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Abstract: The typical pilot-aided and blind estimation method for MIMO-OFDM channel can achieve good
performance when the number of multi-path components is constant. However, in the practical wireless
environment, the number of channel taps and amplitude are all unknown and time-varying in whole process, thus
typical estimation methods are not suitable. In this paper, the channel-taps’ varying condition and a new channel
model are established by using RST theory. Based on this model, the re-sample method by Concentrating particle
Resample Space (CRS) is proposed. By abandoning low probability samples and reserving high probability
samples,
using Rao-Blackwellised Particle Filtering with CRS (RBPFC) is proposed. Simulation results show that the

more accurate approximation is obtained at each iteration. And then the channel estimation method

performance of RBPFC is the best, the performance of Rao-Blackwellised particle filtering scheme follows but is
better than that of the basic particle filtering scheme, and the performance of Kalman filter-based scheme is the
worst.

Key words: Channel estimation; MIMO; OFDM; Random SeT (RST); Bayesian recursive; Rao-Blackwellised

Vol.33No.2
Feb. 2011

Particle Filtering (RBPF)
1 58

fE AT MIMO-OFDM A& G it
(R E S 53, Fellm 3 B 5 I AT 5 PR AR R 2
T A BN o AR G I 2 T A B (A TE AN T
TEIARAR T AR %%, i s Sk [3] 3R I {5
TE Al TR 7 58 R A 75 A I R] (RS e 17 18 s
MAEH T EEGEE. SCR[4)P 5 1 IR T
S AETEAEE I SR ] R R LA BN — i AR
AL, FEUCETER N, RIK S IEHNT T M NG 2k i 7

2010-03-29 W F], 2010-10-25 e[Al
E R [ R R4 42(60872092) Bl UL

MEEEE: ) muyelang2@163.com

Oy A A T RE SR AR, 10 SR [5) AR H AN IR 1)
FE AR TR IE AL, SRS T IR
PR ZERTNRZE, 28] T) 2 EM. H2 Lk
T AR A 18 2 15 43 B B A ok R P [ e AN
AR, T SR R AE B A R S B R
EHACONBENLAR &, PRI AS BEHER A V5 1 A2 1k
TEL. A SCHEFT AR LA R P0G USRS {3
LIRS EBI AN, L Rao-Blackwellised ™ 1
JEV (RBPF) BRER (5 18 2 25RO, RIS Ak o
FARMRSE o X T ARG FRAE 7 EARERE L Tt L
AR MR T4 48T i 2B ARPE 15 D
PRt TP ERFEENK) RBPF J7 % (RBPFC),
AT LEAL ks T B L RS A T RE



490 BT 516G 8 %R

% 33 %%

2 ETREVIEREIEH MIMO {FiEiEE
2.1 MIMO-OFDM {58 1&5!

KB R R A RIEREI M AR
MIMO #%:, OFDM #HIRH K 4E1#ik, H
5 P UERUIR SRS K-P iABn s . &
R r 5HMORE m WfEE KRR
2lal) ool TN LB RIERL r (RS
Zt KA R E R @, & (2,0, 2k ,,] > IFEL
X,, 2 diag(z,,) KRLha,, PICE NI AL ICET
SRR BT X, oS SRR S A T
S, I HARSCHF SR AL T EVE ORI ] 3405 5
HHAT. ARIAT A, Bk OFDM ST
SOyt bl X, R, O R A S y,,,, %

iRo FL2 ) TFFT FIRERAS 185 o 2 ik 5]
5N
R
ym;[ = ZXT;I,F h’m,r;t + Zm;l (1)
r=1

K 2,0 ~ N (2,305, No D) AN i 30 A
F Oy IFFT #ifF, HITsh {F},, = e 000K
k=1-- K,l=1--L.

