g ats R B E S T2 (10)
e/ MEFTR Y B ) @, B B P 2 H 1) o 75 9 A2 o
(11) 5 AF:

OB {je(t)'}
da

I, RZER T ERECH IR AR B e
WAL, FEE o BN RARI R (11)
IRIIYEANEE R RE . AN, XHAHICH R p FEAAH G
KB R ICORE B VI8 RME, 1 B 4k 9 2 5%y
T 3ot S iR 7512552 1A DR AR 1 B 1 R ) o)
2y, ANHefs LIRS A R SR AR G4k, iR

— —2p+2Ra =0 (11)

(11) AR R 235w, WKy 1208
EA R A R R AR BRI, AR s AN AUA
FAGTHASR I p AEAORHEE R 159k, BEiA
I EARSCHERE R ) SCSAR PSR AT 7 R (11) AR /)
T it R, L S (5) KRN T iR ZEHEI,
1951 2 B GEIR AT 5 IR SO 1 7 56 P IR e s ok
S i

IEAINAUG T BARSCHERE I SR A - % T ik
a RIS AL B 2 e R Ho T SR ADC
55 DPS( FPGA) R, AT I H AH SRR IR >R300,
FARRTHLSCRR[18]. AHSC IR p A EARSCHERE R K
IEACIIBUAS VT 73 s D

P, = 1Py + (1 - ,u)p’ (12)

Rn = :U’Rnfl + (1 - M)R, (13)
P 1

pi= [ s (14)
;[T , 'T

R-—ersws(ﬁﬂ (15)

For, o IR Tt FRoR BRI A, 1y A
ST DG 1) 5 p! MR RHERE R BT 515 5 B RF S
6] (RIAH DG A1), p, AR, 4351 4 AH 5% ) S RAH SR
FERR S n DGR THE,  HAIME p, M1 R, AT 0.

A (11) 25 (15) 3t L, FTAEE n UOEARHT
INALOBER E Y i d N S SR EW]

a, =R/p, (16)

Hdr, RN EAHKRHE R, 1) Moore-Penrose i,
MR, AEE T R R HWRERE R . 4, FIE
SRR A B, PV 7 B T I RE IR A N AN
R, PSR AEFEFE R, () Moore-Penrose ¥ [ 5 7%
FE s v 25
3.2 MEEES R

ANTEARIEANBUS THAH DS I B p ATEAHOC
FEFE RO FREIERN b, o3BT AR S 2 B G IR XY 7 )
BB SRRV, T HE S 2 B TP L SICR
filE bRk, JE T Egm SICR, S8 K/ G [
#o

(D)W o dr: B2 (12) MR (13) B i B A
KA Ry ARSI & p AR5 AT %0
ZIEAINAUAL T I R RS SR PR R T A R 7
HISEIF TSR AR OC ) 5 p! MIAHSGHERE RY HOAS 5 ¢
THRFE o SRR O R — B RG22 0 T RE,
HAG WA HE™) N

1—p)e™

() = E 2

AL, D GREFIEAUIBUG T R SR B E 1 B
RN 0<p<l, &—EREERALK A

(17)



658 TS5 FE R

L %39 &

ST IRAS . 2 o BUEBOS, W R A p BAG
TEREFE R, 32 PRk 3R 45 R B e sy [
HATHELF MR, 24 o BUEESE 0.5 XSS
H G 1) o AR SCHE B b i 5 A7 IR B A AN T 2L AT
PERRAE ] o ANId g0 (538 K B9 0 2R G A e i 7 (1 3%
ARUEL, B ARIEACINAL A, v AR SAOE 2, T B g 1)
B F AR L bt ol e . I8 brrh AT HEE
IAFENE, MG E p ML TS, A
M BCEWSTR . Jrbh, ARSCOE T 9pr N
AIABCETTIR, AT BB E IR S (5 SR
MAEAL, REfESERDRE BN T R A p.

