
2010� 7� Journal on Communications July 2010 

 

� 31�� 7� �  �  �  � Vol.31  No.7 

CR-MIMO-OFDMA/TDM ��������	
������ 

��

1
����

2
���

1
�	


1 

�1. ��	
� �
����� 100190�2. �����
 ���
���� 100876� 

�  �����	
 MIMO-OFDMA/TDM �������������	
�	������ !"#$%

&'()��*+,-./01 NP-hard�23�4�567�894�56:�*;<=>�?@AB#C�

D	EF'GHI@JC�?56JKLM56�4CNOPQRST�U()V���	
�	��WKX	


%��	
��4YZ/[Z#$:\]	
&'�^I@_`'abc['dN 

��������e�fg�f�ehij#�ke� !"#$%&' 

���	
�TN929.5                 �����A              ���
�1000-436X(2010)07-0001-08 

Utility-based resource allocation and scheduling for 
CR-MIMO-OFDMA/TDM system 

HU Hao1, SONG Jun-de2, CI Song1, TANG Hui1 
(1. Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China; 

2. Dept. of Computer Science, Beijing University of Posts and Telecommunications, Beijing 100876, China) 

Abstract: A novel dynamic resource allocation and scheduling scheme based on user sum-utility maximization in multiuser 

MIMO-OFDMA cognitive radio system was proposed. After being transformed into a convex optimization problem via re-

laxation method, the NP-hard combinatorial optimization problem could be solved by a Lagrangian primal-dual approach. 

The optimal solution of the primal problem could be obtained through a sub-gradient iterative algorithm. Simulation results 

indicate that the propositional algorithm converges to optimal power/rate allocation for primary users and cognitive radio us-

ers with maximal sum-utility and achieves optimal user scheduling with low complexity and fast convergence speed. 

Key words: cognitive radio; MIMO; OFDMA; dynamic resource allocation and scheduling 

 

1  �� 

����������	
(MIMO-OFDMA)

�MIMO� OFDMA���������MIMO

������������ !"����	


(OFDM)�#$%&'(��)*+�,-�.

�/TDM �01234��)�5&6	
�

78&9�:�
;�9<=>?@�����/

AB�MIMO-OFDMA/TDMCDE3GPP (LTE, long 

term evolution)�FG�HI�JKLM
NOP

QRS (IEEE 802.16)�OPTRS (IEEE 802.22)

U

[1~3]
/VNWXYZ�[C\�OPS]^_


`a�b�cde�OP�bfgh�Vijk


;lm�An�bfgop�qrstuv/nw

�����2009-06-01e�����2010-04-20 

�����lmnopqrstuvwx863yuvz�{!|}~w2009AA011804zelm�o���}�{!|}~

w2009ZX03007-004, 2009ZX03003-007z 

Foundation Items: The National High Technology Research and Development Program of China (863 Program) (2009AA011804); 

The National Major Science and Technology Projects (2009ZX03007-004, 2009ZX03003-007) 



�2� �  �  
  � � 31� 

 