X2 AR by, ., TIPSR AT R
KEMEIAICE R, hE TR AW L
R}x {L,---,M}x{1,---, L} x C LN R, %0
S EIUE T SE LA . HIEFIfF1E
A AT REE, T ¢ 20 2 485 Rl TS A
T
(m, 7,1, a’fn,’r;t ), hv(i?r;tﬁﬁ
0, A AAFAE

Horp (myr,0) 2 B RSG5, RORFAEEIN 247
s E e, RO RIR R r HHMCRZe m 7] )56 1
G2ty WAL o), ., NIESEAH] © BUEIAE
it 8. h,,,., EBHCR ) E PO B A A
AR BT, B HCE R EOY Q(h,, ., ) MESET
W52 QF (k. ) FEAEWNF K FR:

Q ¢ (hm,r;t) = U (m,rr,z)e@(h,,mg{afn,m } (3)

A | AC
P =@ Pt oo . fefotin, o) Uowt,..) 4

K| Q(hy, ) 2 |QF (b, )| FRWIEELE AR MF E AT
(AT BB I 3, A& 24800 B BRIk
A )22 4 FEIR AL Markov R F20,
2.2 ETHEHNERICHNEES RN EHBER

t W ZIFAE RSB 2 1R Bl ¢ — 1 R ZIAEAER
AR B Rt — 1IN ZANAEAEAE ¢ I 20772
NEZET Sk (0 ) PN D e G A NN PN ]

{hv(rlz?r;t } = (2)

SO XS, Nt — 1IN EI AR ¢
ZIR Sy, B, N tINZIEER Z AR . AT
t IS 258 B O e R R
f(@(h’m,r;t)|@(hm,r;t71 )) = f(@(sm,r;t) @(h’m,r;tfl))

X f(@(Bm,r;t) @(hm,r;tfl )) (5)
EHUGR AT DL E RN AE T, JE S (e R R
A
f(@c (hm,r;t) @(hm,r:t—lzt)’@o (hm,r:t—l))

= H f(a'in,'r;t afn,,’r;tfl) X H

(m,r)EQ (S rt) (m,r,)EQ(By, ryt)

f(afn:r;t)

(6)
I R A O B A TR S A S AR AT D
IR, AR R FRIRE S Ay Y 2 22 AR
f(hm,rzt hm,r;L—l) = f(@(hmw;[,)|@(hm,r;z—1 ))
X f(@C (hm,r;L ) Q(hmﬂ‘;lflzl ) ’ @C (hmﬂ';tfl )) (7)

3 & T Rao-Blackwellised i F i€ (RBPF)
#fEE Mt
H BT HETS, MIMO-OFDM &40k Tl
SEFR 1 i TR ST RE RO 5 R 2 T

@(hmm;t) ~ f(@(hm,rzt ) |@(hm,r;t71 )) (8)
@C (hm,r;t ) = A(@(hm,r;tfl:t ) )@C (hm,r;ffl)
+ D(@(hm,r;z‘fl:t ))nm,r;t (9)
ym;t = in;tF hm,r;t + zm;t (1())
r=1

K (8) s t NI B HORES Ok, ) 1 ¢ — 1 I 2 B
RE Q. ) HEBTIR, n,,, AR, LI
DUSERTAL R A58 BB 4 IR Markov B!, 5
X HEMLZ RN ERE MR, DA P, BT Py,
RoR AR BRI AR S A % . LU
FFAGINIRATAE, 0F R I AR HE, W F(Q (R, )
| Q1) TSR I N BRI RS R 2 L

he@hy, 1))

f(llg@(hm.r;l )

he @ty )= le@(y 1) =0
1- Pdcath Pdcath

(11)
R began 1-PA began

LA IR 2 A2 0 AL B RO e 2 AT T, i
i Hof 200 A 0 O 3 4927 A A M v o A, )
#:F RBPF () MIMO-OFDM {53 il 53 (Rl
RBPF)J M T

(1) fff 78 ¢ — 1 B 2R (B 808 ) S LR
{Wii)u @(hnz7r;lzt—l)(i)}££l ;

