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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2. The enhancements on CSI reporting for Multi-TRP are discussed in this contribution.

2. Enhancements on CSI reporting

In RAN1#103 e-meeting [2], the following agreements were made for single CSI reporting setting.

	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

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


It is agreed that CMRs corresponding to different TRPs respectively shall be configured within the same resource set for single CSI reporting. Independent CSI-RS resources should be configured to UE, either explicit or implicit indication can be considered for UE to know which CSI-RS resources are from the same TRP. For each TRP, multiple CMRs and its associated IMRs could be configured for UE respectively. When calculating CRI, RI, PMI, LI for one TRP, the interference caused by another TRP should be also considered. In other words, UE should jointly choose two CRIs for each TRP to consider the best CRI pairs which may have less interference between these two TRPs. Therefore, two CRIs need to be reported to separate TRPs so that the best beam for each TRP could be indicated.
Proposal 1: The UE shall be expected to report two CRIs for single-DCI based NCJT.

For multi-DCI based NCJT, especially for non-ideal backhaul, full or partial overlapping between PDSCH from different TRPs may occur, in this case, the interference between different TRPs should be also considered. Since RI and PMI can be determined by each TRP independently, RI and PMI can be separately reported with corresponding CRI for each TRP. For multi-DCI based NCJT, if CQI/RI/PMI is totally different for different TPRs, two CRI, two CQI, two RI and/or two PMI could be reported with large payload size of CSI reporting.
Proposal 2: Two CRIs, and corresponding two CQIs, two RIs and/or two PMIs could be reported in single CSI reporting for multi-DCI based NCJT.

In RAN1#103 e-meeting [2], the following agreement was made for UE reporting mechanism.

	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


For Alt 1, according to the overall network situation, like network load, channel and interference condition, etc., the network could choose the global optimal transmission scheme among single-TRP and NCJT scheme for each UE based on the reported two CSIs from all the UEs, which might bring the network a global best performance. For Alt 2, based on the channel and interference hypotheses, the UE could choose the multi-TRP transmission scheme adaptively, such as DPS, NCJT, etc., and then determine the CSI reporting quantities according to the selected measurement hypotheses. For example, if the UE choose DPS scheme adaptively, the CSI reporting quantities might consist of only one CRI. On the contrary, two CRI might be included in the CSI reporting quantities for NCJT scheme. Then, the UE could report the CSI associated with the chosen measurement hypotheses within single CSI report. However, the CSI payload may be hard to determine in Alt 2, since the two kind of CSI quantity respectively associated single-TRP and NCJT measurement hypothesis might be different. Alt 3 need three CSIs to be reported associated with two best single-TRP and the best NCJT measurement hypothesis, which might cause great feedback overhead. Besides, it is also reasonable to let UE choose the best TRP adaptively and report one CSI associated with the best single-TRP measurement hypothesis. Therefore, Alt 1 and Alt 2 could be configurable by RRC and UE could report CSI(s) based on the indicated Alt. Based on the above discussion, both Alt 1 and Alt 2 could be supported and configured by RRC.

Proposal 3: Support 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) and Alt 2(the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses) for single CSI reporting setting.
Proposal 4: One exact CSI reporting mechanism among Alt 1 and Alt 2 could be configured by RRC.

3. Conclusions
Proposal 1: The UE shall be expected to report two CRIs for single-DCI based NCJT.
Proposal 2: Two CRIs, and corresponding two CQIs, two RIs and/or two PMIs could be reported in single CSI reporting for multi-DCI based NCJT.
Proposal 3: Support 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) and Alt 2(the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses) for single CSI reporting setting.
Proposal 4: One exact CSI reporting mechanism among Alt 1 and Alt 2 could be configured by RRC.
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