xOPy���z

[4,5]
�{z"�b�|}~m�

E���bfg������b�
)��"��

���/�NwxOPy�MIMO-OFDMA /TDM 

(CR-MIMO-OFDMA/TDM)jk9<{z�
;�

wx
;�|}�b~m�01��wx
;��


;�'(.����
;0��48{z
;�


��Z����
;��@����/ 

���� ¡¢£OPS]�¤¥¦§�¨�

¨��©ª�«¬MIMO-OFDMA��nfg

�c�®¯qr�°±²³R�´�/Yingµ¶�

MIMO-OFDMAjkU�|}·¸¹�cdº»¼

"±²

[6]
�½ SISO jkU�I¾¿.ÀÁÂ§Ã

MIMOjkU�ÄÅ�ÆÇÈ)�É)�cÊËÌ

[7]±²" MIMO-OFDMA jkU�ÍÎ�fg�

c�ÄhÆÇ"ÏÈ)Ð��ÑÒÊMohammadµ

¶��I¾�NÓÔM®���
;®¯dº

[8]
�

ÕnÖ×ÆÇØÙÐ�ÚÛ/Ernest µ¶�N

MIMO-OFDMAjkU�ÓÔMfg�cqr»¼

"±²

[9]
�ÄÖ×ÆÇÜ7
;�É)Ð��JO

Á{z
;®¯/<6ËÌh±²"Ýk0�jk

U�fg�cqr�n2wxOPyjkU�wx

ÞßàáâãOP�b�ä�ÓÔMåäÝ�æ

[�2�çè�
;���X�é{z|}�b~

m�ABàáêë��ìí����qr/ 

î�6ïqr�iËð���
; MIMO- 

OFDMA/TDM wxOPyjkU�|}fg�c

�®¯qr»¼"±²�î��4��ñò�Ô�

�
ó[�ÖÐ�¦ôÈ)<��wx
;��


;�'(�ñõ�ö[ãÝ�É)��÷�
;�

øù¯<�Z�
;�
�ÊÕúû�"I¾|}

fg�c�®¯ÀÁ�üýÚÛú»¼þ��s�

����Ö_
þ��s��Á�¿�¯��ÀÁ

��Ê�úû��	
����/ 

2  CR-MIMO-OFDMA/TDM �� 

2.1  ���� 

ð�ÆÇÜö CR-MIMO-OFDMA/TDM j

k�
;Ï[E K���ß�P[WE M�
;�

|��P[WE N/����|�H&E�)*+

�,-��J�����E NT 7·¸¹/E"�

�jk�b�)�ijk_
����58�

(V-BLAST)
�/��ß�
;[ã��1®¯ú

�cÃ�4·£��
;[ã�1®�� VBLAST

��ú�ôÃ3M�·£6�01 IFFT ä�Ã8

R !"X#ú$ M7¦ô�P»¼¦%/&'ß

N7&'()*!"X#ú»¼ FFTä�½�%ä

�Ã�R�2�
;�M�·£6»¼ VBLAST

��
;��+,ú���4·£6�
;�%�

�»¼�Ö�v-�ú>Ã
;[ã/wx
;Þ

ß�.01�b/x���0ò=>OP"12

}�3Ö4856û��ß�01fg�c�®¯

ì7{z��ß�
;®¯<4�
;�È)�

É)�c/jké¼8)È�ìí9: 1÷;/ 

$�R<¯=, ½jkÏ£¢�ENs73>·

£�?7·£V Ns73>·¸¹�D�·£¢¯ö

N3'£¢�@9Añ?7·£�ÎB,-�/ A

ñ�·£�,-�lë��C�·£DE����

\23>��'(/$8R<¯=�VNF
8�

	
�9AñI78GH?7
;�c�·£[W

�öN 1�n?7·£h9�ûI7
;�aI

;®¯A· , 1k bρ = J;
; k K
·£ b�C
;

®¯L2?78GUE÷�·£*+�M
;/ 
2.2  ���� 

Ü��PH&� SISO ��28G n �	��
èME , [ ]k lh n �01:NOëPä�>Ã28G n

6�
; k2·¸¹ s6���È)QRE 

 
� 1   !MIMO-OFDMA/TDM"#$%&�'()*+, 



� 7� -./0CR-MIMO-OFDMA/TDM'(� !12"%&3456789 �3� 

 

 j2�

, ,
1

2

[ ] [ ]e l

L
k

k s k l
l

n h n τ ∆ϑ −

=

=
∑

 (1) 

ØU� lτ E���S8T� 1, 2, ,l L= L /VN·£

¢¯öN��3'£¢�901U[ÎVÁE?7

·£òÀµ���QR/ 

 ,

1 , ,

1
1 1S

k b

N

sS k b sN ϑ=

 

=
 

 

 

∑

γγγγ  (2) 

ØU� ,k bγγγγ �W k 7
;W b 7·£�µ�QR/

�XIY��Añ
; k�·£ b�MIMO��Z

[E ,k b

N MC ×∈γγγγ �
; k�·£ b UW k7·¸¹

6�MIMO��ìí9J;E 

 , , , , , ,k b s k b k b k b s= +y x wγγγγ  (3) 

ØU�

T

, ,1 ,2 ,k b kb kb kb Mx x x 

 

x L� E�M�¦%�%\

�� , ,k b sw E�]^_`\��ØadbZ[E

2

n N
σ I /

�
Z[�cde��fSVDghi[11]
½
; k�

·£ b�MIMO��»¼��/ 

 
H(1) (0)

, , , , ,k b k b k b k b k b=  

 

U S V Vγ  (4) 

ØU�

H[ ]⋅ J;Z[�~jkõ� (1)

,k bV �

(0)

,k bV �lE

X

(1)

, ,rank( )k b k b=L γ 7�ú

(0) (1)

, ,k b k bM= −L L 7mcd\

�nD�Z[/

(0)

