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Abstract: Due to the lack of performance analysis of the RF domain broadband self-interference cancellation algo-
rithms in the co-time and co-frequency full duplex system, the multi-tap RF domain self-interference cancellation
structure were considered, and the optimal solutions of its parameters to minimize the residual interference signal
power were discussed, then its achievable interference cancellation capability was analyzed. By analysis and simula-
tion, the performance of the multi-tap structure was associated with the interference bandwidth, the carrier frequency,
and the differences between the multi-tap delays and multipath delays of the self-interference channel. The greater the
signal bandwidth is, or the larger the differences between the multi-tap delays and multipath delays are, the worse the
interference cancellation performance is. Besides, the interference cancellation performance is periodic oscillation
with the increase of carrier frequency.

Key words: wireless communication, co-time and co-frequency full duplex, RF self-interference cancellation, broadband,

multi-tap

1 == AL, [ B[R] A4 X L ( CCFD, co-time and
= co-frequency full duplex) FiARFHE 5 & 141 A

Hr, 28k AR (56) HARMRE FI B PRI o T 5G BRI B 5 %
gk anFE R I, b A FEEOR H bR SRIM, TR — 8B bR b N AT EE, [H)
S R RN S II XT WT R[] A0 4 R T 2 AL 25 52 381 A b i SR AL R K D 2

Wi B 2015-11-04; f£E B3 2016-08-17

EE&UR: HERARFEESEEYINE (No.61531009, No.61501093, No.61271164, No.61471108, No.61201266) ; [HZ5H K
BB H  (No.2014ZX03003001-002) ; Hr S AL AR b 55 2 L T % < <5 Wt W I H

Foundation Items: The National Natural Science Foundation of China (N0.61531009, No.61501093, No.61271164, No.61471108,
No.61201266), The National Major Projects of China (N0.2014ZX03003001-002),The Fundamental Research Funds for the Central
Universities of China

2016184-1



12 o

¥R 837 %

TR, e BIRRE g (ADC, analog to digital
converter) ({1 AP, E ADC &b i,
() s ] A0 4 X0 T4 SO B AT A0 B 7 5 A S AUl 0] 2
WA 5 AT E AR

[F) A o] A4 X T 28 4 o SRR 445 T 4R
T 1) 32 2 AR 0 S 5 T AT AL o DR
HNBWON S 5 T £Br, B RBEIT 3 222% 8 A
W HT ISR, Hod, SCER[61F A Hh
LIS SR AT RS HEG S, W%
SAG S IARN 8 BEFNN ZESEBL A P45 5 1k
5y SCHR[7 8IS AUECR FH FH IEAS R4 2 2% 53
R R BTG A vk gk, i R 2 4S8R
TENRAS G R, SEHLATIUE S Rk TEs STERI91IAE
Al BT E S, @adANEAME SR iE
Ja B AE TS G T o LR SCHRIE IR (10 7%
HIEH T2 AT E 55, JF BAGE T L%
E TSR AR T E R RAT I, B A N
PR

BTISE TN st 2 b st st, SOk
[10~1718F 5% T R I [ 4504 X R 48 b vt 33
S ISR k. Heh s SCHRI10, 118X 1EAS
#isr2 H (OFDM, orthogonal frequency division
multiplexing) $ETH AN T RS, &t 17— M4l
Wy s sk B PR 5. HoAgth, fEdEat o)
T & TR A TGS, Gk Pt (il i
A3 (IFFT, inverse fast Fourier transform) . Z(#&
e UL R BN e, ARSI AR i I d T
PG THE 5 IR A B . T IX P58 LA
SR A BTG THIN S G S, EARE K
SRPSRP BRI 7 A I AR ME TP, RIMSCHR[12~17)
B — M e i W TR, HEH T 240k 1054
WO TR AL, HIEA AL DU S S S 5000
WS EAG S, 1 20l 5k 1) 45 R R vy
TIEE R 2R, BT A B A7 ) w] I 5
IRAS T RS A, AT I B 5ty F T
PfET. BT AR TR AT R, DA
Z ik BRI U7k 2 R A A IE N AR R I X
X ] PR A AR SR I E A T R, G 22000
N4 (DSD, differential steepest descent) !, /)5
B2 (LMS, least mean squares) U *"1LL K 485
#1492  (DLS, dithered linear search) 1745 (5%
MR T

HHT, HAREO BT R R X T3 50 S )