(2)MRYEAF TG BB Py » Poen M20(11) 7

1eQ(hyy iy —1)=1

leQ(hy,., ;t—l)zo




F2H

BRANED A . KL BENLEA T ) MIMO-OFDM {5 i {15732 491

/—:E t EH‘ZIJ}HT? {@(hm,rzl, )(7) }f\;l H

(3) MR 4 20 B (2) 43 B A5 1 & HOR 25 %5 2K &
{Qhyy g )3y AR 3 (9) B 7 2 41 B
A(@(hm,r;t—lzt)) il D(@(h’m,r;t—lzt)) H ﬁJI:E:J:E:—&(10)H‘ﬁ
AERIE Y, R TR (]}, VT

‘;}fz = wf%fl X f(ym;t |@(hm,r;lzt71)(l) 7ym;1:t71) (12)

@B E: W =0 /> o

(5) 2 7€ 1 FR AT S i A% R T R R
,TE {WZa @(h’m,r;l:[, )(7) }f\il ©

O A8 B HO 7r HEAT R, M /DR T 22
LVERAE G AR E S EE 5, X (9) M
(10) IR A0 N A% 8 5 IR 2 g AR IR A U R A0 LI 7
P, 0T ¢ I 20 5% 28 B OB AN ) R 1 AT i 5
(13) 53 e A< A DA«

N .
f(@(hm.rzlzl) = plym;l;t) ~ Zw;m@(hm.r;l;z)m

i=1
' (@(hm,r;l:t) = P) (13)
B p > 1, R B ST ANE p HkL 7k
T2 PR

~

@(hm,r;t) = arg max f(@(hm,r;t) =p ym;l:t) (14)
@(hm.r;l):p

135 ¢ 1 200038 B OB 4 Q) IR BRI 2
Qlh,, ) LR MAAL T, 735043 006 1
P

B (RBPF) £ (8,

Ot |

~ Y why
QP g )(l) =p(max)
1

:E@h

'm,r;t

X

w,
Ok, 1) =p(max)
4 EFEPEFRHFHFER RBPF FEMHIT
Tk
iff o 1 SR 7 A RN I A T AR
ALY, ARERREA SCR FHBEALAER A (kL1 7 2
A, W EFIFARRAL. A IR T AR
P SEBR G OL IR, AR T SE Bt Ol 2405
ANRABHRIEEAL Py M Py, T AL
B A T ORIERSE £(Q(h,, ) (@R, .y ) TS
G VAR BN = R0 b T UK (1 = SR N == T o A =
P LA R MR R AR B T o PR AR S H eadt 1
HRFE LR .
TECHREX M K280 L 4T, fFiE
IR HR T S B ZI TR R AR L IR A B AR AR
y IX AN ] 2 R

(15)

P@mwmqﬂxf¢4@mw%ﬁ

death began

L 1 TR P 5 2B P B ¢ LB B A (R A tha A
ABCBE ¢ IR FORE 7800 Num, » BUFAI{g, &,
s Exum, } AN AR A PR B4, ARG
NARIE

lim P(ﬂf:fmax(@)) 251

Num; —oc

Paeain + Pregan
a 2

AR max (&) RN BUEH E i N K H. LA E
SON T B RAS B AR 17 0 RN B K TT e P A2 Bk AR 17
LA SE T AN A ], RIS TR Y
BONBCR N, AT (L+2) AN B R K FRL L
TS T R 22 B ECIRESHR TSI, TRAE
IR S FRAE T R

Num; max(k+1) max(1)

wf = Z wf — Z wy — Z wf,
i=1 i=1 i=max(k—1)
k = max(1),---,max(L + 2) (16)

X max(5) Rk FAUEIH— L5 28§ KIIACEE
o

RBPF 8L 55 (5) 2 B H R A 7 R A
(16), HAbLIRARAS, BRI vE ok FE T4 b 5 KR
PRI EEAMTE TR, *A RBPFC 51k,
5 HEEfAES A

AN A HT IR E R RBPF 1 RBPFC
fEIE AL IEAE— B TR R 100 ANFEA A5 MIMO-
OFDM {5 v fE -

fEIET AN : RIERZEFF 5K 4-QAM 1
#0730 F R 64 AP (K =64), M
8] 43 A1 8 A3 AT H e (P =8), HAHMK D,
=8; FHLEMN:

k,=P/2+(p—1)D;, p=1-P (17)