%%,mﬁa@ﬁﬁaaTﬂ,iﬁﬁﬁﬁ%ﬁ
i op! FAHSCHIFE R 215 HAT RAF I GEvH R It 5 A0
RINFIA) ¢y A5G, T IEAIA — IR I SR T A
R IAT ty o IXUEHA, HOCHTI) ¢y YE T R R p' (1)
GEVHRETE SCRE R T AR SOV 5V SR B . T
T3 A7 T 20 BUE Ve T IR 22 A8 e RS T e
(RIAEARIREL, T AAR ORI J 12 Ak R AT S5 ] H
BRI FIAH OGN TB] 3L [ g o 6 T-AH DG I 8] ¢, HUAE
WHE, TRt % HTMEENZRE. 2%
AR SRR OO R GOSN TR 2SR, — RN A
1/10 2 2 75 .

(2) HFIAHH L SICR: BRUSGEESS, PP
AR SO T o — BB e fa AR R B T HExE L
SICR. il 3.1 ik, wARHEx0(10)E X SICR

A
{|51(t ) ]
SICR=101g
[ E{je(t) } {la} = £ {nce)’}
:101g Pd—a (18)
%i%%ﬁﬂ?ﬁwgﬁﬂatAﬁum
B{lew)'} = R+ P+ ot 2] (R]) p
+p1 (R") R.Rp, (19)

) A S B 1R A S R AR B (R MR o, mlBg
A (19) LA
E{le)’} = B + By + 02 —2p] (R])' p,
+p! (R) R.R'p,
= PI +Pd +0121 - P, R+pn (20)
F 20 (20)FRA S (18) iT # H T- X7 Lk SICR 1)
LKk N

SICR =101g|— h

TR+p"

’ll n

%Lﬁﬁ%ﬂ%,ﬁ%wipﬁﬁﬁ%ﬁ@R

(21)

AL TR P e R ARE T A SO ik i P figs BTid,
fE 3.1 ARSI %, AR A 2%
WAS SXIAAR AR p MEAARSCHERE R BEA TR A
o T, CREE I S UEAS TSR PR SICR
I AT R IERATE

4 {FELW

AATHGAT HIE T2 I AR 1E A B B S ATt
S 7V, B GE IR A 22 e G SR XY vk
ATHEREXS LG, FEIE AN ] (1) 477 B AT i 7 2 DG
SRR HAE RIS o AT A i 05 X
WA QPSK, f&5 %y 100 kHz, WAL K&
AR RS R 5)h 55.3 MHz #1 55.0 MHz, &
SHLRZRAL IS 5 D% 37 dBm, HARE D) # LY
(Adjacent Channel Power Ratio, ACPR)4 35 dB.
Z SR E IR LR 0L, 220 E T EE
RN, AL IS SR, &7
(PN SE A [11 14 15 35 45 106 124] ns, FEHkA[32 34
33 38 40 46 47] dB, M2 1 4R R Z ) LAY
PREE, 5 2 FIER 3 45 il iR R AR I A 5 R M B A2,
854 S 5 AN R AT ERAT, B 6 RIS T 4N
TEER B AT . Sabh, LR 2 Hh 1) 1
55 1% -85 dBm, LM P h-105 dBm,
LR Zefin 16 B 9005 5 5 (G 5 D3l
WK 4 . BJa, AW EENEREZEIET 200
RS R P .

4.1 5EEFMTHIEAZEIT L

R B IE AR STV R A L A R 2 AR A T A
AR A T, AR S CA RS R 2
4 SE SR XV VAT AT b o PP SR SR Y 7 2B R
AR HF S, DI EN s8R,
L AE AR I R) R AR 4 A e R 2 D) B R A i 2 K Ay
e CAMSCHER[18,19] " 2 B (B IR X Tk 2.1
HRTR, HR SCHR[18) R 1 IE N B T B2t sk
R 25 % S Ul o R AR, SR [19] 5K F T4k A5 1 Al v
() 90e PG AEIR,, SCHR[18]FNSCHR[19] /I 515, LA
K8 SCRITHR 7 v R IR AR I TR B4 BE A £, =0.5 ps, 3L
HR (18] FH SCHR [19] BT 4 77 2 1A B 38 4% 250 5 A SC T VA
[F, WA 5, SCHERAS|HHIHE KB N 2. FRERLE
IR A ZEIR 2804 10.5 ns, SCHR[18,19] 572 LA
Je AR FIEIEIR Yl 10.5 ns & 126.5 ns, K
] PR 35) S SR .

