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e Py 6, kST SRR R, db,, b € (£1], ¢, o € (21} SBINA AL
BRIFSRMYEE, LAV BREAR, T. 9B E#E, 9r(t) BREEREHN o 89 Nyquist
Sy B AT P R RS BT Y
BRE kA PEE N TSRS EEEE, ks o
L (t)

hi(r,t) = Y hy ()6t = () (2)
i=1

oo Li(t) HBERE,  he(t) HESRIEEME, () HBRITE, HEBEEAISREERE,
{6t 5 fE BRI (6] B P B 0. R RRT IR AR 1, B Li(t) = Ly, mit) = 74, FFE
T i(t) = Ry ;(n), t € [nLT,, (n + 1)LT,] .

WSS E D ISR 9r(t) 5, FESMIBERRTERY

I +o0 Ly L-1

r(t) = Z Z Z Z / Prel® }Lm(n)(dﬁ,ncﬁ,l +jd';,ncfl’,l)g(t T —nLlT, - 1.5) +n(t) (3)
k=1n=-oc i=1 I=0
Kb g(t) AFR7ZENES, H 90) = 1. n(t) FRMEEFIEES, MGAThEESF S
NoG(f)[Te, G(f) b g(t) BTEE ML, No v AWGN FEN LUK FRE.

2.2 HHEfE K ERE
RAEERZI D ¢ =1 To/Q, Q FAMERT (Q =1,2,-), U QL MhkEkS—4A, ¥

oo HBERAREETRE
r(m) = [r(mQL) -+ r(mQL+QL-1)]7 (4)
BE 9(t)=~0,|t| > LT /2; —LT. /2 <7 ; < LT,/2 . X%, BB PELE 3 MBS
SRR A R — R R R, S Lp = Zﬁil Ly, MREGFREERT RS S

r(m) = H(1)B(8(m))d(m) + n(m) € C¥Lx! %)
He
r=[rn - tg]T€RLP*, g = (o1 - Tip,]T € REeX
pB(m) = [B1(m) - 5K(m)]T € olrxl
Be(m) = VB (i s (m) - by, (m))F € CLrx!
B(3(m)) = diag(B(m)) @ Ioxs € C°r¥0Le
d(m)=[d] (m) --- dT.(m)|* e coLrx1

di(m) = 11,1 @ [di,e(m —1) di,,(m) df, (m+ 1)

kpq
d’\'ﬁq (7”) = [d‘l;,m ]dk ]T € C2X1

q,m,
H(r) = [Hi(n) -+ Hg(rk)]" € RPY L Hy(m) = [Hi(rs) -+ Hi(rop,)]T
Hy(n) =[Hygy - Hyp,]" € ROV Hi(1) = Gy - (Izx3 ® Cy) € RIL*S
K k & T
C, = ;fo Z;I:,l zz,Lq € RLx?
“g,0 q,1 q,L—

Gr e RO Gula + UL +1+1) = g((/Q -1~ l; + )T, — 7)
1€{0,1,---,L -1}, L €{0,1,2}, le{0,1,---,QL—1)}
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r(1),7(2), -, (M) FfEHHETE 7, , EFENRG R EER B

7im) =[rT(m) - rT(m+ ¢~ DT =H B-d(m) +7m(m) € C9x!

m=12,---,M, M=M-(+1 (6)
Het ¢ RAFWETF. H=[H - Hg|", Hy(n) = [Hpa -+ Hypp,]7 € ROFX6Le,
H, &1 Hy,; #5,
H, 0 0 0
Ho=| 0 Hu (7)
. S
0 0 0 H,
FH
Byr(m) = vec([Bx(m) -+ Br(m+(—1)7) et (8)
B(m) = [By(m) - Br(m)T)e et 9)
B(B(m)) = diag(B(m)) ® Igxs € COLrx6CLe (10)
dm) = [d; (m) - di(m)]" € CoLrxd (11)
di(m) =11, ® [d,{pq(m) dkqu(m +1) - d,{pq(m +¢ -7 e ¢8Lexl (12)

Hep vec() BREEITREAH T,

3 HEMEHE &
B P R A e B, MEST, B2 TR, ZEEmEms (B Q=1),
EREATHEREITR 2N, BEXYUEET N T,
(1) I 2R, BEATIIE SR

M
Rr+(0) = = Y (m)7*(m) = BAE; + BALE, (13)
m=1

S

HAREEN A > Ao > - > Aqre, Es, En S BIMIRE S Fa BFRSE T2 6, 45055
W d, QLC —d . BT span(FE,) = span(H), HLE,, H,LE, . EXRNASRS, 7
R TSR ER BRI EASTERE, VBB ESHE, R X e EHE.