K R I FANTF S B IEAA R, Hl s
bR R ] — R ak v A e AR . AR R 2R AL
R=2, B R&K M =3, &REMNREKZHE
L=4. REFERREEA—, SR,
RPN TR R A5 AR
AT ey 23 A AR

f(ay,,0) = N (a,,,1;0,6) (18)

m,r;l m,ril
f(ain,r;l a’in,,r;tfl) = Nc(a’fn,r;l ; )‘afn,r:[,fl? 1- A? )51%) (19)
Ak & =1/ L WIS R, A =0.999 4
BIERE R IEB P R4 = RL =8, K@
FHEN =100,

() Z AR EIEREE A T PERE  EALBEE Py
=P = 0.05 o CUHIEL 1 & 100 FIFEA R B
PREUF: 1 S2RIGELAE; 2 SERASE 1
& TANFEAR S LATAE; 352 25 & 100
FEAR i BAPAE; 4 5 2408 IR R AN 7




492 BT 516G 8 %R

% 33 %%

. K 1. K2 M 3 2 leh T AR T iE
%:(PF). RBPF 5y RBPFC 5t £ 2 5 AR
ARGV DL

AW, PF kst i 48 £ 454 40 H AR
JF A TR 22 SR AL TR ZE AR AR s RELem %),
RBPF HiLREMEIIL & & 2420 U H AR,
HERAh VI T 2 5 2R 1E5S 75 22 100 FEA b _EANF
16, 3 52RAE 1 2 24 FEA N EARSEAE, HHiuE
WA 2R R . HR i TR ZI 2 Tk
AU BINEA, PRl RBPFC (S8 A5 THR VA
b, RBPF S5y AEIX S i ZI 474 45 R 1R e P A 115
75, T RBPFC Sk AME GEHEAAIE T 5 18 2 HoR &
ARG O, T H SR A TR 2 N

(2) itk 1) 5 % % (FMSE) fili t 4% % (BER)

AL H| A8 7 % 25 (FMSE) fii 2 55 Bl Al 1

JiE, I
K-P MR P 5
Z ZZZ‘Hk myrit k ;m,rit
FMSEA i=1 m=1r=1 t=1 (20)
MRT(K — P)
Hrp
; -1
~ ~ —j2m(k’—1)—
Hk’ﬁmﬂ';[ 2 Z hT(;?T;le K (21)
(m,T‘,l)G@(ilm_,;I )
30 (21) R WK ST BUPGHE Al vHE B AR

ROEFEHIR AT A6, ARG VSRR A A5
¢ﬁﬁ%ﬁmwﬁm£om%£M$&w=
P = 0.1, FR&RIE 1 WAL 6 4~ OFDM £F
SHEHE, 3 12 4 OFDM 775, 1344 M.
K SCHER[13]H 1) Clairvoyant detector RS 524k
TR A s . B4 R 5 il T RR
28 EE(KF) PF #3%, RBPF Hi%H RBPFC
L) FMSE ikl BER #hek, BAR bR A5 L
HE R W, RBPFC HiktEaemtt, bWl 74 E
KREIT R 8k RBPF St fe Ik 2 A1 2 T
PF JEB AL, KF S T 4% 24050 s 480
i a, PTUAPERR R .
6 LHERiIE

FR G5 T A v BRI B 2 AR s A H i
e, PR I ARAE TE AL T REANE . A SCRI T B AL
FEFRS 7. MIMO-OFDM 2 40 %5 H 0 3 i A
M2 E TR, &I T N A PR AT
Rao-Blackwellised #E I {7 & 0L 3E 3 A5 Ak 1
Ji(RBPFC) . I HR M, AR SCHE {5 1E Ak
TR T TR /R 2R . JEARL 1 I8P AN
TRA KL U8B AE TG G T 7V

0.6 w :

g 04 ° ° =
X CEalk it
3 0.2 4

fe

f

» @ ¥ o GEED % * @

—-0.2
W*Ww&ﬁw 3

—-0.4

B
! o0
c;.’:‘
&
&
4__;:.
:,-A‘
a5
<

T

. —0.2
0.4 MW\ —04 Mﬁ%\f“‘“’%

0.4 N
. ﬂ’“ 55 M%w

H

10 30 50 70 90 10
FEA R
— 1st Path Ture
o 1st Path PF
—— 2nd Path Ture
x 2nd Path PF
o 3rd Path Ture
* 3rd Path PF

