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1. Introduction

The working assumption from RAN1#72bis as following：
Working assumption for structure of W1: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  W1 is defined as below
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Where Xn  is a 2xCR matrix with DFT columns and [image: image3.wmf] 
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· To be determined:

· N1: 
total number entries of W1 per rank

· Q1:  
granularity of beam of W1 

· For each block matrix Xn

· CR: 

total number of beams

· a1,n, …, aCR,n :  
beam coefficients determining specific directions within the block

Working assumption for structure of W2: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12), W2 is a 2CR x R matrix defined as below
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where ei is a selection vector of zeros and a “1” in the ith row

·   To be determined:

· N2: 

total number entries of W2 per rank

· Q2: 

co-phasing granularity between two polarizations  

· For each ar
· yr1:  

column selection for the first polarization

· yr2 : 

column selection for the another polarization

· mr1: 

phase shift  for the first polarization

· mr2: 

phase shift  for the second polarization
Working Assumption of Codebook Parameters of Rank 1 and Rank 2

· W1 (4 bits)

· N1 


16


· Q1, q1:


FFS

· For each block matrix Xn
· CR:

FFS between 2 and 4 (4 is the default)

· a1,n, …, aCR,n :  FFS

· W2 (3 or 4 bits) and three alternatives for column selection (assuming CR=4): 

· Alt.1 (4 bits) same as 8Tx W2
· Alt.2 (3 bits) subset of 8Tx W2
· Alt.3 (4 bits) as 8Tx W2 modified to

· For rank 1 
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· For rank 2
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· Alt.4 (4 bits) as Alt 3, modified as follows:

· For rank 1
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· For rank 2
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, Q2=8.

 Working assumption for rank 3,4 (if new codebook is agreed for rank 3-4):

· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4

2. Enhanced 4Tx codebook structure
According to the working assumption, our proposed codebook is defined as follows. 

2.1. Codebook design for rank1 and rank2

Codebook structure of 
[image: image14.wmf]1
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for rank 1 and 2:

[image: image15.wmf]ú

û

ù

ê

ë

é

=

n

n

X

X

W

0

0

1

                                    (1)

[image: image16.wmf](

)

15

,...,

2

,

1

,

0

  

,

1

1

1

1

16

)

16

mod

)

3

((

2

16

)

16

mod

)

2

((

2

16

)

16

mod

)

1

((

2

16

)

16

mod

(

2

=

ú

ú

û

ù

ê

ê

ë

é

=

+

×

+

×

+

×

×

n

e

e

e

e

n

j

n

j

n

j

n

j

n

p

p

p

p

X

   (2)
Codebook structure of 
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for rank 1:
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Codebook structure of 
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for rank 2:
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2.2. Codebook design for rank3 and rank4
Codebook structure of 
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for rank 3 and rank4:
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Codebook structure of 
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for rank3:
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Codebook structure of 
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for rank4:

[image: image33.wmf](

)

(

)

(

)

(

)

(

)

{

}

11221122

22

11221122

1215263748

11

,   

22

,,,,

C

jjjj

ìü

éùéù

ïï

Î=

íý

êúêú

----

ïï

ëûëû

îþ

Î

YYYYYYYY

W

YYYYYYYY

YYeeeeeeee

         (10)
Where 
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 is a selection vector of zeros and a “1” in the 
[image: image35.wmf]c

-th row.
3. Conclusion
In this contribution, we provide our two-stage codebook for 4Tx enhancement. Considering the tradeoff between the performance and overhead, and the standardized complexity, the existing Rel-10 8Tx codebook structure can be a good framework for the design of enhanced 4Tx codebook structure, especially for rank3 and rank4.
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