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1. [bookmark: _Toc474161164]Introduction

In RAN1 #88bis, companies’ positions on W1, beam pattern selection, W2 structure and Multi-panel support were summarized [1]. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7] In this contribution, we provide our views on CSI feedback Type I.

2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Discussion


[bookmark: _Toc480213451]In NR, two types of CSI feedback schemes are defined. In Type I, the conventional dual codebook structure is enforced. 


1 [bookmark: _Toc481074954]Review on NR Type I codebook constructions





For NR, Type I for single panel case with two stage codebook based PMI feedback,  in  consists of a set of  DFT beams. From RAN1 Ad Hoc (January 2017) and RAN1 88, for  there are 5 alternatives:
 
    1.  Alt. 1  

	

    2.  Alt. 2   

	

    3.  Alt. 3 (legacy, Rel-10, Rel-12, Rel-13, Rel-14) 

	

    4.  Alt. 4   

	

    5.  Alt. 5   

	


    6.  For rank 1 and rank 2, 1,2,4 and/or 7 (other values are not precluded).  



    7.  When  (if supported), .



[bookmark: _Toc480213452][bookmark: _Toc481074955][bookmark: GrindEQpgref58f55d1420]2.  Review & Analysis on Type II Category I constructions


[bookmark: _Toc480213453]Scheme 1-1, Legacy



	


	

 is a 2D DFT beam where  

    •  

    •  


 is the number of CSI-RS ports.


	





,  for polarization,  for spatial layer, , is the number of basis vectors per polarization.





 is for polarization , ,  for spatial layers 1-2, .

Two designs are considered for :
 

    • common amplitude for layers:  

    • common amplitude for polarizations: . 



, .

[bookmark: _Toc480213454]Scheme 1-2  

Scheme 1-2 is  similar to the design in Type I Alternative 4).  

[bookmark: _Toc480213455] Scheme 1-3  

  consists of orthogonal DFT beams




, , note no requirement on orthogonality between  and .



, , .





, , . Note Huawei design allows unequal numbers of quantization bits for  or .

	

[bookmark: _Toc480213456]Scheme 1-4  

  consists of non-orthogonal beams


	



 is a 2D DFT beam and , where .



 


 
 
3. W1 structure analysis
In the table, we categorize the W1 designs from Type I and Type II.

	
	Hadamard structure-1
	Hadamard structure-2
	Block diagonal structure
	Block diagonal structure (4 blocks)
	Non-identical block diagonal structure

	Type I
	Alt. 1
	Alt. 2
	Alt.3
	Alt.4
	Alt.5

	Type II
	Scheme 1-3
	Scheme 1-4
	Scheme 1-1
	Scheme 1-2
	



For Type I Alt. 2 (or Type II Scheme 1-3), we note that 

.

From the equivalent expressoin on the right hand side, it  can be seen that Type I Alt. 1 is equivalent to double the number of beam basis vectors and and at the same time introduce a fixed precoder for W2 (). If we just focus on the W1 design part, we can see that it is equivalen to Type I Alt. 3. We note the design of a fixed precoder of W2 can be considered in the W2 design.

Observation 1:   Type I Alt.1 is equivalent to Type I Alt. 3 in terms of the W1 design.

For Type I Alt. 2 (or Type II Scheme 1-4), we note that 


	


We see it bears some similarity with Type I alt. 5, while Alt. 2 introduces a fixed precoder (  ) for W2.
For Alt. 2, as B1 and B2 are related through a phase rotation matrix: 

	


	

 
Observation 2: Type I Alt. 2 is also equivalent to Type I Alt. 3 in terms of  the W1 design.

  

4. [bookmark: _Toc474161178]Conclusion
In this contribution, we provide our views on Type I design. We have
Observation 1:   Type I Alt.1 is equivalent to Type I Alt. 3 in terms of the W1 design.

Observation 2: Type I Alt. 2 is also equivalent to Type I Alt. 3 in terms of  the W1 design.




[bookmark: _Toc474161179][bookmark: _Ref465946353][bookmark: _Ref433921106]References
1. [bookmark: _Ref481658697]R1-1706565	Summary of issues on CSI feedback Type I, 	LGE
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