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Nonlinear robust precoding for coordinated 

multipoint transmission 

GU Zhe-qi, ZHANG Zhong-pei

  

(National Key Laboratory of Science and Technology on Communication, 

University of Electronic Science and Technology of China, Chengdu 611731, China) 

Abstract: A nonlinear robust precoding algorithm was proposed, which redesigned the feedback matrix�the forward 

matrix and the scaling matrix of the traditional tomlinson-harashima precoding algorithm based on the statistical charac-

teristics of the downlink channel state information errors. Simulation results show that the nonlinear robust precoding al-

gorithm can achieve better performance than the traditional linear and nonlinear precoding algorithms when the downlink 

channel state information errors exist. Due to the different downlink channel state information errors between user 

equipments in the coordinated multi-point transmission, the traditional Obest-firstP ordering algorithm was invalid. 

So an improved ordering algorithm was proposed to reduce the average bit error rate of the nonlinear robust pre-

coding algorithm.  
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hµ¶ÁÂ��&'�� !��GH���@

º»5+,=��ÃD/0n�ÄÅ6Tajer F

PrasadmÆ��Ç=> CSI´¯kl��GH�

�³ÈM&'�m4t ÉÊ (SINR, signal to 

interference and noise ratio)�ËNO³M&'�

��»5ÌÍF³M��9:�ÎÏÐ5AÍ�

Ñ �ilÒY(worst case)=/0�ÓÔF»

5(weighted sum rate)

[6]

6Õ³ TDD�<�GH

���LagenÖAgustin F Vidal ×��ØÙÚ

¶vopiÑ�QnfghÛÜFQnUÝÛ

Ü

[7]

6ÞÚ¶³=> CSIklßPàán�²I

ØÙâ�ÝãäÖåæç.6BogaleÖVandendorpe

F Chalisev MMSE	�è�×��Qnàáf

gh

[8]

6Z�0Qn MMSEfgh°Ê�Þfg

h�¯=> CSI kl´¯�ÒY=op¡+�

xy6  

z{¯~�=> CSI ÒY=�£Qnfgh

�n�éé.{Qnfgh�n�

[9]

6êë78

©ì[8]J�QnàáfghÚ¶�í�-a�£

QnàáfghÚ¶6ÞÚ¶îA�&�����

�=> CSIkl�0�¤n�ïð×���0£Q

n THfgh(tomlinson-harashima precoding)�ñ

òÛÜ���ÛÜv�óôÛÜ��I³=> CSI

klßPàán6��õ©ö³£Qnàáfg

hÚ¶�åæç÷>�A¹6õ©Îcz{��

����Jø�&'ßPø��=> CSI kl�

�·�0�ùfirst-bestúûüÚ¶øýþ&{õ©

�£Qnàáfgh6{Kõ©³ÞûüÚ¶÷

>�"÷�ø��I�÷\���£Qnàáf

ghÚ¶��jkh5�Ë�ö���ûüÚ¶

�åæç6��¾¿À§�Ç������´

¯=> CSI kl��õ©�×�£Qnàáf

gh�n�ø�Ñ{�0�QnfghF£Q

n TH fgh�Ë�¸Ñ{©ì[8]J�Qnà

áfgh6 

©J�	
À�ò*�ÛÜ�

T

( )⋅ Ö H

( )⋅ Ö 1

( )

−⋅
F

H

( )

−⋅ A�À��Ö���ÖÛÜ��FÛÜ

������⋅ Z ⋅ A�À��F 2-���vec( )⋅
À��* Ú��E( )⋅ À������ diag( )⋅ 	³
�ÛÜ� I À���ÛÜ� ( , )m mA À�ÛÜ A³

�Q�� m]���Z	 �!�RÀ�b�!�

CÀ�å�!6 

2  ���� 

�" 1���ª&GH���<�����/

0P B]��9:�M9:j#Í

t

n 7$Q�P M

]&'�M&'j#Í�7$Q6M��9:NO

%&TUVJW'~���NOGH���<bc

³M&'�=>��6M��9:V&' m�w=

>t�@À�	 

 

1

_ UL 1_ UL _ UL

1

_ DL 1_DL _DL

t

t

Bn

m m mb

Bn

m m mb

×

×

 = ∈
 

 = ∈
 

H h h

H h h

� �

� �

C

C

 

(1)

 

 

� 1  �������	
��� 

IJ�

1

_ UL _DL

,

t

n

mb mb

×∈h h C A�À���9: b Z

2015173-2 



�142� �  �  �  � � 36 � 

 

