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User signal recovery based on channel matrix division 

GUO Bin, BAI Xue-mei, F. Mohammed 
(School of  Electronic & Information Engineering, Changchun University of Science and Technology, Changchun 130022, China) 

Abstract: Multi-user MIMO-OFDM channel dispersion effects can be considered as a set of instantaneous mixtures from 

the viewpoint of frequency bin (FB). Upon the arrival of a new user, the new interferences will be introduced, resulting in 

an expanding channel matrix structure. The expanded matrix contains known and unknown information, a blind separa-

tion structure containing two parts which correspond the two types of information. To select a blind separation method, a 

proposed method uses the correlation between the signals to derive a new structure of the mixing matrix. Then the signals 

from different users at each FB are separated using the known channel information, thus the uncertainty of blind separa-

tion is corrected. The validity of the proposed method is demonstrated by computer simulations. 
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1  �� 

MIMO-OFDM(multiple input multiple output- 

orthogonal frequence division multiplex)������

� B3G/4G �	
�������������

���������� !"#$%�&'�(�

)*+

[1~5]
� 

,�-.�/01#�(234536789

:;<=>�?@MIMO-OFDM���AB�CD

EFG<HI��(�J#KLM-. MIMO- 

OFDM ��NOL67�/4M-.MPQRST

QR�/�UVDWX�YZ#[\] MIMO- 

OFDM��^��(23_`ab+� 

c@MIMO-OFDM����(23��9d`

3e#fgh�(23ijh�(23Dkh�(2

3

[6~11]
�[ 3e�(23��c�(�23l4c�

(j�J23�mn

[12,13]
#Kc�(op�J�q

�r-st�u#vwxcM-.MIMO-OFDM�

���(op)-�J�r-y(�M

[14~17]
� 

z{xcM-. MIMO-OFDM ��|}~

r-�(op)-�J#L�`����N�-

w�}�(��J���N�-.�/01��

�����2011-05-17m�����2011-10-25 



� 12 � ������	
��������	��� �147� 

 

��z{��L�T��^#�5�OL�-.

��(�23#���-.�����-.�/

�01���� 

���-.����#�(�����<�

�#���^�`��23��J#��)��<

23��(�� p 2op#f�¡�J¢��D

<23�¢���xc 2P¢��#z{r-hp

£��53c¤ 2P¢���p£¢��#�h¥

�7¦§��}���-.��G�p£���

�#¨K01���-.��/� 

|}���©@ OFDM �/ª`�«¬�

(CP)i£®¯°±²³ (DFT)´£®¯°±µ²³

(IDFT)AB/�A�¶+#��L·P�"¸¹º»

9¼½§YZ¾¿#[P¾¿)�,�hÀp£

(BSS)��ÁÂ�?@ BSS ¥�;¼�p£��/

§ÃÄ�Å³�IÆ���#�Ç?@
���^

1È�/�¶+#]LÉÊ��"¸¹OL�/Ë

ÌDÉÍ�²Î#z{�r-ÉÏ��
Ð�`�

J#AÑÅ³�IÆ���#]�ÒÓ�ÉÍ»�

ÔÕ� 

2  ������	
� 

�5 MIMO-OFDM ��` TM PQRSTD

RM P67ST#c@·9P-.lÖÅ9P×Ø

�QÙST�[Ú TM PQÙST-.�/4

DQPSK �/#$��ÛÜÝ4ÞÈ� 0 %ÉßØ

à��áÌ� N��âã/äLå iPQRST�

�/� 

 [ ]T
( ), ( 1), , ( 1)i i i iS S k S k S k N= + + −L  (1) 

æÐ N¸µ£®¯°±²³� 

 [ ]T
( ), ( 1), , ( 1)i i i is s k s k s k N= + + −L  (2) 

[°# 

 
2π1 j

0

( ) ( )e
mnN

N
i i

n

s k n S k m
−

=

+ = +
∑

 (3) 