4 FOTEERTN) SICR BER ARk aFan i 5
FioR, BB iR . SCHR[18,19] FIUAS ST 7 9% i) de 4%
SICR 1843 %4 35.98 dB, 43.86 dB, 87.57 dB
96.66 dB. Hi[&l 5 7 SICR kA5 b ila3h J i 494
FIf SICR {HAT W, AILT7ER) SICR HGHREE IR



3

IR 2 BR IR TEAS A U 22 A0 A5 8 S TR0

659

S 332 T4 60 dB, HEET 0l FRRIERNZ
P SEIR X AR T 50 dB BAE, X2
eIl PRVEAE SR AR 22 6 B IR () 329 R BURAHA, S5
A BEOEIA B4 R, FRAK T B0 SICR. AL
J7 V245 SCHR [19) 28 T 3038005 28 A0 TF 1 22 2% 8 38 X0 7
JTIEAHEE, X HIA B e RS B fa i T A7 224K
A =5 ps(RIZE ) 10 RI%AR, =101, )BT A
L7V SICR FF4f T~ SR [19] o 3 2 K A SCHR[19]
XV FTEANTTIEAR, AR AT ] ¢y, 1A
T35 RIS R 7 JLUGERA WS T A e R
AL VEDL 3.2 TR 43 M o X BB R FE L B & SICR
i, ASCESCER[19)3 = T 9 dB LL F. X2
ARSI IE L AR, X 1A I BRI 5% 1)
EAGTHE R R R T CEIE S, 1 SCHER[19]
P ASU A K A A1 ) ) — B e 4t 2 sl e j A 1
flivhe BTRL, ASCT A5 VIR 1 AH SRR RE FIAH 5K )
A UGV R R S A RS, A A
HARGMERA R T RAET . 0L, ARSCETi Tk
REME AR U M fift v 2 AR5 1B 41 S0 A Tt 7
), EAH )RR B R L N &) SICR H AT
(1) 22 s ZEIR X Tyt 7 9 dB LA
4.2 AEHE XA B XA AR R

16 3.2 i i R AH G 0] ¢, K 52 M0 5 i
(R ISCSSGH JE RN e 28 ) SICR, HAS/INTTRFAEAN [ A 2
IFA] ¢ A5 O0 S XA SO VAT B, DA IE 0 T 1)
IEfTE . AHSCITE] ¢ BUE 3700248 0.5ps , 1.0 ps, 2.0
us, 4.0 ps, (FEAHEAZE, IR 5 4.1 5.
4 FhAH S NI L) SICR #iZkin & 6 Fios, S )
SICR 14> %1k 96.66 dB, 101.72 dB, 107.03 dB I
110.20 dB. HEl 6 /s 4 4% SICR h£ A2 b3
AT, i A DG IS TR PRI 0% ¥ v e 24 R AL B
(1) SICR {EAKKIG R, (HISLBIFE 2 RS T 75 21
A AR R, B SIOH B AR R/ o BB AT I,
A LB ) TG EIREL, VIR 2480 1
YO, 2562 SO LS SO B (R 2SRk, AH DG
(i) W BT ™