&' m��w>Z=>t�6 

GH��|}=> CSI�(

T

DL 1_ DL

[  =H H  

T T T

2_ DL _DL

]

t

M Bn

M

×∈H H� C �&{fghÛÜ��

Ú6¢ª& TDD �<�è��)�w>t�Z=

>t�¯° ��±ßPt���n�(

DL UL

=H H 6M��9:@NOM&'ÎÏ�*+

,-t.(SRS, sounding reference signal)

[10]

op³

w>t�

T T T T

UL 1_ UL 2_ UL _ UL

[  ]

t

M Bn

M

×= ∈H H H H� C

�t���

UL

ˆ =H

T

1_ UL

ˆ

[  H

T

2_ UL

ˆ

H �  

T T

_ UL

ˆ

]

M

∈H  

t

M Bn×
C 6�" 1���¯������J���9

:F&'j¯/�w01A2��vM��9:V

M&'�t�@3	K°�45�6���¯b

6�����NtJ���9:��78zé�

9���:RRU, radio remote unit;<=�I$Q

�*q>�$Q��?¸@A®M$QVM&

'�t�BC456�võ©
ª& Kronecker

$Q°��D��E}�F°�45�t���

kl�è=>t�

DL

H Zw>t���

UL

ˆ

H ��

/@vÀ�	 

 

DL UL UL

ˆ= = + ∆H H H H  (2) 

IJ�

T

T T T

1 2

 

t

M Bn

M

×
 ∆ = ∆ ∆ ∆ ∈
 

H H H H� C À�w>

t���kl6G×w>t���Z=>GH��

����HøIOt�° ���èJW'~��J

w>t���

UL

ˆ

H Ç�=> CSI�ÚfghÛÜ6�

��w>t���kl∆H (	=> CSIkl6 

∆H JM���+�ZI³È&'� SRS V

º9:�m4tÉÊ(SNR, signal to noise ratio)D

�Ê

[11]

�G×∆H J���	°�45�ej�å
KLA2MNO*� ( )~ CN 0, ∆∆

H

H C 6IJ ∆HC 	

∆H �P°�ÛÜ��<(3)��6 

( )
( ) ( ) ( )

H

H H H

1 1 2 2

E

      diag(E , E , ,E )

a

M M

∆ = ∆ ∆

= ∆ ∆ ∆ ∆ ∆ ∆

H

C H H

H H H H H H�

2 2 2 2

1 2

      diag( , , , , , )

b

e e em eM

σ σ σ σ= � �  (3) 

78∆H J���°�45�j�	e�<(3)

J�m< a@NOQ�Æ�pV�m< bJ ∆HC �

� m]³���

2

em

σ @À�	 

 

( ) ( )2 H H

1

1

1

E E

      

B

em m m mb mb

b

B

t mb

b

n

σ

ρ

=

−

=

= ∆ ∆ = ∆ ∆

=

∑

∑

H H h h

 

(4)

 

IJ�

mb

ρ À�&' m � SRS Vº9: b �m4

SNR6�" 1���ª&GH���<�����

/0z&'F��9:��ED�£JR<µS

è�TU¾[6èø�&'� SRSVø�9:VW

Xø� !FÉY�èÇm n≠ �Zb a≠ ��[\

mb na

ρ ρ≠ 6�<(4)���

2

em

σ À�&' m �³È�

=> CSIkl�;l6�vÇm n≠ �

2 2

em en

σ σ≠ �(

ø�&'³È�=> CSIklßPø��]^Û6 

3  ��������	
 

G×ò* aJM�� ,  1, ,

m

a m M= ⋅ ⋅ ⋅ �_`�

! ( ){ }{ }j | , 1, 3, , 1

I Q I Q

a a a a KΑ = + ∈ ± ± ⋅ ⋅ ⋅ ± − �è

abc.def¯$g	 2 K �;E�h±6¯

�i 2 Kτ = 6z{õ©J�j��abc.j	

å���v" 2J� MODÀ�A�³c.�bX

F^X÷>��kÚ6��kÚ�fl	

2

MOD ( )

x

x xτ

τ

τ
τ

 +
 

= −
 

 

�IJ ⋅
 

 

À�ò=� 

[12]

6

¢m�no��kÚ�èJW'~���â�	³

&'� !�p>f��6" 2 J�ÛÜ −B I	

 

� 2  �������	 

2015173-3 




 10 � ��������������������	 �143� 

 

qr=s�ÛÜ�è�8ò* x

�

�� m]��@À

�	 

 

1

1

m

m m mk k

k

x a b x

−

=

= −
∑

� �

 (5) 

