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1 Introduction
In RAN1#103e meeting [1], agreement of CSI enhancements for multi-TRP was achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN
Agreement
For a CSI reporting setting, support one or more of the following UE reporting mechanism: 
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities
· FFS: CSI reporting configuration details 
Note supporting which one or more mechanisms is to be determined in RAN1#104-e
Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior   
· Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings
In this contribution, we provided our views on the CSI enhancement for multi-TRP transmission.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
For CSI measurement and reporting enhancement based on multi-TRP, first issue is to design the association between CSI-RS resources and TRPs, and it was agreed that NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level. And following current structure, each CSI-RS resource is associated with one TCI state, the natural way is to define two subsets of CSI-RS resources in a CSI-RS resource set, each subset associated with one TRP. Based on this, the spec impact is small and it’s easy for CSI report enhancement in next step.
Proposal 1: Two subsets of CSI-RS resources should be designed in a CSI-RS resource set, and each subset can be associated with one TRP. 
For CSI reporting enhancement, it was agreed that at least one CSI can be reported in a CSI report, the one or more CSIs are related to single TRP measurement hypothesis or NCJT hypothesis. In current spec, dynamic switching between single-TRP and multi-TRP transmission schemes is supported. And considering the variable propagation environment and scheduling requirement, at least two CSIs are needed for CSI reporting, and one CSI is for single-TRP measurement hypothesis, and the other one CSI is for NCJT hypothesis. In addition, CSIs for both two single-TRP transmission hypotheses can provide more flexibility for network scheduling, for example, network can consider traffic load between TRPs, while the overhead for CSI report is larger. This can be our second preference. 
Proposal 2: For a CSI reporting setting, we support Alt 1 (one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis) as 1st preference, and Alt 3 (two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis) as 2nd preference.
Considering the CSI reporting enhancement, first thing is the CRI reporting, the payload size for CRI may be impacted based on the structure of CSI-RS resource subset. For NCJT hypothesis, either one CRI or two CRIs in the CSI can be considered. If there is no association between the CSI-RS resources from different TRPs, two CRIs can be reported, and payload size for each CRI depends on the number of CSI-RS resources in the corresponding subset. In this case, it’s more flexible to combine CSI-RS resources for NCJT measurement. While the overhead for reporting is also higher. Another example is to pre-configure association between two CSI-RS resources in different subsets (i.e. associated to different TRPs), in this case, only one CRI in the CSI is sufficient, and the CRI corresponds to two CSI-RS resources, each from one subset. In addition, the payload for the single CRI depends on the number of associated CSI-RS resource pairs. 
For single-TRP measurement hypothesis, only one CRI is needed for a CSI. While the payload size for the CRI is also changed based on the structure of subsets of CSI-RS resources. The payload size for the CRI doesn’t need to be dependent on the number of CSI-RS resources in the whole CSI-RS resource set. For Alt 1, one CSI for best single-TRP hypothesis in the CSI report, the payload size for CRI depending on the maximum one between the two numbers of CSI-RS resources in two subsets is enough. And for Alt 2, there are two CSIs for single-TRP hypothesis, then for each CRI, the payload size depending on number of CSI-RS resources in corresponding subset is enough. In this way, the reporting payload can be reduced. 
Proposal 3: Payload for CRI reporting can be reduced based on the structure of two CSI-RS resource subsets. And for NCJT hypothesis, either one CRI or two CRIs reporting in the CSI is OK, which depends on whether there is association between CSI-RS resources in two subsets.
For NCJT hypothesis, it was agreed that two PMIs and two RIs are reported in the CSI at least for single-DCI based multi-TRP transmission, and in current spec, CBSR and RI restriction are designed, which can reduce the UE complexity and reporting overhead. While the CBSR and RI restriction in current spec is only for single TRP measurement hypothesis, for NCJT hypothesis, it’s typical that precoders from different TRPs are different. For NCJT measurement, pairing of the precoders from different TRPs will exponentially increase the complexity. In this case, TRP specific CBSR can be quite helpful to reduce the UE complexity. In addition, for different measurement hypotheses, precoder restriction may also be different, which should also be considered for CBSR design. Similarly, TRP specific RI restriction is also quite helpful considering complexity. And in case of NCJT, RI for each TRP can not exceed 4, then 4 bits for each RI restriction are enough.
Proposal 4: TRP specific CBSR and RI restriction can reduce the UE complexity considerably, which should be introduced at least for NCJT measurement hypothesis.
Furthermore, regarding the two RIs reporting for NCJT hypothesis, among the possible values of RI1 and RI2, some values are impossible under the restriction of maximum number of layers and codewords supported for one UE. In addition, considering the typical case for multi-TRP transmission, the two links should be matched, i.e. the difference between values of RIs for two TPRs should not be too much, for example, it’s not useful case of RI=1 and RI2=5. Based on this, restriction on possible values of the two reported RIs can be considered to reduce the overhead. For example, differential RI report can be considered.
Proposal 5: Restriction on possible values of the two reported RIs should be considered to reduce the overhead.
3 Conclusion
In this contribution, we provided our views on CSI enhancement for multi-TRP transmission, and we proposed that:
Proposal 1: Two subsets of CSI-RS resources should be designed in a CSI-RS resource set, and each subset can be associated with one TRP. 
Proposal 2: For a CSI reporting setting, we support Alt 1 (one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis) as 1st preference, and Alt 3 (two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis) as 2nd preference.
Proposal 3: Payload for CRI reporting can be reduced based on the structure of two CSI-RS resource subsets. And for NCJT hypothesis, either one CRI or two CRIs reporting in the CSI is OK, which depends on whether there is association between CSI-RS resources in two subsets.
Proposal 4: TRP specific CBSR and RI restriction can reduce the UE complexity considerably, which should be introduced at least for NCJT measurement hypothesis.
Proposal 5: Restriction on possible values of the two reported RIs should be considered to reduce the overhead.
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