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FESEBRRE A, SR AR O =l BRARL P 2 S [ 400 T A o P52 F = R 3R (100 fgil o, S et
ARy H AT TC MO R Gt B R T [, SN ZE AR B B A S T B ARV L DUREAR . T
S RBMUR A0 S M B, TR PSR AE IR TQ ANT48 ) 2 LU A% Gt 1) R A1 22 ARSI /) 5 Ry
FEEE AR R TR S R A L R G H TRV BR PR AR 12 B4, DR B A T B ) 5 A
S, R GHE S DR BOR B LU m I, ANAT R et o 5] NAEZRME R L, 4R T RE e H 10 B Y
FAER FE 18], At Fad ) B 25 2% DIJRSEEG % (Bell Laboratories, Finland) f Korpi %5 14 7F 2014 4F
LRaBIE T 1Q AP UL D ARG B UG S BRI, 45 H T Ul 3 T PR A SRR, )
BT T AR R EL A B R S DI AR AL, 35 BL LS BE AR T R TH BRI B T B8 o 210
7R BT RS, BEJS, Korpi 45 15 7E 2015 AEgE— DR HH T Ref8 [RIBT Y BRI B T4
Befg - BAEHEL ML BT B TP BRES. BLAh, SCIR [16,17) FIFERET 1Q ANFE MDA LA AE
TE NI A TG S8, 2342 72T RLS (recursive least square) £l LMS (least mean square)
L B &M AR B TR 2.

ERET H PO BRAS BARBEE AL B 1Q AV S ThBARZ M R Y B T ILE SR, HEA]
P I S I B A, AE BT PR SO AR I LR T R Bt Sk e Bl B, T S B
T LS (least square) 3% RLS HIENIHBRA SR EIRH0E 0. Kk, IE4kET OFDM (orthogonal
frequency division multiplexing) 4 T 2 4t (AR H P01 B 5 F) SIS il 1H X 242 1 S,
PMEE 2 FE I B2 BNV AT 12 9%E. 2017 4, Komatsu 25 18] $2H 7 —Fdiit Hammerstein H T3
THERAE, XA EHIE T 1Q A FEFA DR, FHESMSRA A LS Hikel RLS FikidH 75
it 5 EHFIEE. HE, 1Q A FHEMIRARZLAE R 2 H -2 H 0 gAY v R ek B e
TN, TR 2 L EEA AR B . B S, Komatsu 25 19 78 2018 FE3:TiZ 2840 Hammerstein B T-H07H &
aefE it 1M IE R RO R, A EEA TP ITE KRR, TR ke LA G R
2 BR B AT B R — D BRI PR A% R

A3 B A, LA R E T P0H B & K2 RAMESE R LS B RLS SEHET I 5 518
flTh, X BRER T R R RCR By, HIER] LS 5 RLS BIEMIE A B T R B K 2
TREUE &Y, £ B T E AR R R A FE R BRI, iR E AT EH AR ARROR. R, A
TELRE T IE 1Q A AR D RAE e s m T, BT IR A A B B LT BOR, St IR 404
T—HMMT OFDM XU TR G HIRE Bk A T P0H bras. A SCRAATTIRE 45T

o BT Z WAL, 45t 178 1Q APHT A DA ZMAFAE T I & TIPS
B ZAR R G258 T LRSI AR BAR R R A5, R T Bl 8 0 i AR L R ek AU
BEAR L AN A FR A M S i 2H 45 T .

o PRI T —MERRS 1Q AT LS TSGR I IE SR B BB SR B UM BR T K. FEPTRTT &
, ARZ kI B B B R BT AT IR A JE R A AT RSN, Hoh, IR R AR AR SN
THZATSRAT, H HAE T BRI s B AN AR G, SR)5, JE SR B T PUVH B S8l 70 ol A T 5 2k
BRSO 0F IRL FRA5 TE AT , 2 D R B MK O BR B B 0 i 34 & FEXHH I —28, T
b R TR PR B A S Bl ARG S, R TR E B EA
X P B N 2 A HE 0y B RE SR, TC /s i = 2% B LS/RLS ffiihes, B35 B8 1 E At
i %N

o ST T PR BRI RE R, I E CA T EHAT T . AT (U AT
BHER F A E N Z 2% BEA bR, VELE - HrdExb b T B BP0 BR O RV R, (i HA5 R
R, e )7 EAM L CAA RIS T RLS SIARIAUR B TI0MHE TT &, BERAEAAAE 1Q AP L Th AR
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Figure 1 The diagram of an OFDM modulated full-duplex transceiver and the signal processing flow of the proposed
self-interference (SI) canceller