—
j—
<

4.3 AENMNEFIF AL A E MR

TEAHSCIN TRV R E I DL T, A ST VA TR A G m)
R AH R B (PG V1A BE EOIA A 1ok, thaX(21)
AL AR e SRR AR S i % SICR A1)
K, WA/NTORA A FIAA w5 SICR (1)
RO o A BLR AR AR BRI OGN ) /] 4.1 715,
IR 7 BUE 251024 0.50,0.80,0.95,0.99

i g R 7 s, I+ 0.50,0.80,0.95,
0.99 %J W [¥) Bz 2% SICR A 4371 4 84.19 dB, 90.53 dB,
101.98 dB 1 109.67 dB. HiF 7 #1 SICR {51 I,
IR FHUE A 0.50 I, S0 T 015 Al v R AH G
Ir) B FAH OCRE R sk ~1-15, Hodm ik 3 (1) SICR i 5
SCHR[L9] A IEAHIE (I 4.1 75), 24 Ik R 78 2 i
Bk, A5 0.80,0.95 Al 0.99 I, X S H545 51 (1)
FHOC 1) S AR DGR B 21 T 98 BRPesh i/ gk im
P& T SICR. 55, 7 v R IUIIAL R I 14K
BEAR T 0¥ 732 SICR WSl R Ase (P e, iAIas
WSl #E i) SICR I W] WA8 k. FrLL, BEAE N
BRI B, T A 240 A DG i 2 AR DGR B (1)
fETHRERE, BEMEE SICR, —f&AH 3T 0.90~0.99
VINER
4.4 FEEIRERE R ATESE E X SICR BN

B AF DG (BRI 740, Bk F 9 SR 2% 4
RN S 55 [l A 5 e 6 W 7 VR R Pk R, IS 3 I R
2 I AR B /N B AR B B DK SE AR i 7 =5 1R IR TR) S
Bl o AS/INYHE A TTo0 AT AN [F) AR % B5ORH N S 3 ] 7
XF SICR isghn. hilk—2% 8585 A T FEIET
5, AT O 2 AR B0 A 12 4%, IHESR A (11 13
15 39 45 121 125 300 315 450 490 540] ns, FEIR5
W4 [32 33 34 35 36 41 40 46 47 51 50 53] dB. 1jj
FIIALR TN 0.90, 225 R IERK, )
WAHDCIT )k 4 ps, FEIBEEEL N 20500 1,2,3,5,7 Al
9, HHEFEHE 94 Ty, : 10.5~550.5 ns, T, :10.5~
430.5 ns, Th4:10.5~370.5 ns, T,,:10.5~310.5 ns,
Tys: 10.5~250.5 ns, {liEL45 R UK 8 Fis.

1 (dBm)

E TP LESICR(dB)

00 | 2 e e seeeeeed @100
—— AT = Y
—o— SCHR[19] c 80 //
—— SOER(I8] 1 &
—— MERERE o 60 o ¢
88— 680 o-65-0-6-0-8 E_l() ‘ —o— tA=0.5 ju
= —— taA=1.0
H 2 ‘ —— tA=2.0
o | —o— tA=4.0
20 30 40 50 0 10 20 30 40 50

54.6 548 55.0 55.2 55.3 555 55.7 0 10
#i% (MHz)

4 FRUOHUR et 5 5 ik

5 ZRFIEHM T AR

P ) (ps) I ] (ps)

6 ANEAHOCHS ] ) SICR A2 L i 2k

T IVEK) SICR X L



660 BT 5 F B ¥R %39 %

120 120

2 100 2

£ . £ 100

£ 8ot e

A . 7B 80

= 60 kS

-;- 20 —o— n=0.50 = 0

= —— §=0.80 £ Y

o —a— (=095 H-

m 20 —o =099 oy,
0 0 20 30 40 50 1 3 5 7 9

HF ] (jus) IR PREN

7 ANFEIIALA T SICR 224k i £k

M 8 i 5 S i b WL, Bl LEiR
BHIR %2, SICR RS R, HYIEIREECRT 7
I SICR M4 &t T2, 31X U B 7E [ 5 o % i ] Y
FEIR B 4 0 v $2 = SICR, g 2k 31— [l 5
fHo XFEG 5 PP ALy N SICR AT L, 4EIR E%
KT 4 0, SICR B 2850 B 3 K e 4B
IREHCK 2 3 I, 551 PP ETE Y SICR /M T
HoAth 4 B2 KA B IR 2 [R) i TA) 253K, TEi2oks
Al oh BT EEm N, HRE A BR W BRI SE B 1
2oy ML IR EAE R AT AT R, 2 B AE
IR (1) 22 42815 1 S A6 i I 22 S Pl S R ] R 56
Jr T 8 242 e KIS ZE, S IR B 400 /N 45 PR A
SICR, MR INAIY RE M EARE . FrLh, N%
JE S bR PR BE A N 2BV ], 7E e SEhE B e
P GEIR P B LA A2 SICR FISZEL A J8 FE 1 75 3K