(2) EHE ST s d

FRBAE TR (B oy e A G 8 5T) kit d.

EX

. QL¢ 1 QLC
1(d,Cqp) = =M | Y logA; — (QL( —d)log <5LC——3 ‘Z /\i”

i=d+1 i=d+1
+ C37(d(2QL¢ - d) +11) (14)
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d= argmin I(d,Cy) (13)
d=1,2,",QL¢~1

Hb O 5 M HXHHE

S BB EAE TS R ERE IR Btk MSEIKBHRAET T, BISTE T W
PG RGFEFRAE T 7 . WHREETEERBMYER Muller) % B XERUHH HIRE
9 SH, 3 MYMEBCH # — 6 (L/N)Te, 7, 7 +0 - (L/N)T,, 0 <6 -(L/N)<1/2. F3 4
VI LB BARRBEA 2 B K B BN A&, TERMEEE B X0 E T H A,
id 745 = Muller(#y ;,6(L/NYT.) ,

EX
L L L L
- et Wt P = o N — > = =
T {( 2+5>Tc+z le 1=0,1,N 1,N_L,s€[ 2N’2N]} (16)
Tk,i ={Fr1, " Thi} (17)
Thi = {Fea,Tui) (18)

T RABEBEL N MEEERMRNSEE, T, Tr SRIZ7FHE, MR TE
MEEE, i=0MERSE T, CT.
B #tE MUSIC 8%
R EE R
Jearo(r) = Tr {Uk(r)ﬁ;(r)EnE;m(r)} (19)

Hep Tr{} #REETEE, U, € CHIEXEHIR 4 Hermite hiAsHE & 21, ghrEiEE N
U,=1 U, = I/Tr {EZH}C} .

BRI
Wikt i=1
(1) i2 7, = arg meig Jemu(T) .

T€Th . —1
(2) # Muller (i, 0%T.) & Thizy , MR Fri = Muller (75,05 T) . S Thi, Ths =
Teoo U{Ps) . Bi=Ly, &1k BW, i=i+1,
(3) I Thi, Ty = Thim1 U {7}, 3BE (1),
MUSIC-SEA ®3%

E M
H (Tyi-1) = [Hi(frn) - Hy(#,i-1)) (20)
PLﬁk(Tk,i—l) =T1- Hy(T).,_1) (ﬁ;(fk,i~1)ﬁk(fk 12—1))_1 H(Tyi 1) (21)

Hi(r,Ty, ) = PILTI

k(Thiz1) k(T) (22)
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Tr {I—I;(T, Tk,i—l)EnE;ﬁk(Ta Tk,i—l)}

Tenv (7, Th i) = — —— (23)
Tr {Hk('r, Tk,i—l)Hk(T,Tk,i—l)}
He T WfiEs, Po #FR Hy(Thimy) 2R EMESHEET, Hi(r,Tuio1)

Hk(Tk,i—l)
N Hi(r) 7 Hy(Thio1) B EWERHRB. & 7 88 T, W Hy(r, Teir) BN,
Jenau (T, Thoimy) ek, MTTBEGRTE 7 4b BTN, 038 BRIk TT LA ) B 4 B 12 0 e 3E
&1t FR A RS

CRES TR,

Wikt i=1

(1) 8 T = argrfnei;l Jemu (T, T iz1) .

(2) i€ i = Muller (71,4, 6 £T.) . #i=Ly, &1k, HN, i=i+1,

(3) T Thi, Thi . Thi = Thim1 U {Fis}, Toyi = Toaor U {F} . EE (1) .

MU EFDE R RS, gk MUSIC ik ek LT Ea e ihit, RS
WK T A BT ST RE M. 7 MUSIC-SEA 86K A A — et EaEegfait, RIgxt
X AERHEETRE AT R AR EE SRS N B IR, LIRS E ARG
.