$%�4 N�Ñ�ç#á� G�&èéê(CP)��

�#á�( G N+ )�å k NPã/ä g
is �ëì� 

( ) ( )( ) , , ,0, , 1g
i i

N
s k m s k m m G N+ = + = − −

ur ur ur

L L  (4) 

w^# ( )Nm
ur

�m
ur

í N�í�� T(1 )g
is i M� �  

�
Ð�Ê�îï� #�å j P67STð

67��/�?@��ÊñD§éòó�¥��æ

�Ýô#��z{�5·P-.õé_`ö÷�Ê

ñD�`-.^lº»HI�§éòó�øù#6

7�/�úû���ëìÝ 

 
T

1 0

( ) ( ) ( ) ( )
hM

g
j ji i j

i

x k h s k z k
τ

τ
τ τ

= =

= − +
∑∑

 (5) 

w^# ( )jz k �ÞÈ� 0 ��üýWX# hτ ëì�

( ( ) ( )0 , ,ji ji ji hh h h τ =
 

L �þ�?@�Ê�( jih O

L�Êþ

jihτ #��

jihτ ���È� hτ #L
jih hτ τ< �

��^��(` 0�ÈOL#��
Ð��)�ë

ì� 

 
T

1

( ) * ( ) ( )
M

g
j ji i j

i

x k h s k z k
=

= +
∑

 (6) 

w^#

T
( ) ( ), , ( 1)j j jx k x k x k N = + −

 

L % ( )j k =z  
T

( ), , ( 1)j jz k z k N + −
 

L �67ð��CP#f���

�	�ð�/ä
��ã/

T
( ), , ( 1)j jx k G x k − −

 

L

#

[° hG τ� #��C(6)²� ( )is k ´ jih �«¬�

õD�
Ð¸ N�£®¯°±²³õ� ( )jx k � 

 
T

( ) ( ), ( 1), , ( 1)j j j jX k X k X k X k N = + + −
 

L  (7) 

[°# 

 
1

0

1
( ) ( )exp j2π

N

j j
n

mn
X k m x k n

N N

−

=

 + = + −
 

 

∑

 (8) 

L��°)�ëìC(6)� 

 
T

1

( ) ( ) ( )
M

j ji i j
i

X k S k Z k
=

= +
∑

H  (9) 

ø�¢��^OL����¶+#�� jiH 4

c������4×-.���#×ñáÞ���

�¨�c�/�01#�4��4M-.���#

¹C^� i( T1 i M� � )\<���-.
�

(MUI)�] ( ) ( , )ji jim H m m≡H% #¹C^�å m¢�

��å jPST67�/��ëì� 

 
T

1

( ) ( ) ( ) ( )
M

j ji i j
i

X k m m S k m Z k m
=

+ = + + +
∑

H% # 

 0 1m N −� �  (10) 

?@C(10)�� j# R(1 )j M� � #)»� 

 ( ) ( ) ( ) ( )X m m S m Z m= +H %

% % %  (11) 

$%# 



�148� �  �  �  � � 32 � 

 

 
R

T

1 2( ) ( ), ( ), , ( )MX m X k m X k m X k m = + + +
 

%

L  

 
T

T

1 2( ) ( ), ( ), , ( )MS m S k m S k m S k m = + + +
 

%

L  

 
R

T

1 2( ) ( ), ( ), , ( )MZ m Z k m Z k m Z k m = + + +
 

%

L  

 

T

T

R R R T

11 12 1

21 22 2

1 2

( ) ( ) ( )

( ) ( ) ( )
( )

( ) ( ) ( )

M

M

M M M M

H m H m H m

H m H m H m
m

H m H m H m

 

 

 =
 

 

 

 

H

% % %

L

% % %

L

%

M M O M

% % %

L

 

��(11)������	
�������

�������������� !��"#$

%&'()�����*+,���-./012

34�	 5 N6/��789 

3  ��������	�
�� 

:;�<����=>?6 R TM M× �MIMO- 

OFDM���@AB12CD�B�EFGCD�
��-�����HIJK 5 R T( 1)M M× + 9L

M R TM M× NO���"PQR"S�TU��V

W m6��(FB)�XY"#�	Z[5 

 ( ) ( ) ( ) ( )X m m S m Z m= +H  (12) 

