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Abstract: For the uplink OFDMA systems, a random-set theory based multi-user channel estimation algorithm was pro-

posed. In the proposed algorithm, states of the users and the multi-path channels were modeled and described by a finite 

random set. Then the Bayes filtering was utilized to formulate the problem of multi-user channel estimation. To obtain 

both the accepted channel estimation performance and low computational complexity, the Rao-Blackwellized particle fil-

tering algorithm was applied to approximately solve this Bayes filtering problem with small number of particles. Simula-

tion results show the effectiveness of the proposed algorithm. 

Key words: OFDMA system; channel estimation; random set; particle filtering 

 

1  �� 

������ (OFDMA)������	

(OFDM)
���
�������������

���������� !�
"�#$%&	

'�()*��+,-./01234�� "5

�67/0!12�89:; OFDMA<=>?@

12/0ABCD�EF+GHIJ�#KLMN

O

[1]
�PQR� ST�1UVWXYZ 

[ OFDMA\5<=]�12^_.A�`a

bcdef��<=�gh+M.AZijk�l

?�m�nOFDMA\5<=��	'12^_o

pRqrZst[2]$r�m�nuvwx(LS)Vy

� OFDMA\5�	'12^_opZst[3]yz

�%{yX|(irregular sampling)��}~f12

^_op]���*12^_op����Z�s

t[2,3]%&�st[4]X	�����(BEM, basic 

expansion model)k����D�+�,-.12�

�����2011-01-17g�����2011-07-01 

�����hijkl��mn!opq61101115rgstuvwxyzl{op(2009A301)gst|�}~l{�mop

(2010LDQN02)  

Foundation Items: The National Natural Science Foundation of China (61101115); The Scientific Research Fund of the Education 

Bureau, Liaoning Province (2009A301); The Young Scientific Research Fund of Liaoning University (2010LDQN02) 



�90� �  �  �  � � 33 � 

���n LS HT.uv��g�Vyqr 2 m	

n OFDMA\5<=�12^_op�"��H$

r* BEM ���12^_���������

(CRLB)Zst[5]yz��}~��!�
���

�	OFDMA\5<=]��H1�!�����

��.�qr�m�n!��� ¡12^_o

p�()*¢�	'12�?F^_Z 

���\��£¤�l?
¥op�¦§¨

OFDMA\5<=]�L©	'(active user)ª�«

�¬12­�(12£�®�¬ ª)¯z°±%²

�Z³9[(´�ST<=]�µnl?L©	'

¶·¸¹?º�L©	'r)

[6,7]
�PQ<=]L©

	'ªz©»²4�¼Q½�¾ L©	'¢¿�

12�¬ª�«�¬/0<ªÀ£Az�²�

[8]
Z

PQ�l?12^_op"ÁÂ;ÃÄÅÆ�.

AZ¢n\������st[6,7]ÇÈÉÊ:	Ë

ÌÍÎÏ

[9,10]
kÐÑbc��h���<=��	

'ÒÓ���ÔÕstÖ?×Ø12��²N.Z

st[8,11]yÙzÚ¢Û	'MIMO-OFDM<=�

���	ËÌÍÎÏHÜ!Ý
�pÐÑ��S

TaÞ���²12^_��Z 

[st[6~8]���\�ßsÚ¢ OFDMA\5

<=]L©	'ªH12�¬ª&�©»²4


���àá�qr�m�nËÌÍHâãäÝ
Î

Ï

[12]
�å�æç�	'�²12^_opZÕop

:	?èËÌÍékê�HëìL©	'í»D1

2�¬í»H12îïe¿MÁðñ�X	Ü!Ý




[13,14]
�pò5óiôÐ�()*��STõÞ�

��	'�²12�âãä^_Z 

2  OFDMA ������ 

×Ø� >? K 	'� OFDMA\5<=�

<=ö�!�
ª� N�¾ 	'�#;f�!�


ª� kN �÷

1

K

kk
N N

=∑

� Z§¨¢nø m  

OFDMùúû��ø k 	'��ü 1N × ýùúû
�þñëì� ,m ks � ,m ks ø n ��£�±�� 

 
, , , ,

, , , , , ,

, ,

, ,

0,

m k n k d k d k

p
m k n m k n k p k p k

k

d n I I I

s d n I I I

n I

∈ ⊂


= ∈ ⊂


 ∉


 