Kl 1 PF s oen

10°

—& KF
—— PF
4 -~ RBPF
107 B o —0— RBPFC
Z
=
= 2 \‘\ %
10 s 4
107
0 4 8 12 16 20
E,/N, (dB)

4 RF{F¥E N FMSE

[ 2 RBPF fli tH {5 1 P47

50 70 90 10 30 50 70 90
FEA R FEA AL
— 1st Path Ture
o 1st Path RBPF
—— 2nd Path Ture
x 2nd Path RBPF
o 3rd Path Ture
* 3rd Path RBPF

— 1st Path Ture
o 1st Path RBPFC
—— 2nd Path Ture
x 2nd Path RBPFC
e 3rd Path Ture
* 3rd Path RBPFC

¥l 3 RBPFC {iivI{7 & A

10° =

—— RBPFC

107

2 4 6 8 10 12
Ey/ N, (dB)

5 AFMEELELT BER



F2H

BRANED A . KL BENLEA T ) MIMO-OFDM {5 i {15732 493

(1]

(2]

3]

(4]

[5]

(6]

[7]

2 % x Wk

Barhumi I, Leus G, and Moonen M, et al.. Optimal training
design for MIMO OFDM systems in mobile wireless channels
[J]. IEEE Transaction on Signal Processing, 2002, 50(2):
174-188.

Boleskei H, Gesbert D, and Paulraj A J, et al. On the
capacity of OFDM-based spatial multiplexing systems [J].
IEEE Transactions on Communications, 2002, 50(2):
225-234.

Boleskei H, Heath R W, and Paulraj A J, et al. Blind
channel identification and equalization in OFDM-based
multi-antenna systems [J].

Processing, 2003 , 50(1): 96-109.

IEEE Transaction on Signal

Wang H and Chang P. On verifying the first order
Markovian assumption for a Rayleigh fading channel [J].
IEEE  Transactions on 1996, 45(2):
353-357.

NS5, H TR T MIMO MAS(EA D). [Hid-it
X, JbHIACI KA, 2009.

Vihola M. Rao-Blackwellised particle filtering in random set

Communications,

multitarget tracking [J]. IEEE Transaction on Aerospace
and Electronic Systems, 2006, 54(11): 409-414.

Angelosante D, Biglieri E, and Lops M, et al.. Sequential
estimation of OFDM channel [J]. IEEE Proceeding of Signal

(8]

(9]

Processing, 2008, 53(8): 3238-3243.

Mahler R. Multi-target motion model [J]. SPIE, 1999, 37(20):
47-57.

Schoukens J, Lataire J, and Pintelon R, et al.. Robustness
Issues of the best linear approximation of a nonlinear system
[J]. IEEE Transaction on Instrumentation and Measurement,

2009, 58(5): 1737-1745.

(10]  SICFEEE. BEUE AL AT M), Jbat B TR
1, 2010: 45-56.

[11] Chen R, Letaief K B. Channel estimation for space time
coded OFDM systems in non sample spaced multipath
channels[C]. Proc. IEEE Wireless Commun. Networking
Conf. (WCNC), Sanya, China, Mar. 2002, 1: 61-66.

[12] D Angelosante, Biglieri E, and Lops M. Sequential estimation
of multipath MIMO-OFDM channels [J]. IEEE Transaction
on Signal Processing, 2009, 53(8): 3167-3181.

[13] Morelli M and Mengali U A. comparision of pilot-aided
channel estimation method for OFDM systems [J]. IEEE
Transaction on Signal Processing, 2001, 49(12): 3065-3073.

AED: L, 1959 A, BUR, WHT RO T AL B ok

GEN
EEN: B, 1985 4R, WiRE, BRSNS DAL,
WM. Zx, 1978 4R, BIER, WEFUT I P,



