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Blind frequency-domain channel estimation for
STBC-SC-FDE systems via redundant precoding

WANG Yong-chuan, CHEN Zi-li
(Department of Unmanned Aerial Vehicle Engineering, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: A blind subspace frequency-domain channel estimation algorithm based on redundant precoding was proposed
for single-carrier system with frequency-domain egualization and space-time block codes (STBC-SC-FDE) over fre-
quency-selective fading channels. Blind channel identifiability was guaranteed up to one scalar ambiguity, and the resi-
dual scalar ambiguity could be resolved. The proposed agorithm can estimate the channel impulse response of
STBC-SC-FDE systems with redundant precoder only relying on the second-order statistics of the received frequen-
cy-domain signal. Simulation results confirm the proposed algorithm is stable and reliable, and has high estimation and
equalization performance.

Key words: blind channel estimation; SC-FDE; STBC; redundant precoding

(34
1 [56]
STBC STBC-SC-
FDE [56 2
STBC OFDM 2
TDE SC-FDE
SC-FDE FFT/IFFT
(4 STBC-SC-FDE
TDE STBC-SC-FDE
OFDM
2
STBC-SC-FDE [5,6]

2011-11-02 2012-06-02



. 186- 34
2.2
2
2 1 N, =2,
2.1 N, =1 Alamouti
STBC 1 W
STBC-SC-FDE N, N, d(n) /
p K’ 1 d(i) =[d(iK), L,d(iK +
q CIR K- / n
h.,=[h (0),L,h (L] L i n=ikK +k, k1 [o’ K - 1] d(i)
CP J K J>K T
J1 s(i)=Td(i) 2
IBI CP s(2i) s(2i+1) STBC 2)7 2
J
Irb €5,(2) S(2i+Du_é s(2) - Ps(2+)I®
(_3'3 q &,(2) 5,2i+)8 &(2i+1)  Ps(2) §~
! (€)
o . .
X, () =@ H,.5, (i) +w, (i) Q) P Hankel o
=1 [LoLo T R [0.00,L,0]T R*’
X, S, W, J STBC CP P 1
. . ~ , T
H,, Un(i) =T, 5,() mi [12] T, =8I, 174
J°J FFT prq |Cp I P-J 1
2
. \ .
D,,=F,H p,qFJH =dlag(hp,q; , 2 Alamouti STBC
h _=[h_ _(0),h @OL,h _(J-2 2 !
e X(2i) = H.5,(2) + H 5,20 +w(Z) ()
p q CFR
s X(2i +1) =- H,P5, (2i) + H,P5, (2i) +w(2i +1) (5)
h..(k)=gh . ()exp(-j2plk/d) , k=0,
Par .a; P 4 5 2 1 STBC-SC-FDE
1L,J-1 CIR k —
FEqT LR Y
; Win)
-"-|U-J:_ Ton H|{r]__ - i
" = hie il = Me
dn) e di) - s T RS ‘Y
K] 41 H i) 1)
- | iR o sl 21)
J P=]
R
din) = _‘1}1” 9 a7 ‘:['i} ST EH i | M1 ol ) ZWE] T J,mrn
e 4] no B ] WA o [ e ] e e
A

et |*7

1 STBC-SC-FDE




1 STBC-SC-FDE - 187

s2=N,
3
3.1
STBC-SC-FDE
FFT
x(i) y(i)
STBC —
FFT
5 P

PX'(2i +1) =- H"'s,(2i) + H/'5(2i) + Pw’ (2i +1) (6)

H'=-PH,P H) =PH,P
Hankel 7 2
J  FFT 4 6
F J—

y(2i) = D,F,5,(2i) + D,F,5,(2i) +?(2i) (7
y' (2i+1) =- D.F,5,(2i) + D;F,5,(2i) + 7 (2i +1) (8)

y(2i)=F,x(2i)) Yy (2i+1)=F,Px (2i +1)
2(2i)= F,w(2i) 7' (2i+1)=F,Pw’ (2i+1)

x FFT

0 STBC

_ ¢éD, D, ué F.s(2) u
V=é .. 06 .. at? ©9)
éDz - D1 ﬂeFJ S(ZI +1)f]

s(2i) =T, d(2i) s(2i+1)=T,d(2i +1)