LRI OL T SEBL L R A B 00 PR, (ERFRIK T 68.75% IR IR

2 REGIRE

Bl 1 Hiss 7 MR OFDM VR 2 X TR 4. 78R S, 400 2 BEEIRUTE S @ A~ OFDM
5 K ANTE0 ST E 5108 Si[k]. i IFFT (inverse fast Fourier transform) 28 f5
?%iﬂﬂj‘ﬂzﬁﬁ%%“ s(n), FHININESR RTSUS R BI5E R OFDM 55 285, HOBEHe s 1 i sk 1 (5

5 s(n) FEHOVIBG S, 08 12T TS HOR I B 5 s (1), PEBENCH, B spa (0
,IJiE$TjETE T8 her(t) &4, (ESHIEON I G HRIL, 1dh y(t). BJE, S0t NARA . HBids i 515 2
MO B T, £ PR IALR (T B SISURE AL Vil
2.1 EZHum 1Q ~FE

T TR, i FIRBUS IR A 1, Q PR S 0O HAT 01, SEORIHE 5

FARSE B NBE & R, k5 VR AT S i H A5 S (R B B A U T AT LS AE
sup(n) = s(n) + brxs™(n), (1)

Forb by MRS IR ISR KARZE T RANTG R, () Ron B ILPEs . A, 1Q AP — R A4
B (image rejection ratio, IRR) R &, & LA

IRRTX = |bTx|72, (2)

Horpr || FoRBUBHE S, SZhrZFt, 3GPP LTE/LTE-Advanced To2k H 2 G LT % 5 ] 2 46 k5
MU A B3 A5 23 B i e N TEDRBR 1 25 B8R 28 dB, ELAREL TR 2R 120,

2.2 INAAEZ&M

FABEHIES sup(n) ELLTFRPOREEN, BT OFDM 155 R LU AReE, ARl b2
PRI R, SINARLME &, D122 TR RES AR S s RAL DK AR ZR 1, JC I BT 98 7
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B I 2R, D A S B R A R A T LS AR

spa(n) = XP; ap(n) * up(n)|sup(n) [P~ = ZP; ap(n) * zpjocq,p—qsq(n)[s*(m]p_q, (3)
» odd p odd
H )« FRBRIBH, ap, RN p WradEZet 2 S kb 52, 77 (A0, & LR
Ppa(n) = s7(n)[s" (n)]" . (4)
AR, K ¢y o (n) BTSRRI N ¢p . AT AR
g = cp1.g-1(1+ [brx]?) + Cpaghie + Cpgsbrs  (pg > 1). (5)

R, c10 =1, coq = brx. HHM pg <0 W, ¢y 0 = 0. I, D {5 5 7T AL

spa(n) = Z Z ap,q(n) * Gpq(n), (6)

p=1 ¢=0
p odd

Horr, ¢y q(n) ITEL PR ayp(n) = ¢pqap ().
2.3 RE&EESHFIE A FIHE
KHHME T spa(t) WRSSREARSS S, F0E 0 B I8 A — 2 m SO g, st B 5
R -
hsi(t) = Z arhié (t — 7)), (7)
1=0

Hp, L BRZHHHE, o) BRFE | FEMRE, 7 FRRE | FAEMIRLE, by RRHE | FAENEER
W, ERFIEBONIIME N 0, FZEN 1 KRR (Gaussian) BEHLA . W25 DR H E TG 5
yant(t) TTEARIR N
yant(t) = hsi(t) = spa(t) + 2(1), (8)
Hr, hsi(t) 5 2(t) 43BN B T PUAL (S 38 ph i B 5 #g s
Bk, B REAEBCR AL AT T 2 il Sk REIR 2R S AT F-xet i1 DAGRAIE B TS 288 Bz
e shAS G B PR, SA A R E JE S 5 0T LLROR

y(t) = [hs1(t) — hac(t)] * spa(t) + 2(2), 9)
Hor hac(t) R SIS E T-H0xt T 25 b 2. 07 (8 W, R S0k B T IAE 3845 18 5 5 sk
Xof VH A SR IR B P T I RN A hoom (8) = hst(t) — hac(t).
2.4 1FYOR 1Q ~NEE
FRERICR I A — N 1, NI TES R NG Sk (9) Fis. 5B 1Q APk
1oL, BRSO VR AT 28 4 HAS 5 A B A S RO R T LU 4