,k bV E ,k bγ o5&�I7pq��

��9rE
; k2·£ b6�¦ôs��Z[/

,

N N

k b C
×∈U EtZ[�J;&'��Z[/01 SVD

��9½
; k�·£ b�MIMO��Z[��E

Ö¼lë��7 SISO·���·��7[ PµN

,k bγγγγ Uuo�ve�7[Jø� min( , )P M N= �


; k2·£b�µ�·��p6���È)QR ( )

,

p

k bγγγγ

LE ,

P P

k b C
×∈%S U�W p7uo�ve�CK
·£

b�
; k2·¸¹ s6�&'�%\�9J;E 

 (1)

, , , , ,
1

K

b s k b k b k b s
k

dρ
=

=
∑

x V  (5) 

âã<6���
; k2·£ b�W s7·¸

¹6�&'�%\�9J;E 

 H

, , , , , , , , , ,k b s k b k b s k b k b s k b sd= = +d U y S w% %

%  (6) 

ØU� , ,k b sd E
; k2·£ b�W s7·¸¹6�

�1®�ú�[ã$%� , ,

2~ ( )0,k b s n NCN σw I%

/ 

3  ��������	
� 

3.1  ���� 

2wxOPyjkU�w".����
;�

�x��yá2�'(�
;�X�é�Ewx


;�z��x����ABidºE÷�
;ñõ

�ö[ãÉ)Ð����� QoS({�x�)à��

Ö_
|}�~©U��
ó[hi��0
;

�jk�øù�¯/AñijkU���E����

���L
;�NS]�z� QoS�øù�¯�0
1[ãÉ)�����C
;��
ó[ ( )k kU R 9

�J
; k�jk�øù¯� kR E
; k�[ãÝ

�É)/VN
;øù¯ ¡[ãÉ)�Q n�

��AB°ó[M°��Q�/nJ�¨��[ã

É)�Ð�
;�øù¯6�¨��n�:°É)

�Ð�Td�
;C��2ùÉ)�Q�/÷<�

���[����JE�e/AB�
;�
ó[

( )k kU R M°�I7u�JÜ®�Q��ó[/ 

iË�áÆÇ[ã������������

�/�[ã��
;����Ý�É)�á����

�����
;��u��Ä�[ãÉ)é��D

�{�µ�8&T�y���
;øù¯é��A

B ¡[ãÉ)�é��Ø�
ó[e���é�Ê

�N����� [ãÉ)¡N�Ð8�
;øù

¯u¢¡�nhá£Ã¤¥1�Ðú�
;øù¯

¦Õ��Ê�����§N�����[ã��H

&�
;9<�¨Ia�É)é��Õn2É)�

Ð©�
;øù¯ä�ª¯3«[ã��?Z/ 

01<6���iË*¬ Sigmoidó[ñò�

4���
;�
ó[�ØJ£e9é 

 
( )

1
, 0, 0

1 e
( )

k
k a R bkU a bR

− −
= > >

+
 (7) 

ØU�æ[ a� b�l�a Sigmoidó[�®)�¯

¯U��°õ/E 3¾���l*¬�4�®) a�Ö

ñõ�
;��öÎV[ãÉ)E¯¯U� b�C[ã

���������������
ó[9: 2÷;/ 

 
� 2  �������	
������ 



�4� �  �  �  � � 31 � 

 

ijkUwx
;01{8�b/x±,�


;×_
��bÖ²³~m�|}�b~mU�

FGqr´�9µ��wx
;��
;�'(/

E"��°qr�¶·�¸0�¹º�fFCCg�

�'(»¯ìí

[12]
�01�b/x=>�
;2�

a°õ��¼69<¨½�'(�Ð�Ö<BE¾

ã�wx
;»¼ÓÔMÈ)��<¿À'(/A

ñ�
;Á��wx
;Á��lE MP � RC �C

�
; ik Â�'(»¯9V�b/x=>[12]
/ 

 M

( ) ( )
( ) ,

R

I i S j

I i
j C

P k P k
T k i P

kB

δ

∈

+
= ∈
∑

 (8) 

ØU�BE£¢� ( )I iP k � ( )S jP k �lE�
; ik &

'³Â�'(È)�wx
; jk �¦ôÈ)Êδ E

) S Ã Ä A · � (0,1)δ ∈ Ê Å Æ Ç È ¢ [

231.3807 10 J/Kk −= × /E"��wx
;��
;

�'(�à_�
;2�a°õ��¼6�'(»

¯¡N'(»¯Ð LT �Lø� 

 L

( ) ( )

R

I i S j

j C

P k P k
T

kB

δ

∈

+
<

∑

 (9) 

