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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 RI restriction for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis
In RAN1#106 e-meeting [2], the following agreement was made for the RI restriction for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis.
	Agreement

For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support RI restriction by selecting at most one alternative from the following in RAN1#106bis-e: 

· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 

· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 

· If rank restriction of (X, Y) is configured, reported rank is X for the CMR in the first CMR group and Y for the CMR in the second CMR group, regardless single-TRP and NCJT measurement hypotheses. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  

· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 

· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 

· If rank restriction of (X1, X2, Y) is configured, reported rank is X1, X2 for each CMR group respectively for single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use

Note that if none of above Alternatives is agreed in Rel-17, RI restriction is only applied for Single-TRP measurement hypotheses and no RI restriction is applied for Multi-TRP measurement hypotheses.


There are 6 alternatives about the RI restrictions for Single-TRP and NC-JT measurement hypotheses in the above agreement. However, we need to clarify the motivation firstly, then it is natural to select one among these alternatives. For Alt 3, once each CMR is associated with a RI restriction, it might be strange to bind CRI with RI restriction and the motivation to bring too much flexibility on RI restriction is not clear. In addition, for Alt 2, 4, 5 and 6, in fact, these alternatives are just related with the transmission scheme, e.g. Single-TRP1 transmission, Single-TRP2 transmission and NC-JT transmission. The X and Y in Alt 2 are corresponding with TRP1 and TRP2 respectively. The X and Y in Alt 4 are corresponding with Single-TRP1/2 and NC-JT respectively. The X1, X2 and Y in Alt 5 are corresponding with Single-TRP1, Single-TRP2 and NC-JT respectively. And Alt 6 is the combination of Alt 4 and Alt 5. Similarly, the motivation to bring too much scheduling flexibility for Alt 2, 4, 5 and 6 is also not clear. 
All in all, we think one RI restriction is already enough and with a high RI restriction, the network is still able to configure proper RI for Single-TRP or NC-JT transmission anyway even if only one RI restriction can be configured. Therefore, we think only one RI restriction per CodebookConfig is already enough for both Single-TRP and NCJT measurement hypotheses.
Proposal 1: Support Alt 1 about RI restriction for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis.
· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 

· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis.
2.2 Priority/omission rules for NCJT 

In RAN1#106 e-meeting [2], the following agreement was made for priority/omission rules for NCJT.
	Agreement

To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:

· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.

· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.

· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212 


In current specs, the priority equation in Section 5.2.5 in 38.214 is designed in terms of CSI report, not measurement hypothesis or several CSI quantities. At the present discussion, it is a common understanding that a CSI report for NC-JT might include several quantities associated with X=0,1,2 Single-TRP measurement hypotheses and one NC-JT measurement hypothesis. If the priority equation is modified to be designed in terms of measurement hypothesis, the modification will also influence other Rel-15/16 rules involving priority equation, e.g. CPU overbooking, which will cause some extra standardization workload. It is a simpler solution to modify the table of priority reporting levels for Part 2 CSI in Table 5.2.3-1 in 38.214, which could also help omit the Part 2 CSI in a smaller granularity, i.e. measurement hypothesis. Besides, Alt 2 has less spec impact than Alt 1 as it only influences the Part 2 CSI reporting table. 
In addition, no matter Alt 1 or Alt 2 is selected, the mapping order of CSI fields of one CSI report in Table 6.3.2.1.2-3/4/5 in 38.212 need be modified to adapt the new CSI report quantities for NCJT and Single-TRP, anyway. Therefore, Alt 2 and 4 should be supported to confirm the order of UCI payload construction for reported CSIs.
Proposal 2: Alt 2 and 4 should be supported to confirm the order of UCI payload construction for reported CSIs.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.

· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212
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 following Rel-17 rules is (are) omitted, one additional CSI associated with Single-TRP measurement hypothesis could be reported in another CSI report following Rel-15/16 rules. In addition, 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, the CSI associated with NCJT measurement hypothesis is more essential to Multi-TRP transmission scheme. Therefore, the CSI associated with NCJT measurement hypothesis need be higher prioritized within one single CSI report in the table of priority reporting levels for Part 2 CSI, when the UE is configured with CSI report Option 1 and X=1 or 2.

 Proposal 3: The CSI associated with NCJT measurement hypotheses could be high prioritized within one single CSI report in the table of priority reporting levels for Part 2 CSI, when the UE is configured with CSI Option 1 and X=1 or 2.
3. Conclusions
Proposal 1: Support Alt 1 about RI restriction for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis.

· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 

· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis.
Proposal 2: Alt 2 and 4 should be supported to confirm the order of UCI payload construction for reported CSIs.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.

· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212
Proposal 3: The CSI associated with NCJT measurement hypotheses could be high prioritized within one single CSI report in the table of priority reporting levels for Part 2 CSI, when the UE is configured with CSI Option 1 and X=1 or 2.
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