\]� 

T T 1

T T 1

R1 R T R T 1

1,1 1, 1,

2,1 2, 2,

,1 , ,

( ) ( ) ( )

( ) ( ) ( )
( )

( ) ( ) ( )

M M

M M

M M M M M

H m H m H m

H m H m H m
m

H m H m H m

+

+

+

 

 

 =
 

 

 

 

H

L

L

M M O M

L

 

 
R

T

1( ) ( ), , ( )MX m X m X m =
 

L  

 
T 1

T

1( ) ( ), , ( )MS m S m S m
+

 =
 

L  

 
R

T

1( ) ( ), , ( )MZ m Z m Z m =
 

L  

�(12)���� 

 [ ]
T 1

r

r u

( )
( ) ( ) ( ) ( )

( )M

S m
X m m H m Z m

S m
+

 

= +
 

 

H  (13) 

��� 

T

T

R R R T

1,1 1,2 1,

2,1 2,2 2,

r

,1 ,2 ,

( ) ( ) ( )

( ) ( ) ( )
( )

( ) ( ) ( )

M

M

M M M M

H m H m H m

H m H m H m
m

H m H m H m

 

 

 =
 

 

 

 

H

L

L

M M O M

L

 

	
 R TM M× ������� 

 
T 1 T 1

T

u 1, ,( ) ( ), , ( )M R MH m H m H m
+ +

 =
 

L  

	
 R 1M × ��������� 

 
T

T

r 1( ) ( ), , ( )MS m S m S m =
 

L  

���(13)������������� !"#

�$%&'()��* m+,-� X1. X(m)�/

0123�4 

1

T 1

H
1

11 12 1

( , ) E ( ) ( )

, , ,

X X

M

R m m X m X m

R R R
+

 =
 

 =
 

L

 
(14)

 

��� 

 

T 1

*
11 1 1

22

1,1 1,

E ( ) ( )

( ) ( )M

R X m X m

H m H m
+

 =
 

= + +L

 
(15)

 

5 

T T

*
1, 1

* *
1,1 ,1 1, ,

E ( ) ( )

( ) ( ) ( ) ( )

n n

n M n M

R X m X m

H m H m H m H m

 =
 

= + +L  (16)
 

6�78� 

T 1 T

2 22

1, 11 1,1 1, 11( ) ( ) ( )M MH m R H m H m A
+

= − − − =L

&

 

  (17) 

T 1 T 1

1 T 1

*
1, ,

* *
1, 1,1 ,1 1, ,

( ) ( )

( ) ( ) ( ) ( )
T

M n M

n n M n M

H m H m

R H m H m H m H m

+ +

+ +
= − − −L

1 2, ,n RA n M= = L

&

  (18) 

9:

T 11, ( )MH m
+

�0;�

je mθ
�<�=> 

 
T 1

j
1, 11

ˆ ( ) e m
MH m A θ

+
=  (19) 

 
T 1

*
j1

, R

11

ˆ ( ) e 2, ,mn
n M

A
H m n M

A
θ

+
= = L�  (20) 

?@� 

( )T 1

T***
1j 1312

u 11

11 11 11

ˆ ( ) e , , , ,m
MAAA

H m A
A A A

θ +
 

=
 

 

 

L  

j
u ( )e mH m θ=   (21) 

�* m+,-�ABC�DE����F�� 

 [ ]r u( ) ( ) ( )m W m W m=W �  (22) 

��� 



� 12 � ������	
��������	��� �149� 

 

T

T

R R R T

1,1 1,2 1,

2,1 2,2 2,

r

,1 ,2 ,

( ) ( ) ( )

( ) ( ) ( )
( )

( ) ( ) ( )

M

M

M M M M

W m W m W m

W m W m W m
m

W m W m W m

 

 

 =
 

 

 

 

W

L

L

M M O M

L

 

5 

 
T 1 R T 1

T

u 1, ,( ) ( ), , ( )M M MW m W m W m
+ +

 =
 

L  

GHIJ�K�DE�DE��LMNO)P

'( 

H ˆ( ) ( )m mW H
H

r
r uH

u

( ) ˆ( ) ( )
( )