SR A T PRI AR E, (H LR SR
Py T A AT IR IR A S R e R
g3, RXFE A TN BT B VAL . A
Bb, AR A TYUE S S8 I R I R A4
MLyt Pl /MU B -9 5 D e,
WEZi P TR SR R 7 e R AT N E R a7k 1K K
REHEAT T AR M. 2o #r Tizaif b a4l sk 2 50
SR UL ST PRI AR I 5 Th, i
gt TS RS IA BN B A TR RCR, B
SCHL T 2 il Sk 45 R RE S S BL I B K B TR
PEREMITEAL o e 3, LXK T LR St 1],
ASCHRE g T HAR A B AR AN B P
BEI M AL AL I, I 10U Sk TR 44
ML 5B/ RA SRR fe)a i1
T Tk E S AT IEE RN g2 2. T
PUAF 5 7 9 LA BB DR 200 98 7 H T LIk
RORISENT o AL ST R T DL TRESEELH 58
7 [ IR [R50 4 X1 AR G B | SRR 7 1
BovE. SERIGUE DL R MEREVHAL RIS %

2 RYgEA

AR (P TRV R A4 0 T R GeAs R il 1 i
AT Mo, R L RORIEEG RS S, P f
LRz KA 558

0T i R S WL PR A M 02 LUARR UL B, (k) £80 1
il Bk EIE . BOEEE(DA, digital to analog con-
version) LA S S AR Ui A BRSNS R 26 . v
PIAMZ R K A W EEAE S, [FRHE 2 3]
AHRIS ) QTS5 x, (1) o AEEIEEL, o
SEXTRABUR AU T r(r) BEAT 240K B R &
FEEA (AD, analog to digital conversion). JEHCYE
Wl AR EE SRS S A T b, (k)

2.1 RHHRE

9567 8T I AL, Wb, (k) e {0,1} Ryl &
EMER kANEREs . b (k) 2 BPSK i), 7530450 H
P d (k) - d (k) itk e BiE)s,
HES @) -

d(0)="Y d,(k)h(t ~kT) (1)

b, TRAFRIEFT S h(t) Ron OB Kot
d (0) EASIRBSIAA £, )i, A A S WU SR A
i x, (1) WA

2016184-2



59 EARE: A

N>l

40U S8 A A TR PR RE M B - 123 -

IR

UL

Vip

P 1 R ISR L R G

x,(1) = 2P d (t)cos (2nf 1 + &) 2)

Soib, RTINS
I W LR ARAT o

B RHLRL, b, (k)€ {0,1} AR 3z vy & St

M2 kK ANEERE, 4 BPSK G, 53150 kAN H

5 d (k) . TR MK ESIE . B s, g
A

d.(t)=""d, (k)h(t — KT) 3)
W38 Sy R SREATL IR S S 5 3t x, (1) T RIR N

x,(1) = 2P d, (t)cos2nf1 + ¢,) 4)
o, POohimsi RHE 5 D%, ¢ Nt KA E 5
I GAARAL o
22 (FiEHEE
PR 1 BT RGBER AT K, A [ I [ A4
MCWCRAGHL, B A 5 ] LS

() =1, (0) +1,(2) + n(?) O]

b, nAEmINES S, n(AKRMBAET
PAG 5, n(0) Ros BUAS 5 b B&0 n E Fs
W I 7=

FESZRMALHAET . AT 5 MLk
AMLEFEAR MR L Z [ A A, S EF
2 AU B4t PRI, AR SO A A S AR
TR M R ITCLALRR AR BIE L, WG
(AR H T A5 5 4 B o)

=Y ax-1,) ©)

b, MBRATIEENZEEH, o AAT
PAETE T E m F B AR IR LI, 7, T2 m kAR
LI SE
2.3 FERUHIIEEY

3 i B MOHL 1 S0 B MBUA o AT S B ) 2
Sk BRI . TR R IO 2l N AR
PR DLRCIEB A, PR A 20z i A A LR U
Al vh e 72 BIRE R, SPMK) B TR 2
E PR A s v ST B A 5 AT o SRR B TR
Ja R TG 5 2(0) TELS

z()=r() =7 () (N

S R FORM BT S AR
S nn RN B B R
AR T AR ST R
SRS I THIEE, SR (6) 0 T 9t B
KALINAE 7, 0, B 7, < T o A3 B

i 2
h(t—7,)=h(t) ®)

W3 g e WM L e 2 1) 2 42 A TR 5 W] BLE A
N AR 5 o X AR B T A (1 R
MR R4, BRI SCBLA A A T4 5 A4l vk A0
11K R o U IS A7/ 775 AW €S i PN
N, RPJCRAE R AR A TS S A TS
A TIRE SR . Bk, Exbsa A T
s, A SO E 2 i Sk 00 S 08 T AR S A
U2, 2 frose b, N ERoR 24k A TR
AL, a, W (1Sn< N) Dk
[R5, 6, 0% n NMISKIARGL RS, 2 0% n