�]� , ,m k nd H , ,
p

m k nd ��ëìª�1�Hå�1��

kI �ë	' k�#;f�!�
Íé� ,k dI H ,k pI �

�� kI ]�ª�!�
ÍéHå�!�
ÍéZ 

	'ùú��� OFDM ��	;f��üù

úû�£�ëì�

H
, ,sm k m kx = W ��]�

H( )⋅ ëì


�3��W � N N× 
���ã²�(DFT)���

W �ø ( , )p q  ��£�ëì� ,[ ] 1/p q N= ⋅W  

exp( j2π / )pq N− �0 , 1p q N −� � Z�üû� ,m kx R

	'�ù�r�����*·�û������¦

���\� ­��n maxL ��õ� (CP)��]�

maxL ëì�¬12u�­�Z§¨<=]ø k 	

'¢¿�12îïe¿<ª� ,
l
m kh � max{1, , }l L∈ L �

÷12í»H<ª[� OFDMû�!"#%²�

ÔË$%&� OFDMû�ù%²4Z§¨c&�l

()Î'&(�y[� CPH DFT)Î	�å�!
�
*�\��ü��MFc&1�þñ my £�

ëì�

[1] 

 , ,
1

K

m m k L m k m
k

y z
=

= +
∑

S W h  (1) 

�]� mz ëì�+� 0D��� 2
zσ ��õ¢,�G

ä-���+e¿� ,m kS ëì�å�1�

, , ,{ , }p
m k n k pd n I∈ �¢.��� k kP P× ý¢.�� LW

�W[å�!�
*�\� maxkP L× ý!��� kP �

å�!�
 ªZQ½�/(1)] max1 T
, , ,[ , , ]L

m k m k m kh h=h L

ëì12/0<ªþñZ0�st[8,12]��¦£�

X	Gä123£4��kê�Hëì�²12î

ïe¿<ª�©»²4Z§¨<=]¾ 	'«��

¬12���56�yø k 	'��²12îïe

¿í»²4�7£�8�

[8] 

 1, ,
l l
m k m k hh ah v+ = +  (2) 

�]���<ª a9:*�²12²4;<� hv �

�+� 0D��� 2
vσ ���=©��Z 

3  ��������	
��
����� 

3.1  ����� 

0�/(1)H/(2)�¨ T T T
,1 ,[ , , ]m m m Kh h=h L �£�

��	'12^_ê��>�WìâãäÝ
�

�

[11,12]
? 

 1: 1: 1( | ) ( | ) ( | )m m m m m mp h y p y h p h y −∝  (3) 

 1: 1 1 1 1: 1 1( | ) ( | ) ( | )dm m m m m m mp h y p h h p h y h− − − − −=
∫

 (4) 

ò9£�;f mh �âãä^_u@Ð� 

 E[ | ] ( | )dm m m m m mh y h p h y h=
∫

 (5) 



� 1 � ����OFDMA ��	
��
������������� �91� 

µn\�âãäÝ
�¦AB;fÐ�Ð�P

Q£�X	Ü!Ý
ò5óiôÐ

[11]
Z 

3.2  ��������	
��
 

µ/(3)~/(5)£ð�l?âãä12^_op

�¨_�qz<=]	'ªH12�¬ª"#%

²Z³9�(´�ST<=£AC[l?L©	'

·¸HºL©	'r)M)D�ù%¼Q½�¾ 

	'¢¿�12�¬ªÀ£Az�²��E �1

2F¬¶·¸¹?º�F¬G�Zµst[6~10]£

ð�£�×Ø:	?èËÌÍéê�Hëì©»�

²�	'H12í»��	ÍéÎÏ]�“"Í”D

“�Í”D“�Í”�«Íé�8HI<k��	'«

12í»�©»²4Z 

§¨	ËÌÍé ,
l
m kℜ këìø k 	'«�

12ø l F¬�Áðí»�>J[�Kmø k 

	'�L©	'÷�12ø l F¬?F�y±�

, ,{ , , }l l
m k m kk l hℜ = ¼�9�Lø k 	'%zL©	

'¹Mø k 	'Q�zL©	'Ô��¬12ø

l F¬SF�� ,
l
m kℜ φ= �� �ÍéZPQ��

K mø k 	'í»«��¬12í»£�	Í

é"Í��/këì�E 

 
max

, ,
1

L
l

m k m k
l

ℜ ℜ
=

=
U

 (6) 

