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1. INTRODUCTION
The MIMO WID was approved in RAN#86 [1] and it was agreed to study enhancements on CSI measurement and reporting:

	4. Enhancement on CSI measurement and reporting:
a. 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



Over the past meetings, the discussion for NCJT CSI measurements continued, and some principal agreements were reached. In this contribution, we provide our views on the details for the NCJT CSI enhancements and propose methods for CSI-RS measurement and reporting. 
 
2. CSI ENHANCEMENTS FOR NCJT

[bookmark: _Hlk71037871]CSI-RS resource settings

	With regarding to the maximal values of Nmax for N, Ks,max for Ks:
· Support of Nmax=2 is a UE optional feature
· Support of Ks,max=X is a UE optional feature
· X can be up to 8 and other candidate values can be discussed as part of UE features
· FFS: Default value of Nmax, Ks,max  
· FFS: Which combinations of N<=Nmax, Ks<=Ks,max are supported

For CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE,  for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis



For NCJT CSI enhancements, in Rel-17, it was agreed that a UE can be configured with CSI-RS resources, and the resources can be paired according to different TRP pairs used for NCJT measurement hypothesis. In a single CSI report, a UE reports the index of the resource pair for NCJT, and also its associated CSI assuming the NCJT interference hypothesis. The number of resource pairs and resources across the pairs are given by N and Ks ≥ 2, respectively.
It was agreed that the max value for N, Nmax=2, and Ks,max=X where X can be up to 8, however support of these values are UE optional features. As for the default values for Nmax and Ks,max, values corresponding to lowest impact on complexity and overhead should be considered. Therefore, Nmax=1 and Ks,max=2 should be considered as default values. Then, pending on reported UE capability, higher values can be configured. 

Observation 1: Lower values of Ks,max and Nmax require less UE measurement and reporting complexity.

Proposal 1: Ks,max=2, Nmax=1 should be considered as the default values.
	
[bookmark: _Hlk71318117]In terms of the supported combinations of Ks and N, as a first option, they could be restricted to a subset of resource pairings. For example, a first list is configured with K1 resources and a second list with K2 resources, and resources in the lists are assumed to be paired according to the list index. Alternatively, we can allow all possible pairing combinations between any of K1 and K2 resources. The pairing of resources is configurable, and it can be signalled to the UE. In our opinion, there is no need to impose any restriction on pairing, and it would be better to give some freedom to the network to select proper pairing as needed. 

From the configuration perspective, clearly, a UE can be reconfigured with different Ks and N values through RRC signalling. However, MAC-CE indication of the parameters may also need to be considered to allow a more agile and responsive measurement. For example, for a UE in mobility, the optimal resources for NCJT pairing may need to be changed quickly to adapt to the new interference and channel condition. 

Observation 2: There is no clear benefit in imposing any restriction on pairing, and it would be better to give some freedom to the network to select proper pairing as needed. 

Proposal 2: There should not be any restriction on pairing of  Ks and N values, and MAC-CE can be used to indicate a preferred pairing. 

CRI mapping for NCJT
	For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses.
· FFS further mapping mechanism between each CRI codepoint and Single-TRP/NCJT measurement hypothesis.



	In option 2, a UE only reports the best CSI out of single-TRP or NCJT measurement hypothesis. Since it was agreed to use only a single CRI in the reported CSI, the reported CRI can point to one of several configured CMR resources for single-TRP assumption, or to a pair of CMR resources for NCJT measurement hypothesis. Assuming that there would not be any restriction on Ks and N values, then the CRI bit size varies depending on how many pairs and resources are configured for NCJT. 
To facilitate the mapping and prevent unnecessary increase in overhead, CRIs can be separated into two sequential sets of single-TRP and multi-TRP indices. As such, the first CRIs may correspond to the single-TRP assumptions which is a fixed number of CRIs, and then the second set of CRIs may be correspond to the multi-TRP case.  

Observation 3: Assuming that there would not be any restriction on Ks and N values, then the CRI bit size varies depending on how many pairs and resources are configured for NCJT. 
 
Proposal 3: CRIs for NCJT can be ordered after the CRIs for single-TRP. 

	For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.



[bookmark: _Hlk71320891]	For Issue 1 with X=1,2, the UE reports a mix of X CSIs where X is the total number of single-TRP and NCJT CSIs. For the case with X=1, the priority order be between single-TRP and NCJT CSI is still for further discussion. For example, if X=1, then the UE has a choice to include either one single-TRP or one NCJT CSI. We believe that the CSI for single-TRP should have a higher priority over the NCJT CSI, because obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT as it may better ensure UE connectivity. However for X=2, it is not clear whether a UE can drop the NCJT from the CSI report, if for example multiple single-TRP CSIs are better than the NCJT CSI. In our view, for X=2, we need to ensure that at least one of the CSIs corresponds to the NCJT hypothesis. Furthermore, the UE may order the CSIs according to for example the best single-TRP CSI first followed by the best NCJT CSI. 

Observation 4: Obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT. 
 
Proposal 4: For option 1 with X reports, prioritize single-TRP CSIs over NCJT measurement hypothesis when X=1, however for 2 ensure that at least one of the CSIs corresponds to the NCJT hypothesis. 

Inter-layer interference

	[bookmark: _Hlk71321052]Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported



[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 5: 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 5: Support Alt. 1 to support interference measurement based on NZP CSI-RS. 

NCJT CSI reporting
In this section, we present examples of NCJT CSI reporting for Option 1. Using NZP CSI-RS, we discuss two different CSI measurement and reporting procedures for a SDM NJCT M-TRP transmission. The first scheme is comprised of two main steps that involves transmission of CSI-RS in each step. 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 a 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.


[image: ]
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Fig. 1 – Two Step Per TRP CSI-RS Transmission for NCJT CSI measurement and reporting 


Proposal 6: 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 7: 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 

3. CONCLUSIONS

This contribution discussed the multi-TRP CSI enhancements for NCJT. Based on the presented discussion, we make the following observations and proposals:

Observation 1: Lower values of Ks,max and Nmax require less UE measurement and reporting complexity.

Observation 2: There is no clear benefit in imposing any restriction on pairing, and it would be better to give some freedom to the network to select proper pairing as needed. 

Observation 3: Assuming that there would not be any restriction on Ks and N values, then the CRI bit size varies depending on how many pairs and resources are configured for NCJT. 

Observation 4: Obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT. 

Observation 5: 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: Ks,max=2, Nmax=1 should be considered as the default values.
	

Proposal 2: There should not be any restriction on pairing of  Ks and N values, and MAC-CE can be used to indicate a preferred pairing.  

Proposal 3: CRIs for NCJT can be ordered after the CRIs for single-TRP. 

Proposal 4: For option 1 with X reports, prioritize single-TRP CSIs over NCJT measurement hypothesis when X=1, however for 2 ensure that at least one of the CSIs corresponds to the NCJT hypothesis. 

Proposal 5: Support Alt. 1 to support interference measurement based on NZP CSI-RS. 

Proposal 6: 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 7: 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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