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1. [bookmark: _Ref4683067] Introduction 
In the RAN1#102e meeting, we have the following agreements for CSI enhancement for multi-TRP [1]:
	Agreement
For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 – For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected  channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected  channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements



In this contribution, we present our views on the two identified categories and the details therein. More specifically, we compare Category 1 and Category 2 in Section 2. In Section 3, we compare the differences among TRP/TCI state association with 1) port groups in a resource; 2) resources; and 3) resource sets. In Section 4, we discuss the extension to report multiple TRP/TCI state candidates for CSI reporting.

2. Category 1 vs. Category 2 
The key difference between Category 1 and Category 2 is the number of CSI reports in case that there are multiple CSI to be reported. Even if each CSI report can be configured individually, we fail to identify use cases that require the use of multiple CSI reports. Most parameters in a Reporting Setting CSI-ReportConfig can be identical for all channel and interference hypotheses, e.g., reportConfigType and reportQuantity. Besides, from implementation’s perspective, it is desirable that CSI reports for different channel and interference hypotheses have most configurations in common. Furthermore, bundling CSI reports seems to require a new hierarchy on top of CSI-ReportConfig, which may further complicate the existing CSI framework. Since we do not see a strong need of joint operation of multi-TRP with NCJT and MU-MIMO, a similar design as R16 L1-SINR can be considered, where there can be multiple CMRs and there is one-to-one mapping between CMR and IMR even if the inference measurement is performed on NZP CSI-RS. Thus, we propose to prioritize Category 1 in R17.
Proposal 1: For CSI enhancement of multi-TRP, Category 1 is prioritized in R17.
To enhance CSI measurement and reporting for NCJT, it suffices to restrict attention to the following three parameters related to channel measurement in CSI-ReportConfig:
1) resourcesForChannelMeasurement
2) non-PMI-PortIndication
3) timeRestrictionForChannelMeasurements
As for interference measurement, we do not see the need for further enhancement.

3. TRP/TCI State Association
Now we restrict attention to Category 1 and compare the alternatives for resource association with different TCI states (or TRPs): 
Alt. 1:  Each CSI-RS port group in a resource is associated with one TCI state
In this case, one CSI-RS resource is associated with two TCI states and cannot be reused by a single-TRP hypothesis unless we bundle multiple hypotheses to one resource. However, bundling multiple hypotheses to one resource is less favorable since it makes signaling for CSI reporting more complicated. Besides, we need to discuss whether the number of antenna ports should be increased or not. Thus, Alt. 1 is not preferable.
Alt. 2:  Each NZP CSI-RS resource in a resource set is associated with one TCI state
In this case, since currently the mapping between CMR and CSI-IM based IMR is one-to-one, we need to introduce a mapping table to map multiple CMRs to a CRI, where the IMRs are mapped to CRIs by the natural index order. As mentioned in Section 2, we do not see the need of joint operation of multi-TRP with NCJT and MU-MIMO and thus we prefer the mapping between CMR and NZP CSI-RS based IMR is also one-to-one. Then, the mapping table is only required by CMR. An example is given in Figure 1.



Figure 1: Example of mapping multiple CMRs to CRI
Alt. 3:  Each NZP CSI-RS resource set in a resource setting is associated with one TCI state
In the current NR, only one resource set can be configured in one periodic/semi-persistent CSI resource setting and triggered in one aperiodic CSI resource setting. To support multiple CMRs for one hypothesis, a second configured/triggered resource set can be introduced. The mapping to CRI still follows the natural index order. However, the second resource set can have less number of resources in order to support single-TRP hypothesis. One example is shown in Figure 2, where the hypotheses with CRI indices 0, 1, 2 have two CMRs and the hypotheses with CRI indices 3, 4, 5 have only one CMR. The CSI-RS resources R0, R1, R2 are associated with different TCI states. Note that there is no restriction on the TCI states for a resource set. 


Figure 2: Example of two NZP CSI-RS resource sets

Alt. 3 is more preferable than Alt. 2 since it requires the least specification change.
Proposal 2: For channel measurement of multi-TRP, two periodic/semi-persistent NZP CSI-RS resource sets can be configured.
Proposal 3: For channel measurement of multi-TRP, two aperiodic NZP CSI-RS resource sets can be triggered by a trigger state.

4. CSI Reporting of Multiple Hypotheses
To avoid coverage holes or blockage, there can be multiple TRPs deployed in the environment, especially for FR2. At one time, some UEs can access multiple TRPs with good channel quality, but some UEs can only access one single TRP with good channel quality. It may happen that one TRP is reported to be the best by many UEs, but in the meantime other TRPs are also good enough for certain UEs.  These other TRPs cannot be used to offload some traffic because UE can only report one hypothesis in a CSI report except for L1-RSRP/L1-SINR. Alternatively, a UE can report CSI for each TRP, but it incurs large signalling overhead, proportional to number of TRPs. It becomes even worse when we consider multi-TRP operation. Thus, it is desirable that multiple hypotheses can be reported. However, a multi-TRP hypothesis and a single-TRP hypothesis have different UCI payload sizes in general. Thus, we propose that one CSI report can include  CRIs for multi-TRP hypotheses and  CRIs for single-TRP hypotheses, where  and  are configurable.
Proposal 4: One CSI report can include  CRIs for multi-TRP hypotheses and  CRIs for single-TRP hypotheses, where  and  are configurable.
· FFS Maximum configurable numbers for each codebook type
Finally, we have the following proposals related to a multi-TRP hypothesis:
Proposal 5: For a multi-TRP hypothesis, individual PMI and RI are generated for each CMR.
Proposal 6: The allowed RI pairs can be specified for a multi-TRP hypothesis to limit signaling overhead, and it should be configurable to allow one of the RIs to be reported as 0.
Proposal 7: For a multi-TRP hypothesis, the number of CQI to be reported is configurable.

5. Conclusion
In summary, based on the above discussion we have the following proposals:
Proposal 1: For CSI enhancement of multi-TRP, Category 1 is prioritized in R17.
Proposal 2: For channel measurement of multi-TRP, two periodic/semi-persistent NZP CSI-RS resource sets can be configured.
Proposal 3: For channel measurement of multi-TRP, two aperiodic NZP CSI-RS resource sets can be triggered by a trigger state.
Proposal 4: One CSI report can include  CRIs for multi-TRP hypotheses and  CRIs for single-TRP hypotheses, where  and  are configurable.
· FFS Maximum configurable numbers for each codebook type
Proposal 5: For a multi-TRP hypothesis, individual PMI and RI are generated for each CMR.
Proposal 6: The allowed RI pairs can be specified for a multi-TRP hypothesis to limit signaling overhead, and it should be configurable to allow one of the RIs to be reported as 0.
Proposal 7: For a multi-TRP hypothesis, the number of CQI to be reported is configurable.
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