2016184-3



124 - W

EiS 837 %

i PRI FIPSRN S 4 P 47 &< % PR 13
T} P P AN AL AR

HHE?,

s,

(1) o=

Iz,

H T ME 5 st

2 ZANKE SRR B T AR £ A

3 ZISkTIIEIHIERE M

SEBR TR, ST 5 IO RE IR FH A 1R 2k S
W, —HIERLM e )5, HaesLImnfE 5
FEAEE 2 Tk PRIk, AT 8 A4l S i St [ 7 1)
oL, PLFHUHRIN G 0B & AT MG H
by TR AIGLNES @+ filSk 25 4 AR
i, FFERIT 2 Sk I BENS S B TR T RE
31 HMENEKE

A B AR O], 2.2 i BT TE
RN H (f) A

H.f)=D a6 ©)

FA, 182 th 2 Hsk B TGS R IR SR
WARE H,(f) A
i(&ne"‘a”)e’j”ﬁ" ,f>0
H(f)=1" ‘ (10)
(e )e ™, £<0
25, KX Q0) T 4 RSk 1) = TR
i
[xTHw L f>0
Hs(f)_{XT(f)W‘,f<O (11
Horbr, bAg T R S IR IR i B AN L
BAE, BBUREW o U £ AL e IR 7 R
X(f) 53 lE Lk
W =[ae", 4., -, a,e" ], (12)

X(f)=[e™, e e (13)

H(12)s NA3)ATH 6825l ko A A7
g, kM3 a (T N R B W R4y
Bro BB, AL T e R 7 O B X( ) F 45 4tk Sk I 42

s 2.3 h 2 sk BT UK S, 133
TR A SRR BTSN H (f)

H(f)=H.(f)-H(f) (14
WA I (KR A% F T U5 5 AR B S ()
31200

S.(N)=|H,(f)| S.(f) (15)
o, S (f) BRAMBIEIHUE S x () D%

53 i A S LR sine bR A RS 5 1)

JSTE KM BRI E, AR b R 38 S A0 5 (1 )y 2 13 2% i

A5 598 B W2 TN, HAR S sE Al i
R A

S(f)= %,fc—g<f<fc+§ﬁ—]ﬁ—§<f<—fc+§

0, Mt
(16)
giaa(15). X6, AR EHTIE TR EBHE
P

_B s
£ = B J.‘fo*?

(X" -HOO)\d (D

RO F AT EIF, BIA TS
T2 T LS

R=2 SOV DX (W = HPWX (1) -

XT(WH.(f)+[H () df (18)
Hr, bR “H” FoRmRE L &
RGBT LLE Y, P&W ket I
PRUW hAZERZ YRR, BT w 25
) f, AR SCER[20] e UM R i E AR T, W]
DIAF BRI R T D)% P IR AERE N B VP . VP
HUEY ST /5]
vp-_% . 9 (19)
" ORe(w,) “dIm(w,)
HIAERR LI RIS REASIA R 0 I, FRlR
TR P HAHAGERY . #1925 i S B
FEIn i, XFR TR P KRB 3
2P o, . : .
VP, =?R S X DX (W -H(NHX () (20)

B
s

2016184-4



59 FHRAE: R RTS8 5 A TR PR BT - 125 -

N T IR REN M, RE(Q0)EE Y

vp=2L0+ RW) @n
SCHSERE R o 5 Q 4 sE XU

R=[X(HX (N (22)

0= ["H.(NX (N 23)

#4009 R(13), IR -
qn=ff3amgnc[3(q"—ag]eﬂ%“fm (24)

r, = Bsinc[B(Z, — £)]e"* " (25)

oy, g, i Q FE n ANJTER, r AFERE R
S iATH jANICE, sine(r) BB E XN

sin(7x)

sinc(x) = (26)

B3R S BE JE 17 o B R IR R R A
Fl: M RATEN, WA HRE AR
)5 VP g4 0 [ 6, BIRIRTPE 5 Thae il X
TAE— ARG 24 R AT, W A ZAMEAE
AR B VP A4 0 i, BRI THE 5 0
S T AEAE 2 MR AL eI il T P BEAS ST
o HIR@S)TEL, R FHIICEE S &Sk i
IRE. T-Pufe 5 o DL AR AR 5. 2 ik 3
FhSHEs e, FEBE R AEATAR Y QST ok
FEBE R #5225, A SCHE I ILAT 51 B0 E A
REFAIW, BARH, #F R ATHIAMESE T 0,
MR R AT ez RT3, AR SO [EFEFE R W]
WL, 4w LR QDI P B . [,
3.2 TR UF IR P I ME, RIS S
IR R TR et/

W,=R'Q (27)