&Î�OFDMA \5<=]W?	'«�12

í»£�ëì� 

 
max

, ,
1 1 1

LK K
l

m m k m k
k k l

ℜ ℜ ℜ
= = =

= =
U UU

 (7) 

µ/(6)H/(7)£ð�ËÌÍ ,m kℜ H mℜ ��±

�nNéí»�� max{ } {1, , }k L× ×L C H{1, , }K ×L  

max{1, , } NL ×L C ZPQ�ËÌÍ ,
l
m kℜ � ,m kℜ H mℜ £

�O��� OFDMA\5<=]P 	'�í»�

12�¬�í»H12îïe¿Z�*Qn���

±�!Íé ,( )u
m kΩ ℜ D ,( )p

m kΩ ℜ H ,( )h l
m kΩ ℜ ��

� ,m kℜ [{ }k D max{1, , }LL HC \�RdZPQ�L

ëS	'í»� ,( )u
m kΩ ℜ HëS	'12�¬í»

� ,( )p
m kΩ ℜ lð��øk 	'¢¿�12îïe¿

£�	ËÌ!Í

, ,
, ,( ), ( )

( ) { }u p
m k m k

h l
m k m kk l

h
Ω ℜ Ω ℜ

Ω ℜ
∈ ∈

=
U

këìZ&Î�W?	'í»«�¢¿12í»À

£���!Íé ( )u
mΩ ℜ ( mℜ [ {1, , }KL \�R

d )� ( )p
mΩ ℜ ( mℜ [ max{1, , }LL \�Rd )H

T ,[ , ] ( ( ) ( ))
( ) { }u p

m m

h l
m m kk l

h
Ω ℜ Ω ℜ

Ω ℜ
∈

=
U

U

këìZ 

3.3  ��������	
��
 

\T��*>U�	ËÌÍé mℜ kê�Hë

ìOFDMA\5<=]�P	'í»«�12�¬

í»�0�st[9,10]�/(3)D/(4)WìâãäÝ


£��¿V8� 

 1: 1: 1( | y ) (y | ) ( | y )m m m m m mp p pℜ ℜ −∝ ℜ  (8) 

1: 1 1 1 1: 1 1( | y ) ( | ) ( | y )m m m m m m mp p pℜ ℜ ℜ ℜ δℜ− − − − −=
∫

 (9) 

�]� 1mδℜ − ëìÍéW�
[9]
�X³�Y (y | )m mp ℜ £

�µ/ (1)]����Y$r�í»3Z�Y

1( | )m mp ℜ ℜ − �_o�[��ËÌÍ��k����Z 

0�/(6)D/(7)�§¨µ�K 1m − fm�<
=]\³C[�L©	'µËÌÍ 1( )m mΑ ℜ − kë

ì�ºr)�L©	'µËÌÍ mΒ ëì�y mℜ £

�ëì� 

1( )m m m mℜ Α ℜ Β−= U  

( )( )max | | | |

, 1, ,
1 1 1 1

( )

u p
m mLK

l l l
m k m k m k

k l k l

Ω Β Ω Β

Α ℜ Β−
= = = =

 

 

=  

 

 

 

 

U

UU U U

 (10) 

�]� | |⋅ ëìÍé�ªZ&��ßs§¨?1) �

KmÁ·¸�L©	'¯zk]�K 1m − �L©
	'�E 1( )m m mΑ ℜ ℜ −⊆ ¼2) �KmÁ·¸�L©

	'%£A��ºr)�L©	'�E 1( )u
mΩ ℜ −  

( )u
mΩ Β φ=I ¼3) �KmÁ·¸�L©	'�12

�¬%£A��ºr)L©	'�12F¬�E

1( ) ( )p p
m mΩ ℜ Ω Β φ− =I Z 

µ 3.2 T]W�H�\��£ð�$±ËÌÍ

1mℜ − �/(10)]� 1( )m mΑ ℜ − £�ëì� 

1 1 1( ) ( ( )) ( ( ))u p
m m m m m mΑ ℜ Ω Α ℜ Ω Α ℜ− − −= U U

 1( ( ))h
m mΩ Α ℜ −  (11) 