IJ�

mk

b 	ÛÜ B�� m>� kt���6	�

��Î9Ð5O+�øu

m

x

�

�,çIaab_`�

h�|³

m

x

�

÷>��kÚ�è<(5)@÷\�"v	 

 

1

1

m

m m ml l m

l

x a b x

−

=

= − +
∑

p

� �

 (6) 

IJ�

m

p K³

m

x

�

÷>��kÚ¨op�!s�*6

	�¨wÆ�;x�G×��9:�y$Q�m{

&'��(

t

n M=B �è78<(5)F<(6)�JW'

~��� !p>f��F��kÚ@m4	v

=ÛÜE< 

 ( )− −= = +1 1

x B s B a p

�

 (7) 

IJ��*

T

1

[ , , ]

m M

p p p=p � � 	��kÚ¯ab

c.ò* awzÓ�!s�*6�* p@NO&'

UÝ����kÚ��6¢

t

n M<B �è&'��

 !~{wµ¶ÁÂ���N8|}~�@NO³

&'���23aç÷>��6¢

t

n M>B �|�

ÛÜ B	£;Ü�è<(7)J��ÛÜ

1−
B @&��

ÛÜ ( ) 1

H H

−
B BB Ù�6��

t

n M=B �G×øÅ\

�n6 

M��9:J�8ò* x

�

�vñ�ÛÜ

T

T T T

1 2

 

B

 =
 

F F F F� pVÎ9ò* 

 

T

1

T T T

1 2

 

t

Bn

B

×
 = = ∈
 

x Fx x x x

�

� C  (8) 

IJ�ñ�ÛÜF	�Ü6Î9ò* xWO=>t

�

DL

H �Ë¯M&'UÝ�zÓ.��ÉY

( )1, ,

m

n m M= ⋅ ⋅ ⋅ ����vMP�³È�óô��

( )1, ,

m

g m M= ⋅ ⋅ ⋅ �pVUÝt.�* 

 ( ) 1

UL

ˆ

 

a

−

=

= + ∆ +

r Gy

G H H FB s n

�

 

(9)

 

IJ�

DL

= +y H x n � ( )
1 2

diag , , ,

M

g g g=G � �

= ×n G

�

T

1 2

[  ]

M

n n n� 6J<(2)Ö<(7)F<(8)Ù`<

(9)@pV<(9)m< a6�" 2���UÝt.�*

rWO&'��kÚ¨pVM&'�abc.ò*

ˆ =a

1

ˆ

[a

2

ˆ

a �

T

ˆ

]

M

a 6 

¯��NO³��ÛÜ BÖñ�ÛÜFv�³

�óôÛÜG �Ñ ×��bc£Qnàáfg

h���=> CSIkl³GH���¼½6flU

Ýkl�* e  

 = −e r s  (10) 

NO��=�i� ����f��ÛÜ B�

ñ�ÛÜFv�³�óôÛÜG  

 ( )2

, ,

arg  min  E

B F G

e  (11) 

<(11)�õ�	i� UÝt.�* r Zm

4t.�* s�j;kl(MSE, mean square error)6

78i�j;kl(MMSE, minimum mean square 

error)iÑ��K��~(�Z��¼f~)

[13]

�èU

Ýkl�* eZ�* y�@ 

 ( )H

E = 0ey  (12) 

G× ( )H 2

E

a

σ=aa I� ( )H 2

E

n

σ=nn I6Çabc

.�_`�! Aq+��( Kq+��@no£Q

n��â�ÃD�DEÄÅ (shaping loss)�è

( )H 2

E

a

σ≈xx I

��

[12]

6¯��J<(7)~<(10)Ù`<

(12)�Ë�� ~�@J<(12)"v	 

 

UL

ˆ

(G H

H

UL

ˆ

)η ∆+ + =
H

H I C

H H

UL

ˆ

BF H  (13) 

IJ�

2

2

n

a

ση
σ

= 6¢�\ abc.�jÐ5((

2

1

a

σ = )�è

2

n

η σ= 6z<(13)@vpVñ�ÛÜF�

��� 

 

H 1

UL

ˆ

(

−=F B G H

H

UL

ˆ

)η ∆+ +
H

H I C

H

UL

ˆ

−
H  (14) 

z{ñ�ÛÜ F 	�Ü�z�Ü�n�

H =F F I �@vpV 

1 1 H

UL

ˆ

( ) (

− − =G B G B H

H

UL

ˆ

)η ∆+ +
H

H I C

H

UL

ˆ

−
H

1

UL

ˆ

− ⋅H  

 