5 ZERIE

AR RS 2 A5 1 4 R S AT R0 1)
W, T 2B AEIRIEAT A R %, IR
T IEAR I ASURE B A U AH O 1) £ RN 1 RH S AR B 16
e, T SRARE A 9N EE T T RS B A% B R 9 R AR AR
H, HREINZREE ST . A
IR IS IR 7 2 1 A 2 i 8 A A D B PR A
KR, BN R 0.90~0.99, DUFIF BE05 JE R 92 T
SR ) BRI AR AR R 3k sh, 193051 SICR.
HAS TR R, A5 S B TR,
TG T IR R B SR AR R B, AEARIE S
WS OUT, B0 SICR (4% E 7419 dB. 7],
KRS TT IR BT H i 2 4205 T 4 AF T T3
P, HETA A FR 4 L L A TR 2Lk
T Ak, WXIFRDT ADC EALEZEXTHIC
I 2 A AH SR B A VRS BE s, R — A
AT

5 % 3

[1] LI Wenlu, ZHAO Zhihua, TANG Jian, et al. Performance

(2]

3]

(4]

[5]

(6]

(7]

(8]

8 ANIFI LB H AR 4E 5 Y SICR

analysis and optimal design of the adaptive interference
system/[J]. IEEE
Electromagnetic Compatibility, 2013, 55(6): 1068-1075. doi:
10.1109/TEMC.2013.2265803.

WIKLUNDH K, FORS K, and HOLM P. The risk of
coexistence problems between DAB and DVB-T2 and
military services at the 225-240 MHz band[C]. 2015 IEEE

cancellation Transactions on

International Symposium on Electromagnetic Compatibility
(EMC), 2015:  183-188.  doi:
10.1109/ISEMC. 2015.7256155.

ZHANG Zhongshan, CHAI Xiaomeng, LONG Keping, et al.

Dresden, Germany,

Full duplex techniques for 5G networks: Self-interference
cancellation, protocol design, and relay selection[J]. IEEE
Communications Magazine, 2015, 53(5): 128-137. doi: 10.
1109/MCOM.2015.7105651.

ZHOU Ping, LU Yinghua, TAO Yong, et al. Simulation
analysis on co-site interference of vehicular digital
communication system based on IM prediction method by
BER[J]. The Journal of China Universities of Posts and
Telecommunications, 2016, 23(1): 31-41. doi: 10.1016,/S1005-
8885(16)60005-5.

LAUGHLIN L, BEACHM A, MORRIS K A, et al. Electrical
balance duplexing for small form factor realization of in-band
full duplex[J]. IEEE Communications Magazine, 2015, 53(5):
102-110. doi: 10.1109/MCOM.2015.7105648.

DINESH B, EMILY M, and SACHIN K. Full duplex
radios|[C]. ACM SIGCOMM 2013
Conference on SIGCOMM, Hong Kong, China, 2013: 375-386.
doi: 10.1145/ 2486001.2486033.

ZI Ran, GE Xiaohu, THOMPSON J, et al. Energy efficiency

optimization of 5G radio frequency chain systems[J]. IEEE

Proceedings of the

Journal on Selected Areas in Communications, 2016, 34(4):
758-771. doi: 10.1109/JSAC.2016.2544579.

CHOI J I, JAIN M, KANNAN 8, et al. Achieving single
channel, full-duplex wireless communication[C]. Proceedings
of the ACM Sixteenth Annual International Conference on
Mobile Computing and Networking, Chicago, IL, USA, 2010:
1-12.



# 3 IR 2 BR IR TEAS A U 22 A0 A5 8 S TR0 661
[9)  SAMUEL J H and STEPHEN J R. High power HF and noise 10.1109/Allerton. 2012.6483225.