W m
H m H m

W m

 

 =
 

 

 

 

T T

jH H
r r r u

jH H
u r u u

( ) ( ) ( ) ( )e

( ) ( ) ( ) ( )e

0

0 1

m

m

M M

W m H m W m H m

W m H m W m H m

I

θ

θ

−

−

×

 

=
 

 

 

=
 

 

 

(23)

 

Q<:R�DE�� W(m)�BC��S�

��A�BC0;�TU= 

T T

H H
H r r r u

H H
u r u u

j

( ) ( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( )

0

0 e m

M M

W m H m W m H m
m m

W m H m W m H m

I
θ

×

−

 

=
 

 

 

=
 

 

W H

 
(24)

 

0;

je mθ−
�VWX�����YZ0;�[\

YZ0;]^7_`ab�c0defgh

[16]
i

j�]k6Q<l�H�=��������mn

�o�p�qDE�ghrstuqDE�vwx

y�z{|H�����}~��� 

�b�%&���)�Q<%&|����z

��<�����B<�����01R�=> 

T 1

*
11 1 1

22 2
1,1 1,

E ( ) ( )

( ) ( )M m

R X m X m

H m H m δ
+

 =
 

= + + +L

 
(25)

 

���

2
mδ �%&�* m +,-�g�������

����gh�R���{��gh����� 

4  ���� 

GHe�gh�=�y�B{���h��R

���Z��ZD�������30 5v �

��)���� 

�¡���¢` DQPSK £¤����¥¦§

N=16�CP�¨G5�9 600 DQPSK��F©DG6003

ª«�z£¤� 600+ OFDM¬����:G®v

¯�τ =3�FIR°§±��²+ τ ³��´�µ¶3ª� 

� 2+�·���·���D�� 3 4̧ 5̧ 8̧

+�������¹=V���WX���¯

� 3 +���·��Q 3¸4¸5¸8 +�����

���Z�º».��0 �¼½�¾� JD(joint 

detection)gh[18]
��¿À�Q<���=��Á�

����o�A��Â 1�6
�{��hº».

JD��»cÃ�Ä� 

 
� 1  R T T( 3)M M M≠ = � JD� BSS�����	 

a"#�Å=V��WX�®b� 3 +�

��D�� 4¸5¸6¸8 +���������Æ

�Zº»ÇÈÂ 2 A
É�WXV��ÊB���

��}~�». JDgh¿ÀzÅ=�¶Ë�¯Ì�

A�[Ík{��ghÅ=Î JD ghÏÐp�Ñ

,ÒP�ÓJ Ð���}~�»�[BÔÕÖ×

=ØÙÚÛÜ�ÝÞ��ß3ª�ÔÕ 4+Ñ,A

Á�Ö×�{���hàvÎ JD ghBáâ��

���ãäR����åR�DE�����5�P

�3ª�Bb�]æ��®�k6{|Hç���� 

 
� 2  R T T( 4)M M M≠ = � JD� BSS�����	 




150
 �  �    � � 32� 

 

ÈÂ 3A
�´ØV��3�èW�����

�èW3�B��éê��H�ë�ìíèW�

��3�.����3�0î�»�ïð��ñÆ

Â 3ò��¹��3�ó` 6B�Ê��}~��

»ôõ)ö� 

 
� 3  R TM M= ����� 

5  ��� 

��÷<����ãD�o{�H MIMO- 

OFDM��æ����}~�gh���=��b

��������)�_`BVWXøù����µ

¶��áâ���Dú�:RH��qDEgh�D

E���ûÞHÙVR�����3�üý��z

��bc0defgh

[18]
þ�Q<qDEAÖ�0

;YZ�l������otuHqDEvwxy�

{������}~�hv���Ñ,ÒP���

ÒP�ËË�ÔÕHÖ×�R���Z�ëH�h�

=�yzDúH���3	B��éê� 

����� 

[1] ASHISH N, ATUL SRIVATSAN K R. A novel channel estimation 

technique for MIMO-OFDM systems for frequency selective rayleigh 

channel[A]. Devices and Communications (ICDeCom)[C]. 2011. 1-5.  

