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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 meeting [2] regarding enhancements to the CSI reporting procedure for NCJT. In this contribution, we provide our views on the remaining FFS details for the NCJT CSI reporting enhancement. 
 
2. CSI ENHANCEMENTS FOR NCJT

PMI sharing
	For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support



It has been agreed to support a CSI report with multiple measurement hypothesis which includes sTRP and NCJT assumptions. With option 1, a CSI report is associated with X sTRP measurement hypothesis and one NCJT hypothesis, where X=0,1, or 2. The details related to the PMI reporting and sharing remain FFS.
The CSI overhead grows large considering all the hypothesis. For example, the case with two single TRP assumptions and NCJT assumption (Option 1 with X+1, X=2) requires one PMI per TRP at least for the sTRP case. For NCJT, PMIs per TRP are also necessary and they are not necessarily the same as the ones chosen for the sTRP case. For example, in the NCJT case, the inter-layer interference needs to be considered when selecting the PMIs. An optimal precoder for sTRP may generate some interference towards the signal received from the other TRP that it may not still be optimal for the NCJT hypothesis.
However, it is also likely that the same PMI is optimal for either hypothesis. For example, due to a CBSR or UE location, only a few PMIs may have a signal quality greater than a threshold that satisfies the UE. Then, CSI reporting overhead can be reduced by sharing the PMI reported for sTRP hypothesis and also apply it for the NCJT hypothesis. Hence, the network should be able to reconfigure the CSI reporting configuration by enabling PMI sharing. The sharing can be turned on or off by RRC signalling. Similarly, this also applies to RI sharing between hypothesis.
Observation 1: The optimal RIs/PMIs for sTRP and NCJT measurement hypothesis are not necessarily the same.

Proposal 1: Support sharing of RI/PMI for sTRP and NCJT CSI. The sharing can be RRC configured on/off.

RI restriction
	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.



In a CSI report setting configuration, an RI restriction is configured as a 7 bit bitmap where the index of each zero indicates the number of layer for which PMI/RI reporting is not allowed. This is sufficient for Rel-16 because a single CSI reporting setting only applies to single TRP measurement hypothesis. However, Rel-17 enhancements enable a single CSI reporting setting to be configured for sTRP and mTRP measurements where each UE-TRP link may have different number of layers. It remains FFS whether the single RI restriction is enough or whether it should be enhanced for Rel-17. It has been already agreed that the maximum number of layers for NCJT hypothesis is 4 across the TRPs:

	For CSI measurement associated to a NCJT measurement hypothesis in Rel-17, the maximal number of total transmission layers is up to 4 layers.



It was also agreed that the RI combinations are indicated by a joint RI field for a NCJT measurement hypothesis with a limited set of layer pairs that allow a maximum of 2 layers per TRP:

	Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:
· {1, 1}, {1, 2}, {2,1}, {2,2}



The rank is already limited per TRP in the NCJT hypothesis. We do not see the need to introduce an additional restriction specifically for NCJT measurement hypothesis. Therefore, as a first preference, we do not support a new RI for NCJT. As a second preference, we can accept Alt. 4 where Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all sTRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses.

Observation 2: RI combinations are limited to a maximum of 2 per TRP for NCJT measurement.

Proposal 2: Don’t support introducing a new RI restrictions in the CSI reporting setting.

UCI payload construction priority
	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



A UE is expected to report CSI on PUCCH or PUSCH resources. If the CSI overhead is too large to fit in the available UL resources, then CSI omission, as defined in Rel-16, can be used. The omission rules are defined for the sTRP case because that was the only hypothesis supported in the single CSI reporting setting. For Rel-17, different alternatives have been proposed for handling the priority of different measurement hypothesis in the single CSI reporting setting.
In Alt 2, the table of priority reporting levels is modified. The table defines the priority of wideband over subband reporting and prioritizing even over odd subbands. Introducing priority levels specific to different hypothesis in this context seems cumbersome to introduce in the specification. In Alt 4 the ordering of the CSI fields is modified which similarly would produce significant change to the specification. 
Our preference is for Alt 1 that is based modifying the priority equation. In the specifications 38.214, the priority equation is defined for a CSI report, and a first CSI report is given priority over another CSI report if the associated priority value is lower for the first report than the second report. If each hypothesis is treated as a separate report within the same CSI configuration, then each measurement hypothesis is assigned a priority level and the UE determines the payload to include based on the hypothesis with the lowest priority. The sTRP hypothesis should be prioritized over the NCJT hypothesis at least for up to X=1 because obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT as it may better to ensure UE connectivity. With X=2, the NCJT hypothesis can be prioritized to ensure that at least one of the reported CSI corresponds to the NCJT hypothesis. We think it is more straightforward to accomplish this using a modified priority equation where a different priority number is assigned for the CSI corresponding to sTRP from first TRP, sTRP from second TRP, and NCJT.
Observation 3: Obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT.

Proposal 3: Support Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.  

3. CONCLUSIONS
This contribution discussed the remaining details on CSI enhancements for NCJT MTRP. Based on the presented discussion, we make the following observations and proposals:

Observation 1: The optimal RIs/PMIs for sTRP and NCJT measurement hypothesis are not necessarily the same.  

Observation 2: RI combinations are limited to a maximum of 2 per TRP for NCJT measurement. 

Observation 3: Obtaining a reliable single-TRP channel quality is often more important than that of a single NCJT.


Proposal 1: Support sharing of RI/PMI for sTRP and NCJT CSI. The sharing can be RRC configured on/off. 

Proposal 2: Don’t support introducing a new RI restriction in the CSI reporting setting.

Proposal 3: Support Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.  
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