&Î�/(10)]� mΒ £�ëì 

 ( ) ( ) ( )u p h
m m m mΒ Ω Β Ω Β Ω Β= U U  (12) 

0�/(10)~/(12)�ËÌÍ mℜ �í»3Z^

ª 1( | )m mp ℜ ℜ − £�ëì� 

 1 1( | ) ( ( ) | ( ))u u
m m m mp pℜ ℜ Ω ℜ Ω ℜ− −= ⋅  

 1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− − ⋅  

1 1: 1:( ( ) | ( ), ( ), ( ))h h u p
m m m m m mp Ω ℜ Ω ℜ Ω ℜ Ω ℜ− − −  (13) 

�]� 1( ( ) | ( ))u u
m mp Ω ℜ Ω ℜ − 9:*<=]L©	'

í»�3Z²4¼ 1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −



�92� �  �  �  � � 33 � 

9:*L©	'í»lðàá����¬12í»

�3Z²4¼ 1 1:( ( ) | ( ), ( ),h h u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −  

1:( ))p
m mΩ ℜ − ëìL	'«�12�¬í»lð�

12îïe¿�í»²4Z
 3 _`a+b�^

ª�cd_o>efWìZ 
���\��Hgå�/(9)]� 1( | )m mp ℜ ℜ −

£µ/(13)Hef]/(17)~/(22)_o;f�ò9

£�()µ/(8)D/(9)Wì��nËÌÍ�âãä

�	'12^_Z 
3.4  ��������	
��
� 

µst[10,12]£ð�âãäÝ
�¦Sp;f

Ð�Ð�PQ£�X	Ü!Ý
��p0�Áðí

»	h�Ykóií»i(+Z¢n/(8)D/(9)

Wì�ËÌÍ���0�st[13]]j�.jX|

(SIR)op�«st[8]W�£; 

 ( )
( )

1:
1

( | y ) ( )
p

i
m

N
i

m m m m
i

p w m
ℜ

ℜ ℜ
=

≈
∑

 (14) 

�]�

( )i
mw ëìj�.k+� ( ) ( )i

m
mm ℜ

ℜ
ëìÍé mℜ

�l��Ó�

[8]
Z 

>st[8,10]W��Ü!Ý
op�í»^_m

�H����Áðí»ýª��n�PQ SIRop

��:	�ñX|Ü!ko"12^_�m�Zµ

/(1)£�pr�ym��� ,
l
m kh �T.qÓñ��«

( )u
mΩ ℜ H ( )p

mΩ ℜ �rT.qÓñZPQ£�X

	st[14]]�Rao-Blackwellized(R-B)Ü!Ý
op

ôÐ/(8)D/(9)����Ü!Ý
12^_op�_

o���Zsé�\���ßsqr��nËÌÍ�

OFDMA\5�	'12^_opop 1WìZ 

�� 1  �nËÌÍÎÏ��	'12^_ 
1) Ã 1m m= + � 1,2, , pi N= L   

2) 0�Èh�Yò5j�.X|? 
( )ˆ{ ( ) ,u i

mΩ ℜ ( )ˆ( ) } ~p i
mΩ ℜ ( )

1
ˆ( | ( ) ,u i

mp Ω ℜ −⋅
( )

1
ˆ( ) )p i

mΩ ℜ − ¼ 

3) _oj�.k+«�t�4u/? 
( ) ( ) ( )

1
ˆ( | ( ) ,i i u i

m m m mw w p y Ω ℜ−= ( )
1: 1

ˆ( ) , )p i
m myΩ ℜ − �  

( ) ( ) ( )

1
/ pNi i i

m m mi
w w w

=
=

∑

%

¼ 

4) jX|[13]
¼ 

5) ;fº�í»^_X|Ü!«k+?
( )ˆ{ ( ) ,u i

mΩ ℜ ( ) ( )
1

ˆ( ) , } pNp i i
m m iwΩ ℜ = ¼ 

6) Kalman^_;f12îïe¿^_+ ˆ
mh ? 

