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Abstract: A limited feedback SDMA (space division multiple access) scheme was proposed by constructing a new code-

book and developing a related opportunistic scheduling algorithm. In particular, an SDMA codebook was first devised, 

which had a cluster-based structure and was generated by using a subspace perturbation method. Then, a novel opportun-

istic scheduling algorithm was proposed to exploit the cluster structure of the devised codebook. The algorithm was ca-
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schemes in terms of throughput, with a comparable feedback overhead. 

Key words: wireless communications; multiuser precoding; opportunistic scheduling; SDMA; multiuser diversity 

�����2009-04-08u�����2010-06-28 

�����vwxy3z{|}~����973��� 3������2007CB310603 uvw����3�����

�60672093, 60902012 uvw��x����2009ZX03003-004 u�����y:��3��20090092120013 u����

��3������KJ2009349  

Foundation Items: The National Basic Research Program of China (973 Program) (2007CB310603); The National Natural Science 

Foundation of China (60672093, 60902012); The National Science and Technology Major Project of China(2009ZX03003-004); The 

Ph.D. Programs Foundation of Ministry of Education of China (20090092120013); The Technology Project of Southeast University 

under Grant (KJ2009349) 



%12% &  �  
  ' � 32 � 

 

 

1  �� 

��������	
���������

�����������
��������


 !"#$%��&'SDMA("#�
)*+,-

./���&'TDMA(
SDMA "#��012

345.678)9:;<
������=>�

����
?@AB'DPC([1]
"#CDE�F�

��GABHIJKL/MN8FH
OP"#�

QRD4STU�)*VWX
�F���GAB"

#H��QRMFHY�ZJ[L/\]
̂ _/`

abcdefg'ZF(���GAB"#[2]
hKij

`kl'MMSE(���GAB"#[3]
hm,�n

opq���GAB"#

[4]
�rstGAB"#

[5]

u)v���w[��
xy�F���GAB"

#z{|���}R�������~��
�W

34 SDMA/FH)Ozc��/�
xy"#C

�zcm���������/������

'CSI(
 �U�5.	��U�) 

%�
m,��������/ SDMA"#�

��������
 �����/¡¢£N¤¥

���% 2¦§m,��8¨/ SDMA"#[6~8]
M

m,GAB/©ªB«/ SDMA "#[9]
)¬CD

+����®8¯°±²³8¨
´0m�M��

=>µ¶·��/��8¨B«
�¸�¹º��

��8/w/)O%»¼½¾¿/5.FH
À�

�8ÁÁzcÂÃ������Ä�/�ÅW�

Å)*VWX
ÆCD8¨GAB/©ª/`a

¸�¹º��8/w/
Ç�À��ÈÉ+��

��ÊË>��Ä�/�ÅSTÌÍ
ÀFHb

cÎÏ,GABB«/ÐÑ�r���}RÒa

/ÓÔ) 

«ÕbcÖ×�ØÙ�Ø� 'MIMO(��

�5.Ú³ÛÜ/���� SDMA`ÝÞß
 à

,w¬��/GABB«ÐÑ`abcá+â+

â/ MIMO5.[9~11]

ãÀäÊå�� SDMA5

.ST|æ
Ç�Õ	ç�»è!é/GABB

«ÐÑ`a
´0B«¡��ê{Ð)��më

x
«Õ��3�»è!���ìí}RÒa


À+å/������deîïBðMKiñò

                                 
� �� SDMA ���Q��4�J���D62���m

J���������# 

ê/óô�r*å/��õ8��'CQI()��

P����
m��+��ö÷øù/��²³

úû�üSïýMûÔK4/èü��þ%�}

R��)à,�3`a�}R�����»��

����ö÷�r��Y�/����F
Ç�

H4Ó����� MIMO5./����~��

M�����) 

«Õü�	Ú§
 2��» MIMO���

C�5.Ú³ÛÜ�_�
 3 �m,±��ô�

�/��Þß»è!é/ SDMAB«�
 4�m

,PB«J�»è!�zc��������/

ìí}RÒa�
 5 �ç�»��{��
 6 �

�{ª�) 

