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Distributed beamforming in MIMO relay  
systems with limited feedback 

LI Chun-guo1,2, ZHONG Chong-xian1,2, YANG Lv-xi1,2 
(1. Key Laboratory of Underwater Acoustic Signal Processing of Ministry of Education, Southeast University, Nanjing 210096, China; 

2. School of Information Science and Engineering, Southeast University, Nanjing 210096, China) 

Abstract: The joint distributed beamforming was investigated for the multiple-input multiple-output (MIMO) systems 

assisted by cooperative relays with limited feedback. Firstly, a mathematical model was established for the joint beam-

forming based on the derived lower bound of the received SNR. Secondly, an optimal distributed beamformer was de-

rived for multiple cooperative relays. Finally, a codebook of this beamforming scheme was obtained for the limited feed-

back via the designed algorithm. Simulation results show that the distributed beamforming scheme acquires considerable 

gain with a few feedback bits. 
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 
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11 1 1 12 2 2 1 2

H

1 1

H2 22 2
1 1 2 1 2 2

  +  + 

diag
  

K K

K K

n d n d n d

d d

d d

d d

σ

σ σ

+ +

   

   

   = +
   

   

   

   

L

L L

M M

K

K K

h  h   h

h  h   h h  h   h

( )2 H H 2
1 r 2 2 r 2diagσ σ= +d H H d  (20) 

����(13)���� !��� 

( )( )
( )( )

H 2 H
r 1 1 1 1 1 r

HH 2
r 1 1 1 1 1 r 2

tr

diag

K

P

σ

σ

 +
 

= =K

D H d H d I D

d H d H d + I d
 

(21)
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�	)* 

 

( )
( )( )

2 H H
1 r 2 2 r

2
HH 22

r 1 1 1 1 1 r
2

diag

diag
P

σ

σ σ

+

K

d H H d

d H d H d + I d
 

(22)
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� 

( ) ( ){ }
( ) ( )

r

HH
r 2 1 1 2 1 1 r

2
H 2 H H H 22
r 1 2 2 1 1 1 1 1 r

2

max

diag diag

diag diag
P

σσ

 

 

   

   

 

 

 

 +
 

 

 

 

d

K

d H H d H H d d

d H H H d d H + σ I d

( )( )HH 2
r 1 1 1 1 1 r 2s.t. diag Pσ =Kd H d H d + I d  (23) 
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H 2 H H H 22

1 2 2 1 1 1 1 1
2

HH
2 1 1 2 1 1

2
H 2 H H H 22

1 2 2 1 1 1 1 1
2

diag diag
,

diag diag

diag diag
, 1, ,2 ,

diag diag

j j

j i i

j j

p p
B

p p

S

P

j p j p

P

σσ

σσ





   

   

=


 

 +
 



 



   

   

= ≠
 

+
 

 

L�

K

K

w H H d H H d w
H H

w H H H d d H + σ I w

w H H d H H d w

w H H H d d H + σ I w














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H
H
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2
1 H 2 H H H 22
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2

HH 2
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diag diag
1

arg max

diag diag

s.t. diag , 1, ,

jL q q q q q q

j
qj

q q q q q q

q q q q j

L

P

P q L

σσ

σ

=

 

   

 

   

 =
 

 

 +
 

 

 

 
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∑

L

x

K

K

x H H d H H d x
w

x H H H d d H + σ I x

x H d H d + I x
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arg max

diag

s.t. diag , 1, ,

jL q q q q q q

j
q q q

q q q q jP q L

σ

σ

=

 

   

   

 

=
 

 

 

+ = =

∑

x

K

x H H d H H d x
w

x H H x

x H d H d I x L
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H
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,2 ,1 ,1 ,2 ,1 ,1

H 2 H1
1 ,2 ,2

lb diag diag
arg max

lb diag

jL
q q q q q q

j
q

q q

f

σ=

 

 

 

   

 

 

 

   

 = =
  

  −
 

 

∑

x

x H H d H H d x
w

x H H x
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2) While ( ) ( ) ( )H0.45k k k k kf fα α+ < +x d x d d  

 1k k kα+ = +x x d  

 1 0.75k kα α+ =  

End 
3) ê 1j k +=w x > 
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