( ) ( ) ( ) ( ) H ( ) ( ) H
| 1 1( ) ( )i i i i i i

m m m m m m mM A M A V V− −= +  
( ) ( ) H 2 ( ) H 1

| 1 | 1( )i i i
m m m m z m m m mK M S I S M Sσ −

− −= +  
( )ˆ i
mh = ( ) ( )

1
ˆ + (i i

m m m mA h K y− − ( )
1

ˆ )i
m m mS A h −  

( ) ( ) ( )
| 1( )i i i

m m m m mM I K S M −= −  

ˆ
mh = ( )ˆ[ ]i

mhΕ  

�����(2)��� 1	 6)
�� max maxKL KL×

��

( )i
mA �

( )i
mV � 1 1 2 2( , )k l k l �������� 

[ ] 1 2 1 2 1( )
1 1 2 2

, , , ,
,

0,
i

m

a l l k k C
k l k l

∈


=




A
� �

��

 

[ ]
{ }
{ }

2
1 1 2 2 1

( )
1 1 2 2 1 1 2 2 2

1 , , , ,

, , , ,

0

h
i

m h

a l k l k C

k l k l l k l k C

σ
σ

 − ∈


= ∈








V �

� ��

 

��� 1C ��{ ( )
1 2

ˆ( ( )u i
mk k Ω ℜ= ∈ ( )

1
ˆ( ) )u i

mΩ ℜ −I �

( )
1 2

ˆ( ( )p i
ml l Ω ℜ= ∈ ( )

1
ˆ( ) )p i

mΩ ℜ −I }���� 2C ��

{ ( )
1 2

ˆ( ( )u i
mk k Ω ℜ= ∈ ( )

1
ˆ\ ( ) )u i

mΩ ℜ − � 1 2l l= ∈  
( )ˆ( ( ) \p i

mΩ ℜ ( )
1

ˆ( ) )p i
mΩ ℜ − }���� 

3.5  ������� 

�� 1 !"#$�%&'()*�+,�-.

/01234�5�678�92�:�

[9~14]
���

;<[11,12]�= xN �>?@A"#$B����C

D�EFGHI�4 SIR ��� Kalman ���5

�678��� ( )x pO N N �

2( )xO N ��JK��L

(MNOPQR�STPQ�UVCSTPQ�WX
YZD[�JE\ maxL )�]=P maxN K KLΩ = + �

�"#$B{ ( ), ( )}u p
m mΩ ℜ Ω ℜ ���CD�JE

G^\�P maxhN KL= ��_`�WXabc`d

D"#$B ( )h
mΩ ℜ ����CD�e�� 1 ��

��5�678fg�hg,hij� Kalman '

( 2k�l�� ( )pO N NΩ + 2( )p hO N N �mn��J

K��L�);��5�678G^:oJE\�

Dpq�

2( )p hO N N = 2
max( ( ) )pO N KL � 

4  ��������	 

�);�5�#rstu��]= OFDMAv

wdx�yO 128C&z(�{|}�� QPSK�

G~��JESTPQD� 4�VCPQ���o
�&z(D� kN =32�rsdx�>�PWX�

��n��=W���!�������W���

�W��������WXiP�����G��



� 1 � ����OFDMA ��	
��
������������� �93� 

��MWXabc`dD

2
, ,{ } ~ ( ;0, )l l

m k m k hh CN h σ �

� @ A � � �   , 1, , 1,{ | } ~ ( ; ,l l l l
m k m k m k m kh h CN h ah− −  

2 2(1 ) )ha σ− ����

2
,( ;0, )l

m k hh σ� � ��R\� 0¡

}¢�

2
hσ �6���£�a =0.999�WXJEYZ

D maxL =3�rstu��);���P�%&D�

20�VCPQ�P kP C¤¥W��¦§�R¨�£

�&z($B��¤¥W��P;<[15]�}�©

ª� !);��>«z(��}�¬­®]=�

mnrstuH¯°&z(��}±

[1]
�²� 

4.1  ��������	
����
�� 

]=YZWXVC³Z�©ª´��µ¶´

���� birth
pP =0.05� death

pP  =0.05�·OSTPQ�

µ¶´� death
uP =0.2�4¸¹�STPQ´�

birth
uP =0.2�ºSTPQD:ovwdx��JEP

QD»�¼½O¹�STPQ©ª�);��¡LS

��� OPTI-PF %&'(��[11]
�WXI5R}

¾¢(MSEf)�_`�¾��(BER)�¿ÀÁ 1N��

�� MSEfÂÃ� 

 

