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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 equalization 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 resid-

ual scalar ambiguity could be resolved. The proposed algorithm can estimate the channel impulse response of 

STBC-SC-FDE systems with redundant precoder only relying on the second-order statistics of the received fre-

quency-domain signal. Simulation results confirm the proposed algorithm is stable and reliable, and has high estimation 

and equalization performance. 
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��ÌG h É¸'�ÁJ_ÕK_ α 4ð



� 1 � ������	
��
�� STBC-SC-FDE ����������� �189� 

 

1 1
**
22

ˆ
ˆ

ˆ
α

 

 

= =
 

 

   

 

h h
h

hh
4a
åWÁÕK_α 4xyV�

 �ÅÆpqZÝÞ�S�iÅÆà��ÅÆ$j

�|}��8hu��É¸:V�0

1

*
2

ˆ
ˆ

ˆ

 

=
 

 

 

h
h

h
 

1
*
2

α  

=
 

 

h

h
4klÄqÖ�4�OQ 

1 1

1 ˆ(2 ) (2 )i i
α

= +x H s 2 2*

1 ˆ (2 ) (2 )i i
α

+H s w  

�

2 2

*

1

ˆ (2 1) (2 )
1

i iα

α

 

 

 = + +
 

 

 

 

 

T

α

H Θ d w
�������������������������������

 (23) 

éZ4 [ ]ˆ , 1,2µ µ ∈H 	hu�� µH �|}�$mn

ëì�op±4O|}ÕK_/�

1
t t
−=α T x 4éZ4

2 2
t C ×∈T 	� T ����8����:B��¡

¢4 tx 	/� (2 )ix �� 2Á¡¢$O\4��a 4

Á�iÅÆà��ÅÆðO
åÕK_α $ëì:
V�op±4ã�aqR��iÅÆà��ÅÆ


|}ÕK_α 4�iÅÆrß4|}s_rh4t
.-�)rb4���iÅÆ�ß_�adF¿À

|}s_8.-�)�a£$ 

4  ����� 

YP�Á�� CP � 2 � 1 ¬ STBC-SC-FDE

Ôrs01��uhvw$
( 2ÁAÞ�A	�

�Vx�ÁrsÔy�	z{�<�¸A���

�4��Ïp 2L = 4ù'|}�	45M�6�

~�;h�î04§���pV«¬K� 2Áüý

pqÔ��¸¸�yk~�¸®ï4��ÅÆÇ�

QPSK �Æ$������  1Θ @ 2Θ O�ê 

J J× íWalsh-Hadamard� Z�+@ K�$uh

�4 14K = 4 16J K L= + = $ 

�� 1  |},¼$���ï>����NMSE�

�?�01���|},¼4-

2 2ˆNMSE= −h h h 4

WóÇ�[G3$�F"#
å�|}�ÕK_4

º���R_����[5,6,8]D4NMSE �}¹>

/î 100_ Monte Carlouhæ z>�$ø 2t

kM�ë`�SNR�±4G�kMpqÔp� N�

����|} NMSE,¼��$ 

 
� 2  2 � 1 � STBC-SC-FDE �����	
� NMSE �
 

�� 2  >?,¼$td?�01�>?,¼4

Wóª� 3.3f���
ÕK_��%������

|}4�QPSK�ÆZ+@* 8ÁÅÆ�t�[�

��ÅÆ
|}J_ÕK_α $ª�
ÕKæ���
|}���()=��>?�ZF-FDE�[5]

4Vüý 2

ÁrspqÔy�êª��|}���@hu��

%«¬�Æ�� FDE401�ÅÆ)�SER��u

hE�÷ø 3 ùÎ$OH�	4�|}���
>

?«¬�Æ4X���|}�«¬pqÔp���

Tá�4>?,¼O��«
hu���o�$ 

 
� 3  2 � 1 � STBC-SC-FDE ��� MMSE-FDE � SER �
 

�� 3��,¼`�$td8��[5]Z����

���������|}¹���`����[5]

�,¼\���[6]4��Wó�%`��[5]�4u

h�4%���[5]Z�¹�4-������� 
¡¢ 0.1β = ���[5]Z�uhE�Í½4 0.1β = �

|},¼[�4t>?,¼���$%�°�PQ

���4������  1Θ @ 2Θ ���ê J J×

1 1
ˆ (2 )iH Θ d



�190� �  �  �  � � 34 � 

 

í Walsh-Hadamard � Z�+@ K�$ø 4 tk

M SNR± 2�|}��� NMSE%`4Wó��

��|}�«¬�ÆÅÆÔp 100N = 4§ª�u

h 1 Z�[G3$�F�
åJ_ÕK_$%ø 4

O\4X SNRG� 7dB�42����|},¼«


4X SNRá� 7dB�4~� SNR���Tá4

°�PQ���|}���o�G42��[5]Z�

��|}����G¦k½¾$ 

 
� 4  2 � 1 � STBC-SC-FDE �����	
� NMSE �
 

5  ��� 

°��%()*+,����± STBC-SC-FDE

01����|}´µ4¶}d���������

�()=�·�¸��|}¹�4¦²³d¹��O

TU,VWHg
ÕK_��$º¹��ª����

�� STBC-SC-FDE01�()=«¬�Æ�3Ï1

}�ðOPQ01��=��ÌG$uhE�Í½4

º¹�{(<O�4&'���|}s_@>?,¼4

½¾\�v'��¸=�|}¹�$ 

����� 

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

Communications[M]. U K: Cambridge Univercity Press, 2003. 

[2] Al-DHAHIR N. Single-carrier frequency-domain equalization for 

space–time block-coded transmissions over frequency selective fading 

channels[J]. IEEE Communications Letters, 2001, 5(7):304-306. 

[3] 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. 

[4] FRAGOULI C, Al-DHAHIR N, TURIN W. Training-based channel 

estimation for multiple-antenna broadband transmissions[J]. IEEE 

Transactions on Wireless Communications, 2003, 2(2):384-391. 

[5] 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. 

[6] WU J Y, 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. 

[7] ZHOU S, GIANNAKIS B. Single-carrier space-time block-coded 

transmissions over frequency-selective fading channels[J]. IEEE 

Transactions on Information Theory, 2003, 49(1):164-179. 

[8] KRAUSS T P, ZOLTOWSKI M D. Bilinear approach to multiuser 

second-order statistics-based blind channel estimation[J]. IEEE 

Transactions on Signal Processing, 2000, 48(9):2473-2486. 

 
����� 

 

 

 

����1977-��������	�

���
�������������

������� !"��#$ 

	
��1964-����%&'(	�
)���
����*+ 
�,-��

����������� ./.0#$ 


