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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
2.1 Default value of Ks,max in NCJT channel measurement
In RAN1#105 e-meeting [2], the following agreement was made for default value of Ks,max in NCJT channel measurement.

	Agreement
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.


And in RAN1#105 e-meeting [2], the following agreement was made for CMR sharing between NCJT measurement hypothesis and Single-TRP measurement hypothesis.

	Agreement

Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis:

· It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.


Based on the above agreement in last meeting, an NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis in FR1. However, this feature is subject to UE capability for FR2. Therefore, in FR2, a least one CMR pair should be configured for NCJT measurement hypothesis, which require at least two NZP CSI-RS resources are configured in a CSI-RS resource set. Besides, two separate CMR should also be configured for two different Single-TRP measurement hypotheses respectively. So, at least in FR2, the default number (Ks,max) of NZP CSI-RS resources in a CSI-RS resource set should be at least 4. In addition, considering the CMR sharing between NCJT measurement hypothesis and Single-TRP measurement hypothesis is feasible in FR1, the default number (Ks,max) could be relaxed to 2 in FR1. Based on the above discussion, we think either Alt 1 or Alt 3 could be support for default value of Ks,max.
Proposal 1: Either Alt 1 or Alt 3 (Ks,max = 4 for FR2, and Ks,max = 2/4 for FR1) could be support for default value of Ks,max.
2.2 NCJT channel measurement enhancement
In RAN1#105 e-meeting [2], the following agreement was made for NCJT channel measurement enhancement.

	Agreement 
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. 


In Alt 3, the RRC signalling can only be used to enable or disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis, which means that either all CMRs within CMR pairs or none of CMRs within CMR pairs configured for NCJT measurement hypothesis can be configured for Single-TRP measurement hypothesis. Therefore, this mechanism excludes one situation: some CMRs are only configured for NCJT or single-TRP measurement hypothesis, while other CMRs are configured for both single-TRP and NCJT measurement hypotheses. However, considering the inter-beam interference, the CMRs for single-TRP might not be suitable to be used for NC-JT. On the contrary, the CMR pairs for NCJT maybe not proper to be used for single-TRP as well. All in all, we think Alt 3 might give gNB some unnecessary restrictions on CMR configuration. For Alt 4, if the CMR pair number (N) is more than 1 and the CMR sharing between single-TRP and NCJT is applied, the RRC IE might be very unreadable according to the example in Alt 4. Based on the above discussion, Alt 2 should be supported, considering more flexibly control on CMRs associated with S-TRP and NCJT.
Proposal 2: Alt 2 (additional RRC signaling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses) could be support.
2.3 Dynamic updating CSI measurement for NCJT
In RAN1#105 e-meeting [2], the following agreement was made for dynamic updating CSI measurement for NCJT.

	Agreement
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


Based on the agreement in last meeting, RRC can be used to configure CMR pairs for NCJT measurement hypotheses and CMRs for Single-TRP measurement hypotheses. Since there is enough flexibility provided by the RRC, it is not necessary to update CMR through MAC CE as indicated in Alt 1 and 2. In addition, in Rel-15/16, there is no mechanism to update TCI states in CMRs by MAC CE as indicated in Alt 3, it is unnatural to introduce this in Rel-17 NC-JT scheme. If the number of single-TRP CSIs in a NCJT CSI report need to be updated, since the basic CSI report framework, like CMR/IMR configuration, have already be configured in RRC, MAC CE only updating the number could take the place of RRC re-configuration and the switching latency could be reduced effectively. Based on the above discussion, dynamic updating the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report e.g. by MAC-CE could be supported.
Proposal 3: Support dynamic updating the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report e.g. by MAC-CE.
2.4 Priority/omission rules for NCJT 

In RAN1#105 e-meeting [2], the following conclusion was made for priority/omission rules for NCJT.
	For future RAN1 meeting:
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. 


When the UE is configured with CSI report Option 1 and X=1 or 2 and the CSI(s) associated with Single-TRP measurement hypotheses within one single CSI report following Rel-17 rules is(are) omitted, one additional CSI associated with Single-TRP measurement hypotheses could be reported in another CSI report following Rel-15/16 rules. In addition, the CSI associated with NCJT measurement hypothesis is still more essential to Multi-TRP transmission scheme, even though both X CSIs associated with Single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis are reported within one single CSI report. Therefore, the CSI associated with NCJT measurement hypotheses could be high prioritized within one single CSI report, when the UE is configured with CSI report Option 1 and X=1 or 2.
 Proposal 4: The CSI associated with NCJT measurement hypotheses could be high prioritized within one single CSI report, when the UE is configured with CSI Option 1 and X=1 or 2.

3. Conclusions
Proposal 1: Either Alt 1 or Alt 3 (Ks,max = 4 for FR2, and Ks,max = 2/4 for FR1) could be support for default value of Ks,max.
Proposal 2: Alt 2 (additional RRC signaling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses) could be support.
Proposal 3: Support dynamic updating the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report e.g. by MAC-CE.
Proposal 4: The CSI associated with NCJT measurement hypotheses could be high prioritized within one single CSI report, when the UE is configured with CSI Option 1 and X=1 or 2.
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