UL

ˆ

(H

H

UL

ˆ

)η ∆+ +
H

H I C  (15) 

η F ∆HC �����<(15)�m<�$XA	

Kf Hermite ÛÜ�NO³<(15)�m<�$XA

����9A�(Cholesky factorization)�è@pV

=s�ÛÜ

1−=L G B6���NO=s�ÛÜ L�

@vpV�@<(11)���ÛÜ B�ñ�ÛÜFv

�³�óôÛÜG�Àº< 

( )1 1 1

diag (1,1) , (2,2) , , ( , )M M

− − −=

=

G L L L

B GL

�

 

1

UL

ˆ

−=F H

UL

ˆ

(H

H H

UL

ˆ

)η −
∆+ +
H

H I C L  (16) 

	�x{¨w�Ñ ûü�Jw��£Qnà

2015173-4 



�144� �  �  �  � � 36 � 

 

áfgh"v	m�E<�¯�fl 

 

MMSE UL

ˆ

(=H H

H

UL

ˆ

)η ∆+ +
H

H I C

H

UL

ˆ

−
H  (17) 

78<(15)F���9A��n��³

H

MMSE

H

÷> QRA� 

 

H

MMSE

H

                

=

=

H QR

FL

 

(18)

 

78<(18)�<(16)J��ÛÜ BÖñ�ÛÜF

v�³�óôÛÜG@ïðÀ�	 

 

( )1 1 1

H

diag (1,1) , (2,2) , , ( , )M M

− − −=

=
=

G R R R

B GR

F Q

�

 

(19) 

<(19)J���ÛÜ BÖñ�ÛÜFv�³�

óôÛÜGF<(16)J�m�6 

õ©v��kÚ:flops;	9õâ����NO

��åæç³vw£QnàáfghÚ¶�åæç

÷>��6êë�	��ÚvwÚ¶���åæç�

õ©¯À 1J�a�ÛÜ9õkÚ���åæç�G

×b�ÛÜFò* ,

n n×∈A R ,

n m×∈B R  

1n×∈c R 6 

� 1 �������	
� 

������ ����	
�flops� ���� 

T

c  

2

n

 

( )O n  

1−
A  

3

4

3

n

 

3

( )O n  

×A B  

2

2n m  

2

( )O n m  

� A � QR �� 

3 2

6 6n n−  

3

( )O n  

 

��������	
�������

�������������� !"#$%

&'()*+	
��,-��./0�12

,-�3�4�5612,-78�.9�:

2,-;<=	!>?@ [real( ) imag( );= −H H H  

imag( ) real( )]H H � [real( ) imag( )]=a a a ! 

�� 1  .

MMSE

H ;< QR �ABC�D,-

F�EFG,-HI��JBKD,- B!LM,

- −B I �NOPQR�S<)TU���NVW

MXH

1−
B �3�4NJB

1−
B �1YZ[\JB,

- −B I �1YZ!� 1 �]^_	`2�

3 2 3

48 48 32

3

M M M− +
�aP1YZ�

3

( )O M ! 

�� 2  ��,- −B I����.bc a;

<NOPQR�S<)TU!de��fM�g�

N

1−
B a�1YZ[\h�QRTU�1YZ!i

j����.

1−
B a;<kl��JBbc x

�

!�

 2 �]^_	`2�

2

8 2M M+ �aP1YZ�

2

( )O M ! 

�� 3  m����62�bc x

�

H�mn.

9��D,-

T T T T

1 2

[  ]

B

=F F F F� �BCopbc

T T T T

1 2

[  ]

B

=x x x x� !� 3�]^_	`2�

2

8M �

aP1YZ�

2

( )O M ! 

qh���$%&'()*+	
r�]^_

	`2�

3

2

112

32 2

3

M

M M− + �aP1YZ�

3

( )O M �s�tcM �NO2�uv�<wx,

-

DL

H �y2!z�<wx,-

DL

H �y2�M

a�{�|}�~�%&)*+	
�aP1YZ

u�

3

( )O M ���cR�$%&)*+	
�aP

1YZ�

2

( )

M

O e

[14]

!������$%&'()*

+	
�1YZ�|N%&)*+	
�1YZ

�d�c������M�cR�$%&)*+	


�1YZ! 

4  ��������	
���� 

���(19)�KD,- B��D,-F��.