A7y, 2 a0k T HHGE &5 i
PR =S Q « R MEAREA G, 456024,
K(25), BABREMNIPESE S5 RPN
DA R Al Sk I 4 5 B T35 T8 2 1R N W N 2
Ko giaN(12), EtFEHBINRREW, )5,
A s MR R TR AE N N, B AR S 3 25
PR AR ARES -

32 REFHE
it (22). 0(23), HAA) T F R BT

155 DA A
Rz%UVTW“JV@—QWV+$) (28)

N ’

2

&= df

fo~

% Ll

H (f)

= ﬁ: ﬁ:Bal.aj sinc [B (Tl. -7, )] e i) (29)
¥ RQDT B R E W, RN ZIX(28)F,
W13 2T 5 i s MRIR TIEh & P
P, =25 -Q"R'Q) (30)
TR A (28), WHEEBKEW FHFE4&T
WIZE P A
Ll -oResr-n e ar 0]
:Rw+%ﬂV—kaRUV=R@) (31)

HRAE R (52 a5, R A aE e kikE, KX (G31)
R TIRThR P AEW = R'Q WHUAS 5t /M, Hodx
MEFERQ@O) gt Bk, P, b A R4
ARG I A 2 sk B PR HRTE S 0 SR R R
FHhE. 0, @ TP LR R T AN
WG TG SR, M2k T IR 5
Rt S KT HLAM I L ISR ZRoR -k

. R
zmdez &_ (32)
P, O -0'R'Q

MRHEE2) A1, 2k THUHRTE &5 W 1 Bt
TR ERE S AR Q « R M EAKIUER . 45
K(24). X(25), HTERE SR T 9 . B LK
LIS B TG IE 2R E N2 26 K. N
K27 K@) LUEH, XTHFE R KT ZEHREA
I3 M7 22 i Sk TP AR 45 40 de 0 AL R 1t HOME R0 e 4
B Re I O . (HE i R@25)H R 15 X
AL R FFARRT LA AT L R B — MO X R ik
FERE, W2k TR g i e A R s JetE B
TR PERE M — O X ARMER AN 8. Rk, B
REXTRFSE 1) R AT HUE V5, DS P4
B LA S S HON T BRI . #2 R RASCH 18—
Fhfaifb A 5e, LA T HUE 5 0, SR A AU
LTI 450 45 B R Bt (R A b 2048 I 30F

2016184-5



© 126+ wofE A

EiS 837 %

Bt AT B .
4 MK TFIIRHIERE S

AT DX Sk PRI a5 0 ], %5 R FAR I
ATitfaiEsms, ot e U E b & A
THHBHIERE . HRAEO), TS MR H T
T R A i

H.(f)=ae™ (33)

Horb, an o AR A TP TE 10 T B e Bl A
BN SE

MR 20(10), B Sk T PEHRI 45 #1400 i

( a, e )e-.iln/'ﬂ i ( a, el ) e h £>0
a(f)=1_ " y
(alefm )eq 7T + (azeawz )efj /7 ,f <0

g5 124). R@25)F(29), WL F-HAHTW
BRI SEQ . R LS il

0 =[Basinc[B(r -7, Y]e P

(34

Basinc[B(r — £,)]e " " (35)
i 2 _ 2 Y]e(@-t)
R=B lﬂ N sinc[B(7, - ,)]e
sine[ Bz, - )l |
(36)
55 = B|a|2 37)

RIEX3B6), 47, = 70, RAAEWHPE, X
R R SRISAT
I

R7I - — — .
B{l —sinc’[B(7, -1, )]}

1 - SinC[B(i-2 _ {-1 )]eaam(;r;,)
—sinc[B(z, — 7, )]ewzm(?z—a) |

(38)
256 1027), LT PLHR 458 (R S LRk
H
- a
" 1-sinc’ [B(z, - 7,)] .
g Pele) (sinc[B(z - 1,)]-sinc[B(z - 7,)]sinc[ B(z, - fl)])
g Pl (sinc[B(r -1,)]-sinc[B(z - 7,)]sinc[ B(z, - 51)])]
(39)
456 30(30), THUHW G M/l 4 ALY
HAT N
P, = Bla] B(1-sinc’[B(z - )] - sinc’[B(r - £,)]+

AR

1

2ysinc[B(r —7,)] sinc[B(z —1,)]) (40)

Hr, 28y . ponlEXH

y =sinc[B(7, — 7,)]
1

ﬁ_pf

BRI, FE AR AT HEE s, kT
TR 45 M (1) B TP I Lk

ISR = (B(1=sinc’[B(r - 7,)] - sinc’[B(r - 7,)] +

2ysinc[B(r — £ )] sinc[B(r - £,)]))” (42)