Ydown (n) = y(n) + bny* (n)

P D P
= heom(n) % Y Y pg(n) ¥ dpg(n) + bruchiom(n) * Y Y ag  (n) * ¢y 4 (n) +2'(n), (10)

p=1 ¢=0 p=1 ¢=0
p odd p odd
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IR 1Q AP A LARL M B Pt

Forb, b BRSSO R T REL JES, ATDVE U 67,,(n) = @yp(n), FFH 2/(n) =
2(n) + bro” (). UL, LRI A4y

P P
ydown(n) = Z Z ﬁp,q(n) * QSP,Q(”) + Z,(TL), (11)

Hrh, B,4(n) Fongitr TR 1Q AT THARLNE . B T (518, UL AR T s e
M N, AT BLRIR N

ﬂp,q(n) = hcom (n) * Qp,q (n) + bRxh’:om (n) * aq p(n) (12)

FESKBR TRE, S2R AT I3 RN, HA R EE TR0 BT R ER TR, 80 b
fry 06 22 (19, ﬁn%ﬁﬁﬁﬁﬁ?ﬁn“aﬁﬁlﬁﬁ/ﬁﬁf IRAT AT RE 2 AR IO I T S A A A S T R i 1
REFETH. WIELLT, BBRHA pe P, g € Q WE T EAH LEYIHRR. B, 30 (11) 7T IE{E

Ydown (10 Z Z Bpa(n) * dpq(n) +2'(n). (13)

pEP qeQ

2.5 SUH{ESRE

IHEIE NS S yaown(n) LI EERRIER S FFT 285, B35 i > OFDM 55 k N1
B ERIAUR A TGS Yk AR, Bk E TICEAME RS RS R 8, ,(n) B
NIRRT K. BRI, V(K] AT LS AR

= Hy [k qilk] + Z'[K]. (14)
pEP qgeQ
AR EHER T BB R AR A TGS Yilk] 2 @, k) TERE AT A H,
H,  [k], ®,.4.i[k] 5 Z'[k] 3HFRIR Bye(n), dpga(n) 5 2/ (n) BIHHREIER. NHERR, ¥ &, .k T
2N Y;[k] ISR
Ak, (AR MR, AHAN TR S IERE S R A TIAE HE S —A &GS, Bk, %t
PSS ST IO — RIS 5 A0 FE 5 B 5 TR RS 5 A 3 IR 220 2 — e I %A%, LB IR T
LA IEAZ P 22, R TR R IR rer, WS S AL AL mos, EATTZ AN E A RE X A4 16
FEIRZ AT ARINN At = |51 — mps|. I, At X OFDM 755K B B4 BB % AR A BT 258 K 2 Y TRl A
Ell]
mod {At, (K + Kep) Ts} < KepTs, (15)

H mod {-} RRBUREIRME. K, Kop M T, 433878 OFDM 5 THEEHH « 1EH AT, LA
JeHEA RS A, 2R 2 N T I A B E I A, B — LS fR AR R 51 R i 4
W, B, #E K = 2048 3 H7# I IAKE N 15 kHz ) 20 MHz LTE R4, 3@ % I 5T 3K B ik %
N Kcp = 144 (W NT 4.7 ps) A T L0 BYEHE], EAWMT X X T RGMNH. U5 RIGH AT
KN Kep =512 (WPT 16.7 ps), 7 a5 70 B B 58, & A28 X BT R/RG M. thab, 2 At A
AR (15) B, KX FFHIR AT VG, AT DR € I 5320 B P78 B R G R R iR 98 20 1 4%
5 SRR i vt 1) R (231
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M (14) FTUAE H, B8 A T P00 B S BERAE &M A Al 3 iR B @), oK) FTXTRLE B
TG TEIRMARL H), o [k], SRJEX HTIE ST HEZ S0, DT A0 085 2 ESA ) LS,
RLS F1 LMS fli TH-28 AR v Ll () 8. (H2, LS Al RLS il T8 1 58 U5 T #E 2 Bt 25 56 o 201 45 H Fa 50
K U8 pEAh, RAE LMS 1188 5 TS, (B IS ALK, WSt R 2 b Koo 24, 7658 3 99, 4%
TR 21— PR R A% B A5 T IR S A B RS TRV R AR B 00T 7 &