4 M8 o AT

BTEEf %R 3 MERETE S EFMA TR, SiEEULZEEE, THESHF U
W,

4.1 RS

EFRA R Ppg € XXH

1
PRE = P{min{li‘k,i - Tk’i],LTC — |'f'k,i - Tk,il} < §TC'PL > 0} (24)

ERARETF EEO, EEFTLE N H L (7 2L B S

4.2 fEiHHEE

G YRR AR, LIE RS HH TR RS M R AR MEZ (WS Std. Dev.) S
B, AN, NI AEATN THTIREN TR— CRB (LS SR, SR 5] ST
CRB , {Hi% CRB S5/ P &R EH X, iHEH4E R, i, @ B R P ERFSRNE S
(B, B FEEYN ), TS SREEEETY CRB, KAB/NT iR, CRB
kAN

[FIM] ' < E{(d— )¢~ ¢)"} (25)

Heh ¢ = [0 PT 77T, 0? HE®WETEWA 2, FIM % Fisher (5 B4/, AHZ oy Hi&
WS EAEY, FR50H [5) 7 CRB iHERAN, EHEKH/ANT.

4.3 ZHEE

A B AR R LB B, BBl MUSIC 1 MUSIC-SEA B8 vk B IEAb 1+ 1 F2 52
A, oAb, ZERCHET MUSIC Ew:dh, R— 4 B EARRAEHE T BER L — 4, Bfi&d
A LeEERLR, B (Jouu(r),7 € TY AEIFHE—K; T MUSIC-SEA Bz &RT#&TL
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AR R, B {Joaro(n Thio), 7 € T Bit#® Ly ). B MUSIC-SEA sz #E K —

e, WM, FE4H PJLTI Fora) WA, BV MUSIC-SEA Hik#z &,

FIB ERE A=A A PR, Py b ARSHENBEHET, Pa=1-P4, N

Py =P, ~Ppy 4, (26)
EER o B R A RH

AL A, A;Azrz[(A;Al)—l o]

*A —1 — 1 1
(4%4) [AZAI AjA, 0 0

* -1 * _
+{*<A1Al} AlA?]-[AEAQ—A;AL(AIA1)‘1AIA2] ' [-A34,(4;4) 7' ]

i Pg= A(A"A)TTAT = Py + Py Ay(AJPy A5)T'APy =Py + PPX A,

Py =P, -P I
PPa=Pa, ~Tpy a,
#H8 Hi(Teo) 006, W Py EARHHARY
L - Pt — P H (. 7
Pﬁk(fk.i) P-JI_'I}.-(Tk,i~1) P-il-k(Tk,i—l)H’\(TL‘l) (2 )

WItRE P—Lﬁ-(qﬁ) =1, % L,>28, ATRAYWEEHE. i, Tr{} B h 24 8Es
WAIZES, MAWESRLENITE.

bR H

HFHARESHN: K=4,0=0.35Q=1,L =314 GOLD B{EAT L, (=2, Cy=
(log M)/10, Uy = I/ Tr {TI;E}, N=2L,6=1/2,e=0. EHMa {hr:(n)} AIEEER
BT AR = B R 2B IR I 2 A, 3AB BURHESE R fRLT., f), TR LSS, Mg
WA Ly =2, B{hes(n)} = 1, FELT, = 0.0026C) , FI PR ER: n = ([-7.25 —0.19]7,
72 = [~12.69 13.88]7, 73 = [~13.21 0.02]%, 74 = [-6.9 —3.59]T . & H FARBRFEAR M [0, 27)
LN, REFSHILE. ELERK SNRy,; = (PLLT./2No))E{lh1:(n)*} . ik
Mt NFR= P,/P, =--- = Pg /Py, §$% SNRy,1 =SNR;» =SNR . #EMGHHH~ 1 68
T, (FELRHECH 250 iR, HHE CRB &Y, M, =10,

1, & 2435045 T B MUSIC, MUSIC-SEA Z 400 s ¥ay SR gl 28, ok it 3Efs
oA Fl2=-01796 . K 1, Bsts MUSIC 8t 7 B94E iR 71 = —6.9994 5 i
MIE 2 g1, MUSIC-SEA st m ) 896K 711 = —7.294, TR T RGHE MUSIC
Hi%.

