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Introduction
In this contribution, we discuss CSI enhancements for both DL multi-TRP/panel transmission and Type II port selection codebook focusing on aforementioned agreements from RAN1#106b-e meeting. 
CSI enhancement for MTRP 
CMR configuration and codebook configuration
In last RAN1 meeting, following agreements were made on the CMRs configuration restriction.
	Agreement
· For CSI measurement associated with a CSI-ReportingConfig for NCJT,
· Alt 1: It is expected by a UE that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are within the same CDRX active time.
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
· X=1, 2
· whereas X=1 implying the same slot and X=2 implying two adjacent slots
· FFS other restrictions for FR2
· FFS whether UE capability is needed for X=2



A compromised solution of restricting two CMRs from the same CMR pair within X continuous slot(s) without DL/UL switch between two CMRs was agreed with two FFSs. First, we think the restriction applies to both FR1 and FR2. Second, there is no need to introduce additional UE capability for this small issue. The restriction can be defined in spec. directly.

Proposal 1
· For CSI measurement associated with a CSI-ReportingConfig for NC-JT, two CMRs within the same CMR pair are restricted within X continuous slot(s) without DL/UL switch between two CMRs. No need to define UE capability for X.

For CBSR configuration, following agreements were made in last RAN1 meeting.
	Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting
· Alt 1: CBSR is supported and can be applied for both single-TRP and Multi-TRP measurement hypotheses.
· FFS detailed CBSR signalling configured for Multi-TRP
Agreement 
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, 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.



Considering that the beam conditions from two TRPs are different, two separate CBSR configurations can be supported with each CBSR configuration applied to a CMR group. Hence, Alt 2 is supported.
 
Proposal 2
· For CBSR configuration for NCJT, support Alt 2.
· 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.

CSI priority and mapping order
In RAN1#106-e meeting, following agreement was made for CSI priority and mapping order.
	Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· [bookmark: _Hlk82011695]Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212




In RAN#106b-e meeting, there was a discussion on following two viewpoints.
-	Viewpoint1: One CSI reporting setting contains multiple CSI reports, each CSI report corresponding to a hypothesis.
-	Viewpoint2: One CSI reporting setting corresponds to one CSI report that contains all measurement results of all hypotheses.
In GTW meeting, companies have achieved the common understanding that either viewpoint can work but different specification modifications are required. But the next controversial issue is that whether to consider different priority level for different measurement hypotheses for CSI omission. In our understanding, if it is to be supported, Alt 1 can support different priority for different measurement hypotheses easily. However, if we take Viewpoint2, there is no need to additionally consider different priority level in Part 2 CSI. The corresponding table could be complicated while the benefit is not clear enough. Hence, we can take either Viewpoint1 with Alt 1 and Alt 4 (Option1) or Viewpoint2 with Alt 4 only (Option2), as shown in the following proposal.

Proposal 3
· For the order of UCI payload construction for reported CSIs for NCJT, either Option1 or Option2 can be supported. 
· Option1: support both Alt 1 and Alt 4.
· Alt1: modify priority equation.
· On CSI priority calculation, introduce a new parameter j, where j=0 for single-TRP CSI of the first TRP, j=1 for single-TRP CSI of the other TRP, and j=2 for NCJT CSI.
· A CSI report #n with a CSI priority value corresponds to a single-TRP measurement hypothesis (TRP#0 or TRP#1), or a NCJT measurement hypothesis.
· Alt4: modify mapping order of CSI fields of one CSI report
· For a CSI report #n corresponding to a NCJT measurement hypothesis, the mapping order of CSI fields of one CSI report should consider two LIs and two PMIs. For a CSI report #n corresponding to a single-TRP measurement hypothesis, the mapping order of CSI fields of one CSI report is the same as Rel-15/16.
· Option2: support Alt 4 only.
· Alt4: modify mapping order of CSI fields of one CSI report
· For a CSI report #n corresponding to a NCJT measurement hypothesis and X (X=0/1/2) single-TRP measurement hypothesis, the mapping order of CSI fields of one CSI report should consider two LIs and two PMIs for NCJT CSI, and X sets of one LI and one PMI for single-TRP CSI.

CSI enhancement for other scenarios
For single-DCI based NCJT, it has been agreed to support two RIs, two PMIs, two LIs and one CQI per codeword, when the maximal transmission layer is less than or equal to 4. The CSIs for different URLLC transmission schemes should be also enhanced. In NR Rel-17, new MTRP transmission scheme in HST-SFN is introduced, which can be also considered for CSI enhancement. For HST-SFN, one RI, two PMIs, one LI and one CQI can be reported by UE. 

Proposal 4
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting for single-DCI based NCJT, support CSI enhancement for URLLC schemes and HST-SFN scheme.