3 SuE BT

Wi 1 PR, Prif S E YO T S 5 ANER A, BRI o B . BB HT
28, FFT. IEALAES TP, B, 2R B s < i 10 s R Bt 4% X (4) 2Rk
W IRFE R EL ¢ g (K] PRJE, ERRIEIAATEIFEE K 5 FET ARkt N 4 3 o AR ey Sink 5 R £
Oy, q0lK]. B FR, X ATIEHE R HUAT IE AR AE JE A3 B IEAC R R ® i), U5, SBILEELE T HEA
FERAUT I E TYOHER. I, RS IR S AESE T PO T BOR.

3.1 EERIIERNK

FEFELNE H P73 5 B RE A, X6 3 e — 358 R 50 o0] 7 )5 0 A3 i 7 ) At S R AR B A
Loy B A LAY EHEAT I, PRIUE, ZEEREL {¢,,(n)lp € Pig e QF (BN, s, s, s|s|®, s*|s|°, s|s|,
s*|s|*) It AT 2 B 2 T SR AH DS RS B, AN 2 PR S 493 S T Ik i A e SO B, i
23 BN W 1t BB BT — I @, SR FH AE SR ST ORI < i A el s ok 2803047 1E 22 A0 1) 7 S8 KA O
JE ST AT VRS, Fk, R B SE RBL ohon(n) (BT, s, s|s|?, s|s|") SHBEBIE
Qi (n) (B, s*, s*|s|?, s*[s|") CEATIS A SLHOSFRbE, Ke IE SIS R A0 i A AR 2 P 32k bR M5 HLBEAR oy
=R ER A, W 1 .

PENTRAS I B, IEAC AL 15 AR 8 R e i R K ) & 3fe DU IE S AR B SR B AR EATT 2 ) AR SR .
TR SCHIBUR, 73501 78 SOPUE ) s = 2 4 268 o 20 ) o S FL AR ik R B ) B Ry

T

‘I’?OH[k] = [‘I)l,o,i[k] @2,1,1'[76] q’%p%ll[k]] ) (16)
. T
(k] = [@0,14K] Braalk] - Bocs pps [H]] - (17)
DA A2 A0 B 1 B SR, L T 5 T L R
R=E{@ " ke k"}, (18)

Horb E{} FoRXIAFE OFDM 155 @ ARAFE T3S & MRS, ()7 RoniEREEE.
FLDEH, R 2> Hermite fEFF, PRI E 33 A8 20 7T AR A

R=UAUY, (19)

Horp, () FoRAEFELHIR E, A 20 R BRFALAE L B P 2RO FAERE, U & — M & A B AL ]
R R (19), ARLREIE & H IE AR RS T LU AR

O=A:U" (20)

Hoh, A= RoR A JUER PR IE%.
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A EEE: 1Q AP T A LARZe A TP idion 7

(BT A O IE S MR, AR PE SRR B B Bnonk) AT LLEAS AL 1
1o [k] = 01", (21)

AR PRI bR B 5 B IR 0 B 58 2R 5 R0, DS BT A% ik pR B IE S ARAE RS O SRALLRY, Midski
BIE s Hn) & (k] W LLIEACAL R

" [k] = O™ [K]. (22)
3 PR IEAALIRAE IS, BB AL 1E A8 A A 22 R 20 - HE AT DA B R R A
ool [oo o
Yi[k] = H"[k]®;[k] + Z][k] = H" [k] ®,[k] + Z{[k] = H"[k]®;[k] + Z][K], (23)
0 O* 0 O*
Hrh, &,k = {‘Z:n[f]]}, H k] KRR R REE kN80 (S E S 255, T LS
T
HIk] = [HLo[k‘] Hy (k] --- H%,%Uf] Ho (k] Hi[k] --- H%V%[k] . (24)

WAk, HT K] = HT[K] [3 ;*}_1, &,[k] = [jj 0‘1]@[1@}.