3. WAMBMERRT MM r MR EMERMA RSN, F5. o6 MEHT
AR o fETHEBERIREW. FTLIE W, MUSIC-SEA kXt 7 89451148 EEFI IE B {2
TR & TR MUSIC ik, Tl FH RS a4 LR r o #5789, B r
By THERE A BGHER MUSIC BkBatay, (EaX{BaT3i8, MUSIC-SEA feimu EER
TR A LT AE .
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EXFET RAHR QPSK DS-CDMA RAEESRIEFE T R EMSTHTHE, ok
AWGN 5 TRyRHIEM TR B, B30 T 2ok B MUSIC Hik; b 7 iHBRSREMNEE
. SIATFRAET B, R TeEEFRMATREE (MUSIC-SEA) . 4T MUSIC-SEA
HkaE Ak, HET T eI RN E. SRRV, SUcER MUSIC Sk,
MUSIC-SEA #E 42 %5 SEE B4 5T H M I FEAG TR .

My X
CRB m#Sitis
HEFEXAGEREHAY B
rm)=[r'm¢—-(-1) - rT(m)T = H B-d(m)+7a(m) e ¢!
m=12,---,M, M={M/( (A-1)
Hob2¥E s (8)-(12) AMH, UF (8).(12) KR, WAEXRN
Bi(m) = vee([Be(m¢ — ¢ +1) -+ ﬂk(mC)]T) € bt (A-2)
Ek(7n) =1, x1®[d kpq(mc ¢+1) - kpq mC)]T g Coctwx (A-3)

L) RREUEZE, AT HRIET(m) MERY, XBEEXTART (6) RWEAEHR, 3FE (K
[ERFTRER (Wn: (= M) . %8R, MIRKE, i 2ERERHmBR, NTSEHERTK,
Hitk, AR CRBEEHHR Pl CRBy ~ (M/My)CRByy, , RiBHEERN, WHRE

B M, {H.
EX
=[P T pP=(P] ... PL"
P, =[Py - Py’ Pui= P E{|h(n)]*}
R =Ry 5(0) = E{f(m)7(m)} =H Rg g Rggz H +0’I
1 1
RE B 0 0 RE a 0 0
Rpp =] o I Rga=| o K
0 RE = 0 RE -
R% B = = diag(Py) ® Iscxec Rd g~ =1p,xL, ® Tscxec
Fisher & B4/ (FIM) % v 7 w 3| Ry tE R
e _LOR __, OR
[FIM], ., = M Tr{R 55 B 5o (A-4)
Hd1 0R/0¢, #R R %t ¢ FE v MITRRRISY, HE
6R/6( 2) = 6R/6P;M- = Hk,in,i
8R/6T}., 1/) RBB R&'E*H +HR§§‘=REE*(/J

_ OH, ;
¢ = . S X Wekon
Ly+i=1) Oy QLOX6C(Lp—) 1~ 7 Lu—i)

ki=k—1

OQLCxﬂc(Z
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SUBSPACE-BASED TIME DELAY SEQUENTIAL ESTIMATION
ALGORITHM FOR ASYNCHRONOUS BANDLIMITED DS-CDMA
SYSTEMS IN MULTIPATH FADING CHANNELS

Cheng Yunpeng Cai Yueming

i Mabile Communication Research Section, PLAUST, Nanjing 210016, China)

Abstract A subspace-based time delay sequential estimation algorithm named MUSIC-SEA
is presented for asynchronous handlimited DS-CDMA svstems in multipath fading channels.
The sequential estimation idea is introduced. and the knowledge of the estimated time delays
is involved in the subsequent estimation procedures. The whole procedure can be described as
follows: the noise subspace is estimated first, and then coarse estimation and fine search of time
delay are implemented for every time delay sequentially. The iterative steps are presented, the
performance of the algorithm is analveed, and simulations are carried out. The results show
that the algorithm can mitigate the interference of multipath and provide time delay estimation
with high prababilities and high accuracy.

Key words CDMA. Time delay estimation, Multipath fading, Subspace
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