(10]

(11]

(12]

(13]

(14]

[15]

(16]

cancellation system, RADC-TR-80-56 [R]. NewYork: Rome
Air Development Center, 1980.

LEE D W and BURTON S A. High power broadband
cancellation system, RADC-TR-81-15 [R]. NewYork: Rome
Air Development Center, 1981.

X, FalAR. O N TR R G e B B[]
P22 TRHE R 254, 1992, 19(1): 84-92

MA Yiguang and DU Wulin. Performance analysis and
design of adaptive interference
Journal of Xidian University, 1992, 19(1): 84-92.
RITHONEN T and WICHMAN R. Analog and digital
self-interference cancellation in full-duplex MIMO-OFDM
transceivers with limited resolution in A/D conversion[C].
IEEE Conference Record of the Forty Sixth Asilomar
Conference  on
(ASILOMAR), Pacific Grove, CA, USA, 2012: 45-49. doi:
10.1109/ ACSSC.2012.6488955.

HONG S, BRAND J, CHOI J, et al Applications of
self-Interference cancellation in 5G and beyond[J]. IEEE
2014, 54(2): 114-121. doi:

cancellation system[J].

Signals, Systems and Computers

Communications
10.1109/MCOM.2014.6736751.

PAN Yulong, ZHOU Cheng, CUI Gaofeng, et al. Self-
interference cancellation with RF impairments suppression
for full-duplex systems[C]. 2015 IEEE 82nd Vehicular
Technology Conference (VTC Fall), Boston, MA, USA, 2015:
1-5. doi: 10.1109/VTCFall.2015.7391136.

DEBAILLIE B, BROEK D J, LAVIN C, et al. Analog/RF
solutions enabling compact full-duplex radios[J]. IEEE

Magazine,

Journal on Selected Areas in Communications, 2014, 32(9):
1662-1673. doi: 10.1109/JSAC.2014.2330171.

JOSEPH G M and KENNETH E K. Optimal tuning of
analog self-interference cancellers for full-duplex wireless
communication[C]. Proceedings of the 50th Annual Allerton
Conference on Communication, Control, and Computing

(Allerton), Monticello, IL, USA, 2012: 246-251. doi:

(17]

(18]

19]

20]

Il s

PPN

B &

CHOI Y S and HOOMAN S M. Simultaneous transmission

and reception: Algorithm, design and system level
performance[J]. IEEE Transactions on Communications on
Wireless Communications, 2013, 12(12): 5992-6010. doi:
10.1109/TWC.2013.101713.121152.

KENNETH E K, JOSEPH G M, and PERRY B T. Multi-tap
RF  canceller  for wireless

in-band  full-duplex

communications[J]. IEEE  Transactions on  Wireless
Communications, 2016, 15(6): 4321-4334. doi: 10.1109/TWC.
2016.2539169.

RK, LU, #ti, S 2SR BE LR AT R X A
T A THE BRI M), B 5E RS, 2015, 37(7):
1538-1543. doi: 10.11999/JEIT141275.

WU Fei, MA Wanzhi, SHAO Shihai, et al. Impact of delay
setting, amplitude and phase errors on multi-tap self-
interference cancellation in full-duplex system[J]. Journal of
Electronics &  Information 2015, 37(7):
1538-1543. doi: 10.11999/JEIT141275.

HAYKIN S S. Adaptive Filter Theory[M]. 5th ed, Englewood

Cliff: Prentice Hall Press, 2008: 440-465.

Technology,

B, 1987 A, WA, WFSCTT A BRI C A Bt
T

. 53, 1963 R, W, BR, WLASIN, BTN

TLAMERA . SRR, W& RN a5E
95, 1977 4RR, R, EIEGR, BTSRRI R
GEMERE A HIT B AR ) 2

55, 1989 A, WAE, WRSCTT AL A Al X
EE/REBERT

5, 1978 A, WL, mIBUR, WSRO ARG
GELISE TR R 7 s N



