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Introduction
In the RAN1 #82 meeting, it was agreed to support two types of CSI reporting classes [1], i.e., class A or class B, where in general class A could be particularly useful for NP CSI-RS while class B for BF CSI-RS. For the class B CSI reporting, a few feedback contents and feedback formats have been discussed and possible alternatives were introduced as follows:
· Class B: UE reports L port CSI assuming one of the four alternatives below
· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.
· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.
· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.
· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)
· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources
In this contribution, we investigate W2-only feedback based codebook design when one CSI-RS resource is configured to UE, i.e. K=1, and CSI reporting reflecting beam selection(s) and co-phase jointly of the configured resource is considered. In particular, we propose a codebook design for beam selection and co-phase feedback using components of W2 codebook in legacy with only replacement of DFT vectors into column vectors of identity matrix.

W2-only Feedback Based Codebook Design for Class B CSI Reporting
In this section, we investigate a codebook design reflecting beam selection(s) and co-phase jointly based on W2-only feedback in legacy. In the Rel.10 8Tx rank codebook, W2 codebook index selects a beam or beam set among beams in the group from W1. Since this W2 codebook already has a feature to support beam selection(s) and co-phase feedback, it seems to be possible to reuse the legacy codebook framework for class B CSI reporting for any number of ports NP (2, 4, or 8) or beams NB (where NP =2NB). For instance, it could be achieved by replacing DFT vectors of legacy 8Tx codebook into selection vectors, i.e., column vectors of identity matrix properly. 

8-port (NP=8) codebook for class B CSI reporting
To design a codebook reflecting beam selection(s) and co-phase jointly with proper changes of legacy codebook, one possible approach is that we only need W2 feedback of legacy codebook with proper PMI definition. One example is that W1 codebook is fixed such as   and replacing length-4 DFT vectors of legacy 8Tx codebook into selection vectors as follows: 
 Length-4 selection vector 
With above changes, resulting codewords with W2 feedback would be combinations of beam selection out of NB =4 beams (2bits) and co-phase (2bits) reporting in case of RI=1 and beam pair selection (3bits) and co-phase (1bit) reporting in case of RI=2. 

Proposal 1: To support beam selection and co-phasing feedback for class B CSI reporting with NP =8 beamformed CSI-RS ports, we propose to design W2-only feedback based codebook which could be achieved by replacing DFT vectors of legacy 8Tx codebook into selection vectors 
Note that, in case of rank 3-4 codebooks, since legacy 8Tx rank 3-4 codebook codewords consist of widely spaced DFT vectors, e.g.,  with  while rank1-2 codebook codewords consist of closed spaced DFT vectors, specific design of replacing DFT vectors into selection vectors for rank3-4 might be different with that for rank 1-2.

Codebook design for other number of CSI-RS ports (NP = 2 or 4)
In addition to 8-port codebook for class B CSI reporting, same design principle as above is applicable to other number of CSI-RS ports.  For instance, one possible approach for 4-port (NP =4) codebook is to replace length-4 DFT vectors of legacy 8Tx codebook into length-2 selection vectors as follows:
 Length-2 selection vector 
With above changes, resulting codewords with W2 feedback would be combinations of beam selection and co-phase just as the 8-port (NP =8) codebook. In addition, a subset of  indices in the legacy 8Tx codebook needs to be properly selected.


Proposal 2: Proposal 1 is applicable to other number of CSI-RS ports, e.g., 2 or 4 ports, if replacing DFT vectors into selection vectors and selecting a subset of  indices are properly designed and selected.

Another possible option of codebook design is to use components of W2 in Rel.13 codebook which will be designed for class A CSI reporting. Specifically, though Rel.13 codebook design discussion is ongoing, if W2 codebook design principle is kept, i.e., W2 components consist of combination of beam selection and co-phase, codebook for class B CSI reporting based on W2 in Rel.13 codebook might be attained in the same manner as well. This may allow class B CSI reporting to use a same set of codebooks as class A which potentially enables a more efficient concurrent operation between class A and class B (when two CSI processes are utilized). 

Observation 1: If legacy W2 design principle is kept in Rel.13 codebook, RAN1 might further consider using components of W2 in Rel.13 codebook for class B CSI reporting by replacing DFT vectors into selection vectors and, if applicable, selecting a subset of  indices.

[bookmark: _Ref383433050]Discussion and Conclusion
This contribution has discussed W2-only feedback based codebook design when one CSI-RS resource is configured to UE and CSI reporting reflecting beam selection(s) and co-phase jointly of the configured resource is considered and we made following proposals and observations:
Proposal 1: To support beam selection and co-phasing feedback for class B CSI reporting with NP =8 beamformed CSI-RS ports, we propose to design W2-only feedback based codebook which could be achieved by replacing DFT vectors of legacy 8Tx codebook into selection vectors.
Proposal 2: Proposal 1 is applicable to other number of CSI-RS ports, e.g., 2 or 4 ports, if replacing DFT vectors into selection vectors and selecting a subset of  indices are properly designed and selected.

Observation 1: If legacy W2 design principle is kept in Rel.13 codebook, RAN1 might further consider using components of W2 in Rel.13 codebook for class B CSI reporting by replacing DFT vectors into selection vectors and, if applicable, selecting a subset of  indices.
.
An example of class B reuse of legacy 8Tx codebooks for beamformed CSI-RS with NP (={2, 4, 8}) ports and different ranks is given in the Appendix. As mentioned, a similar reuse can be applied for a class A codebook designed with the same principle. 
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Appendix
The example below uses only 8Tx legacy codebooks. The 8Tx legacy codebooks are given in Tables 7.2.4-1 (rank-1), 7.2.4-2 (rank-2), …, and 7.2.4-8 (rank-8) of TS36.213
· Reuse of 8Tx codebook tables, replace DFT vectors with appropriate columns of identity matrix (termed selection vectors) for 

	No. ports 
	Rank = v
	Single PMI  (Rel.13)
	Precoder

	
	
	
	Precoder description based on legacy 8Tx CB (reuse of W2)
	Resulting precoder

	2
	1
	0, 1, 2, 3
	Rank-1: , 
 = 1 
	, k=0,1,2,3

	
	2
	0, 1
	Rank-2: , 
 = 1 
	, k=0,1

	4
	1
	0, 1, …, 7
	Rank-1: , 
 = length- selection vector  
	, k=0,1,2,3; i=0,1

	
	2
	0, 1, …, 7
	Rank-2: , 
 = length- selection vector , where 
	, k=0,1; i=0,1  and
, , k=0,1

	
	3
	0, 1, 2, 3
	Rank-3: , 
 = length- selection vector , where 
	,,   
, 

	
	4
	0, 1
	Rank-4: , 
 = length- selection vector , where 
	,  k=0,1

	8
	1
	0, 1, …, 15
	Rank-1: , 
 = length- selection vector  
	, k=0,1,2,3; i=0,1,2,3

	
	2
	0, 1, …, 15
	Rank-2: , 
 = length- selection vector  
	, k=0,1; i=0,1,2,3   and
, k=0,1; i=0,1    and
, k=0,1; i=0,1

	
	3
	0, 1, …, 15
	Rank-3: , 
 = length- selection vector , where 
	, ,
,, i=0,1,2   and 
, ,
,

	
	4
	0, 1, …, 7
	Rank-4: , 
 = length- selection vector , where 
	,  k=0,1; i=0,1,2   and 
,  k=0,1   

	
	5-8
	n/a
	Legacy 8Tx: , CQI/RI calculated assuming selection of the first v ports out of  ports 
 = length- selection vector 
	 (fixed precoder)
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