Ve(9)9x�E"{z|}�b~mÖ���


;0��àá�wx
;�¦ôÈ)»¼Ð��

ijkUV�b/xì7=>��
;'(»¯

Ð�ÖòÀø�e(9)�
;�ö¦ôÈ)�Ð/ 
3.2  ���� 

01<6���½ CR-MIMO-OFDMA /TDM

jkU�|}�b~mqrêìE�.�
;®

¯�|}fg�cqr�ØWp�2Ia�[ãÉ

)�¦ôÈ)Ð�é�Z�
;�
��LÉ
;

øù¯H��Z�CWpó[9J;E 

 ( )sum

1

max E ( )
K

k
k

kU U Rγ γ
=

=  

 

∑

 (10) 

ØU� ( )kR γ E
; k �[ãÝ�É)�[©ÊË

01��,-�Ì»¼òÀ/ÍAñ���]^_

`dbE 1�CVÎÏÍe9> 

 ( )( ) ( )

, , ,
1 1

lb 1 ( )( )
BN P

p p

S k b k b k b S
b p

kR N P Nρ γ γγ
= =

= +
∑ ∑

 (11) 

ØU�

( )

, ( )p

k bP γ E
; k2·£ b�µ�·�� p6

�¦ôÈ)�CiË����.�qr9ÐïE 

 
{ } ( )

{ }

,

( )
,

0,1
1

( ) 0

,
1

max E ( )

s.t. 1, 1, ,

k b

p
k b

K

k k
k

P

K

k b B
k

U R

b N

γρ

γ

γ

ρ

∈
=

=

 

 

 

 

 

= ∀ ∈

 

 

∑

∑

L

�

( )E , 1, ,k kR S k Kγ γ ∀ = 

 

L�

( )( )

,
1 1

E 1, ,,
BN P

p

k b k
b p

P P k Kγ γ
= =

∀ =
 

 

 

∑∑

L�   (12) 

��� kS � kP ����	 k 
�������

���������� 

4  ��������	
� 

4.1  ���� 

��������� !"#$%�&�'

()�	���
*+,�-./01�

Kushner 23.4�56�
789:�[10,15]
;)

�	���
*+,<=>'�?@ n+1AB

CD�	 k
��+,EF�G nABCH
�

���@ nABCD
��+,<=:I� 

 ( )1
ˆ

k nR γ + ( ) ( ) ( )ˆ1 n k n kn nR Rβ βγ γ= − +  (13) 

��� ( )k nR γ �G nABCH�	 k
����

FJKL(11)<='(�MNOP nβ QR�B�F

;L(13)<=STUV� 

( )1
1

ˆ
K

k k n
k

U R γ +
=

 

 

∑

( )
1

ˆ
K

k k n
k

U R γ
=

 ≈ +
 

∑

 

( )
1

ˆ
K

n k k n
k

U Rβ γ
=

 ′
 

∑

( ) ( )ˆ
k n k nR Rγ γ −

 

 (14) 

��� k k kU U R′ = ∂ ∂ ������	
�� 

 
{ }

( ) ( )
,

( )
,

sum

0,1
1

0

ˆmax
k b

p
k b

K

k k n k
k

P

nU U R R
ρ

γ γ
∈

= 

 

 

 

 

′=  

 

∑

�

 (15) 

������	
������� 

{ }
( )

( ) ( )

{ }

( )

,

( )
,

0,1
1

0

,
1

ˆmax

s.t. 1 , 1, ,

E , 1, ,

k b

p
k b n

K

k k n k
k

P

K

k b B
k

k n k

nU R R

b N

R S k K

ρ

γ

γ

γ

ρ

γ

γ
∈

=

=

 

 

 

 

 

′

= ∀ ∈

∀ =

 

 

 

 

∑

∑

L

L

�

�

 

( )( )

,
1 1

E 1, ,,
BN P

p

k b n k
b p

P P k Kγ γ
= =

∀ =
 

 

 

∑∑

L�  (16) 

��������	
���(NP-Hard)�

�������������������� !