EAEFE RS, HT P07 25 R WA 2 12 M HES AR, 1EAZ A0 a B AR o R 4 T 2
MR R 55HES. 5182 B PRI R B SR BR S LA R 1250 B U5 58 AR M A vk T AT H
T B AL TR HE P A ) 3, 3 2 v 5 Ak A 2 1k 36 R B0 LB AR 5 bR B mT DA% 5 I X3 . e Ak,
TESEBRTE DL T, BT LA B B R 2 1t 73 B S X BB AR 29 s (P 4R IS D 28 I T e, 72 B AR
HFPHE L FE P — AN 25 e FL ATV B, 7EA SO, B lEvERR I B T B Bk kT 5%
15 B MR 4y

3.2 EETFHIE

e T A BT B 2 T, B - x N TN TR A — ST I BT
WAL R A AN THRIM R TR DI S e SO T A e i B B Bron K] PRSI T
Shd AU, F N TR TR T AR UM BRSPS k] TR B T A
Horbt, N FOR TG A RN, TR I O, 1Q AR T 5 TRl MR vk
LR BB A R 1 THRAS 3. [Rte, Th ok TR 8 15 B M B W S AT 1), 2RS4 40
AR R T I R R A
kb, LIS — LTSRS B 26 0 I L 5 A BRIARE, Bl 3 o, IS n AT

B TR BRI AL B, [k IO RO E T . Forb, A YUK R n— 1 AT
BB ST LRI 11 T, I, YO (k) = Yi[k]. AN, &,k ERBEE A, 55 v k] BEA i
ST, H AR A TR {Hy g KDy g [k [P # pod # ) VONRFE, 55 n AT % T
B2 8 £ 45 SR TT L5

— {ﬁ%m}

H™[K] =E{ = . (25)

(I)p,q,i[k]
TESRBR TRRH, GEHHPA AR 5L, [RILK ROV REA P, BRHRAE T 1 1 OFDM 5 Al T
fhTHE B AR M B, H [k S2br b R R4

I (n)
H™ k] = %Z Y _[k] : (26)
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Figure 2 The diagram of the signal processing flow within successive interference cancellation (SIC)

RJE, 5 on AT PUEER R ITH EE R B T & AT PSR

VK] = BM[K]S, k] (27)

?

LG, 5 n AT BTG A 105R A TR T AR
VU] = v k) - v [k (28)

T WA TR R R LR, 455 AT HRIIR FIER) TR (selinterforence
cancellation ratio, SICR) & XN

Y™ (k]2
SICR™ = 101g M (29)
M (23) ATLVEH, 24 A™WE] = H, k] B, &3 1 ~ N AN FHAEEROTHERRE, B T
FEATHRE. H2, ﬂ%ﬁ&ﬁ%@ﬁiﬁ%ﬁﬁﬁf SEUEFAREACF 5 A (k) B PEER 2 Rl
—HF PR IC I B T e TR, Bk, S T IR N B THUE R RE, — R T2k 2
LR R B T OBk, T R BBk 4 PR e RS AE B R A Sl AR [ 0 A 236 11 [ i A B8 DV B 2K
IR ESy v, WS BT HIEBR AT LU S 1

=101 — 2ot T
SICR = 101g 1 E SICR (30)
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@, [k . Channel

: ¢ ’ estimation

l A [K]

ST

reconstruction

B 3 FHiEMRETESLERERE

Figure 3 The diagram of the signal processing flow within interference cancellation unit (ICU)

Horb, AY (k] FoRE v N AST-YUHER Bk 5oR B T8, REESTI0HERE R B T, fTRLR
NN
rIN
AY;[K] = Yi[k] = Y H™KPp,q)n.i K], (31)
n=1
Hdt, @, ) ym,i[K] FREE n AN THRIEBRE TS IESA I R 4
T BIR 8, AR FE R IE A B S PUE B AR B Sk 1 pos.

