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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#104-e meeting, the Rel. 17 NR FeMIMO WID [1] was discussed. Some agreements were achieved [2] on the topic of CSI enhancement for multi-TRP and FDD.  In this contribution, we present our views on CSI enhancement for multi-TRP, and proposals for moving forward.

CSI Enhancement for multi-TRP
Measurement Resource Configuration/Association Mechanism 
In RAN1#104-e meeting, the following was agreed regarding the measurement resource configuration/association mechanism.
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis



As indicated in the agreement above, the NZP CSI-RS resource pairs used for NCJT measurement hypotheses are higher-layer configured by selecting from all possible pairs determined from two CMR groups, and the CMRs in each CMR group can be used for both NCJT and Single-TRP (S-TRP) measurement hypotheses.  However, the agreement above only covers how to configure CMRs for the NCJT measurement hypotheses. There is still a need to define how to decide CMRs for the S-TRP measurement hypotheses.  Furthermore, we also need to define how to decide CSI-IM resource(s) for both NCJT and S-TRP hypotheses.
Regarding how to decide CMRs for the S-TRP measurement hypotheses, since it has been agreed that the CMRs in each CMR group can be used for both NCJT and Single-TRP (S-TRP) measurement hypotheses, it would be a straightforward extension to select CMRs from the two CMR groups for the S-TRP measurement hypotheses.  There could be two alternatives:
· Alt. 1: Each of the NZP CSI-RS resources in one of the two CMR groups can be selected by UE as CMR for the S-TRP measurement hypotheses, whereas each of the NZP CSI-RS resources in the other CMR groups will then be selected as the NZP CSI-RS for interference measurement (IM).  For example, if the first CMR group comprises CMR #0 and CMR #1 while the second CMR group comprises CMR #2 and CMR #3, then there are a total of eight possible S-TRP measurement hypotheses, (#0, #2), (#0, #3), (#1, #2), (#1, #3), (#2, #0), (#2, #1), (#3, #0), (#3, #1), where the first number in each pair indicates the NZP CSI-RS used for CMR and the second number in the pair indicates the NZP CSI-RS used for IMR.
· [bookmark: _Hlk67499934]Alt. 2: In this alternative, the CMR for a S-TRP measurement hypothesis is selected from the CMRs belonging to the CMR pairs configured for NCJT measurement hypotheses. Each of the NZP CSI-RS resources in one of the two CMR groups that has been configured for NCJT measurement hypotheses can be selected by the UE as CMR for the S-TRP measurement hypotheses, whereas each of the NZP CSI-RS resources in the other CMR groups that has been configured for NCJT measurement hypotheses will then be selected as the NZP CSI-RS for interference measurement (IM).  For example, if the first CMR group comprises CMR #0 and CMR #1 while the second CMR group comprises CMR #2 and CMR #3, and the CMR pair (#0, #2) is higher-layer configured as NZP CSI-RS resource pair for NCJT measurement hypothesis, then there are a total of two possible S-TRP measurement hypotheses, (#0, #2) and (#2, #0), where the first number in each pair indicates the NZP CSI-RS used for CMR and the second number in the pair indicates the NZP CSI-RS used for IMR.
It is observed that for the case where N=1 and Ks=2 (e.g., two CMR group each having one NZP CSI-RS resource, and one CMR pair is configured for a NCJT measurement hypothesis), Alt. 1 and Alt. 2 are equivalent.  However, if Ks > 2, e.g., Ks=K1+K2=2+2=4, as shown in the examples above, Alt. 1 could result in much higher number of possible S-TRP hypotheses, exceeding the UE’s CSI processing capability, or requiring higher UE CSI processing capability.  Therefore, our preference is Alt. 2.
Based on the above analysis, we propose the following:
[bookmark: _Hlk67502726]Proposal 1: FeMIMO supports that CMR for a S-TRP measurement hypothesis is selected by UE from the CMRs belonging to the CMR pairs configured for NCJT measurement hypotheses. Each of the NZP CSI-RS resources in one of the two CMR groups that has been configured for NCJT measurement hypotheses can be selected by the UE as CMR for the S-TRP measurement hypotheses, whereas each of the NZP CSI-RS resources in the other CMR groups that has been configured for NCJT measurement hypotheses will then be selected as the NZP CSI-RS for interference measurement (IM). 
Regarding how to decide CSI-IM resource(s) for both NCJT and S-TRP hypotheses, a CSI-IM resource can be associated with a CMR pair configured for a NCJT measurement hypothesis.  This CSI-IM resource can also be associated with the S-TRP measurement hypothesis defined based on the CMRs belonging to the CMR pairs configured for NCJT measurement hypotheses as described in Alt. 2 above.  Therefore, we have the following proposal:
Proposal 2: FeMIMO supports that a CSI-IM resource is associated with a CMR pair configured for a NCJT measurement hypothesis.  This CSI-IM resource can also be associated with the S-TRP measurement hypothesis defined based on the CMRs belonging to the CMR pairs configured for NCJT measurement hypotheses.

UE Reporting Mechanism 
In RAN1#104-e meeting, the following was agreed regarding the UE reporting mechanism.
	Agreement
[bookmark: _Hlk67501160]For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report



Comparing the two options, we observed that Option 2 could be problematic.  For example, according to Option 2, if the UE decides that the CSI is the best with NCJT measurement hypotheses and reports CSI associated with NCJT, but the gNB cannot accommodate UE’s recommendation of NCJT transmission, e.g., due to insufficient resource in one of the TRP, then the gNB has no knowledge regarding which TRP it should schedule the S-TRP transmission to the UE.  Option 1, on the other hand, is more flexible and can provide more information helping gNB’s scheduling. 
Based on the above analysis, we propose the following:
Proposal 3: Regarding UE reporting mechanism, FeMIMO supports Option1: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1

Conclusions
In this contribution, we present our views on CSI enhancement for multi-TRP.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports that CMR for a S-TRP measurement hypothesis is selected by UE from the CMRs belonging to the CMR pairs configured for NCJT measurement hypotheses. Each of the NZP CSI-RS resources in one of the two CMR groups that has been configured for NCJT measurement hypotheses can be selected by the UE as CMR for the S-TRP measurement hypotheses, whereas each of the NZP CSI-RS resources in the other CMR groups that has been configured for NCJT measurement hypotheses will then be selected as the NZP CSI-RS for interference measurement (IM). 
Proposal 2: FeMIMO supports that a CSI-IM resource is associated with a CMR pair configured for a NCJT measurement hypothesis.  This CSI-IM resource can also be associated with the S-TRP measurement hypothesis defined based on the CMRs belonging to the CMR pairs configured for NCJT measurement hypotheses.
Proposal 3: Regarding UE reporting mechanism, FeMIMO supports Option1: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
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