M (39). K@) LUE H, EXTHAs 3T HE
SR T PHRIH S50, HE AR Rt BT
5570 B8 BB DL RSk I 1 5 1 AR fr
EZ ZEPGE s AR AT RIS S B T
SAEE . Sk S TR e EH G, AT
Pofs 57 ol e, T ZEPLE I B TP T A R
%, RAELEHUA R A TIEERZER R, T
POANBIRIRAR 725 fih S N 285 T AL I 4k 2 [R) 2%
PR/, FULA HA TR A e 1 B S 1 B TR
TEARE, PN R B

5 WESHES

Z R RN R A TalAE 5, & Bk
Tl 4 P8 Ty 2 kg Y D) TR SR AK 22 il Sk PRI &6
¥, FIF Matlab £/ SCE A EAT M BEAT SURIEGHIE .
51 ZimLTFHILBELSEN

X e =N INFEI R4 T RS, HATIE
T AR REAr T2 N LB T2 2 4215 TE .
T S-V (saleh-valenzuela) (St E N L%
15 30 TR T A 3 3 0 48 v R P, R SR
IEEER02.15.3a TAEAHEIEIETAEIE S-V (HiEH
T CMI1 Gt B, B A SO E R T 0~4 m
WAEHEE NP (LOS, line of sight) % =
WAEIERY, Fpksh, MR CMI1 B (K G 250
BEMLAE B —AME s, A2 RIS
£, AR EEG IS EER | R, [HAE
B, W8 RIS AR E AR 5 AL R i
P b SO B 180CHIA B -

AT (551 58 W E ) 100 MHz. M2 1 w]
AL, BTG S A BRI E R 26.2 ns, W H T
PASTE AT 58380k 38 MHZ™ . Rk, % T
i 584 100 MHz [ B L5 52k, B HHEER
— AR IE PR VA IE, SR, Bl B TR
155 M2 &0 AR 0G5 S AL, T7EERA

(41)

2016184-6



59 FHRAE: R RTS8 5 A TR PR BT - 127 -

Z Ak TR SRR AT HRI -

*1 FEMESH

B I 4E/ns i Bk
1 0.107 0.454 4
2 2.338 0.1413
3 4509 ~0.0947
4 7.012 0.213
5 9.686 0.1297
6 13.356 0.140 2
7 17.193 ~0.095 9
8 22.034 ~0.068 1
9 26219 ~0.056 2

SCHR[26]1FE Hi 4 2 R B 50 7 27T S /N4 i
ZVERE S AR AT B T 2 kTG
T 4 A6 Al Sk B H P B SO AT 2% 1Y B Bk
Bl 25638 PoRIEE IS5, AN 24
ST PAHRIE SR Rl Sk BB B o 8, - dili Sk I LE7E
0~28 ns Z [H] 55 W] B v B, LASEIR 2 4l Sk T HRHRTH 45
R REA ST S50 UE . 45 57 %50 100 MHz. %X
BNy 2.4 GHz I, &iH8, XN RERE R 1T
FIAK 0, BIAEFE R AT, Rk, wrdiisX27)
THEH 24k B TR S s R &, Wk
2 7R

#2 ZWABTHMESEHNRMNKE

fihk 5 I 4 s BUR R BE BUREAL
1 0 04145 ~95.4592
2 4 0.156 3 28.9180
3 8 0.1997 101.591 1
4 12 0.176 6 ~159.3502
5 16 0.1658 ~169.061 8
6 20 0.0453 -167.827 1
7 24 0.0799 72.019 8
8 28 0.0180 ~85.0972

TR 1 s BTG ESHON R 2 iR %
L THAGH T, B 3 4 H T TS,
BB TS E T IAFE SR N, S,
/2.4 GHz, B=100 MHz. M 3 n[LLEH, 22
WK 2.4 GHz 1IN, 78 H TS S Tibir) 2.35~2.45 GHz
BN, 2R TR S BT TES R E
BT 2940 dB, RIYE LIRSHCR, ZEMRERS SN

ek ARSI 2 80 dB(HR AT PL/R &
B BTG S IR S T P IR S SR A
TG B N BRI 7). BEAk, A
Wn] LUA Y PRI 5 K 8 015 T (1 e 5
BEAR IR, AK(9)s 10y h I LUE HY, X5
NI 5 R B AR TE AT RS O 2o
NSRBI etk 2 i R AR SR B A
Wi 1) PR FLERYEAL A ) (1 e Bt e Bl A A2
Bk

B /\_\W
THACIEHT
% =20t
8
=-30F THAHE
K
-40}
=50

230 232 234 236 238 240 242 244 246 248 2.50
Wi f/GHz

B3 T YRS, SR T T A5 e FEE i

FIFELAZR 1 s S8 a5 248, B
BERARFETE IR, 200 o AN TP 5 4l 96 LA
FAEBINR I P e SRR R (b, AR
LA TP 517 58 AR i, FS A
R (FATHIRIYATy 0, RIFERE R AT, gL, Z4h
ST PR A IR PEBUR BT 5 1K) . ] 4
S T HNAE N 2.4 GHz B, ARMESH% T2
L T IR G A T UL HITERE, 1 5 45t
TFHAR S % 100 MHz I, AN [ B AR 48
ZA Sk TR A R R A TR