2  ���� 

Ö×������C�5./Ú³ÛÜ
m

�ù� Tn  ����
��>�ù� Rn  ÊË�

�
C� T Rn n� )�Þm�zc��/����

% U
�è�� £��!����GAB"#

���� K���
"��j#$ MÜ��%)

m� ���/����ïý K������r
K �GAB°±{ }kW �������)&
 k

���/���ô;'% ks 
(m�/���ô

��;'% 

 
1

K

k k
k =

=
∑

S W s  (1) 

��

 k���/ÊË�ô% 

 
, 1

K

k k k k k i i k
i k i≠ =

= + +
∑

y H W s H W S n  (2) 

À	
 kH % R Tn n× Ä/)*+,��°±� kn %

-./®8
À0Ô12R% 0N )T3è4F
�

¿

H
sE k k ME  =

 

s s I 
À	
 [ ]E ⋅ %567Ò8
 sE

%�ô/��0Ô) 

%»9:��8
Ö×G¶¿nè�d;�ï

GAB°±/ SDMAGABB«)<=}R�m�

 ���/����ïýK���S�ùK�îï

Bð)>-./â+âC�5.GABBðïýT

�
ìí}R SDMA"#zc?@Ö×���/ñ

òAB) 

3  SDMA ���� 

«�ç�»è!é/B«ÐÑ`a
BðÄ�



� 2 � ������	 MIMO 
�������������� SDMA �13� 

 

% T T 2n n× �bcæ�,��>��ù�TCD

T 2n /���5.)>� Grassmannian D�E

R��ÐÑB«/`aT�
«Õ�©¸`�/E

RÐÑB«)FGAB°±/<è�G0è�©

ª
� 2HÐÑB«) 

1) ¶ÞßèI©ª
SFÀ�%J�D~)"

D~/©ªK�Ð0è�GAB°±)"©ª	Ú§ 

 T
Tj j( 1)

T

1
1 e el ln

l
n

θ θ−
 =
 

b L  (3) 

À	
 lθ �©ª/*L
�©¸`�
� 2π%M

5)� 0~ 2πN�j�*Lq
	 b2π( 1)l l nθ = −  

b( 1, , )l n= L )�O´ bn �©ª§ 

b T b
Tj2π( 1) j2π( 1)( 1) /

b

T

1
1 e e , 1, ,l n n l n

l l n
n

− − −
 = =
 

b L L

  (4) 

à±��ô������
à�O´/©ª�

b Tπ / /n d /ERu�Pu0Ô-Ø[12]

À	 Td %*

Q����Y�/�P)�Þ bn RS b U Tn n n= 
 Un

%T�)Fè5�©ªÐÑ%	ÚU±°±§ 

 
T( 1) u[ , , , ],   1, ,

u us s s n s n n s n+ + −= =B b b bL L  (5) 

2) xèH/Vè¨°±F�,O´�ê)î¶

F<� sB �% 2 �D°±
;'% T1: ,
2s

n
 

 

 

B  

T
T1:

2s

n
n

 +
 

 

B ) W Æ � � ò X U ° ±

{ ( 1, , )}i ci L=ΛD L

[13]
Y�"D°±�WÐ0*å/

ê)À	 ( )T / 21 2
jj jdiag e ,e , ,e ini i

i

φφ φ=Λ L 
 imφ �[0,2π]

£jZ�[/Âì\8
D;'Ä�% T T

2 2

n n
× /V

è¨ DFT °±
�D { },   mn mnD D= =
( )( )

T

4π 1 1
j1

e
2

m n

n

− −

 

(mhn T1,2, ,
2

n= L ))à,<è+D°±�ü0U°

±
]à I°±^0/D��*_��/)`

Ux
�� !��F��IJa�KL/ SDMA

FH

[14]
) 

B«Ðb/Dc	d 1�')àd 1��«�Ð
Ñ/ SDMAB«d; c U2N n= �ê)<�ê;� cL

�GAB°±)U�x IEEE 802.20 SDMA B«[9]

�«Õ�3B«ù�% U T1, 4n n= = /è�oe)

qJè3/�
«��3B«Tf�¤»ê�
W

ghij»à�O´/���GAB/�k) 

