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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



The discussion progressed over the last meetings regarding enhancements to the CSI reporting procedure for NCJT. 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

Ks default value 
	For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.



So far, it has been agreed to enhance the CSI reporting procedure by enabling Ks NZP CSI-RS resources in a resource set for CMR and N NZP CSI-RS resource pairs where each pair is used for a NCJT measurement hypothesis. The UE reports the index of the resource in a single CSI report and the associated CSI assuming either single TRP or NCJT interference hypothesis. For interference measurement, a UE is configured with CSI-IM resources. In the single TRP case, there is a one-to-one association between a CMRs and a CSI-IM resources. Therefore, each of M single TRP CMRs is associated with its CSI-IM resource. With the NCJT CSI reporting configuration, there are M+N reporting assumptions corresponding to the total number of single and multi-TRP hypothesis. Following the same convention, then the N resource pairs should be also one-to-one associated with a CSI-IM resource. One remaining FFS is the default value of Ks,max. A maximum value of up to 8 was agreed which is a UE optional feature that can be configured if the UE capability is sufficient. 
We think that the default value should be as small as possible since each additional resource increases the UE measurement complexity. With a small default value, it ensures that as many UEs as possible can measure NCJT hypothesis and stand to benefit from it. Ks,max = 2 provides the minimal required resources to enable NCJT measurement; therefore we support Alt 2 as our first preference. Alt 3 gives different values for FR2 and FR1. A UE operating in FR2 is very likely to be able to support more spatial filters than in FR1 so we can also support Alt 3 as a second preference. 

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

Proposal 1: Support Alt 2: Ks,max = 2.

MAC-CE dynamic updating
	For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report



From the configuration perspective, clearly, a UE can be reconfigured with different Ks and N values through RRC signalling. The network may reconfigure the resources and pairing depending on a UE’s RSRP measurement report to maximize the UE’s pairing quality. Given that there are up to 8 resources per CMR resource set, then it results in a large number of possible pairings (16). 
· For example, due to UE movement, the optimal TRPs for NCJT pairing may need to be changed quickly to adapt to the new interference and channel condition. Therefore, the CMR pairs may need to be updated. 
· As well, in FR2, the narrower beams may cover smaller portions of the cell so the network may have many possible CMRs but only a subset configured for the CSI reporting configuration. Hence, the CMRs for the single-TRP measurement hypotheses may also need to be updated. 
· As for Alt 3 and Alt 4, we don’t see the need for dynamically changing the TCI states or number of single-TRP CSIs. They may not change as dynamically as Alt 1 and Alt 2. These settings can remain RRC configurable. 

Observation 2: NCJT CSI calculation is computationally intensive and should be focused on relevant pairs. 

Proposal 2: Support dynamic updating by MAC-CE of Alt 1 and Alt 2. 

CSI measurement associated to CSI reporting configuration
	For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives. 



Alt 2 requires additional RRC signaling to select the resources for single-TRP measurement hypothesis but provides the flexibility to configure any from the set configured for single TRP measurement hypotheses. This configuration can also be done through MAC-CE as noted before in this contribution. Alt 3 can share all CMRs between single a NCJT measurement hypothesis if RRC signaling enables sharing. It restricts which CMRs can be used for single TRP when sharing is disabled. Alt 4 seems less efficient since some CMR IDs are repeated in the configuration so less CMR IDs can be configured at once. The configuration may need to be changed frequently to obtain measurements on all CMR IDs. In our view, we prefer the flexibility provided by Alt 2. 

Observation 3: Different alternatives can be realized through RRC or MAC-CE.

Proposal 3: Support Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses

Hypotheses priority
	For a CSI report setting with Option 1 and X=1 or 2, study prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting
· FFS potential impact for UCI payload generation
· FFS whether/how to update CSI priority formula, and additional specification impact due to updated formula
· FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI
· FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report or X+1 CSI reports
· Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with reported CSI hypotheses. 



Due to limited uplink overhead, the CSI report may not have sufficient resources to carry the CSI measurement for all the configured hypotheses. The UE may be configured to measure many TRPs which entails many pairs and resources configured per CSI report. Hence, the number of measurements may be too much for a CSI report. 
[bookmark: _Hlk71320891]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 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. 

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 remaining issues on CSI enhancements for NCJT. Based on the presented discussion, we make the following observations and proposals:

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

Observation 2: NCJT CSI calculation is computationally intensive and should be focused on relevant pairs. 

Observation 3: Different alternatives can be realized through RRC or MAC-CE.

Observation 4: Obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT. 
 
Proposal 1: Support Alt 2: Ks,max = 2.

Proposal 2: Support dynamic updating by MAC-CE of Alt 1 and Alt 2.
Proposal 3: Support Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses

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: 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 6: 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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