M 4 W BLE W, B EIROTEAMET, T
o S SRR, TR PR RERZE . X
(ERER W R - SEgtE R/ R PRI § o
Z A E G I BT IUE R 2O, T
I PE R . B S FTRUE H, 7B B R
AT PRI B 2R (1 A 5 S )
PR, X RN AE GO AL R & T, Bk
PRI Y IUAE AR SR B R EOR . TR 4R
Bk HoE F R 8, 2 AT AR EOR A AE— A
NICFIIN, e DR T IR R 2 B A%
W4 1%F 55

2016184-7



<128« wofE A

EiS 837 %

T He/dB

30 L 1 1 1 L L L 1 1
100 110 120 130 140 150 160 170 180 190 200

#5455 B/MHz
K4 AEESWET, ZHLTHHIHEEHTHA0EITE G
=75
-------- BLiiN7o [
o) o fizHi
—80F N AL

Fs&x B THT%/dBw

)

S0 ———
15 16 17 18 19 20 21 22 23 24 25

PR, /GHz
B 5 ARBEGIER T, 2k TG MR R A Tzl

5.2 Mk THIRIEEN

AN IR AR B TIAE T, RS TR
SR () B CE T PLAM IV REREAT 07 SLIE . 18] 6 43 it
THWIFER 2.4 GHz, THAF 5% 20 MHz,
THALHI A 5.5 ns B, ANk 48 B2 50T
PLANHITERE RN . AT LUE Y, 2l e ik
I E 72, I, il kI E 7, BR B THRAL f N A 7 ),
TRAEIvERERLr . thal@2)yarm, 7. 7 AL E
AILAH R, RN ESE 6 B S A R, 4
W 5E 7 I, il Sk AE 7, B ToEsmn sz, T
PLANEIVE REBRLF o 7 A IR I D R 22 e Sk Bf
ST B T PUAETE A N S 2 8] ) 22 RN, XU
Sk &5 R UL B L AR TE AT 5 LS T A A
AV ZE BN, R i R T AR TE AR i R A
Ny RIRTIAE S FBN.

K7 ga il TR 2.4 GHz, ki i
7, =1ns, 7,=9ns I}, ARITHEZHET, X
Sk T PRI S5 46 1) L B BE T A% I S AR A 1)
Feo B 8 Wgr s TR AT, ANE TP i &

s RS TR SR I PR RERE T 5 98 AL
eiiads. K 7 R 8 sl LA, 4Tk
INEIRSPYE i U2 LK = N U RS K (ES U I S B 70
IHIPERERES IRAFRKIIRTT, X 4R 5 6 11
ZiRW . MAh, B TGS R, TR
IR 2E . ANFER 8 Y, X7 =5ns . E

100

\O
(=)
T

T4 te/dB
g 8 3 8

=
(=]

30
1

B6  AFEHISKIE R, Sk T-HARE G 8 B TSR A

160
V 20 MHz{i EAH
1401 O 40 MHZAH EAE
0O 60 MHz{ B4
120 O 80 MHZAN EAl
2 100 A 100 MHz{j 248
< 100 — il
= 80t
=
=2
H_

T AFETHE ST, Sk T-IR PERERE T PRAL G S A2 i

80
vV =1 ns{EE
70 O =3 s ELfH
O 7=5ns{fiEAH
60 O =T nsfliEfH
I A =9 nsffiBLAi
25 : — B
2
%5‘40
§30
20 ‘
10 AW

50 100 150 200 250 300 350 400 450 50
Y B/MHz

8 ANF TN &, Xk T-YEHR YERERE T- IR 515 R A2 i

2016184-8



59 FHRAE: R RTS8 5 A TR PR BT 129 -

200 MHz I, FHAmE sk, X2 b T
PUE S RN, T ERLA I BT A AR
BE, WL EAPLA R B T EIERER R, F
KRG SERBR, FHMGITERREZ: S
55 S ORI, Sk AR 451 C &2 ok E
Wl A B THEE, e AT IE SRR R
A o

UEAh, AE R T AT B T
HvERe A S O 2480k B FHREMEIEL I vERE .
Z ISR IA ) 2 4k B FHANHIEZ R A&
N 2R ) T 1 SR el AT ] R R A B R A T
HARGHE DSD 5. LMS $3: U4 J DLS H id v
RIide Horfr, LMS S B 25 3l Sk A5 5 st
AT AR, RORIG IOl e v 1R 52 A FE R A 5
il DSD $53J2 DLS SLikit— i, ik, ¥
ASCHHTH RS LS DLS  HIE N AR R EVEM
D5 B 45 AT LU