Type II port selection codebook enhancement
In last RAN1 meetings, following agreements were made related to .
	Agreement (RAN1#106b-e)
· 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
· [bookmark: _Hlk86933609]FFS how to handle N3=3 case

Agreement (RAN1#106-e)
Following working assumption is confirmed (with revision in RED):
· [bookmark: _Hlk83382164]At least for rank 1 and 2, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1.
· FFS other restrictions, e.g. value(s) of N, if the value of N3 is small
· FFS other restrictions, e.g. when the number of CSI-RS ports is small

Agreement (RAN1#106-e)
At least for rank 1/2 and Mv > 1, for relationship between N and Mv, support following alternative
· Alt 2-1: N >= Mv, Wf is layer-common and reported by UE for N>Mv.
· For Mv=2, N=2 and one value from {3, 4, 5}
· RAN1 to select one value from {3, 4, 5} in RAN1#106bis-e
· FFS: how to report Wf in terms of reporting mechanism and associated bits when Mv=2 and N=one value from {3, 4, 5}
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement (RAN1#105-e)
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 



The same values of N are supported for rank 1-4. In our understanding, only when the window size N is smaller than the subband number N3, type II CB is useful for CSI overhead reduction. Hence, for type II CB, it is preferred that the window size is not larger than N3. However, based on current configuration parameters, it is possible to configure N=4 while N3=3 and M=2. To handle this case, there are following two options.
· Option 1: UE is not expected to be configured with a N larger than N3. In this case, when N3=3, only N=2 can be configured.
· Option 2: When configured N is larger than N3=3, the N actually used is min{N, N3}. In this case, when N=4 is configured in case of N3=3 and M=2, N=3 can be used. Option 2 supports one more N value for N3=3 case than Option 1, thus, Option 2 is preferred.

Proposal 5
· When M=2, following two options can be considered for N3=3 case. Option 2 is preferred.
· Option 1: UE is not expected to be configured with a N larger than N3.
· Option 2: When configured N is larger than N3=3, the N actually used is min{N, N3}.

[bookmark: _Hlk86935665]Regarding Wf OFF and Wf ON with Mv=1, there were extensive discussions in last RAN1 meetings. For the three alternatives, UE implementation would be the same. Hence, one alternative is sufficient. But Alt.3 seems to be redundant. Either Alt.1 or Alt.2 is fine. And we prefer Alt. 1 considering it was supported by majority in RAN1#106b-e meeting.

Proposal 6
· Regarding Wf OFF and Wf ON with Mv=1, support Alt.1.
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed.

In last RAN1 meeting, following agreement was made on UCI part II of Rel-17 PS codebook.
	Agreement
· 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. 



Alt 3 of reusing the three groups as Rel-16 should be the starting point. For Alt 2, since bitmap partition has been supported in R16, there is no reason to re-discuss and restrict it. For Alt 1, FD indicator can be included in Group 0 because it is important to indicate the FD bases of Wf in Group 0 and the reporting overhead of FD indicator is also small.

Proposal 7
· For UCI part II of Rel-17 PS codebook, support Alt 1 and Alt 3.
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0.
· 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 last RAN1 meeting, following agreement was made on priority of mapping coefficients of Rel-17 PS codebook.
	Agreement
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. 



We think reusing Rel-16 rule is the most straightforward way. The benefit of changing the mapping order and CSI omission is not clear. Hence, Alt 2 is supported.

Proposal 8
· For the priority of mapping coefficients for Rel17 PS codebook, support Alt 2.
· 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 .

Summary
In this contribution, we discussed possible CSI enhancements for DL multi-TRP/panel and Type II PS codebook. Based on the discussion, we have made following proposals.
Proposal 1
· For CSI measurement associated with a CSI-ReportingConfig for NC-JT, two CMRs within the same CMR pair are restricted within X continuous slot(s) without DL/UL switch between two CMRs. No need to define UE capability for X.
Proposal 2
· For CBSR configuration for NCJT, support Alt 2.
· 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.
Proposal 3
· For the order of UCI payload construction for reported CSIs for NCJT, either Option1 or Option2 can be supported. 
· Option1: support both Alt 1 and Alt 4.
· Alt1: modify priority equation.
· On CSI priority calculation, introduce a new parameter j, where j=0 for single-TRP CSI of the first TRP, j=1 for single-TRP CSI of the other TRP, and j=2 for NCJT CSI.
· A CSI report #n with a CSI priority value corresponds to a single-TRP measurement hypothesis (TRP#0 or TRP#1), or a NCJT measurement hypothesis.
· Alt4: modify mapping order of CSI fields of one CSI report
· For a CSI report #n corresponding to a NCJT measurement hypothesis, the mapping order of CSI fields of one CSI report should consider two LIs and two PMIs. For a CSI report #n corresponding to a single-TRP measurement hypothesis, the mapping order of CSI fields of one CSI report is the same as Rel-15/16.
· Option2: support Alt 4 only.
· Alt4: modify mapping order of CSI fields of one CSI report
· For a CSI report #n corresponding to a NCJT measurement hypothesis and X (X=0/1/2) single-TRP measurement hypothesis, the mapping order of CSI fields of one CSI report should consider two LIs and two PMIs for NCJT CSI, and X sets of one LI and one PMI for single-TRP CSI.
Proposal 4
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting for single-DCI based NCJT, support CSI enhancement for URLLC schemes and HST-SFN scheme.

Proposal 5
· When M=2, following two options can be considered for N3=3 case. Option 2 is preferred.
· Option 1: UE is not expected to be configured with a N larger than N3.
· Option 2: When configured N is larger than N3=3, the N actually used is min{N, N3}.
Proposal 6
· Regarding Wf OFF and Wf ON with Mv=1, support Alt.1.
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed.
Proposal 7
· For UCI part II of Rel-17 PS codebook, support Alt 1 and Alt 3.
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0.
· 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.
Proposal 8
· For the priority of mapping coefficients for Rel17 PS codebook, support Alt 2.
· 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 .
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