9
_ éb D, uéF,T 0 ué d(2i) u
V=8 08 o Qe . . at? (10
éDz 'Dlﬂé 0 FJTzﬂéd(2|+1)0
_éDl D, u _éFJT1 0 u
T en u - e u
éDz 'lej e 0 FT 2U
- éd(a) u
d=a . ( (10)
&2+

y=DGd +7 (11)

hy = [hn(0), L h (DT,

mi [1,2] y
R;(0)=E{yy"}=DGs ]I, (DG)" +s]1,, (12
s? d(n)
d(n) w(n)
w(n)
R, (0) 2
DG>s 1, {DG)" 2K R, (0)

(13)

oo

H
d

H
w

(2
R, (0)=[U, Uw]éod Egu
di

?, =diag(l ,,L,1 ) 2, =diag(l ,.,, L

l,,) I, 2 L= 1, >l,,=L=l, =s;
Ud Uw
U'DG=0 u,
u kT [1,23 - 2K]
u'DG =0 (14)
&l o
u u.=a( g
‘ ‘ eS:u
J'1 14
éD D, uér,T
g Spe e g=0 (19)
éDz -Dl ue 0 FJTzu
J'1 a b a"diag(b)
=b"diag(a*) (15)
. _ediag(d) - diag(§, o
A i O R
gdiag(n,)  diag( )
= 0 0
8’ =0 (16)
60 (FT.)g
FJLﬂ —\/jFJ L+1
h,. =F "h_ 16
é(FLﬂ\T 0 u
AnT Hye v u
ghl h2 H L4 \H ux
?444444442344’444!4@I
édia 21 - di Lg u éF T, 0
g(d, ) ag(Q,) Ue 0 @7

o e bl M?

D(u,)



- 188

34

u kT [1,23 - 2K] (17)

g h Hfﬂﬂﬁﬂ%M@M&MMﬂJ: 0 (8

(18)

éh 0
FT%nfu:O (19)
2 U
:
A éh, {
h=ag 33 a
éh,
1) N y
1%t
RV(O)—Wa y(@)y" (i)
i=0
2) (13) u kT [1,23 - 2K]
3) (17) D(u,),kT [1,2J - 2K]
(18) F
4) (19) Fr
3.2
STBC-SC-FDE
(14) DG
rank(DG) = 2K
rank(D) = rank(D" D)
_¢D, D, u
~en U
éDz 'lej
éD, D, uéD, D,
D'D=g ‘gal g
éDz 'DlﬂeDz - D1U
4D, [* +|D,[ o u
s S B Ry
g O D, +[D,[ §
20 h h, FFT
D, =|D,[ +|D,[ D"D
D rank(D) =rank(D"D) = 2J
) éF,T, 0 u
2 2K G=ga a
é 0 FJTZG
Tl T2 Tl ! T2

rank(DG) = 2K

(19) FT

F F
2K (2 - 2K)= 2(L+1)

L K J

(18) F=F[Du)? L D(u,,)] F
F [DU)? L DU, )2
@=L+ YT
é(FJ ) T 0

J o1

o (FT,)§

o U
u » =

cm>m>q_\l
oo

L+1\HL:]
o (F™) g

rank(F) =rank(? )=2(L +1)
D(u,)? ,il [1,2] - 2K] DG
(15) (16)
rank(D(y,)? ) =rank(DG) = 2K
[D(u)? L DU, ,)? ]
2K (2J - 2K) 2J
rank ([D(u,)? L D(u,,_,,)? ])=2
Sylvester m’n
A n'r B
rank(A) + rank(B) - n< rank(AB)
< min{rank(A),rank(B)}
2(L+1)" 2] F 2)7 2K(2J- 2K)
[D(u)? L DU, ,)? ]
rank(F) +rank((D(u)? L D(u,,_,,)? - 2]
< rank(F)< min{rank(F),
rank((D(u,)? L DU, )? P} (21)

