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[HE] R0 T —Fh A LSe35 B F AT (Zero Padding, ZP) 1EAZH/FE M (Orthogonal Fre-
quency Division Multiplexing, OFDM) RE(FIEMGIHA k. B8, R TERSWMH, T0RKG(EE 5 MR
BAGAMERE, SRIG 05 5 22 e R/ HL 2540 (Fast Fourier Transformation, FFT) i FR44 1206 ¥ B
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Abstract: This paper proposes a novel channel estimation method for zero padding (ZP) OFDM using
conjugate prior. First, the channel matrix can be seen as a circulant matrix thanks to the zero padding. Then
with adopting blind signal separation (BSS) technique, we only need to obtain a diagonal matrix after diago-
nalizing the circulant matrix by pre-multiplication the received signals by an IFFT matrix, which greatly re-
duces the computational complexity. Moreover, sparse priors on the diagonal matrix is added to objective
function in order to improve the efficiency and accuracy of channel estimation. The proposed approach is con-
firmed that has lower complexity, faster convergence by computer simulations, compared with the traditional
algorithm which directly separating the received signals.
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A2k (Digital Subscriber Line, DSL) sespif . A5 00 OFDM 2 %5 5% FH 8 A6 B0 i 4% ( Cyclic
Prefix, CP), RU@hf a5 AR LA RAE s 5 ) 3245 5 9T, ORI BR AT (8] T4
(Inter — Symbol Interference, ISI). ¥T4E3, RAERFIZ (Zero Padding, ZP) UEEHRIRSIFE T A
i1 248 . ZP -~ OFDM RGEALAIA CP — OFDM I ITA s, I FL AT LU S 3 B v 45 ()6
58 A2 A5 TE A RO LB S

FEXF ZP — OFDM RGERYMFIEAMTHRRL, A48 T2 ARy Jrk. SCik (2] $ i E AR
3L (Overlap Add, ZP - OFDM - OLA) FItRh# %% (ZP - OFDM - FAST), SC#k [4] FIHEHLF
B, PNET P EREEMN T SOk (5] M i i e b R 1 7 B S S By 22
FERE, AT LUAL T 5 A5 R, (H 2 AR TR B A9 1E 22 M MR ( Quadrature Amplitude Modulation,
QAM) M= Sk [6] it X &R/ A5 et g AR SE IR B Al . X JUFP 5 i iy e iR 251
INESMAT SEHAE. B9 HOR (Blind Signal Separation, BSS) H] {5 54k BR85S | E AT
PRERE. SCHR [7 -8] ¥ OFDM RGEBINL MRS B, W H W40 8 i 40 1 T W05 5
RAMAZWAF S, B S T EEEORN, R, WS, Gk [9] Brlom s 5 Akt
AR AZ 4 (Fast Fourier Transformation, FFT) FEFEZ 5, iR G5 i RE B A2 S — S0 £ 46 FE A0 2 0
FEFERYRAR, (TR IEXT AL ITR, A MNRERE, BN TR EAE, HE1Z0rk HEeH T
S/MANAFERG T, SEE AR R/MAGE, BT A B S5 Al T HE 1 A AL

ASCHRH T A LSS E g1 ZP - OFDM R GEAF B WAL TH )7k, Bl 7E B A5 s& 80h 35 m R Xt
FEME R B S R, RIS 08, HE /), WSl n] &, DU S R Al T AR A
k.

1 ZP-OFDM Z &= EY
ZP — OFDM RGAEEINE | fizs, N T i 8eeaiid,, ASCRISESSEATERES. kA
K, Zhad BRI I B ECRE D s, BordL, B EA N ADEBAS, RS IR A )
(i) . SRR (IFFT), in L ANFATEUG 7 R ik imlE 5 m (i) .
m(i) = []NONx/JTFzS(i), (1)
Hor FET Jiff Fy 19 (k,r) JERA (V) Pexp( - 2mkr/N) ,0 S k,r < N -1, FyFR Fy f93LH0%6
I, 9 N 4ELHERE, Oy, A N x LAEFHERE; m(i) M = N + LYEES, i FoRmiZ].
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Fig.1 Equivalent baseband signal model of ZP-OFDM systems