2

, , , ,
1 1 1

ˆ
M K N

m n k m n k
m k n

f

H H
MSE

MKN
= = =

−
=
∑∑∑

 (15) 

��� , ,m n kH �»ÄmPQ k�&z( nv�WX

¥�c`\� , ,
ˆ

m n kH �_`�I5\� 

 Á 1GHÅ4�);��ÆP"#$B}�

«PQ�WXYZ@AÇwÈ��I5�É LS �

OPTI-PF ��>ÊËPQ�WXYZD�»�+

,�mn);���WXI5� BER ,^9ÌÍ

!�Î 2Ï��� 

n��Á 2¡Á 334Ð 100COFDMÑ�¦§

Ò����P);��� LSWXI5���o�P
Q 1�PQ 2�WXÓÔÕÖ(SNR=20dB� kP  =16)�

 Á 2¡Á 3GHÅ4�PQ 1×Ø� 100COFDM

Ñ�¦§Ò[ÙSTPQ�ÉÙ�	 83COFDMÑ

�ÚÛµ¶��PQ 1¼Ü�PQ 2eÙ�	 31C

OFDMÑ�»ÄÝÞßà�STPQ�n��PQ 1

� 2áâ�WXYZDãÙTA���� 

äåÁ 2¡Á 3(a)�Á 3(b)�«�GH9ÌÅ

4�);��GHOæçèé4áCPQê�WX

³Z�@A���ÇÉt¸«WXabc`�12

I5�_ë� ! LSWXI5��ìíNOPQ[

�STPQ�UPQD�WXYZDîï¼��mn

ºSTPQ·ðµ¶ñSTPQWXYZDòª�

�»�LS ��ó«�WXVC³Z�ôõdDÇw

I5�öÉ��÷�¿Í�WXÓÔæÖ� 

  
(a) MSE�� 

 
(b) BER�� 

� 1  �����	
��
��������� 
3�
��������� 

 
(a) ������ �� 1
�!"#$ 

  
(b) �� LS
����� �� 1
�!"#$ 

� 2  �� 1
�!"#$�� 



%94% &  
  '  ( ) 33* 

 
(a) ������ �� 2
�!"#$ 

 
(b) �� LS
����� �� 2
�!"#$ 

� 3  �� 2
�!"#$�� 

4.2  ��������	
��
���(PCRB) 

À�� 1N��);��iPøù@AI5�

}�«V-»Ä�WX@AÇwt»I5�;<[16]

34ú-ûøù@AI5��� PCRBüý}��

»ÄmWXabc`@AI5R}¾¢ÂÃÀ�

(16)N��e);���WXI5R}¾¢� PCRB
��¿ÀÁ 4N�(SNR=20dB� kP =16)� 

2
, , 1:

( ), ( )

ˆE | | , ( ), ( )
u p

m m

m

l l u p
m k m k m m m

k l

MSE

h h y
Ω Ω

Ω Ω
∈ ℜ ∈ ℜ

 

= − ℜ ℜ
 

 

 

∑

  (16) 

 
� 4  ����+ PCRB��  

 Á 4GHÅ4� !);��ÙiP%&'

(þ�Û���J�ý�mnWXabc`R}¾

¢�)�Û! PCRB ��� 
4.3  �������������� 

);��I5,^"ij%&D�����

ÀÁ 5N�(SNR=20dB� kP =16)� Á 5GHÅ4�

);���I5R}¾¢"�%&D��Y�	

�
�mn�P�p�%&�GHt¸«YPQW

X�12I5� 

 
� 5  ����,-./0�1
����� 23 

4.4  ������������ 

��»�WXL(Mù-�Y
�ô���

0.01)�);��WXI5,^"STPQ´� birth
uP

�WXYZ�pOæ´� birth
pP �����ÀÁ 6N

�(SNR=20dB)� birth
uP � birth

pP �\�E��9dx�

STPQD�WX³ZD������E� Á 6

G?�ºSTPQD�WXYZD�����E

»�);���WXI5,^>òª9ÌL�� 

 
� 6  45�
������ 
����� 

5  ��� 

);�4-Ï�!OFDMAvwdx�YPQ

»�WXI5������ÆP"#$����'

