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1 Introduction
In RAN1#72 bis, the agreed working assumption related to 4Tx codebook enhancement was 
· New 4 tx codebook is constant modulus

· Companies can provide further evaluations for Scenario C1 until RAN1#73 if desired

· At least for rank 1-2:

· 4Tx codebook enhancement is based on a grid of beams design similar to the Rel 10 8Tx codebook 
· (this does not preclude that some of the Rel-8 codewords might be included in the new codebook)

· a same W1 codebook is assumed for rank 1 and rank 2 feedback

· FFS until RAN1#73 whether rank 3-4 is:

· same as Rel-8 or 

· enhanced or

· not supported in the new codebook

· If rank 3-4 is supported in the new codebook, a same W1 codebook is assumed for rank 3 and rank 4 feedback
The working assumption for structure of W1 was given as: 
· 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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The working assumption for structure of W2 was given by: 

· 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 
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It was also requested to provide the details of codebook for evaluation. Based on the working assumption, the details of enhanced 4Tx codebook with W=W1W2 structure are given in this contribution. 
2 Details of rank1 and rank2
The agreed two-stage codebook structure is maintained as follows

[image: image6.wmf]12

W=WW

 ,                                                                        (1)

where
[image: image7.wmf]1

W

 denotes a wide-band/ long-term channel information, and 
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 is a sub-band/ short-term channel information. For 
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, the working assumption is that rank 1 and rank 2 have the same 
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, which is given by
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2.1 Codebook design for rank 1

2.1.1 Codebook structure of  
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 for rank 1

For rank 1 codebook, 
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 is given by
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where 
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is a selection vector of zeros and a “1” in the 
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-th row, 
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 is the phase shift between two polarizations (i.e., co-phasing), where 
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 is a coefficient for adjusting the phase shift, which is defined as
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From (4), if 
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 which means no adjustment for the phase shift, so that 
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, the phase shift will be changed to 
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 is determined by 
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), there is no additional signaling for 
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. The benefits of adding the adjusting coefficient 
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are: 
1. The co-phasing granularity between two polarizations will be enhanced by
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. Due to the feature of beam overlapping in the two-stage codebook, each beam will have 8 phase-shifts for co-phasing, which is more than the codebook of Alt_1 in [2] (only 4 phase-shifts) and will provide some diversity gain.  
2. With the help of
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, the number of ULA-specific DFT vectors for ULA antenna configuration is increased to 16, which is twice the codebook of Alt_1 in [2]. Thus, some performance gain will be obtained in the case of ULA antenna configuration with the proposed codebook. 
2.1.2 Codebook of rank 1 

For convenience, we also give the rank 1 codebook in Table 2, where
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Table 1. Codebook for 1-layer
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2.2 Codebook design for rank 2

2.2.1 Codebook structure of  
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 for rank 2

For rank 2 codebook, 
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 is given by
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where 
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is a selection vector of zeros and a “1” in the 
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 is a coefficient for adjusting the phase shift, which is defined as
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2.2.2 Codebook of rank 2 

For convenience, the rank 2 codebook is also given in Table 3, where
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Table 2. Codebook for 2-layer
	
[image: image71.wmf]1

i


	
[image: image72.wmf]2

i



	
	0
	1
	2
	3

	0 – 15
	
[image: image73.wmf]11

2,2,0

ii

W


	
[image: image74.wmf]11

2,2,1

ii

W


	
[image: image75.wmf]11

21,21,0

ii

W

++


	
[image: image76.wmf]11

21,21,1

ii

W

++



	
[image: image77.wmf]1

i


	
[image: image78.wmf]2

i



	
	4
	5
	6
	7

	0 – 15
	
[image: image79.wmf]11

22,22,0

ii

W

++


	
[image: image80.wmf]11

22,22,1

ii

W

++


	
[image: image81.wmf]11

23,23,0

ii

W

++


	
[image: image82.wmf]11

23,23,1

ii

W

++



	
[image: image83.wmf]1

i


	
[image: image84.wmf]2

i



	
	8
	9
	10
	11

	0 – 15
	
[image: image85.wmf]11

2,21,0

ii

W

+


	
[image: image86.wmf]11

2,21,1

ii

W

+


	
[image: image87.wmf]11

21,22,0

ii

W

++


	
[image: image88.wmf]11

21,22,1

ii

W

++



	
[image: image89.wmf]1

i


	
[image: image90.wmf]2

i



	
	12
	13
	14
	15

	0 – 15
	
[image: image91.wmf]11

2,23,0

ii

W

+


	
[image: image92.wmf]11

2,23,1

ii

W

+


	
[image: image93.wmf]11

21,23,0

ii

W

++


	
[image: image94.wmf]11

21,23,1

ii

W

++



	where 
[image: image95.wmf]'

,',

'

1

8

mm

mmn

nmnm

vv

W

vv

ajaj

éù

=

êú

-

ëû

, where 
[image: image96.wmf]1

/4

1

1,201

,223

j

if

if

mior

emior

p

a

-=

ì

=

í

-=

î




3 Details of the new designed 4Tx codebook for rank3 and rank4
In the following, we give the details of the proposed 4Tx codebook for rank 3 and rank 4. The agreed two-stage codebook structure is maintained as follows
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3.1 Codebook design for rank 3

3.1.1 Codebook structure of  
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For rank 2 codebook, 
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3.1.2 Codebook of rank 3 
For convenience, the rank 3 codebook is also given in Table 3, where
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Table 3. Codebook for 3-layer
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3.2 Codebook design for rank 4

3.2.1 Codebook structure of  
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For rank 2 codebook, 
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3.2.2 Codebook of rank 4 

Table . Codebook for 4-layer
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4 Conclusions
In this contribution, we propose a new designed two-stage codebook for 4Tx to enhance the performance in different antenna configurations.
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