"#$%&'()�*+,-�./ { }, 0,1k bρ ∈ $

%�01�+./ [ ], 0,1k bρ ∈ � ,k bρ 234��05

6/7 b8+, k9+:;<�=*>�?���

�@��A�����B
C 

 ( ) ( )( )

, ,
1

P
p

k b k b
p

n nP Pγ γ
=

=
∑

 (17) 



� 7 � ����CR-MIMO-OFDMA/TDM ��	
������������ �5� 

 

( ) ( )( ) ( )
, , , ,

1

lb 1
P

p p
n nS Sk b k b k b k b

p

C P N P Nγ γ γ
=

 

 

 

 

= +
∑

 (18) 

DEFGH=@�� 

[ ]
( )

( ) ( )
,

,

sum

, , ,0,1
1 1

0

ˆmax
B

k b

k b n

NK

k k n k b k b k b n
k b

P

U U R C P
ρ

γ

γ ρ γ
∈

= = 

 

 

 

 

′=  

 

 

 

∑ ∑

�

 (19) 

IJK�05�LMNOPQ�.R=STH

UVW E [ ]γ ⋅ X nγ YZ0�IJ��[GH

, , ,( )k b k b k bC Pρ \P]^_��.R
C , , ,k b k b k bs Pρ= �

=`a ( ) [ ]{ }, ,= , 0,1 [0, )k b k bs sΩ ρ ρ ∈ ∈ +∞� �D��

��=@��bc��d 

 

( )
[ ] ,

, ,
,

1 1 ,

,

, ,

1 ,

,
1

ˆmax

s.t. 1, ,

, 1, ,

,

B

B

B

N K
k b

k k k b k b
s

b k k b

N

k b

k b k b k

b k b

k

N

k b
b

s
U R C

s
C S k K

P k Ks

ρ Ω
ρ

ρ

ρ
ρ

∈
= =

=

=

′

∀ =

∀ =

 

 

 

 

 

 

∑ ∑

∑

∑

L

L

�

�

 

(20)

 

e
_GH ( )f x �D��GH ( , ) ( )g x t tf x t= 4

t > 0 0f�_GH�g ( ), , , ,k b k b k b k bC sρ ρ 4=`a

( ), ,,k b k bsρ Ω∈ �]^_�YIJhi&'()j�

k�&'�.R�l���A�����=+mn

opqr�

[13]
s�YB+ kζ X kξ 23mnopt

/�DuA����:mnopGH� 

( )
1

,

, , ,
1 1 1 1,

,
, ,

1 ,

ˆ, , ,

B B

BK

k k
k

N NK K
k b

k k k b k b k k b k
k b k bk b

N
k b

k b k b
b k b

L s U R

s
S C s P

s
Cζ ξ ρ

ζ ρ ξ
ρ

ρ
ρ=

= = = =

=

′=

− − −

 

  −
 

 

 

 

 

 

 

 

    

 

 

 

 

∑

∑ ∑ ∑ ∑

∑

 (21) 

DmnopqrGH ( )
( )

( )
,

, max , , ,
s

D L s
ρ

ζ ξ ζ ξ ρ
∈Ω

= �

A����:qr��� ( )
0, 0

min ,D
ζ ξ

ζ ξ
� �

�B
C 

 ( ) ,

, , , ,

,

k b

k b k k k b k b k k b

k b

s
C sϕ θ ζ ρ ξ

ρ
= + −

 

 

 

 (22) 

v[�

ˆ
k k kU R θ′ = 

 

�DmnopGH=w�� 

 ( ) ,
1 1 1 1

, , ,
BNK K K

k k k k k b
k k b k

L s P Sζ ξ ρ ξ ζ ϕ
= = = =

= − +
∑ ∑ ∑∑

 (23) 

I�=xysqrGHz�{ ,1 1

BN K

k bb k
ϕ

= =∑ ∑

?

|���Y�}*u��~���<~�X+,-

����=
C , , ,k b k b k bp s ρ=%

�D , , ,k b k b k bϕ ρ ϕ= %

�v

[� ( ) ( ), , , ,k b k k k b k b k k bC p pϕ θ ζ ξ= + −%

% %

Y�<~���

g��?�� ,k bp∗
%

�?|� ,k bϕ% �9+��:mno

ps��g=s�?�� ,k bp∗
%

� 

 
( )

, ( )
1 ,ln 2

P
S k k S

k b p
p k k b

N N
p

θ ζ
ξ γ

+

∗

=

+
= −

 

 

 

∑

%  (24) 

IJ , , ,k b k b k bϕ ρ ϕ= %

� [ ], 0,1k bρ ∈ �=x , ,k b k bϕ ϕ%� �

.R9 ,k bϕ ?|: ,k bϕ∗
�]^�(25)Y 

 ( ) ( ), , , , ,k b k b k k k b k b k k bC p pϕ ϕ θ ζ ξ∗ ∗ ∗ ∗= = + −%

% %  (25) 