���,-G�������c e����,- 

 ( )H

E= =
e

C ee GΣG  (20) 

s�� 

2 2

UL

ˆ

( (

a H

σ η η∆= + +Σ C I H

H 1

UL

ˆ

)

− +H  

         

UL

ˆ

(η H

H 1

UL

ˆ

)

H

−
∆H C

UL

ˆ

(

H

η ∆+ C H

H 1

UL

ˆ

)

− +H  

UL

ˆ

(

H∆C H

H 1

UL

ˆ

) )

H

−
∆H C  (21) 

��(20)��(21)�����	
����

��� 

 ( ) ( ) ( )2 2 2

1 2

E E E

M

e e e

 

 

�

 [ ](1,1) (2,2) ( , )M M=
e e e

C C C�  (22) 

��� ( , )m m

e

C ��	
 m����������

���	
������� !�"# CSI��

$%&' !�(� QR)*�+,-./012

 !�3�	
�'4567�8(09:;<=>

�� !	
�? !�@A)�BC�(19)��

(20)��DE 

2015173-5 



� 10 � ������	
������������� �145� 

 

 ( ) ( )2

2

E , ( , )

m

e m m m m

−= Σ R  (23) 

��� ( ),m mΣ �FG�HIJKLAM��NO

LA�PQη�	
 m ����

1_ UL

ˆ

H

H

1_ UL

ˆ

H �	


 m"# CSI����

2

em

σ RS�3 ( ),m mΣ T

UVWXYZ�[

T

MMSE MMSE_1

[  =H H  

T

MMSE_2

H �  

T T

MMSE_

]

m

H �3BC QR )*�'\� ( , )m mR �

MMSE_m

H ] ( )
T T T T

MMSE_1 MMSE_2

MMSE_ 1

[  ]

m−H H H� #]^

_`abcd�efgcd�-.hi� 

BCjk)l�mn-.�	
��-.�b

cdmG�3-.himo�3������m

F�	
�'45pm��_�qr_st�uv

'wxyz@{|a�	
'4�8�}~�'4

���	
����$'4�.��F�����

������$'4�qr������

H

MMSE

H �

QR )*+,-.12�H�

2

( , )m mR �Q���

��'4��	
�>��s��$'4����

��

H

MMSE

H � QR)*+,-.12������

���(permutation matrix) P ������

MMSE

H

�#]^�0��#QR)*�qr���*�(24)

����� �DE�������

opt

P 	���

MMSE

H #]^������ 

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

2 2 2

opt 1 2

2 2 2

arg min max E ,E , ,E

1,1 2,2 ,

     arg min max , , ,

(1,1) (2,2) ( , )

M

e e e

M M

M M

=

 

=
 

 

P

P

P

Σ Σ Σ

R R R

�

�

 

  

(24) 

qr�������

opt

P ��*�¡M¢$�

£best-first¤�2¥¡�¦§¨©

[15]

�ªBC«V

¬¢®�&�#�¯���°/£best-first¤

�2¥¡�q\±7���-.²�³�'4�

´�	
����G��	
��F�����

ª¢$�£best-first¤�2¥¡�Yµ¶"#��

CSI·§� {¸¹"#�� CSI���º»¼

½7"#�� CSI67�¾�¢$�£best-first¤

�2¥¡¿��ÀÁ|a�$'4"Â��qr�

������

opt

P ��*�¡�Ã	��	
"#

CSI��$%&'ÄÅÆ�Ç�È�767"#�

� CSI��ÉÊ"�Ë~4���s�uv'w

xyz@�'4� 

�Ì�¢$�£best-first¤�2¥¡��ÍÎ

ÏÐ��¡�*�Ä24Ç��������

opt

P �

Ñ"#����

DL

H �ÆZ�M �3ÒÓ�# !M

Ì QR )*�~�«V¬¢®�"#����

DL

H �ÆZ�YÔ��3ÒÂÕ¢$�£best-first¤

�2¥¡�Ö×i�qrBCØ��'\�Ø��

1

MMSE

−
H �Ùm��]^hi�ÚZ

( )1

MMSE

1

:,m

−
H

�

�

MMSE

H �Ùm##]^

MMSE_m

H ]�ÛM−1�#

]^`acd�efgcd-.hi

[16]

�3�(23)

��

2

( , )m m

−
R ����Ø����]^hi�Ü

��7Ý�qrÃ	jkØ��'\��(24)�#

�*�Ñ"#����

DL

H �ÆZ�M �3ÞÒÓ

�#M Ì���Ø�ÂÕ��2�Ö×i��*�

¡�ßà�á�â¥¡ 1_ã� 

�� 1  �������* 

®äå

MMSE

,  H Σ �M   

Begin 

//æç�  

1) = 0P  

2) 

(1)

MMSE

=H H  
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