KikdfE 5 m(i) Gl IF RS, Wit 2Rt B S EE, Rl R i oy ko=
[ho ooy 1o S HELRE I 8 1 o 9 10 5 200 — A A BR o 8 13 ( Finite Tmpulse Response,
FIR) WERE >, SRR (AL L, FROMEIERAL (channel order) , i h, =0, Vi > L,.
TEHNC R, IR AR OS5 r(0) -
r(i) = Hm(i) +n(i) = H[1,0,,,]" Fys(i) +n(i), (2)
Hr H Sy M B F =i Toeplitz [ HFE, 55—F15TE N [hy-+h, 001" 3 n(i) RO ME, F2 o’ 1
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mTEEE A NS (2) ATRVE R EORE S r(i) 2GS s() MLMHRE. ICHEMK A, =
H[1,0,,, 1", HTHPEA N Toeplitz 4, EHEWA, FTLLH[I,0,,, 1" FyIsnl, (BHE T
MRS RIS, AT AR RS 5 4 B thok ™. S8 A, T AR B S7 A3 BB (Tn-
dependent Component Analysis, ICA) FFARDZEFE(ES s(i) .
ARWFFER G A 43 He b ab B .
A=[H,H][I,0,,]" =H,,

Hrb Hy FVH, 53050378 H TG N SIRCRE LR A G0N, WA H, TR EIFAE MR A
Zeid S AR T LU RS C, AU E A H | C, I —4TH [hy 0---0 hy---hy 1" . i FAEIAE
Wife £ TIFFT JERE AN A3 FET JE[EZ )5, nTLAXTMifh, £ FoRIEATHlAb B .

x(i) =F,r(i) =F,C,[1,0,,]"Fys(i) + F,n(i) =

(F,C,F,F,[1,0,,]" Fis(i) + Fyn(i) = AVs(i) + F,n(i),
H Xt fERE A = F, C, F)y = diag(VM Fyh) , 3fA5CEN [H(0O)H(2n/M) - H(2m(M -1)/M) ];
Viey = Fy [1y 0y, 1" Fy HESIMERE. TEEEARENEA REZA LAFLE, #FRAEZICRMIE
fi5 s(i) PR, XEHE ] ICA BoR el inl 2 x (0) , MHCEIESEES r(i) , KRB R
() M x N AW E] M A, 30T ICA 43 B F b iy

(3)

2 HIEFLWHY ZP - OFDM FHEEMEIT

TCA AR AR AR 2 17 PV (55 A S4TSR, 2 A1) TCA MR Fh i P R
(EMTSEsfE S, ARV SRR, A R A MM e R B T IR . i (3) W&
e, AR SO A R R AR A A AR R BRI V OTR, HIVREE A AR B 25 4.
R, U B ECR Y 1CA FRRBREE, A5 R TR A I R P e 8. BRIk LT
SRS FAT T B SO R
2.1 WEHER

R Dy, FRBLESER S 52 S 0 F

logp(D) = Y Y ¢(d'e,), (4)

i=1 j=1

o G Ry A8 i sl A B 2% B R B X R, . R RE D AT IR, e, I REA IR R (e MR
MILENL, HATEHK0). log p(D) MHEMK, HilFED s, B D M&E—17H 0 JuR M4
iz, Rz, ¥ D 17 0 TR DEGED.