*�(18)X�(24)���(25)=� ,k bϕ∗
d 

( ) ( )( )
,

( )
1 ,

( )
, ,

( )
,

lb ,
ln 2 ln 2

ln 2

ln 2
0,

pP
k b k k k k k

S k k p
p k k b

p k
k b k b

k k

p k
k b

k k

N
γ θ ζ ξ θ ζθ ζ

ξ γ

ξϕ γ
θ ζ

ξγ
θ ζ

=

∗



 

 + +
 + + −

 

 

 



 

 

 



= >
 +






+




∑

�

  (26) 
D��/7 b 9+�:+, ,arg maxb k b

k
k ϕ∗ ∗= �IJ

[ ], 0,1k bρ ∈ �.R

*, ,1 1 1 ,

B B

b

N K N

k b k bb k b k b
ϕ ρ ϕ∗ ∗

= = =∑ ∑ ∑

� �DK�

/7:?��<~�X+,-���� 

 ( )
,

( ),
1 ,

1

ln 2

b

b

k b

P
S k k S

pk b
p k k b

N N
P

ρ

θ ζ
ξ γ

∗

∗

∗

+

∗

=

=

+
= −









 



 



 



∑

 (27) 

*������qr���=*u��@�� 

 ( )
0, 0

1 1
,

1

min ,
B

b

K K

k k k k
k k

N

k b
b

D P S
ζ ξ

ζ ξ ξ ζ ϕ ∗

= =

∗

=

= − +
∑ ∑

∑

� �

 (28) 

��9+���������

[14]
s�u���

B
CqrGH ( ),D ζ ξ :��� ζG X ξG � 

 
[ ]( ) ( ) ( )

, ,

1 1

( ) ( )

,

1

1lb
B

k

B

k

N P
i p p

S k b k b S k

b p

N

i i

k k b

b

N P N S

P P

ζ

ξ

γ
= =

∗

=

= + −

= −















∑∑

∑

G

G

 (29) 

D���������#�bcd 

 
( 1) ( ) ( )

( 1) ( ) ( )

k

k

i i i

k k i

i i i

k k i

ζ

ξ

ζ ζ η

ξ ξ η

++

++

= −

= −



 

  



  

 



G

G
 (30) 

v[� 0iη > �����YIJ��A����]

^A���n=`�.Rqr���+�����

�=������� 

(0)

kζ X

(0)

kξ ¡�¢��?£=

¤¥¦?��

[15]
Y 

4.2  ��������	
 

CR-MIMO-OFDMA §�[:¨O©ª~�«

-���¬#�®lbcY 

1) 4¯ n �05��°±+,X²³´µ��



�6� �  �  �  � � 31 � 

 

u+,:?¶·<¸¹�	
u+,²³q�:º

+GH»"#LM¼¢X½¾¿x��À+,Á:

ÂÃÄ�¹�	
Å+,:?|ÆÇ�<¹ÈY 

2) ÉÊ������  ( ) ( ) ( )ˆ 0, 0i i
k k knR ζ ξγ = >�

�

\°±�(13)¢� ( )ˆ
k nR γ Ë

( )i

k
ζ X

( )i

k
ξ q�:?��

<~�X+,-����#�bcd 

Ì ¢�/7 b �Å+,:ÆÇ�< ,k bP∗
» 

Í * ,k bP∗
��

,k b
ϕ ∗
%

�IJ

, ,k b k b
ϕ ϕ∗ ∗= %

�=¢�9

,k c
ϕ ∗
%

?|:+,

,
arg max

b k b
k

k ϕ∗ ∗= �u+,ÎÏ/7 bY 

3) "#�(30)Ð`���s�

( 1)i

k
ζ +

X

( 1)i

k
ξ +

Y 

4) Ñ�¯ 2)�X¯ 3)��Ò¦]^¤¥£Ó

()�bd

( 1) ( ) ( 1) ( )max ,i i i i

k k k kζ ζ ξ ξ ε+ +− − < 

 