3.3 EZFESH

M 3.2 ANITRTRUE B T LT PO HOR, A MET LS/RLS FIEMBGEE M5
il oA AL S Bk SIS AZ TE A v, TIPS T B PO W T SR, A /N5 3RAT s B 23t
P HTHHE T R ERA, IS H S OF B THOME 7 ST i 1517191 i T EHERIE R T
BRI R Z IS E, BT R AR B A I 7 (1 B 8R1%I2 5 (complex multiplication
operations per sample, CMOPS) K ¥ &.

3.3.1 FFiRAREZRE

B2, BT R B AR A TR R A, LT DR ARk se . DR,
P SRR G SO, TERTI BB OIAT I 5 FFT BN, gy (n) WO B L
BB, RS R @, (K], IR BB 1 Nlog, I YR SITRIB . SR UG, 7EIEACAL
BREL, TBLAH AR O T Bk iF SR BUAE K. BRI, 5 Jk v 3 o6 B0 B B L (R B B
AR BITRLAEEON Y x N [IERCHRE, SAREA SRR X RERTE. B, s T
BRWEL, AR (26) T DAt ZEAG A TH0I 0 M0 P (0 0 7 T A 0 MORE A A 47—
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i 1 B ST
Input: &[], ®im[k], Y;[k].
Output: AY;[k].

1: Calculating orthogonalization matrix off-line: first, calculating the covariance matrix R by (18); then, singular value

decomposing R by (19); last, constructing the orthogonalization matrix O by (20);

2: Orthogonalization: performing orthogonalization on the frequency-domain basis function ®2°"[k] and ®i™[k] by (21)
and (22), respectively;

3 n <1, V[ < Vi[k];

4: while n <rN do

5 p <= mod{n,N};

6: g<mod{n,N}—1;

7. if p< & then

8 Calculating H([k] with &, 4 ;[k] by (26);

9 Reconstructing nonlinear component Y’;(n)[k] with &, , :[k] by (27);

10: Outputing the residual SI Yi("JrD[k] by (28).

11:  else {p > %}

12: Calculating H (") [k] with &)q—%,p—%,i[k] by (26);

13: Reconstructing nonlinear component XA/Z-(") (k] with @q_%,p_%,i[k:] by (27);
14: Outputing the residual SI Yi<"+1)[k] by (28);

15:  end if

16: n<n+l;
17: end while

IR HRVE. AR EBRIE D iy — IR B HORE N b — R SR, MBS T PRE B X MR
RS v N RBHER AT EEMTE, DU (r — 1) N IREEERRBHATHSMNO B TIER. 25 EINA,
Frd K B TP 7 BRI A G T

1 N2
CMOPS = §N10g2K + - + (2r—1)N. (32)

3.3.2 EZEXtE

SR B TR 75 2 R 2R B L R A T A R E A BT 58 10T R TR
THBRTT % DO Horp) iR O B T HIERR 7 ZIIREALFE 1Q AP LA R IR 5 NI BAE F T
Moo, NEIZ, OF | TR ZM A THEE 2 B ASTE A LS, RLS 8t LMS HiEf it
B SCHR 19) RS A T RO R, 2T LS, RLS A1 LMS Sk AT (5 18 fl i i R4 KAE 520
HFHE IN® +2N? + N, AN? + 4N H 2N REHCRIZ . Kb, FOxfersa L %8 TIksk
BA%, SCHR [15] H AR E TS RR G RAEET LS Al RLS SVEHEAT 58 A5 TH S SRR 20 7 2
2(NL)> +2(NL)> + NL f1 4(NL)? + AN L RS 5, 1 SCik [17) R A I &R LMS Jk a4
KA RTRE N? + 2LN (REHERIEH. B, ZRBEXT R 1 fis.

4 WEMERIE

4.1 HEFHRE

N T RAERTER B T BRI REERE, AN TPRAEER 2 Jron W THCRHLAR SRS HERAT Tt
AT R HARAIE.
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Table 1 Computational cost of different schemes on SI cancellation®

Scheme CMOPS

LS-based TD scheme [15] %L3N3 +2L2N2 + LN
RLS-based TD scheme [15] 4L°N? +4LN
LMS-based TD canceller [17] N2 4+ 2LN

LS-based FD scheme [19] 1NlogyK + 2N3 +2N2 + N
RLS-based FD scheme [19] %NlogQK +4N2 44N
LMS-based FD scheme 1] %NlogQK + 2N

Proposed scheme %NlogQK + NTQ +2r—-1)N

a) TD: time-domain; FD: frequency-domain.

