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List of agreements
The following agreements were made during RAN1#106bis-e meeting [1] (the numbering is ours):

Agreement (A1)
For Rel-17 PS codebook for rank 3 and 4, support layer-common port selection.

Agreement (A2)
For Rel-17 PS codebook rank 3-4, support layer-specific non-zero coefficient selection (bitmap) of W2.

Agreement (A3)
To mitigate CSI overhead of Rel-17 PS codebook rank 3~4, the value of beta for rank 3 and 4 is the same with that for rank 1 and 2.
· Limit the maximum number of non-zero coefficients across all layers to 2K1*Mv*beta and per layer to K1*Mv*beta.

Agreement (A4)
For Rel-17 PS codebook, support RI restriction which is the same with Rel-16 PS codebook, i.e., 4 bits are used to indicate the applicable ranks separately.

Conclusion (C1)
For Rel-17 PS codebook, CBSR to restrict port and corresponding amplitude is not needed.

Agreement (A5)
For Rel-17 PS codebook for rank 3/4 and M> 1, 
· Support M=2, which is rank-common.
· When N >= M, Wf is layer-common and reported by UE for N>M.
· Note: Wf is layer-common for N=M.

Agreement (A6)
For Rel-17 PS codebook rank 1~2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*M*rank.
Where KNZ is the number of non-zero coefficients reported by UE.

Agreement (A7)
For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded.

Agreement (A8)
With regarding to parameter combinations, following 8 parameter combinations are supported in Rel-17 PS codebook:
	M
	Alpha
	Beta

	1
	1
	1

	1
	1
	3/4

	1
	1
	1/2

	1
	3/4
	1/2

	2
	1
	3/4

	2
	1
	1/2

	2
	3/4
	1/2

	2
	1/2
	1/2


FFS: whether further restrictions/dependences for given parameter combination(s) are needed.

Agreement (A9)
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded.

Agreement (A10)
For Rel-17 PS codebook, 
· pmi-FormatIndicator is not needed for Rel-17 PS codebook
· A CSI Reporting Setting is said to have a wideband frequency-granularity if "codebookType" is set to "typeII-PortSelection-r17" with M=1 and cqiFormat = WB. 
· To be captured in 5.2.1.4 of 38.214.
A unified codebook formula is used for M=1 and M=2 in 38.214.

Agreement (A11)
In addition to N=2, N=4 is supported when M=2 for rank 1/2
· For rank 3/4, when M=2, N = 2 or 4 is supported and same with the value of N configured for rank 1/2
FFS how to handle N3=3 case.

Agreement (A12)
If M=2 and N>M, the non-zero offset between the lower and higher FD indices of Wf is reported by using ceiling(log2(N-1)) bits, assuming that the lower FD index (reference for the offset) of Wf is 0.
Note: The phase shift/remapping of FD basis is up to UE implementation which may remap M FD components so that the lower FD index of Wf is assumed to be 0.

Agreement (A13)
For Rel-17 PS codebook, support R=2 when M=2.
Note that this R is optional, whereas how to support R=2 in Rel-17 UE capability signalling is FFS, e.g. similar with Rel-16 eType II codebook.

In this contribution, we study some of the above agreements and provide our additional views on CSI enhancement based on FDD angle and delay reciprocity for Rel-17.

Codebook enhancements based on reciprocity of angle and/or delay
Background
Based on applicable agreements and working assumptions, we briefly describe our understanding of the current state of the Rel-17 PS CB design. The Rel-17 PS CB precoder for layer  can be expressed as
,
where 
·  is a free-selection matrix selecting  ports out of  ports for both polarizations for polarization-common-based free selection; port selection is layer-common.
·  is the matrix of coefficients for layer ; and
·  is a DFT-based compression matrix. 

According to our understanding,  is layer-common for , see Table 2. If  is layer-common, then  for . Whether  is layer-common or -specific for is still to be discussed. 

Design aspects of 
An aspect that needs to be discussed during RAN#107-e, still, is the design of the window from within which FD bases may be selected. Per agreement, FD bases must be consecutive columns from an orthogonal DFT matrix. Also, the window is layer-common and may be characterized by two parameters:
· the window size, ; and
· the start column of the window, .

Restrictions arising from current agreements limit the values that  and  can take. These restrictions are summarized in Table 1. 

[bookmark: _Ref79135224]Table 1. Restrictions applicable to  and , based on RAN1#105-e, RAN1#106-e and RAN1#106bis-e agreements and conclusions.
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Similarly, the layer-commonness of , summarized by Table 2, is also restricted by agreements.

[bookmark: _Ref84005592]Table 2. Layer-commonness of  , based on RAN1#105-e, RAN1#106-e and RAN1#106bis-e agreements and conclusions.
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On the priority of mapping coefficients
One of the aspects that needs to be discussed during RAN1#107-e is the priority of the mapping of the coefficients for Rel17 PS codebook. Companies are encouraged to study this aspect and provide their preferences.

Agreement (A9)
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded.

As remarked by companies in NWM during RAN1#106bis-e discussions, one of the aspects to consider when down-selecting among the above alternatives is the possibility of most, or all, of the coefficients associated with one of the polarizations being left out in the event of a CSI omission. The odds of such an event are larger in Rel17 compared to earlier releases, since the maximum number of selected ports has been increased; for example, up to four times more ports can be selected in Rel17 compared to Rel16. Since accurate polarization CSI is of especial importance to enable the transmission of multiple layers, as well as to extract channel diversity for single layer transmissions, we therefore support Alt 3 when the permutation function  is designed so as to minimize the possibility of omitting all coefficients of a single polarization.

Proposal 1. Support Alt 3, i.e., “Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by ”, when the permutation function  is designed so as to minimize the possibility of omitting all coefficients of a single polarization. 

[bookmark: _Hlk47387515]Conclusions

This document considered enhancements to Rel-17 in order to achieve a better tradeoff among UE complexity, performance and reporting overhead. The following observations and proposals have been made:

Proposal 1. Support Alt 3, i.e., “Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by ”, when the permutation function  is designed so as to minimize the possibility of omitting all coefficients of a single polarization. 
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