�ε �Ô

ÕÖ
:��¶HY"#�(13)¢� ( )1
ˆ

k nR γ + �c

��05Ñ×Ø�¯ 1) �Y 

����zy°±�(26)�K�+,4hi/

7�¢� ,k bϕ∗
�.Ru�����«+,HEX/

7HEÙk�Ú§�K���#�[:¢����

� ( )BO KN �ÛÜJ��?����:¢����

( )K

BO N YÝ;��Þ�

[16]
��������ßÜY 

5  ������� 

�àÉ¢} 3 �¢�áâã�äq¨O©ª~

�«-���Ð`äåYæÉ§�7ç 10MHz�/

èéêH NT=256�/7êH NB=16�D/76ëì

16 �/èé�LMíµ�½<îï�ðñòíµY

OFDM ó� 2ms�Kó:05H� 5Y 

�� 1  ?��©ª~�«+,-� 

�ä 1 ôõ��¤¥0§�:+,-�X?�

�©ª~���Yâã#�[LM¼¢«½¾¿x

j�ö÷LøYæÉùú«û¨üýkHEj� 2�

+,êH K = 4�v[+, 1 �À+,�vþ+,

��x+,�æÉÅ+,:?¶�j·<¹È� 4�

2�1, 0.5(�� bit/s/Hz)»?|�jÆÇ�<¹È�

100, 60, 30, 20(�� mW)Yv[À+,«�x+, 1

�9+��²³��x+, 2 X�x+, 3 ~�9

+	
XH±²³�D+,º+GH=
C� 

 
( )

1
,

1 e
( ) [1,1,0.5,5]

k k kk a R Sk kU aR − −=
+

=  (31) 

� 3 �Å+,:º+GH�k�j]^+,h

9+²³qº+GH:zs��[��Å+,

:H±·<¸¹Y 

 
� 3  ��������	
���� 

b� 4 h3���¤¥0:?��+,-��

��v[À+,Ï+ 6 �/7�3 ��x+,~�

Ï+ 5Ë2Ë3 �/7Y�}?|���]^À+,

²³zs�À+,:?¶·<¸¹�Jhi�x+

,?¶·<¸¹����3�À+,~�:§�©

ª|Jhi�x+,����å}À+,º+Y 

 
� 4  �	����� 

� 5 ���¤¥0+,?��·<X�<~

�Yâã���3�u��¤¥0Å+,ÆÇ�<

]^¨O½¾��:?|ÆÇ�<¹È����·

<f]^�å²³ QoS zs:?¶�j·<¹ÈY 

 
� 5  �	���������� 

� 6 �Å+,:º+�k�IJÀ+,X�x

+, 1 ÉÊ}��:H±·<¸¹�h~�:§�

©ª�����¤¥0º+��J 1»�vþ�x

+,zy�Ü��º+��åÀ+,X�x+, 1



� 7� ����CR-MIMO-OFDMA/TDM !"#$
��%�&'����� (7( 

 

:º+�.�º+�k�c���Y�x+, 2 9

+	
²³�vº+���·<� |JH±²

³�h�Ý;�x+, 3 vº+�kc�·�ß!Y 

 
� 6  �	
�� 

�� 2  ���";� 

�ä 2#4ôõPZ+,HEc9+����

«�j~����$À+,Ï���:�"Yv

[��j~����hi+,�j~�/7�g%

+,-�»À+,�Õ���Õ�åÀ+,H±�

��&�Å�x+,~���/7�'(/7)*

~�eÀ+,Y4�ä[îï+,êH~�� 2Ë4Ë

8Ë16Ë32�v[À+,HE� 1Ë1Ë2Ë2Ë4Y

VBLAST �ýk§�îï� M = N = 2YqK+�

�~�Ð` 5 000 � Monte Carlo âã�ä,;� 3

+��:-��+,º+XY 

b� 7 h3� 3+��:-��º+X�./

01�����"�J23 2+��Y4+,HE

�50�À+,º+�§�º+67?|�.RÀ

+,�Õ���"�J�j~����89�x+

,:;<=�À+,º+q§�º+h>67?@

c��À+,�Õ���"c�Y89+,HE<

=�À+,�Õ���AB�x+,~�:§�©

ªP^�CD�J¸¹ :H±��·<�.R+

,º+XEFc���"ÛÜJ����Y 

�� 3  ��¤¥� 

�ä 3 ôõ����:¤¥�Y� 8 �Å+,

�j·<«�<~�#���[:Gk23Å+,:

·<X�<¸¹Yâã2H�"#u��hi+,

=!·¤¥¦]^·<X�<¹È():?�·<

X�<Yb� 9 h3���[:mnopt/ζ X 

 
� 7  3)*+�,-��	
�./0 

 
� 8   !����������12 

 
� 9  345678 ζ . ξ �9:12 



�8� �  �  �  � � 31 � 

 

���1982-��������	�
�

������������������

���� !"#$%&��'"#() 

����1938-����*�+�	��

,-'./0��������1234

567��$89������:;��<

=() 

