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1
Introduction
During the RAN1#72bis meeting, design principles for Release 12 4Tx double codebook were agreed.  Four different alternatives for 
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have been accepted. Alternatives 1 and 2 obey the codebook structure of Release 10 8Tx codebook. Remaining alternatives 3 and 4 allow different beam per polarization.  The alternative 4 allows, in addition, flipping of beams for second layer as in [2]. In this contribution we propose two codebooks for rank-1 and rank-2 (3-bit and 4bit) and one codebook for rank-3 (4-bit) and rank-4 (3bit). In addition to this contribution, the companion .mat file contains the codebook details.
2
Agreed double codebook structures
The following double codebook structure has been agreed during the RAN1#72bis meeting:
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 structure

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  
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is defined as below
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Where Xn  is a 2xCR matrix with DFT columns and [image: image6.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



structure (Alternative 4)
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The beam selecting vectors are
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3
Proposed codebook details 

Both codebook proposals are designed according to the alternative 4, hence they consist of different beams per polarisation as well as the flipping of the beams for the second layer. The rank-1 and rank-2 4-bit design preserves the nested property of the codebooks while in the case of the 3-bit rank-1 and rank-2 codebooks, the nested property is relaxed. By nested property we understand that one vector of every rank-2 PMI is part of the rank-1 codebook. All components are of constant modulus and of finite M-PSK alphabet. 

Proposed 

 for rank-1 and rank-2 codebook is based on sixteen base beams 
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, and there is a group of four (CR=4) beams, where . There are sixteen codewords (
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 ) in total, while there is an overlap of three beams between neighbouring 

 codewords.
Proposed 

 for rank-3 and rank-4 codebook is based on sixteen base beams  
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, and there is a group of four (CR=4) beams, where . There are four codewords (
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) in total, while there is no overlap between codewords.

Proposed 
[image: image34.wmf])
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 for rank-1 and rank-2 uses Q-PSK alphabet 

 for cross-polarization combiner. Nested property between rank-1 and rank-2 codewords is preserved in 4-bit codebook and nested property is relaxed in the 3-bit codebook. The codeword indices 
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Table 1 for rank-1 and rank-2 are defined according to equation (1) and (2) in , Table 2, Table 3 and Table 4.

 Proposed 
 for rank-3 and rank-4 uses Q-PSK alphabet 

 for cross-polarization combiner. Nested property between rank 3 and rank 4 codewords is preserved. The codeword 
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Table 5indices for rank-3 and rank-4 are defined according to equation (3) and (4) in  and Table 6.
Rank-1 and Rank-2 (3-bit codebook) [CBrank1&2_3bit.mat]
Table 1: Rank-1 

codebook

	CW-rank 1
	1
	2
	3
	4
	5
	6
	7
	8
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	2
	3
	2
	2
	2
	3
	3
	3
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	2
	3
	3
	3
	3
	2
	2
	2
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	3
	3
	1
	2
	4
	1
	2
	4


Table 2: Rank-2 

codebook

	CW-rank-2
	1
	2
	3
	4
	5
	6
	7
	8

	Structure type
	S2
	S2
	S1
	S1
	S1
	S1
	S3
	S3
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	1
	4
	1
	1
	1
	1
	1
	1
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	4
	1
	4
	4
	4
	4
	4
	4
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	1
	1
	1
	2
	3
	4
	2
	4


Rank-1 and Rank-2 (4-bit codebook) [CBrank1&2_4bit.mat]
Table 3: Rank-1 

codebook

	CW-rank 1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
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	1
	4
	1
	4
	1
	1
	4
	4
	2
	2
	2
	2
	3
	3
	3
	3

	
[image: image58.wmf]k


	1
	4
	1
	4
	4
	4
	1
	1
	2
	2
	3
	3
	3
	3
	2
	2
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	3
	4
	1
	2
	1
	3
	2
	4
	2
	4
	2
	4
	1
	3
	1
	3


Table 4: Rank-2 

codebook

	CW-rank-2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Structure type
	S1
	S1
	S2
	S2
	S3
	S3
	S3
	S3
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1
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	1
	4
	1
	4
	1
	1
	4
	4
	1
	1
	1
	1
	1
	2
	2
	2
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	1
	4
	4
	1
	4
	4
	1
	1
	4
	4
	4
	4
	3
	3
	3
	4
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	1
	2
	1
	2
	1
	3
	2
	4
	1
	2
	3
	4
	3
	1
	4
	2


Rank-3 (4-bit codebook) [CBrank3&4.mat]
Table 5: Rank-4 

codebook

	CW-rank-2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Structure type
	S5
	S5
	S5
	S5
	S5
	S5
	S4
	S4
	S4
	S4
	S4
	S4
	S4
	S4
	S4
	S4
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	1
	1
	1
	1
	4
	4
	1
	1
	1
	1
	2
	2
	4
	4
	4
	4
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	4
	4
	4
	4
	1
	1
	1
	1
	1
	1
	2
	2
	4
	4
	4
	4
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	3
	3
	3
	3
	2
	2
	3
	3
	3
	3
	4
	4
	2
	2
	2
	2
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	2
	2
	2
	2
	3
	3
	3
	3
	3
	3
	4
	4
	2
	2
	2
	2
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	1
	2
	3
	4
	1
	3
	1
	2
	3
	4
	2
	4
	1
	2
	3
	4


Rank-4 (3-bit codebook) [CBrank3&4.mat]
Table 6 Details on rank-4 

codebook

	CW-rank-2
	1
	2
	3
	4
	5
	6
	7
	8

	Structure type
	S7
	S7
	S7
	S7
	S6
	S6
	S6
	S6
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	1
	1
	1
	1
	1
	1
	4
	4
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	4
	4
	4
	4
	1
	1
	4
	4
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	3
	3
	3
	3
	3
	3
	2
	2
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	2
	2
	2
	2
	3
	3
	2
	2
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	1
	2
	3
	4
	1
	2
	1
	2
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