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Introduction
The following agreement was made on RAN1#95 and RAN1-AH#1901:
	Agreement in RAN1#95
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
Note: Additional compression scheme(s) are not precluded  
Agreement in RAN1-AH#1901
 The value of M is higher-layer configured 
· FFS: Whether UE reporting smaller value of M (in addition to the configured M) is supported 


According to the FL summary[1], we highlight some details below:	Comment by Chia-Hao Yu: No progress in AH1901?
	· Precoders for a layer is given by size-matrix 
·  #SD dimensions
·  #FD dimensions
· Spatial domain (SD) compression
·  spatial domain basis vectors (mapped to the two polarizations, so  in total) selected
· [bookmark: _Hlk536708365]Compression in spatial domain using , where  are orthogonal DFT vectors (same as Rel. 15 Type II)
· Frequency-domain (FD) compression
· [bookmark: _Hlk536708655]Compression via  where , where  are  size- orthogonal DFT vectors for SD-component 


In Rel-15 Type II CSI, only SD compression is included. The basis selection  goes as following: 
· UE selects L SD basis vectors from the SD dimensions of ;
· UE feeds the index of the selected SD basis back to gNB for building . 
In Rel-16 Type II CSI, FD compression will be introduced. The basis selection  and  now becomes:
· UE selects L SD basis vectors from the SD dimensions of ;
· UE selects M FD basis vectors from the FD dimensions of ;
· UE feeds the index of the selected SD basis back to gNB for building ;
· UE feeds the index of the selected FD basis back to gNB for building .
In this contribution, we will discuss possible enhancement on the basis selection for Rel-16 Type II CSI. 
Discussion
3D-DFT basis for UCI design
According to [1], Rel-16 Type II CSI is built on Rel-15 Type II CSI, which leads to a two-step basis selection, i.e., select  first then . However, this approach leaves limited room for tradeoff design between payload size and performance. 
[bookmark: _Toc968933]Current two-step precoder structure leaves limited room for tradeoff design between payload size and performance.
To achieve its full capacity, we reformulate the precoders of a layer as follows:



where 
·  denotes vectorization
· , where  are orthogonal DFT vectors;
·  is a  uncompressed coefficient matrix;
· , where  are  orthogonal DFT vectors for SD-component;
·  denotes Kronecker product;
·  is a 3D-DFT basis matrix, including spatial and frequency basis;
·  is a  uncompressed coefficient vector.
As seen, we merge FD and SD compressions into a single 3D-DFT basis matrix, denoted by . 
[bookmark: _Toc968934]Current two-step precoder structure can be generalized to a single 3D-DFT based precoder structure.
Basis selection
The basis selection procedure can be simplified like Rel-15 Type II, e.g., 
· UE selects 2LM basis vectors from the joint SD and FD dimensions of ;
· UE feedbacks the index of the selected 3D-DFT basis to gNB for building . 
Our model provides up to a 2LM-combination of basis selection from a -set. However, not limited by this, it also provides alternatives for performance and payload overhead trade-off. We summary them as follows:
· Alt#1: 2LM beams: indicated using  bits (best performance)
· Alt#2: LM beams: indicated using  bits
· Alt#3: 2LM basis from a size- subset: indicated using  bits, where  and the size- subset of the -set is higher-layer configured
· Alt#4: LM basis from a size- subset: indicated using  bits 
· Alt#5: 2L+M beams: indicated using  +  bits 
· Alt#6: L+M beams: indicated using  +  bits [2]
· Alt#7: ++M beams: indicated using ++ bits, where  and  denotes indexes of orthogonal beams (horizontal and vertical). (best overhead reduction)
From top to down, UE has potentially more UCI overhead reduction, however as a price, UE would use less DFT basis to approximate eigenvectors of CSI. That leads to less sparse coefficients and more compression loss. 
[bookmark: _Toc950556]For basis selection, consider the following alternatives for UCI format/payload design.	Comment by TH: Since we don’t have such simulation, suggest to give a digitizing comparison will be a good contribution to the group.	Comment by Chien-Chun CHENG: Not easy, but I will try.
· [bookmark: _Hlk773285]Alt#1: 2LM beams: indicated using  bits (best performance)
· Alt#2: LM beams: indicated using  bits
· [bookmark: _Hlk1042070]Alt#3: 2LM basis from a size- subset: indicated using  bits, where  and the size- subset of the -set is higher-layer configured
· Alt#4: LM basis from a size- subset: indicated using  bits 
· Alt#5: 2L+M beams: indicated using  +  bits 
· Alt#6: L+M beams: indicated using  +  bits (R1-1901074)
· Alt#7: ++M beams: indicated using ++ bits, where  and  denotes indexes of orthogonal beams (horizontal and vertical). (best overhead reduction)
Conclusion
In this contribution, we have the following observations and proposals.
Observation 1	For the two-step basis selection, it leaves limited room for tradeoff design between payload size and performance.
Observation 2	Current two-step precoder structure can be generalized to a single 3D-DFT based precoder structure.
Thus, we then have the following proposals
Proposal 1	For basis selection, consider the following alternatives for UCI formte design.
· Alt#1: 2LM beams: indicated using  bits (best performance)
· Alt#2: LM beams: indicated using  bits
· Alt#3: 2LM basis from a size- subset: indicated using  bits, where  and the size- subset of the -set is higher-layer configured
· Alt#4: LM basis from a size- subset: indicated using  bits 
· Alt#5: 2L+M beams: indicated using  +  bits 
· Alt#6: L+M beams: indicated using  +  bits (R1-1901074)
· Alt#7: ++M beams: indicated using ++ bits, where  and  denotes indexes of orthogonal beams (horizontal and vertical). (best overhead reduction)
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