*2 EVNIWRINRZRSH

Table 2 System-level parameters of the considered full-duplex transceiver

Parameter Value
Signal bandwith 100 MHz
Oversampling rate 6
Modulation OFDM
Constellation 16QAM
Number of subcarrier K 256
Size of cyclic prefix 64
Transmitting power 17 dBm
SI channel after radio frequency SI cancellation Multi-path Rayleigh fading
Receiving power before analog-to-digital converter (ADC) —34 ~ —84 dBm
Receiver noise floor —94 dBm
Number of OFDM symbol I 800
IRR 28 dB

SR, RS ICIE M B BN T2 % A, LI RL P = 5, 1RILIRIEN 3, TR
a1 = 1.0513 + 0.0904j, a1 = —0.0680 — 0.0023j, a1 = 0.0289 — 0.0054j,
aso = —0.0542 — 0.2900j,  az; = 0.2234 +0.2317j,  asp = —0.0621 — 0.0932j,
aso = —0.9657 — 0.7028j,  as; = —0.2451 — 0.3735j, a5z = 0.1229 + 0.1508;.

HFAEE her (n) R/ TDL-A-10ns, A 3GPP KIS ARE 26, BAK H FIEERSE B ER
ik 3 .

4.2 HEZERS5SH

B2, B 4(a) F(b) B T AN TWCRNAAE 1Q KRl 5This RN, EoR % 8 THa =
(I Th 2 B R S TR AR Ak, v, (BB R e 25 S A0, R BR 2R 40 51 20 aB 171, HARHE R (11)
AR, B E TR AR R B AT s, 5%, s, s|s|?, s*[s[2, (s%)3, sP, s3|s|2, s|s|?, s*|s[*, (s%)3|s|?,
(s*)°. ATLAEH, TEARRIRSIIREAMET, AR H T & mwzﬁk%ﬁW¢Mbﬁ¥%ﬁ
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Table 3 SI channel state information

Delay (T%s) Amplitude gain Delay (T%s) Amplitude gain
0 0.8122944 5 0.030369523
1 0.007408687 6 0.009934433
2 0.085806413 11 0.00014117
3 0.054045375 - -

-5 A 575 (a) -5 A (s7)IsP (b)
s (") " -8 s%s? sy
g Noise floor —40 F sls|t - -ees Noise floor
—60 - s"Is|* v
h
—60

—80 F

-100 / / J

_120 . . i i . . 120 ; . ; L i . A

-10 -5 0 5 10 15 20 25 30 10 12 14 16 18 20 22 24 26 28 30
Transmit power (dBm) Transmit power (dBm)

B4 (MEMFE) (a) 1, 3 BiF (b) 5 MEFHRIENHFEKE
Figure 4 (Color online) Power levels of (a) the 1st, the 3rd, and (b) the 5th order SI components

—100

Power of different SI components (dBm)
Power of different SI components (dBm)

B AR BBy, HTh R R D ARG KA. A TIF 0y 30 dBm I, B s|s|* 1
IR CEHEE LTI E s IR HE, 7 LTE et , 8 T IRIERSHE SRR e IE
fift iR, FLURZE W) SR AR ER AL 17.5%. L, 53R 2 Fon W LIRIL R R R SEA T,
BRI 17 dBm K AL LiRbriE, RS (13) FRIARRBR E T BT LLERUN s, 5%, s|s|’,
3*|s|2, s|5\4, 5*|8|4. TE NG E A, WTCR R UL, EEGE R E T 0 = a0 B k.