W >

2(L+1)+2J - 2J< rank(F)< min{2(L +1),2J}
(22)

2= 2(L+1) rank(F ) = 2(L +1)

3.1

1) h h, FFT

2) T,'T, T, T,
3) L T,
J K 2K (2] - 2K)= 232 2(L +1)
3.3
3.1 h
h a



STBC-SC-FDE - 189

1
- 6hU  ghy
R=etg=a gty a
#g oLl
. éhu
=gl
é.4
sh
—agfﬂ 4
&t
x(2|)-i (|)+iH S, (21) + w(2i)
a a
elu
e

=%44 SZIZ 4%1444‘2| )Uel 3+W(2I) (23)
% A

H, mi [12] H,
a=T, "X,
TTC*? T
X, x(2i) 2 4
a
a
4
CcPp 2 1 STBC-SC-FDE
2 J—
L=2
2
QPSK T, T,
J°J Walsh-Hadamard K
K=14 J=K+L=16
1 NMSE
~ 2 2
nmse=[f- hf* /Jh]
[56,8  NMSE
100 Monte Carlo 2
SNR N

NMSE

I — 1l i3 s

Ll
&

—8— N=50

—S— =100
—— y=200)
—&— N =
—p— N8

|
i
= T

ik
=

|
o
=

=40 |

=30 F

i E

=l

i 5 10 15 20 25

fRPELLAB

2 2 1 SIBC-SC-FDE

33
QPSK

ZF-FDE P 2

FDE

SER

FEE, A=T00
Ao, A=

=k

" 20 p
__'E .
0
-30) . . L .
il 5 I 15 28 25
e B
3 2 1 SIBC-SC-FDE MMSE-FDE  SER
3 [5]
(3]
[6] [5]
(3]
b =01 [5] b =01
T T J°J



- 190

34

Walsh-Hadamard

SNR 2
1
SNR 7dB
SNR 7dB

K 4
NMSE
N =100
4
2
SNR
(3]

FB

IH—E28 7 i

=15 x ; . s
v 3 16 |5 2 25
#lgn':l' JdB
4 2 1 SIBC-SC-FDE NMSE
5
STBC-SC-FDE
STBC-SC-FDE

[1] LARSSON E, STOCIA P. Space-time Block Coding for Wireless

(2

(3

(4

(5]

(el

Communications[M]. U K : Cambridge Univercity Press, 2003.
AI-DHAHIR N. Single-carrier frequency-domain equalization for
space-time block-coded transmissions over frequency selective fading
channels[J]. | EEE Communications Letters, 2001, 5(7):304-306.
COON J, BEACH M, MCGEEHAN J. Optimal training sequences for
channel estimation in cyclic-prefix-based single-carrier systems with
transmit diversity[J]. |IEEE Signal Processing Letters, 2004, 11(9):
729-732.

FRAGOULI C, AI-DHAHIR N, TURIN W. Training-based channel
estimation for multiple-antenna broadband transmissions[J]. |EEE
Transactions on W ireless Communications, 2003, 2(2):384-391.
CHEN Y S. A simple precoding-based blind channel estimation for
space-time block-coded single-carrier with frequency-domain equali-
zation systems[J]. |IEEE Transactions on Signal Processing, 2010,
58(10):5430-5437.

WU JY, LEE T S. Nonredundant precoding-assisted blind channel
identification for single-carrier space-time block-coded transmission
with frequency-domain equalization[J]. IEEE Transactions on Signal
Processing, 2007, 55(3):1062-1080.

ZHOU S, GIANNAKIS B. Single-carrier space-time block-coded
transmissions over frequency-selective fading channels[J]. |EEE
Transactions on Information Theory, 2003, 49(1):164-179.

KRAUSS T P, ZOLTOWSKI M D. Bilinear approach to multiuser
second-order  statistics-based blind channel estimation[J]. 1EEE
Transactions on Signal Processing, 2000, 48(9):2473-2486.

1977-

1964-



	23
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6


