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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1 #106bis-e meeting, the following agreements are made for CSI enhancement [1].
· FDD CSI enhancement
Agreement 
In addition to N=2, N=4 is supported when M=2 for rank 1/2
· FFS how to handle N3=3 case
Agreement 
With regarding to parameter combinations, 8 parameter combinations are supported in Rel-17 PS codebook:
· FFS: whether further restrictions/dependences for given parameter combination(s) are needed 
Agreement
For UCI part II of Rel-17 PS codebook, 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 
Agreement 
For the priority of mapping coefficients, 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
· 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 

· CSI enhancement for MTRP
Agreement
For CSI measurement associated with a CSI-ReportingConfig for NCJT, support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs
· FFS other restrictions for FR2
· FFS whether UE capability is needed for X=2
Agreement 
For a CSI report, down-select one alternative from the following in RAN1 107: 
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· Alt 2: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.
In this contribution, we provide our views on CSI enhancement based on FDD angle and delay reciprocity including remaining issues of Rel-17 PS CB codebook structure and quantization and UCI design. Besides remaining issues of CSI enhancement for multi-TRP are also discussed in this contribution. 

[bookmark: _Ref129681832]Rel-17 port selection codebook enhancement based on angle and/or delay reciprocity
Up to RAN1#106bis-e agreements, Rel-17 port selection codebook enhancement are discussed and can be summarized as following. Remaining issues related to Rel-17 port selection codebook enhancement are discussed in this section.
 , where ,  and , is supported as the codebook structure for R17 PS CB enhancement, in which
·  is a port selection matrix whereas each column of has only one element of “1”. In addition,  is the number of CSI-RS ports and  is the number of ports selected by UE.
· As agreed in previous meetings, for Rank 1~4, based on polarization-common and layer-common free-selection with combinatorial coefficient for  UE can freely select the same L= /2 ports out of P/2 ports for both polarizations. The maximal value of CSI-RS port number is 32 and .    
·  is a DFT based compression matrix, in which  and . 
· As agreed in previous meetings,  = 1 and  = 2 are supported.  is layer-common and reported by UE for N>M.
· A single window with size N with Minit fixed to 0 is used to limit the FD bases used for  quantization. Based on this window indication, a window with N (N=2, 4 when  = 2) consecutive FD bases are applied by the UE for  quantization and the UE only needs to search for  strongest FD components among N consecutive FD bases. It should be noted that the window configured to UE with Minit is fixed to 0, but UE can still shift the starting point of window by UE implementation.
· There still have one open issue for , e.g. how to handle N3=3 case.
·  is a linear combination coefficient matrix.
· As agreed in previous meetings, a polarization-specific and layer-specific bitmap for indicating non-zero coefficients is supported for  with compression coefficient beta whereas the values of beta are {1/2, 3/4, 1} by removing negligible coefficients.  And the quantization of  coefficient reuses Rel-16 quantization mechanism. In addition, for rank 1~2, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*M*rank.

· How to handle N3=3 case
According to RAN1#106bis-e agreements, when ,  or 4 is supported for all ranks for Rel-17 PS codebook, where window size N is used to limit the FD bases by UE for  quantization. Based on this window indication, the UE only needs to search for  strongest FD components among N consecutive FD bases. Furthermore,  is a DFT based compression matrix, in which . 
Usually,  However for the exceptional case of , there are two possible options: 
· Option 1: gNB can only configure the window size of , i.e. N=4 is not supported when 
· Option 2: FD bases used for  quantization is limited within a window size of 
Compared Option 1 and Option 2, Option 2 is preferred slightly if , because UE searches for  strongest FD components only among 2 consecutive FD bases as Option 1. On the other hand, by utilizing Option 2, UE can search for  strongest FD components among 3 consecutive FD bases. As discussed in [2], in the case of non-ideal angular/delay reciprocity due to some implementation limitations, N > M can be used to combat a certain imperfection. 

Based on above analysis, the following proposal is suggested:
Proposal 1: For Rel-17 PS codebook, FD bases used for  quantization are limited within a window with size of .

· Restrictions/dependences for given parameter combination(s) are needed
It has been agreed that the polarization-common port selection is adopted, which implicitly means K1 should be even number. However, when =0.75, for  or 12, K1 will be 3 and 9, respectively, which is not compatible with the design of polarization-common port selection so that special handling in RAN1 specification is required if supported. 
Given that additional design might complicate specification, it is preferred to exclude  or 12 for parameter combinations for simplicity, i.e.  and ). Based on above discussion, we have the following proposal:
Proposal 2: The parameter combinations  and ) are not applicable to and  for Rel-17 PS codebook