(��«YPQWXI5��ÇwÈ��iP R-B

%&'(��t¸YPQWXI5� !);��

iPO�"#$B��PQ@A¡WXYZ@AH

êWXôõdD�mn�STPQD�WXYZD

TA�����L�ó^t¸«»�WX�12I

5�rstuÕÖ�9��·O� LS �WXI5

��_��);���67����L�O�Í�

WXI5� BER,^� 

����(13)�	
�� 

��������	
(13)��
�������� 1m −

�m���������� death
uP �	 !��������



) 16 789:OFDMA;<=>,��?@ABC ���
��� %95% 

� birth
uP �"#�$%����� death

pP �&'!�$%���

� birth
pP �� 1( ) ( ) ( )u u u

m m mΩ ℜ Ω ℜ Ω ℜ −= I � ( )u
mΩ ℜ%  

( ) \ ( )u u
m mΩ ℜ Ω ℜ= ��
(10)~
(12)()�
(13)� 

1( ( ) | ( ))u u
m mp Ω ℜ Ω ℜ −  

1 1( ( ) | ( )) ( ( ) | ( ))u u u u
m m m mp pΩ ℜ Ω ℜ Ω ℜ Ω ℜ− −= × %  

( ) ( ) ( )1| | | | | |
death death(1 ) ( )

u u u
m m mu uP PΩ ℜ Ω ℜ Ω ℜ− −= − ⋅  

( ) ( ) ( ) ( )1 1| \ | | | | |
birth birth( ) (1 )

u u u u
m m m mKu uP PΩ ℜ Ω ℜ Ω ℜ Ω ℜ− −− −−

�

 (17) 

� � � � 1( ) ( ) ( )p p p
m m mΩ ℜ Ω ℜ Ω ℜ −= I � ( )p

mΩ ℜ =%  

( ) \ ( )p p
m mΩ ℜ Ω ℜ ��� 

1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −   

1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −= ⋅  

1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −

%  (18) 

��� 1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− − 	
�� 1m − 


m ������������������������

 !"��#$ 

1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −  

, 1, 1: ,
( )

( ( ) | ( ), ( ))
u

m

p p u
m k m k m m k

k

p
Ω

Ω ℜ Ω ℜ Ω ℜ− −
∈ ℜ

= ∏  (19) 

��� , 1, 1: ,( ( ) | ( ), ( ))p p u
m k m k m m kp Ω ℜ Ω ℜ Ω ℜ− − 	%& k '�

���� ()*+,������� !"-.����

�/��0123456�7 

, 1, 1: ,( ( ) | ( ), ( ))p p u
m k m k m m kp Ω ℜ Ω ℜ Ω ℜ− −  

( ) ( ) ( )1, , ,|� | | | | |

death death( ) (1 )
p p p

m k m k m kp pP P
ℜ Ω ℜ Ω ℜ− −= −  (20) 

89�:(18)�� 1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −

%

	

%��m;<=���������� ����� 

1 1:( ( ) | ( ), ( ))p p u
m m m mp Ω ℜ Ω ℜ Ω ℜ− −

%  

, 1, 1: .
( ) \ ( )

( ( ) | ( ), ( ))
u u

m m

p p u
m k m k m m k

k

p
Ω Ω

Ω ℜ Ω ℜ Ω ℜ− −
∈ ℜ ℜ

= ∏ %  

1, , max 1, ,| ( )\ ( )| | ( )| | ( )|
birth birth

( )\ ( )

( ) (1 )
p p p p

m k m k m k m k

u u
m m

Lp p

k

P PΩ ℜ Ω ℜ Ω ℜ Ω ℜ

Ω ℜ Ω ℜ

− −− −

∈

= −∏ �

  (21) 

