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1. [bookmark: _Ref4683067] Introduction 
One objective of the R17 FeMIMO WID [1] is enhancement on CSI measurement and reporting. In particular, Item 4a states that 
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
In this contribution, we share our views on CSI enhancement for NCJT.
2. Two-Step CSI Measurement for NCJT 
The existing R15/R16 design can already support CSI measurement and reporting for NCJT through a two-step approach. First, gNB determines the DL precoder for each TRP based on 
1) SRS measurement, assuming channel reciprocity; or
2) NZP CSI-RS, CSI-IM measurement and CSI reporting of PMI.  
Second, gNB uses the DL precoder to send beamformed CSI-RS from the two TRPs to acquire RI, CQI with reportQuantity set to 'cri-RI-CQI'. More specifically, TRP 1 sends CSI-RS 1 and TRP 2 sends CSI-RS 2. In CSI report 1, CSI-RS 1 serves as CMR and CSI-RS 2 serves as IMR. In CSI report 2, CSI-RS 2 serves as CMR and CSI-RS 1 serves as IMR. 
The above procedure can have other variants, e.g., for CMR, the CSI-RS can also be non-beamformed so that in the second step a PMI can also be reported considering inter-layer interference. However, the IMR has to be beamformed because UE assumes that each port corresponds to one interference transmission layer.
A two-step procedure is required by R15/R16 because in one CSI report there can be only one CMR assuming interference measurement is performed on NZP CSI-RS and one CRI is associated with only one CMR assuming interference measurement is performed on CSI-IM. In addition, one CSI-RS resource can be associated with only one TCI state. 
Such a two-step procedure may have several disadvantages: latency, signalling overhead, and suboptimal precoding. There is a signalling overhead because CSI reporting in the first step is inevitable comparing with joint CSI calculation in Section 3. Further details can be found in Section 4. The precoders may be suboptimal because the CSI calculation is performed sequentially, instead of jointly.
Observation 1: The existing R15/R16 requires two steps for CSI measurement and reporting for NCJT, which may incur suboptimal precoding, signalling latency and overhead.

3. Joint CSI Calculation for NCJT
To overcome the limitation of R15/R16 design, we can have two alterative solutions
· Alt. 1: One CRI can be associated with two NZP CSI-RS resources for channel measurement.
· Alt. 2: One CSI-RS resource can have two port groups, each associated with one distinct TCI state.
For Alt. 1, each TRP can transmit its non-beamformed CSI-RS as CMR. Then, the UE uses these two CMRs to determine two sets of PMI, RI, one set for each CMR. The two reported RIs at least cannot exceed the maximum number of layers supported by the UE, and it should be configurable to allow one of the RIs to be reported as 0. Furthermore, the number of reported CQI should be configurable so that one CQI can be reported for single-DCI based multi-TRP and two CQIs can be reported for multi-DCI based multi-TRP. 
For Alt. 2, each port group is associated with one distinct TRP. Each TRP transmits non-beamformed CSI-RS only on antenna ports in the associated port group. Then, the UE determines individual PMI, RI for each port group. Similar to Alt. 1, the two reported RIs at least cannot exceed the maximum number of layers supported by the UE. Also, the number of CQI should be configurable so that one CQI can be reported for single-DCI based multi-TRP and two CQIs can be reported for multi-DCI based multi-TRP. 
Proposal 1: For CSI enhancement of NCJT, study the following alternatives: 
· Alt. 1: One CRI can be associated with two NZP CSI-RS resources for channel measurement.
· Alt. 2: One CSI-RS resource can have two port groups, each associated with one distinct TCI state.
Proposal 2: For joint CSI reporting of NCJT, individual PMI and RI are generated for each CMR.
Proposal 3: The allowed RI pairs can be specified for joint CSI reporting to limit signaling overhead, and it should be configurable to allow one of the RIs to be reported as 0.
Proposal 4: For joint CSI reporting of NCJT, the number of CQI to be reported is configurable.

4. UE-Sieved CSI Reporting
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 CRI in a CSI report in R15/R16. 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.
Observation 2: The current CSI reporting is lack of flexibility to report a subset of CSI.
To trade off between scheduling flexibility and signalling overhead, it is desirable that the CSI can be firstly “sieved” by UE.
If interference measurement is performed only on CSI-IM, it suffices to report multiple CRIs. 
Proposal 5: One CSI report can have  CRIs, where  is configurable.
If interference measurement can be performed on NZP CSI-RS, it may require a bitmap for each CMR to indicate which NZP CSI-RS resource(s) in nzp-CSI-RS-ResourcesForInterference is used as IMR. Furthermore, more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement should be supported.
Proposal 6: If interference measurement is performed on NZP CSI-RS, there can be more than one NZP CSI-RS resource as CMR, where for each CMR there is a bitmap indicating which NZP CSI-RS resource(s) in nzp-CSI-RS-ResourcesForInterference is used as associated IMR.

5. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: The existing R15/R16 requires two steps for CSI measurement and reporting for NCJT, which may incur suboptimal precoding, signalling latency and overhead.
Observation 2: The current CSI reporting is lack of flexibility to report a subset of CSI.
Proposal 1: For CSI enhancement of NCJT, study the following alternatives: 
· Alt. 1: One CRI can be associated with two NZP CSI-RS resources for channel measurement.
· Alt. 2: One CSI-RS resource can have two port groups, each associated with one distinct TCI state.
Proposal 2: For joint CSI reporting of NCJT, individual PMI and RI are generated for each CMR.
Proposal 3: The allowed RI pairs can be specified for joint CSI reporting to limit signaling overhead, and it should be configurable to allow one of the RIs to be reported as 0.
Proposal 4: For joint CSI reporting of NCJT, the number of CQI to be reported is configurable.
Proposal 5: One CSI report can have  CRIs, where  is configurable.
Proposal 6: If interference measurement is performed on NZP CSI-RS, there can be more than one NZP CSI-RS resource as CMR, where for each CMR there is a bitmap indicating which NZP CSI-RS resource(s) in nzp-CSI-RS-ResourcesForInterference is used as associated IMR.
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