· UCI part II of Rel-17 PS codebook
[bookmark: _Hlk86055483]Last meeting, we have agreed three alternatives for UCI part II of Rel-17 PS codebook as follows:
· 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
In Rel-16 PS codebook, the strongest coefficient indication (SCI) per layer was reported by using ceil(log2()) bits, which is only associated with port indicator. Hence there is no issue to assign SCI and port indicator in G0 and assign FD indicator in G1. But in Rel-17, considering that it has been agreed to use ceil(log2(*)) bits to report the strongest coefficient indication (SCI) per layer, the SCI is associated with both port indicator and FD indicator. If the design of UCI Part 2 for Rel-16 PS codebook is reused as Alt 3 and only G0 is reported, we can’t know the position of the strongest coefficient due to missing FD indicator in G1. Therefore, Alt 1 is preferred that FD indicator should be assigned to G0 at the same level of port indicator and SCI, since all of them are correlated. 
With regarding to Alt2, according to Rel-16 UCI Part II design, the amplitudes, phase and bitmap for mapping coefficients has been assigned in two groups as follows:
· the   highest priority elements of differential amplitudes, the   highest priority elements of phase and the 𝜐*−  highest priority elements of bitmaps are in Group1.
· the lowest priority elements of differential amplitudes, the  lowest priority elements of phase and the   lowest priority elements of bitmaps are in Group2.
We think it is not desirable that UE reports a complete bitmap in Group 0 or Group 1 without bitmap partition but corresponding amplitude and phase coefficients are still split into two groups. Therefore, we have the following proposal:
Proposal 3: For Rel-17 PS codebook, support to report Port indicator, SCI, and FD indicator in Group 0, i.e. Alt 1. 

· The priority of mapping coefficients
[bookmark: _Hlk86056011]Three alternatives for the priority mapping coefficients for Rel-17 PS codebook were proposed as following:
· 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 
· [bookmark: _Hlk86055503][bookmark: _Hlk86055520]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 
· [bookmark: _Hlk86326153]FFS port permutation function 
Firstly, we think it's more reasonable to guarantee relatively equal mapping priority across layers. For example, a subset of non-zero coefficients of the 2nd layer can be often larger than selective non-zero coefficients of the 1st layer so that it might not be beneficial enough to report only the non-zero coefficients of the 1st layer. Secondly, dividing non-zero coefficients into two coefficient subsets to guarantee equal priority for both polarizations may not be convincing either in case that non-zero coefficients in one polarization are sufficiently larger than non-zero coefficients in another polarization, similar with the design principle of across layers. 
Based on above analysis, Alt2 is preferred by simplifying Rel-16 permutation function 𝜋(𝑓) with  for Rel-17 PS codebook. 
Proposal 4: For Rel-17 PS codebook, 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 2). 

CSI Enhancement for Multi-TRP
In RAN1 #106bis, two Alts are listed for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting.
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· Alt 2: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.
Since the channel conditions are different, the precoders on two TRPs within one coordination set causing the strong interference outside coordination set can be quite different. 
Consider an example shown in the following figure, where precoder B0 on TRP 1 and precoder B1 on TRP0 cause the severe interference outside coordination set but B0 on TRP0 and B1 on TRP1 do not. To avoid the severe interference outside coordination set, the precoders should be banned as following:
· The banned precoders on TRP0: {B1, B2}
· The banned precoders on TRP1: {B0}
By Alt 2, two CBSRs of (X, Y) is configured in CodebookConfig, then the reported PMI associated with the first CMR group, i.e., TRP0, is not allowed to correspond to {B1, B2} indicated by X, and the reported PMI associated with the second CMR group, i.e., TRP1, is not allowed to correspond to {B0} indicated by Y, regardless single-TRP and NCJT measurement hypotheses. By the above configuration, the severe interference outside coordination set can be avoided.
[image: ]
Figure 1: an example of CBSR for NCJT measurement hypothesis
Some company may argue that CSI reporting for DPS can be supported but CBSR is configured across all CMRs within the same CSI-RS resource set in Rel-15. Unfortunately the support of Multi-TRP in Rel-15 was down-scoped by RAN so that Rel-15 NR CSI design was discussed in the context of single-TRP operation. Generally one CMR in a CSI-RS resource set can be associated with one dedicated beam so that CBSR in CodebookConfig shall be configured per CMR ideally. However this gives rise to high signalling overhead for CBSR configuration which was not preferred by RAN2 either. Rel-17 Multi-TRP CSI enhancement is the first release mainly focusing on the matter of CSI for Multi-TRP operation to balance pros and cons. 
Based on the above analysis, we have the following proposal:
Proposal 5: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.

Conclusions
This contribution provides our views on CSI enhancement based on angle and delay reciprocity and CSI enhancement for multi-TRP. In summary, the following proposals and observations are made.
Proposal 1: For N3=3, FD bases used for  quantization is limited within a window with size .
Proposal 2: The parameter combinations with =0.75 (i.e.  and  ) should not be applied to and .
Proposal 3: Support Alt1, report Port indicator, SCI, and FD indicator in Group 0.
Proposal 4: Support Alt2 with mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by .
Proposal 5: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.
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