4  ����  

��xyB«/�ê{Ð
«�Þß»è!�

zc��������/ìí}RÒa)PÒa/

w/�� Tn �l¿D%x}R�����¸�5

.678K¤¨)î¶9: T R2n n= /��ù��

_
<����� Rn �D%)��zcm���ï

ý 2�������) 
4.1  �������� 

4.1.1  ���� 

%»IJ
����� SDMA �kÚ/K¤

�¸ûÔ
�¿	Ú/mnË��k§�¿��>

��op������
m���çP��/�ô

% 1s hGAB°±% 1U )��m��u0Ô���

ô 2s çqè��hGAB°±% 2U ) 1U M 2U %B

 
� 1  SDMA ���� 



�14� �  �  	  
 � 32 � 

 

«	rs 2�T�/Bð)à� 1 2[ , ]U U ü0»��

�t|GAB°±)��
���/mnÊË�ô

�;'% 

 1 1 2 2k k k k= + +y H U s H U s n  (6) 

&!� MMSE ÊËì
mnÊË�ô/�F

u©Ø��;'% 

 H H H H
1 1 2 2k k k k k k k k k= = + +z G y G H U s G H U s G n  (7) 

À	 

1

H H H H 0
1 1 2 2 1k k k k k N k

s

N

E

−
 

= + +
 

 

G H U U H H U U H I H U  

  (8) 

&ã
 i !�H/GAB°±ü| 1 2( , )U U ;

'%

( ) ( )
1 2( , )i iU U 
*å/ kG ;'% i

kG 
(
 mÜ�

�%/�ñ.V	Ú§ 

 [ ], , ( ) H H ( )
1

1
1,   1,

1 ( )
k m i i i

k k mm

m Mµ = − ∈
 −
 

U H G
 (9) 

�v��Ú
��/�¸ûÔ% 

 , , ,
1

log(1 )
M

k i k m i
m

C µ
=

= +
∑

 (10) 

CDwx 1 2( , )U U /��ïý
�JP5./

K¤�¸ûÔ
ßÒyk% 

 
{ ,

[1  ( 1)]

max { }k k i
i L L

C C
∈ −

=  (11) 

À	
 c cL N L= ;'B«/¤i)&TÖ×��B

«/�ê{Ð
IJxy kC Kzz{B«ü|

( 1)L L − =
|ûÔ¸� kC /GAB± 1U M 2U (

�}þ%��/îïGAB±(;'% kI )M56ñ

òGAB±) 

Ú~F�����3B«/ê{ÐoFU�

x��¤¤9:ßÒ�QR)î¶9:GAB°±

1U M 2U /òX+�FÊËìSDMA5./MûÔ

/��)¿nòXÆ/éGAB°±% 1 1 1=U U A%

M

2 2 2=U U A%


À	
 1A M 2A %òXU°±)àk(9)

��� SDMAÊÙ5.	!�GAB± 1 2( , )U U% %




(À
 m���%/�ñ.V% 

 [ ], ,

H H H H H H H 0
1 1 1 1 2 2 1 1

s

1
1, 1,

1

k m i

k k k k k N k

mm

m M
N

E

µ = − ∈
 

 

 

− + +
 

 

 

 

 

 

 

 

A U H H U U H H U U H I H U A

%  (12) 

àk(12)��+GAB°± 1U /òXFí�

��ñ.V
²W��5.FH
U�xòX��

���FÊËì�Ñ0/FH�3

[13]
)WW
+ñ

òGAB± 2U /òXST��5./�ñ.VF

H) s�Ã���èê	/rèGAB±þ%ñ

òGAB±J�/FH��*�/)Ç��z��

z{°± 1U S�êz{ 2U ��IJK¤�¸ûÔ)

F��¸�K¤ûÔ�/56ñòê;'% kJ � 

«�ìí}RÒa����»�3B«/ê

{Ð�9:��ÈÉS�¨Òa/�QR)�<=

}R	
�� k fzc���Ú��§1(SDMA
�kÚ#$/K¤�¸ûÔ kC �2(ÀîïBð{

� kI �3(56ñòê{� kJ ) 

