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1. INTRODUCTION
During the WG1 meeting #103e, RAN1 agreed on further enhancements related to CSI for M-TRP [1]. Based on the discussions, the CSI enhancements can be considered for both channel and interference measurement, as well as the reporting mechanism. In this contribution, we discuss and present our views on potential CSI enhancement for NCJT.

	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 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
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




2. BACKGROUND 
In Rel-16 MTRP, the SDM NCJT scheme is based on a single codeword transmission over a maximum of four layers, where each TRP transmits at least one layer. Precise measurement and reporting of the CSI (including the CQI, RI, PMI, etc.) for NCJT with single reporting setting is subject to efficient configuration and interpretation of the CSI resources for channel and interference measurements. 
In Rel-15 and 16, the UE may be configured with CSI-RS resources that include channel measurement resources (CMR) and the interference measurement resources (IMR). The CMR and IMR are used for computing the L1-RSRP, L1-SINR and CQI, as well as determination of the PMIs and RIs corresponding to different TRPs.
The conventional CSI measurement process based on CSI-IM and NZP-CSI-RS is not sufficiently accurate for a SDM NCJT M-TRP operation, as the inter-layer interference from the other TRP is not accounted properly, resulting in inaccurate estimation of interference. 
3. CSI ENHANCEMENTS FOR NCJT WITH SINGLE REPORT CONFIG.
In the last meeting, it was agreed to have the NZP CSI-RS resources for channel measurement to be associated with different TRPs/TCI states at the resource level for CSI measurement in NCJT with single reporting setting. As such, the CMRs corresponding to different TRPs/TCI states are configured within the same CSI-RS Resource Set and have the same number of CSI-RS ports. 

The remaining problems discussed in this section are whether to use NZP CSI-RS or the CSI-IM for the interference measurement, how to evaluate the channel measurements for the different TRPs/TCI states, and how to associate the CMR and IMR attributes. 

[bookmark: _Hlk61552514]When discussing procedures for NCJT interference measurement, it should be noted that in SDM multi-TRP, the transmissions by the other TRP are not purely interference signals, but other layers of the same transport block that is transmitted by the primary TRP. Therefore, when estimating inter-layer interference in an SDM NJCT transmission, it is important to consider mutual interference imposed and incurred by transmission of each layer. In other words, in selection of each PMI associated to each TRP/TCI-state, mutual interference should be considered. Therefore, such interference cannot be accurately measured by CSI-IM, and instead NZP CSI-RS should be utilized.

Observation 1: For NCJT, when estimating inter-layer interference in an SDM NJCT transmission, it is important to consider mutual interference imposed and incurred by transmission of each layer.

Proposal 1: For NCJT CSI measurement configured with single reporting setting, support interference measurement based on NZP CSI-RS.

In this section, using NZP CSI-RS, we discuss two different CSI measurement procedures for a SDM NJCT M-TRP transmission. The first scheme is based on two main steps, that involves transmission of CSI-RS in two sequential steps. However, the second scheme is based on an initial SRS transmission followed by a single CSI-RS transmission event. In the following, we discuss further details for each proposed process.

Two Step CSI-RS Transmission 
Figure 1 shows the basic operation of the suggested procedure, where UE is configured with at least two CSI-RS Resources for channel and interference measurement corresponding to each TCI-state/TRP. The proposed procedure can be summarized as follows, 
· Step 1: In the first step of the process, based on the performed measurements on received NZP CSI-RS resources from the first and second TRP, UE reports CSI information, containing at least its preferred PMI for TRP1. For this step, CSI-RS resources received from the second TRP is considered as an interference channel needed for computation of PMI for TRP1.

· Step 2: In the second step of the process, UE performs a similar measurement and reporting but for the second TRP. As such, based on the performed measurements on received NZP CSI-RS resources from the first and second TRP, UE reports CSI information, containing at least its preferred PMI for TRP2. At this step, CSI-RS resources received from the first TRP are considered as an interference channel needed for computation of PMI for TRP2. 
Also, in this step, UE assumes that received NZP CSI-RS resources from TRP1 are precoded with the determined PMI for TRP1 (e.g., PMI-1) in the first step. Therefore, the UE may emulate the inter-layer interference based on the measured channel from the NZP-CSI-RS resource from TRP and its associated PMI determined in the first step.
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Fig. 1 – Two Step Per TRP CSI-RS Transmission for NCJT CSI measurement and reporting 


Proposal 2: Study two-step CSI-RS measurement reporting for NCJT where
· NZP CSI-RS is configured per TRP,
· in the first step, a PMI corresponding to the first TRP, and in the second step a PMI corresponding to the second TRP is determined and reported.


SRS and CSI-RS Transmission 
Figure 2 demonstrates the proposed procedure, where UE is configured with at least two CSI-RS Resources for channel and interference measurement corresponding to each TCI-state/TRP. The proposed procedure can be summarized as follows,
· Step 1: In the first step of the process, UE is triggered to transmit at least one SRS transmission event using configured SRS resources. By the reception of the transmitted SRS in the first step, gNB can be triggered to initiate Step 2 that involves transmission of NZP CSI-RS by each TRP. Also, as a result of this step, gNB can determine the best precoder for CSI-RS transmission by each TRP link.

· Step 2: In the second step of the process, based on the performed measurements on received NZP CSI-RS resources from the first and second TRP, UE reports CSI information, containing at least its preferred PMIs for each TRP. At this step, CSI-RS resources received from one TRP can be considered as an interference channel, i.e., precoded, that is needed for computation of PMI of the other TRP.

Proposal 3: Study a two-step SRS plus CSI-RS measurement/reporting for NCJT where
· NZP CSI-RS is configured per TRP,
· in the first step UE transmits an SRS, and in the second step based on the received precoded CSI-RS from each TRP, UE estimates and report the CSI 

	Step 1:      [image: ]

	Step 2:      [image: ]


Fig. 2 – Two Step SRS plus Per TRP CSI-RS Transmission for NCJT CSI measurement and reporting 



4. CONCLUSIONS
This contribution discussed potential enhancement of CSI enhancements for the support of MTRP and FDD reciprocity. Based on the presented discussion, following observations and proposals are made,

Observation 1: For NCJT, when estimating inter-layer interference in an SDM NJCT transmission, it is important to consider mutual interference imposed and incurred by transmission of each layer.

Proposal 1: For NCJT CSI measurement configured with single reporting setting, support interference measurement based on NZP CSI-RS.

Proposal 2: Study two-step CSI-RS measurement reporting for NCJT where
·  NZP CSI-RS is configured per TRP,
· in the first step, a PMI corresponding to the first TRP, and in the second step a PMI corresponding to the second TRP is determined and reported.

Proposal 3: Study a two-step SRS plus CSI-RS measurement/reporting for NCJT where
· NZP CSI-RS is configured per TRP,
· in the first step UE transmits an SRS, and in the second step based on the received precoded CSI-RS from each TRP, UE estimates and report the CSI 
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