ξ ��������	 0 0 0.5ζ ξ= = 
 0
ˆ ( )kR γ  

=10bit/s/Hz
 0.001ε = 
��� 0.0001,η =  

0.001β = �����
������������

����
 !"�#$%&'(� 

6  ��� 

)(* MIMO-OFDMA/TDM +,-./$%

&�01234567�89:;"(*<=>

�=?@A�BC(*D(>
EFG NP-hardH

!��C89
��I�JKLMNOPQRCS

T�C89
'(UVWXYZ�P[\89RC

S]�YZ89
I�'(UVWX^_�6`a

�����^�YZ89bcd[\89���

��efghijkb��BC(*D(>
cd

l(*6+,(*���<=/�=45mn�o

(*7�
p��qr��s���� (t�#

Iu$%�:;v��E
��wx��jkEy

z"u{|}�~��,>u��������


��I��4������4u�
�"�#�(

&�:;�B�������
��"����,

�4u�u{�� A¡��¢£¤¥¦�23

45>7�jk§¨S©ª�«�¬89
"�

®�¯°&P±²Y³´µ¶·¸¹� 

����� 

[1] WUNDER G, CHAN Z. Queueing analysis for the OFDMA downlink: 

Throughput regions, delay and exponential backlog bounds[J]. IEEE 

Trans on Communications, 2009, 8(2):871-881. 

[2] ETEMAD K. Overview of mobile WiMAX technology and evolu-

tion[J]. IEEE Communication Magazine, 2008, 46(10):31-40. 

[3] STEVENSON C, CHOUINARD G, et al. IEEE 802.22: The first 

cognitive radio wireless regional area network standard[J]. IEEE 

Communication Magazine, 2009, 47(1): 130-138. 

[4] MITOLA J, MAGUIRE G Q. Cognitive radio: making software radios 

more personal[J]. IEEE Personal Communications, 1999, 6(4): 13-18. 

[5] HAYKIN S. Cognitive radio: Brain-empowered wireless communica-

tions[J]. IEEE Journal on Selected Area in Communications, 2005, 

23(2): 201-220. 

[6] YING P, ARMOUR S M D, et al. An investigation of dynamic subcar-

rier allocation in MIMO–OFDMA systems[J]. IEEE Trans on Vehicu-

lar Technology, 2007, 56(5): 2990-3005. 

[7] JIAN X, JONGKYUNG K, et al. Adaptive resource allocation algo-

rithm with fairness for MIMO-OFDMA system[A]. Proc of VTC[C]. 

2006.1585-1589. 

[8] MOHAMMAD T, WESSAM A, et al. Multiuser scheduling for 

MIMO-OFDM systems with continuous-rate adaptive modulation[A]. 

Proc of IEEE WCNC[C]. 2008.946-951. 

[9] ERNEST S L, CHAN PETER W C, et al. Adaptive resource allocation 

and capacity comparison of downlink multiuser MIMO-MC-CDMA 

and MIMO-OFDMA[J]. IEEE Trans on Wireless Communications, 

2007, 6(3):1083-1093. 

[10] KUSHNER H, YIN G. Stochastic Approximation Algorithms and 

Applications[M]. Berlin, Germany: Springer-Verlag, 2003. 

[11] GAO J, FAULKNER M. On implementation of bit-loading algorithms 

for OFDM systems with multiple-input multiple- output[A]. Proc of 

IEEE Vehicle Technol Conf (VTC) ’02-Fall[C]. 2002.199-203. 

[12] FCC. Establishment of Interference Temperature Metric to Quantify 

and Manage Interference and to Expand Available Unlicensed Opera-

tion in Certain Fixed Mobile and Satellite Frequency Bands[Z]. ET 

Docket 03-289, Notice of Inquiry and Proposed Rulemaking, 2003. 

[13] BOYD S, VANDENBERGHE L. Convex Optimization[M]. Cam-

bridge University Press, 2004. 

[14] BERTSEKAS D, Nonlinear Programming[M]. 2nd Ed, Athena Scien-

tific, 1999. 

[15] XING W, GIANNAKIS G B, MARQUES A G. A unified approach to 

QoS-guaranteed scheduling for channel-adaptive wireless networks[J]. 

Proceeding of the IEEE, 2007, 95(12): 2410-2431. 

[16] GUOCONG S, YE L. Cross-layer optimization for OFDM wireless 

networks-Part II: algorithm development[J]. IEEE Transactions on 

Wireless Communications, 2005, 4(2): 625-634. 

 

����� 

 

 

 

 

���1970-��������	�
��������

��������������� !"�#$%&'()* 
 

�	�1970-������+,	�
���-./

01!"234�5�����������������

�67� �89:!")* 