89�: (13)�>?@A� 1( ( ) | ( ),h h
m mp Ω ℜ Ω ℜ −  

1: 1:( ), ( ))u p
m m m mΩ ℜ Ω ℜ− − 	%B��� C������

 ()*+,��DEF��� GHIJ�KL:(2)

�� 

1 1: 1:( ( ) | ( ), ( ), ( ))h h u p
m m m m m mp Ω ℜ Ω ℜ Ω ℜ Ω ℜ− − −  

,

, 1,
( ), ( )

( | )
u p

m m k

l l
m k m k

k l

p h h
Ω ℜ Ω ℜ

−
∈ ∈

= ∏
,

,
( ), ( )

( )
u p

m m k

l
m k

k l

p h
Ω ℜ Ω ℜ∈ ∈

× ∏
� �

 

  (22) 

����� 

[1] WONG C Y, CHEN R S, LATAIEF K B, et al. Multiuser OFDM with 

adaptive subcarrier, bit, and power allocation[J]. IEEE Journal on Se-

lected Areas in Communications, 1999, 17(10): 1747-1758. 

[2] HAYASHI K, SAKAI H. Uplink channel estimation for OFDMA 

system[A]. Proceedings of the 2007 IEEE International Conference on Au-

dio and Speech Signal Processing[C]. Honolulu, Hawaii, USA, 2007. 

[3] FERTL P, MATZ G. Multi-user channel estimation in OFDMA sys-

tems based on irregular sampling and reduced pilot overhead[A]. Pro-

ceedings of the 2007 IEEE International Conference on Audio and 

Speech Signal Processing[C]. Honolulu, Hawaii, USA, 2007. 

[4] RABBI M F, HOU S W, KO C C. Basis expansion model (BEM) 

based channel estimation for OFDMA uplink transmission[A]. Pro-

ceedings of the 2008 IEEE International Conference on Communica-

tion Systems[C]. Guangzhou, China, 2008. 

[5] HUANG W C, PAN C H, LI C P, et al. Subspace-based semi-blind 

channel estimation in uplink OFDMA systems[J]. IEEE Transactions 

on Broadcasting, 2010, 56(1):58-65. 

[6] BIGLIERI E and LOPS M. Multiuser detection in a dynamic envi-

ronment. part I: user identification and data detection[J]. IEEE Trans-

actions on Information Theory, 2007, 53(9):3158-3170. 

[7] ANGELOSANTE D, BIGLIERI E, LOPS M. Multiuser detection in a 

dynamic environment. part II: joint user identification and parameter 

estimation[J]. IEEE Transactions on Information Theory, 2009, 

55(5):2365-2374. 

[8] ANGELOSANTE D, BIGLIERI E, LOPS M. Sequential estimation of 

multipath MIMO-OFDM channels[J]. IEEE Transactions on Signal 

Processing, 2009, 57(8):3167-3181. 

[9] MAHLER R P S. Multi-target Bayes filtering via first-order 

multi-target moments[J]. IEEE Transactions on Aerospace and Elec-

tronic Systems, 2003, 39(4):1152-1178.  

[10] MAHLER R P S. Statistical Multisource-Multitarget Information 

Fusion[M]. Boston, MA: Artech House, 2007. 

[11] ��, ���, ��. �	
��
� MIMO-OFDM �����

���[J]. ����, 2007, 28(8): 67-75. 

JING Y, YIN F L, ZENG S. Particle filtering based semi-blind estima-

tion for MIMO-OFDM time-varying channel[J]. Journal on Commu-

nications, 2007, 28(8): 67-75. 

[12] HAYKIN S, HUBER K, CHEN Z. Bayesian sequential state estima-

tion for MIMO wireless communications[J]. Proceedings of the IEEE, 

2004, 92(3): 439-455. 

[13] DOUCET A, WANG X D. Monte Carlo methods for signal processing: 

a review in the statistical signal processing context[J]. IEEE Signal 

Processing Magazine, 2005, 22(6): 1053-5888. 

[14] DOUCET A, FREITAS N, MURPHY K, et al. Rao-Blackwellised 

particle filtering for dynamic Bayesian networks[A]. The 16th Annual 

Conference on Uncertainty in Artificial Intelligence[C]. San Francisco, 

CA, 2000. 

���� 101 �� 