[2] MUJTABA S A. Standardization of MIMO-OFDM technology[A]. 

Networking and Communications Conference, INCC 2008[C]. 2008. 7-8.  

[3] STUBER G L, BARRY J R, et al. Broadband MIMO-OFDM wireless 

communications[A]. Proc IEEE[C]. 2004.271-294. 

[4] SKLAVOS A, COSTA T E, HAAS H, et al. Joint detection in 

multi-antenna and multi-user OFDM systems in multi-carrier[A]. 

Spread-Spectrum and Related Topics[C]. 2002. 

[5] KIM J, CIOFFI J. Spatial multiuser access OFDM with antenna diver-

sity and power control[A]. Proc of Vechicular Technology Confer-

ence[C]. 2000. 273-279. 

[6] BAI W, CHEN H E, JANG L, et al. Blind channel estimation in 

MIMO-OFDM syetems[J]. IEICE Trans Commun, 2002, e85(9): 1849-1853.  

[7] LIU H Y, SUN J C. Blind MIMO-OFDM channel estimation based on 

ICA and KRLS algorithm[A]. Wireless Communications[C]. Net-

working and Mobile Computing[C]. 2009. 1-5.  

[8] CHEN Y S, WU J Y. Statistical covariance-matching based blind 

channel estimation for zero-padding MIMO-OFDM systems[A]. IEEE 

International Symposium on Circuits and Systems[C]. 2009. 832-635.  

[9] YANG W W, CAI Y M. Pilot embedded semi-blind channel estima-

tion for MIMO-OFDM[A]. Signal Processing and Its Applications, 

ISSPA 2007[C]. 2007. 1-4.  

[10] CHEN X, LEYMAN A R, FANG J. Blind channel estimation for 

linearly precoded MIMO-OFDM[A]. IEEE International Conference 

on Acoustics, Speech and Signal Processing[C]. 2006.   

[11] LI W X, LI P, LIU X, FENG C. Semi-blind channel estimation for 

MIMO-OFDM systems[A]. Measuring Technology and Mechatronics 

Automation (ICMTMA)[C]. 2011. 217-220.  

[12] ���. ������������ !"[J]. #��, 2005, 

33(6):1073-1076. 

HU Y J. An improved blind multiuser detection based on subspace 

tracking[J]. Chinese Journal of Electronics, 2005, 33(6): 1073-1076. 

[13] $%, &'. ()*� LMS ���� ![J]. +,�-./

�(0123), 2004,5(1):10-14. 

WANG Y, LIU J. LMS algorithm with variable step size for blind mul-

tiuser detection[J]. Journal of PLA University of Science and Tech-

nology, 2004, 5(1): 10-14. 

[14] XIA P F, ZHOU S L, GIANNAKIS G B. Adaptive MIMO-OFDM 

based on partial channel state information[J]. IEEE Trans Signal 

Process, 2003, 51(15): 1143-1155. 

[15] HUANG B G, HUI Y, ZHANG W Q. An adaptive LDPC-coded 

MIMO-OFDM system with partial channel state information[A]. 

Communications and Networking in China[C]. 2007. 1102-1105.   

[16] XIAO C S, ZHENG Y R. Transmit precoding for MIMO systems with 

partial CSI and discrete-constellation inputs[A]. Communications ICC 

'09[C]. 2009. 1-5.  

[17] GUO B, LIN H, YAMASHITA K. Multiuser detection for MIMO- 

OFDM systems based on known partial CSI[A]. Wireless Pervasive 

Computing[C]. 2006. 1-4.   

[18] SKAVOS A, WEBER T, COSTA E, et al. Joint Detection in 

Multi-Antenna and Multi-User OFDM Systems[M]. Multi-Carrier 

Spread-Spectrum & Related Topics. Netherlands: Kluwer Academic 

Publishers, 2002. 191-198. 
 

����� 

 
 
����1976-���������	
������

����������������� !�" 
 

F. Mohammed�1976-��#�$%��������

&'�(����������� !�" 

	
�1965-��#����	
)��

��������*+,������

����� !�-./0�" 