BB TPALHIGE R 25 ns, filsk 1 4G5I 4E
h 24 ns, ik 2 AL GES 74 ns, BB
B4 2 GHz, {5577 % 4 10 MHz, {5M:Lt2 0 dB,
F15LA 60 dB. RIEA AT At H B+
PRI Lb e fE B A 42.6 dBL B 9 45 H T B 1AL
YEC I, 7T 480 K DLS #R I [ I1E N T4t
FHTE R RE AR 1L .

45
B = © © © o D
40 5dBy
35
30
m
<
= 25
=
= 29
=
s
10
5 —=— DLS B M T3
—o— A E MR ER
20 20 60 30 100 120
BRI

K9 BB, ALK DLS HIEN
TG 5 2 TP E e
MBEL e B 5 SCAMT M Bl A
b, DLS F3E R THe iRl S RS e e v
S dB {1k A . % ) DLS 8% SEHE AT | 2
VBRI T BBV, BB T MRSV 0 B T
BREEHAT b, 205U ARL O BB R U

RS T YLAmBIvERERN 9 B T EI K PEBE B 5
AP EEASTHAAAE R 22, WA T-IAm I RE 2 A7
(EPERERBURPY . Rk, T DLS #8225 h i b
BUBE EEAG TR AAAE R 22, 5 2 4ihsk B T 0 H 454
(fPERe LA AHLL, DLS H3& N 3l 2 A vk
AEHR

LR EPTIR, A9 N R R R 4 0 TR
girb, DU/ MERIR TR OGN, 24k
PRI AR IR S TP E eSS BRI
(ERER APV & PR FIESE /R EREE X ol U
IR BUHS AR, M 5.1 WA
PRI, TS RO, 2 sk TP pe ik
22, AR IR B B4 1) A 5 ] S AR
o BEAN, 2% s BRI B TR LR
RIXGHR PRI Z R I, il Sk N S 5 T30 A
I S 2 ZE N TP 5 TR, E A
PEREBLS

6 ZEERIE

ARG TE R 5N RN RS0 TR 458,
PHE T 2 il Sk BB O T IR 4R 1 gk Sk 2 4L
A, FEor i Tizdi M e SEILN R B TR
HBITERE, d5em DAL F IR a5 o0 0l gt T
ettt Sk ZHR AL AR AT P I BE A TR AL R 5
HUE S EAURERY], TS, 2k
TIANHEIERERLS; HL PRI ROR B 2B 1)
A R IR . B R RAR F TS S R
XL TR a5 M 5, TP &
LSk N S 2 ZE ), BE T S BN,
A E RERLT . X B8 I ) R I R A 4
MLARGE, ASCIWETURSCR A) O LS 5 -3
T = st SRV RS %

Sk

[1] DEMESTICHAS P, GEORGAKOPOULOS A, KARVOUNAS D, et al.
5G on the horizon: key challenges for the radio-access network[J].
IEEE Vehicular Technology Magazine, 2013, 8(3): 47-53.

[2] CIRIK A C, RONG Y, HUA Y. Achievable rates of full-duplex MIMO
radios in fast fading channels with imperfect channel estimation[J].
IEEE Transactions on Signal Processing, 2014, 62(15): 3874-3886.

[3] ELSAYED A, ELTAWIL A M, SABHARWAL A. Rate gain region and
design tradeoffs for full-duplex wireless communications[J]. IEEE
Transactions on Wireless Communications, 2013, 12(7): 3556-3565.

[4] #iEte, X, PR, BT A REGEH X MIMO kil B
BRT-HADHI[I]. A5 244k, 2014, 35(9): 156-163.

2016184-9



© 130 ¢

WA

i

P37

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

(19]

(20]

(21]

[22]

(23]