4.1.2  ���� 

m�Ë�"��/����Æ
 ���{�

F���¦SF¡�[���F/¦��þ%è

ü
 ���J���ö÷�g*_�¡�[�ñ

òAB/��ü)¡¢H�	Ú) 

1) FîïBð��/êþ%îïê)+,��

k
Àîïê/{�� kJ% ;')m,�x��r5

6ñòê{�{ }kJ 
������Ú�¦§¡�*

�îïê mM56ñòê n/���%è¦
�(m, 

n);'
 

  ( , ) { |   , }k km n k J m J n= =%

� �  

	��¿}R/���ïBð����T�

/ê
��Fí� g U U2 (2 1)N n n= − �T�¦) 

2) F¦(m,n)M¦(n,m)þ%èü
� n~m;')

à, 2�¦/��¡���/��F
��Y�

/_ñòFí�AB) 

3) �ü n~m	
��¦(m,n)M¦(n,m)	�#

$MûÔ¸�PüK¤q/��+)��
«`Ý

FIJ����~��) 

4(����H/ü	��MûÔK¤/ü�

Pü	¸�K¤ûÔ/ 2���Fþ%«=}R/

��) 

«Òa������ö÷�g*_�¡�[



� 2 � ������	 MIMO 
�������������� SDMA �15� 

 

���F/ 2���
]$Y%úûøùìí}R)

��H��ö÷�/��TH��>Yøù/�

�
O�À�#$ûÔ¤,r 2���/MûÔ)

��«ÒaF�=�P��/56ñòê	��

�¸MûÔK¤/=��
S}RPü��) 
v�3B«�d; 2 �ê( U 1n = )�
«`Ý

��¨% IEEE 802.20	/MIMO-SDMAÒa[9]
)

���� g U U2 (2 1) 2N n n= − = ��Ó¦
}RÒa

	�d; 1 üê�]H� 4(����)����

������	/56ñòê{�) 
4.1.3  ��������	� 

PÒa/}R��de{ kC , kI , kJ },���V

o�%

2
c c( ) log( )kQ C N L+ 
%»IJK¤�#$û

Ô
zc�k(9)hk(10)ßÒ c c c( 1)N L N − =�¸û

Ô)%»�,V[
����» IEEE 802.20 

SDMA[9]
/��ÈÉ
à, IEEE 802.20 SDMAB

«�à 2 �êü0
<�êd; 14 �Bð
��

���z�� CQIMè�Bð{�
Ç�P`Ý/
��ÈÉde ( ) 5kQ C + bit) 

4.2  ������ 

xy}RÒaf�,m����� 2���)

��FÀij�� C/å�¡¢)�Þ��>�

�ù�% R T T T{ 2, 4, 8, ,1}n n n n∈ L 
%|Òaæ

�,P£¤
zè=}R�w¤, 2/����)
à,GABBðÄ�% T T 2n n× 
<��ïGAB

°±�H¥¦����/�ô) 
&�� k /���%�i, T 2n 
�

T 2M n< 
(P�����§�GABBð/è�

¯D°±þ%��©ª¯°±)��c¨�`c(6)

/mnÊË�k|YTfHßÒK¤�¸ûÔ
�

�Hï�îïGABBðrîïD°±)î¶F 1U

�©% 1 1, , p =
 

U LΦΦΦΦ ΦΦΦΦ 
À	


T

1
n MC ×∈ΦΦΦΦ hP=nT/M

�� k/mnÊË�_�¨�% 

 1 1 2 2k k p k p k k k= + + +y H s H s H U s n yΦΦΦΦ ΦΦΦΦ  (13) 

À	
 1s ;'m���ç�� k/�ô
 pΦ %ÀG

AB°±) pΦ %°± 1U 	ª� pΦ /�«�) 1s ;

'm��� pΦ 	/©ª-�çÀ¬��/�ô)

P�_�¿<=ïý 2 �GAB°± 1U M 2U 
Ê

Ë�� 1s M 1s /wó���G%�K�è�GAB

°± 1U /��ü)|�
 4.1 �¦`a�ßÒ�

�k/
m���%/�ñ.V)%»IJ�SDMA

�kÚ/K¤�#$ûÔ
zwxz{���H/

1 2( , )U U ü|r pΦ )K¤�¸ûÔ��;'% 

 
{ , , ,

1,

log(1m )ax
M

k mk
i p

i p
m

C µ
=

+=
∑

  (14) 