K 5(a) Bon TIEAEZA N7 8 THHEBR R B THUE 5 T8 (interference-to-
noise ratio, INR) 284k, fiE A, WE T A IEAAERERTC IE L IR B FE DL, BEFE DL T 10 T90
TR ICIRAEL » 43BN 1, 2, 3. ATLAEH, 7 10 dB < INR < 25 dB I, ARG R E T
BrE LT3 DO, (H2, /£ INR > 25 dB I, 7] UG HAEE S TP il B IR A R E e A 2L
T8 THERZR. flW, /£ r =2 H INR = 60 dB FIZMA T, BIIEZ ERAE G BT E PERE
T 7 9dB At [N, v LAE AR S T LU RO T, 1E 438 TP iE BR SR on e 2 » Rt A AR
THEFIHEERE. i, /£ INR = 60 dB KIZME T, JToIESSACERIEIS » AN 1 $Em3) 2 FIAN 2 H3hnE) 3
SEMAEF T 5 A 4 dB AR E TIERE, A IEASAERER » 1 HmE] 2 427 7 3dB A4HMH
FHHERE, HaE r 2 BGINE] 3 2% B HH R LFRARTE. 256 Bkt vTLEHRA
THORHH 7 58 A 0 128 AR X e ST HURHE 1) 3 AOg AT e A 28 50 F LA ), T A 3 0 4 B
FICHIRAEL r BEWS IR BT HUERRMERE.

Kl 5(b) JEBR T ASFEFREEL AT T, B T7 =0 B U BRI RERE U B B o B A2 4k, Bl iE
SR HOE IR B THOERR R BT, nTUE B, FEANE TR SR, B TP R T b
I, B 00 B T HE BRI ET I S Rk, B buik/N, BT B Z e SO R i,
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Figure 5 (Color online) The SICR of the proposed scheme vs. (a) the INR and (b) the number of the ICUs
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Figure 6 (Color online) (a) The SICR of the proposed scheme vs. the IRR; (b) performance comparison between the
proposed scheme and existing SI cancellation scheme

7E INR = 20 dB B, B FHIHBRFRAEE 4 DT HIHRR R IuA 52 BIEL, MifE INR = 60 dB B, B TH7H
BRAEEE 8 DN THRTH R B0 R I8 A BAIR T, bk, 7 LUE TR 5 R0 B T MR 3 4
FHLTH bR R IC AR TR, Bl Ja G K AT ORI NS . Heh) i, RIS H T IR, JEAEATA Y
TP B BTGB R X BE AR B T Hx T PE AR PR A5 R DTk, ELF e LIS, 3R RGdAT B
BRI CHOER />, PRI, 754 5 I sebr TAERH H, Brde oy R s dnd R g 4k B TP iE bR seoo sk, 76
ANEAR TP B PR R R ) B 3 — D BRI A 2R

A AT E80 R, B MH LT se AN . Rk, B 6(a) #i% T AR T ML AF T, BT 7 =10
H TPl bR R b B 30 LL A8k, AT RLE Y, 7E TR LL R s I L T, A0 TICR ML B A 4 i Lk
FOK, P AR BHE AT = Th Ak, BT 0 A THUE R R Wt K. i, /£ INR = 60 dB Y,
LEARINHIELA 20 dB G INF) 30 dB, Frig 7 ZEH FHHEERZFM 42 dB HINF| 7 50 dB. {HE, 1
W LCEUIRIIE O R, BTt 7 0 B TR 2 LA S M) L2 k. 50, /£ INR = 20 dB B, 8%
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Figure 7 (Color online) (a) The SICR vs. the number of the OFDM symbols I under different schemes; (b) complexity
comparison between the proposed scheme and existing SI cancellation scheme
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Figure 8 (Color online) (a) The BER of the desired signal vs. the SINR after SI cancellation; (b) the SICR vs. the INR
in the presence of the frequency-selective 1Q imbalance
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Frequency-domain nonlinear interference cancellation scheme
with IQ imbalance in full-duplex systems
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Technology of China, Chengdu 611731, China
* Corresponding author. E-mail: lyn@uestc.edu.cn

Abstract In this article, a novel frequency-domain (FD) self-interference cancellation method is proposed for
full-duplex systems that reduces the complexity of existing time-domain, self-interference cancellation methods, as
the reflection paths of self-interference are rich. Based on direct conversion full-duplex architecture, we improve the
accuracy of the self-interference model by jointly considering IQ imbalance and power amplifier (PA) nonlinearity.
Then, self-interference cancellation with low complexity is realized by performing orthogonalization-assisted
successive interference cancellation. Simulation results show that the proposed method achieves a performance
equivalent to that of the existing RLS-based FD self-interference cancellation method in the presence of 1Q
imbalance and PA nonlinearity, while reducing computational cost by 68.75%.

Keywords full-duplex, self-interference cancellation, IQ imbalance, nonlinear, frequency domain
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