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1
Introduction
In RAN1#72 meeting, the way forward [1] on DL MIMO Enhancements has proposed to “use Rel 10 [image: image2.png]w=w,w,



 codebook structure for 4 antenna feedback for DMRS based TMs”. In this contribution we propose a double codebook that obeys the Release 10 8-Tx codebook structure where: 

· [image: image4.png]


 corresponds to wideband long-term feedback and contains the grid of neighboring beams
· [image: image6.png]


  corresponds to sub-band short-term feedback and contains beam selection vectors and cross-polatization co-phasing terms
The proposed codebook preserves nested property and its components are constant modulus and of finite M-PSK alphabet. The codebook is characterized by 4 bits for the wideband [image: image8.png]


 and 4 bits for the frequency selective [image: image10.png]


.  
2
General double codebook structure
[image: image12.png]


 structure
The double structured 4Tx codebook is defined as [image: image14.png]w=w,w,



, where
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(1)
and  [image: image18.png]


 are [image: image20.png]


 DFT oversampled vectors (representing beams when applied as antenna weights on an antenna array). [image: image22.png]


 defines the number of neighboring vectors in one codeword. 
This structure stems from the existing 8Tx double codebook that has been specified in Release 10 and is listed in current specification [2] section 7.2.4. 

[image: image24.png]


 structure
In rank 1, the [image: image26.png]


 codewords are formed as
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,
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where [image: image30.png]i,,i, €{1..L}



 and [image: image32.png]


 is a beam selection vector with all zeros and one at [image: image34.png]


-th position and [image: image36.png]


 is the imaginary unit.  Inter polarization co-phasing term is [image: image38.png]


 and is selected from an M-PSK alphabet.
In rank 2, the [image: image40.png]


 codewords are formed as
[image: image42.png]


,
  
(3)

where [image: image44.png]— izl



.

	The expression in (3) captures a generalized structure of a rank 2 codeword, hence for the down selected Release 10 codebook, the terms c=1 for all codewords, in other words if [image: image46.png]


 then [image: image48.png]


. In this proposal we allow [image: image50.png]


 which enables different beams for different polarizations, hence resulting in non-zero phase in the component c. In addition, the beams are flipped for the second layer. This structure is useful for channels with large angular spreads. Also an additional co-phasing term c is added to ensure the orthogonality of the rank2 codewords. Note that codewords are constant modulus and the codebook is of finite 16-PSK alphabet (see next chapter for details).


3
Proposed codebook details 

Proposed  [image: image52.png]c(w,)



 codebook is based on sixteen base beams [image: image54.png]


, and there is a group of L=4 beams in one codeword, There are a total of sixteen codewords, with [image: image56.png]


 and there is an overlap of three beams between neighbouring [image: image58.png]


 codewords.

[image: image60.png]Proposed C(W,)



 uses 8-PSK alphabet, where cross-polarization co-phasing phase obeys [image: image62.png]


. Nested property between rank 1 and rank 2 codewords is preserved. The codeword m indices for rank1 and rank2 are defined according to equation (2) and (3) in Table 1 and Table 2.

Table 1: Details on rank1 [image: image64.png]


 codebook

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

	[image: image65.png]



	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4
	2
	2
	1
	1
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	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	4
	4
	4
	4
	3
	3
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	2
	6
	1
	3
	5
	7
	2
	4
	6
	8
	3
	7
	1
	5
	1
	5


Table 2 Details on rank2 [image: image69.png]


 codebook

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