À	
 , , ,k m i pµ %
 m �D%/�ñ.V�i M p �

}%

( ) ( )
1 2( , )i iU U r pΦ /{�)®GAB°± kI �I

J/ûÔ;'% kC )56ñòê/¿n� 4.1�)

à,�� kf��îïBð/è�D°±þ%�
�°±
Ç�z?@��{� kP ���D°±/

L�)F¯,�èîïBð/���%èü
;

'% 

 { | }i kS k I i= =  (15) 

À	
i ;'o¿GAB°±/{�
Pü/°±
���/{�q)F~| iS �%&ñD~ ,i jS 
À

	 jt;D~/{�ô) ,i jS ¡�	ÚoF 

 
,

{ } {1,2, , }
i j

k
k S

P P
∈

= L

U

 (16) 

P��D~¿n%mn��)�������

ßÒ�Pmn��/K¤�#$MN8
�

,i j

k
k S

C
∈
∑

)m,mn��²³/�Ù
4.1 �/��

�}RÒa�N´�ij�«�Ö×/� C¡

¢
��ijÒa/wó�<=ïý 2�mn��

�r+å/îïGABBð) 
PÒa/}R��de{ kC , kI , kJ , kP }
��

�Vo�%

2
c c( ) log( )kQ C N L P+ 
%»IJK¤�

#$ûÔ
zc�k(9)hk(14)ßÒ c c c( 1)N L N P− =

�¸ûÔ) 

5  ���� 

«�F�ßÒì��Öµ«Õ3�/���

� SDMA"#/FH)����Þm�ù� 4 �

���
��>ù� 2 ÊË��
��!�o¶

����_
"��ÊË>¡�*�/./`lS

¿n

T s

0

n E
SNR

N
= )����¿ MIMO C�5.	

����>m�u·SÂì�[,m�M¸/¡

¢)«Õ/¹oº»��FTÖ×��¼ßM��

kl) 

d 2Md 3ç�»½¾��¿ÀÚT��.V



�16� �  �  �  � � 32 � 

 

'SNR=25dB
SNR=15dB(«Õ3�`Ý/5.)

j678>���\¨/Á�
%»>À¬ SDMA

`ÝV[
d	��ç�» IEEE 802.20 SDMA`

Ý

[9]
M!�rsVè¨Bð/Âì SDMA `Ý[14]

/FH)!� IEEE 802.20 `Ý/��ÈÉ%
( )kQ C +5bit
«Õ`Ý�B«¤i% 4Â4 M 4Â

8( m n× ;' cN m= 
 cL n= )��}zc��

( )kQ C +6bitM ( )kQ C +7bit)�Ã
«Õ	úûøù

ìí}R SDMA> IEEE 802.20 SDMA"#��È

É*�)��{�Ä'«Õ�3 SDMA"#�5.

678`~L, IEEE 802.20 SDMA)	d�'


"`Ý�IJ/678�ÂÃ��ÅÆ��/�

��/�ÅW�Å
 �à, SDMA"#H���

�5./����~)«Õ�3`Ý�Å�Ó2A

B»���ñò
����[��> IEEE 802.20 

SDMA*V� 0.4bit/s/HzÇÈ/�·�gÂÃB«

/�¤��IJ�4/��) 

 
� 2  	
 SDMA �����������(SNR=15dB) 

 
� 3  	
 SDMA �����������(SNR=25dB) 

U�5.	m�ÁÁà,M¸É�¢/Ê

ËW|���Y�Ì�è¿/�*�F
d 4

Md 5ç�»��>¡��*�F'*�°±

( , )i jR
0 ,

,i j

i j

r i j−

<


=




�


ihj=1,Í,nT
À	

j2π0.6er θ= 


[0,1]θ ∈ %��jZ�[/Âì\8(hÊË>T¡

��*�F�«Õ�3`Ý/678FH)��

{�Ä'P��ö÷Ú
«Õ�3 SDMA "#>

IEEE 802.20 SDMA*V¡� 0.7~1bit·s−1
·Hz−1

/�

�
Î<«Õ�3`Ý+�*�F��¡���

/ÏÐF)à,��>��¡��*�F
"