YANG J, LIU H, SUN C. Loop interference suppression based on
space projection in full-duplex MIMO relays[J]. Journal on Commu-
nications, 2014, 35(9): 156-163.
SABHARWAL A, SCHNITER P, GUO D, et al. In-band full-duplex
wireless: challenges and opportunities[J]. IEEE Journal on Selected
Areas in Communications, 2014, 32(9): 1637-1652.
CHOIJ I, JAIN M, SRINIVASAN K, et al. Achieving single channel,
full duplex wireless communication[C]//MobiCom’10, New York,
USA, 2010:1-12.
JAIN M, CHOI J, KIM T M, et al. Practical, real-time, full duplex
wireless[C]//Mobile Computing and Networking. New York, USA,
2011:301-312.
HONG S, MEHLMAN J, KATTI S. Picasso: flexible rf and spectrum
slicing[C]//SIGCOMM’12, Helsinki, Finland. 2012: 13-17.
DUARTE M, DICK C, SABHARWAL A. Experiment-driven charac-
terization of full-duplex wireless systems[J]. IEEE Transactions on
Wireless Communications, 2012, 11(12): 4296-4307.
LEE J H. Self-interference cancellation using phase rotation in full
duplex wireless[J]. IEEE Transactions on Vehicular Technology, 2013,
62(9): 4421-4429.
DUARTE M, SABHARWAL A, AGGARWAL V, et al. Design and
characterization of a full-duplex multiantenna system for Wi-Fi net-
works[J]. IEEE Transactions on Vehicular Technology, 2014, 63(3):
1160-1177.
MCMICHAEL J G, KOLODZIEJ K E. Optimal tuning of analog
self-interference cancellers for full-duplex wireless communica-
tion[C]//2012 50th Annual Allerton Conference on Communication,
Control, and Computing. Monticello, Illinois, 2012: 246-251.
ZHANG Z, SHEN Y, SHAO S, et al. Full duplex 2x2 MIMO ra-
dios[C]/IEEE 2014 Sixth International Conference on Wireless
Communications and Signal Processing (WCSP). Hefei, China, 2014:
1-6.
HUUSARI T, CHOI Y S, LIKKANEN P, et al. Wideband
self-adaptive RF cancellation circuit for full-duplex radio: operating
principle and measurements[C]//2015 IEEE 81st Vehicular Technology
Conference (VTC Spring). Glasgow, 2015: 1-7.
CHOI Y S, SHIRANI-MEHR H. Simultaneous transmission and
reception: Algorithm, design and system level performance[J]. IEEE
Transactions on Wireless Communications, 2013, 12(12):
5992-6010.
KOLODZIEJ K E, MCMICHAEL J G, PERRY B T. Adaptive RF
canceller for transmit-receive isolation improvement[C]//2014 TIEEE
Radio and Wireless Symposium (RWS). Newport Beach, 2014:
172-174.
KOLODZIEJ K E, MCMICHAEL J G, PERRY B T. Multi-tap RF
canceller for in-band full-duplex wireless communications[J]. IEEE
Transactions on Wireless Communications, 2016, 15(6) : 4321-4334.
TURIN G L. Communication through noisy, random-multipath chan-
nels[D]. Massachusetts Institute of Technology, 1956.
OPPENHEIM A S, WILLSKY A S, NAWAB S H. Signals and sys-
tems[M]. 2nd ed. Upper Saddle River: Prentice Hall, 1996: 164-168.
HAYKIN S. Adaptive filter theory[M]. Upper Saddle River: Prentice
Hall, 2001: 50-74.
COUCH L.W, Digital and analog communication systems[M]. 5th ed.
Upper Saddle River: Prentice Hall, 1997: 179-185.

ik, FEE AT SR M]. dbnt: R RAL, 2013: 54-55.
ZHANG X D. Matrix analysis and applications[M]. Beijing: Tsinghua
University Press, 2013: 54-55.
SALEH A A M, VALENZUELA R. A statistical model for indoor

[24]

[25]

[26]

multipath propagation[J]. IEEE Journal on Selected Areas in Commu-
nications, 1987, 5(2): 128-137.

FOERSTER J. Channel modeling sub-committee report final[R]. IEEE
P802.15-02/490r1-SG3a, 2005.

RAPPAPORT T S. Wireless communications: principles and prac-
tice[M]. 2nd ed Prentice Hall,2001.

WEI X S, CRUICKSHANK D G M, MULGREW B. A unified ap-
proach to dynamic length algorithms for adaptive linear equalizers[J].
IEEE Transactions on Signal Processing, 2007, 55(3): 908-920.

EEEN:

2016184-10

F1& (1988-) , &, FWRA, HTFE
RS, FEWIGT A A
FAT AT AXTEAE B TR AR .

BEZ (1978 , 5, WILAKEN,
i, AP RO R R, T
) A JCZ A {5 5 A 2 JAAEHUTHREAR
FFAT B 5 A B

S7E (977, 5, WNETHEA,
B, TR BB L, BT
FEIT AN S . MIMO JEAH TRy
R 434G MIMO 15 18 @i,

EEE (1964-) , F, FWEHE)IA,
i, BRI, LA TN,
EERF T F) A LR AR R I S b
AR RRE W5

B (1978-) , 5, WlwmA,
A, VAR ERIAEE, FETR TN
AL S5EE . K4 m. TTH4&
RV . BRI R Re YR AN
TC &8 B IR B R o A R R R A5 ATy
FARWFA



	13