T VLTI, A SRR B e 0 Y FT B S5 2 WIS « Bl b O AR A AR B 3. AR SRR
BHRMER SR (4) SHERER A HR Y s BOE L, 78 UM rfl it Bg rh, SR e gk
PRy IEHu e, SRILEIR M ILATE T, BRI RS WA ICA 52 2AR R ML BBk R AL S 55 55
i SEbr b, HHGARS THON T M A R REAR.
2.2 MR EREE

ICA HARW B R B B4 B, flif5:

y(i) = [y,,,yy]" = Bx(i) = BAVs(i) + BF,n(i).
VENTEES s (i) BIMETHE, ZoRABIMES y (i) w2 Rl fEamsy. icB = VD =v'D, Hrp
D, JxtafkE, O FRMEER . B8R, 4D =A -1, y(i) =s(i) , XHEEIEA % ERS
sZma. R, HERE D R F TR R B RN &
[H(0),H2w/M) ,-- H2w(M - 1)/M) ].
2 LA K ARRAE T (Maximum Likelihood Estimate, MLE) J5 HAREREUH :
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um=mywwﬂ+;Ew%WN, (5)

Hr B =V'D , E(+) FRBUE; p,(y,) Ry, MR WAL X (5) iy HbRRE, (ORI T
CBE SRS CRAMEEE AW, MR B AR B R AR BRI, N AR RS B H
Fe1ik, BRmEPEAHME (5) H, ATRIARI S A Y H b ek gL

L(B) = log|det(B) |+ ZIE[logpi(y,-)] + 2], ZG(dfe,)/M, (6)
bW B pR 2L G R PSR G(s) = - |s] -
X (6) K D BT
V,L(B) =D - H - E[Veg(y)x"] - sign(D)/M,
Her, s e(y) = (o (5) o)) L e (v) ==p"(y)/p(y,) i = 1, N, sign(s) F
IR s A
A SCAE SR LI ) B x (0) IR AL, FIESR HAABEE (Natural Gradient, NG) .
v,L(B) = V,L(B) D"D.
PR SRR ICA BoR G S il oA, WS 2270 2 W5, AR SO JEAT FH PRGN 3 44
BE LR ULLETR, F0EN
D, =D, + diag(“i) [diag(ﬂi) - E<V§D(3’o) Y(I){ VH) - sign(DO) D(I){/M] D,.
T HE B4 bR R B DR R Sl B R R
1) fikbsx . KBEMA;
2) iRt D, =1
3) WH:y, =Bx =V'Dyx B, =—Elyg(y)| ,a, == 1/(B +Elg'(y) ), Hoi=1,-,

4) BHIEMD . D, = D, + diag(a,) [ diag(B,) - E(Ve(y,) yo V') - sign(D,) Dy/M] D, ;
5) Fr#Efk: D, = diag(normalize(diag(D,))) ;
6) tRHEANS, D, =D, , RIFEEIE3).

3 E&SR
AT SRS T B RAE s B AR R ZP - OFDM RGE(F AL THE A ERE. R 4 - QAM
PRI, BES AR IR )04, TR NN = 32, {5 T8 M I A, BSEHRHRE AR Al A
PR IE &M, fHiEMECL, = 3, P75 sREL (score
function) @(y) =y . '
K2 orests s y WEi— iy, ERMER. LA

W B~ W

[, HIECHRAERD 4 — QAM R IR, 1CA AbFRRLIS MM BCRS & 3 »
Sy, WONRRK, I ELNUNEF iR, BE ICA BRI BSE < 1
A o i
I3 R (12] s, e 52 W
WAL P 3 R AR R 4 - QAM BT RO 4
fif + /4, +3m/4 , BULHBRIBRRNEN v, 742 Ry -
IR, NPT 2 R 2E IR f . I 3 Ty, B e e
AR -0. 4422, B2 #BEESy NWEER

K 4 MEME LR 22 dB BF, RGEIRMSE BER 5455 Fig.2 Constellation of separated signal
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444 REBEEE, 4.

N_symbols (9ZEfL%F R PE. P 4 rh[]E 45 ICA 42538 ZP - OFDM Heliifs =517, Scilik [9] iy
NGD —1 FI NGD -2 kARt b, I 4 FH, BEERFS R, BER PEREE THsk, ARSCHR M

MR T SCk [9, 13] HyFsk.
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Fig.3 Kernel smoothing estimation for phase of y,
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ARTTEE TR ICA B BN Cm {55 EASLJ5ik, BERSIAE] NGD — 1 FI NGD -2 AH[R AR L, X

DA MR X i AR 3k AR S MR i 2
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