SDMA"#/FH���Ú9) 

 
� 4  �� SDMA�����	
����(SNR=15dB) 

 
� 5  �� SDMA�����	
����(SNR=25dB) 

6  ��� 

«Õ{|���GABB«ÐÑMìí}

RÑv3�»è!é/���� SDMA `a)

î¶�±��ô��MUòX/ERÐÑ»¡

�ê{Ð/ SDMA B«
�ê%m«{Ð��

,9:}R�QRM���ñòAB)m,PB

«
«Õ��ç�»è!m,������/ú

ûøù���ìí}RÒa)��{�Ä'
�

ÒÓÔÕ	
«Õ`a���T<Ä�Å��8



� 2� �������MIMO��������� !�"#$% SDMA &17& 

 

���1987-����������	


���������������

MIMO������� 

����1977-���� !" ��

#��	
��$%&��������

MIMO������'���������

()*��� 

����1964-������+,��

	
��%&'#��-.�������

�/0��12����')*��(34

56� 

/£ÖÚIJV IEEE 802.20 SDMA�4/5.

678) 

����� 

[1] COSTA M. Writing on dirty paper[J]. IEEE Trans Inform Theory, 1983, 

29(3):439-441. 

[2] SPENCER Q H, SWINDLEHURST A L, HAARDT M. Zero-forcing 

methods for downlink spatial multiplexing in multiuser MIMO chan-

nels[J]. IEEE Trans Signal Processing, 2004, 52(2): 461-471. 

[3] SERBETLI S, YENER A. Transceiver optimization for multiuser 

MIMO systems[J]. IEEE Trans Sig Processing, 2004, 52(2): 214-226. 

[4] TARIGHAT A, SADEK M, SAYED A H. A multiuser beamforming 

scheme for downlink MIMO channels based on maximizing sig-

nal-to-leakage ratios[A]. Proc Int Conf Acoust, Speech, Signal Proc-

essing[C]. USA, 2005. 1129-1132. 

[5] SCHUBERT M, BOCHE H. Solution of the multiuser downlink 

beamformig problem with individual SINR constraints[J]. IEEE Trans 

Veh Tech, 2004, 53(1):18-28. 

[6] JINDAL N. MIMO broadcast channels with finite-rate feedback[J]. 

IEEE Trans Inform Theory, 2006, 52(9):5045-5060. 

[7] DING P, LOVE D J, ZOLTOWSKI M D. Multiple antenna broadcast 

channels with limited feedback[A]. Proc Int Conf Acoust, Speech, 

Signal Processing[C]. France, 2006.45-48. 

[8] HUANG K, ANDREWS J G, HEATH JR R W. Orthogonal beam-

forming for SDMA with limited feedback[A]. Proc Int Conf Acoust, 

Speech, Signal Processing[C]. USA, 2007.97-100. 

[9] IEEE 802.20 C802.20-06-04. Part 12: Precoding and SDMA Code-

books[S]. 2006. 

[10] ZHOU S, LI B. BER criterion and codebook construction for fi-

nite-rate precoded spatial multiplexing[J]. IEEE Trans Signal Process-

ing, 2006, 54(5):1653-1665.  

[11] LOVE D J, HEATHJR R W. Limited feedback unitary precoding for 

spatial multiplexing systems[J]. IEEE Trans Inform Theory, 2005, 

51(2): 2967-2976. 

[12] MUN C, HAN J, KIM D. Quantized principal component selection 

precoding for limited feedback spatial multiplexing[A]. Proc IEEE Int 

Conf Commun[C]. Japan, 2006. 4149-4154. 

[13] SHARIF M, HASSIBI B. On the capacity of MIMO broadcast chan-

nels with partial side information[J]. IEEE Trans Inform Theory, 2005, 

51(2):506-522. 

[14] HUANG Y, XU D, YANG L, et al. A Limited feedback precoding 

system with hierarchical codebook and linear receiver[J]. IEEE Trans 

Wireless Commun, 2008, 7(4):4843-4848. 

 

	
�� 

 

 

 

 

 


