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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives for CSI enhancements. In this contribution, we discuss remaining issues on CSI enhancements for M-TRP CJT for Rel-18 MIMO.  
2. Discussion
QCL relationship between CMR(s) and PDSCH for CJT
Based on the previous Rel.18 agreements, 1 or 2 joint/DL TCI state(s) is applied to CJT-PDSCH. Also, up to 4 CSI-RSs for CMR can be configured for CJT, and it means up to 4 different joint/DL TCI states can be configured to up to 4 CMRs for CJT. In our view, it is not proper to configure totally different joint/DL TCI state(s) for CJT-PDSCH and CMR(s) for CJT, thus, restriction of joint/DL TCI state(s) between CJT-PDSCH and CMR(s) for CJT is necessary, e.g., indicated joint/DL TCI state(s) for CJT-PDSCH should be QCLed with at least part of joint/DL TCI state(s) configured for CSI-RS(s) as CMR(s) for CJT.
Proposal 1:
· Introduce restriction that indicated joint/DL TCI state(s) for CJT-PDSCH should be QCLed with at least part of joint/DL TCI state(s) configured for CSI-RS(s) as CMR(s) for CJT.

Figure 2-1 shows examples of the proposed restriction of joint/DL TCI state(s) between CJT-PDSCH and CMR(s) for CJT. 
Case1 shows the case when one joint/DL TCI state is indicated to CJT-PDSCH. 
· Example 1-A), the indicated joint/DL TCI state for PDSCH should be QCLed with joint/DL TCI state of all CMRs for CJT. 
· Example 1-B), the indicated joint/DL TCI state for PDSCH should be QCLed with joint/DL TCI state of some CMRs for CJT, and other joint/DL TCI states can be configured to other CMRs for CJT. 
Case2 shows the case when two joint/DL TCI states are indicated to CJT-PDSCH. 
· Example 2-A), one of the two indicated joint/DL TCI states for PDSCH should be QCLed with joint/DL TCI state of all CMRs for CJT. 
· Example 2-B), one of the two indicated joint/DL TCI states should be QCLed with joint/DL TCI state of some CMRs for CJT, and the other indicated joint/DL TCI state should be QCLed with joint/DL TCI state of other CMRs for CJT.
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Case1: If one joint/DL TCI state is indicated to CJT-PDSCH.
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Case2: If two joint/DL TCI states are indicated to CJT-PDSCH.
Figure 2-1: Examples of restriction of joint/DL TCI state between CJT-PDSCH and CMR(s) for CJT.

However, to meet the proposed joint/DL TCI state restriction between PDSCH-CJT and CMR(s) for CJT, there is a problem that the same joint/DL TCI state cannot be applied to PDSCH and CSI-RS for some cases, due to the following restriction of Rel.18 unified TCI state.
· Indicated joint/DL TCI state(s) is applied to PDSCH and A-CSI-RS.
· Indicated joint/DL TCI state(s) is NOT applied to P/SP-CSI-RS. Instead, RRC configures joint/DL TCI state to P/SP-CSI-RS.
It means if CMR(s) for CJT is P/SP-CSI-RS, the indicated joint/DL TCI state(s) is applied to PDSCH but not applied to CMR(s) for CJT. The following options can be considered. 
· Opt. 1) Solved by gNB implementation (i.e. gNB indicates the same TCI state to CJT-PDSCH and CSI-RS for CMR for CJT. It means, if CMR for CJT is P/SP-CSI-RS, gNB cannot update indicated TCI by MAC CE/DCI).
· Opt. 2) Only A-CSI-RS is allowed for CSI-RS for CMR for CJT.
· Opt. 3) Apply MAC CE/DCI based indicated TCI state to P/SP-CSI-RS, in case of CJT-PDSCH.

In our view, Opt.1 and Opt.2 cause gNB restriction, which are not preferred. Opt.3 was discussed in R17 unified TCI. However, it was not agreed because P/SP-CSI-RS is usually monitored by many UEs, and it is not feasible to update QCL of P/SP-CSI-RS for one UE only. To relax companies’ concern, the following can be additionally considered for Opt. 3:
· A) Opt.3 is applicable only when CJT is configured for PDSCH.
· B) Additional support of group common DCI to update indicated joint/DL TCI state(s) to group of UEs who monitor the same P/SP-CSI-RS resource.

Proposal 2:
· To indicate the same joint/DL TCI state(s) between CJT-PDSCH and CMR(s) for CJT, the following options can be considered. Opt. 3 is preferred.
· Opt. 1) Solved by gNB implementation (i.e. gNB indicates the same TCI state to CJT-PDSCH and CSI-RS for CMR for CJT. It means, if CMR for CJT is P/SP-CSI-RS, gNB cannot update indicated TCI by MAC CE/DCI).
· Opt. 2) Only A-CSI-RS is allowed for CSI-RS for CMR for CJT.
· Opt. 3) Apply MAC CE/DCI based indicated TCI state to P/SP-CSI-RS, in case of CJT-PDSCH.


Configuration and QCL assumption of IMR for CJT
In current TS 38.214, following texts discuss configuration and QCL assumption of CSI-IM and NZP IMR resources for different CSI reports.

	5.2.2.2	Resource settings
[…]
The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for interference measurement configured for one CSI reporting are resource-wise QCLed with respect to 'typeD'. When NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for channel measurement and the CSI- IM resource or NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'typeD'.



	5.2.1.4.1	Resource Setting configuration
[…]
A UE configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI' and codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18' is expected to be configured with  CSI-RS resources in a resource set for channel measurement. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.
An NZP CSI-RS Resource Set for channel measurement with  resources can be configured with two Resource Groups, with  resources in Group 1 and  resources in Group 2, such that , and with  Resource Pairs. Each Resource Pair consists of one resource from Group 1 and one resource from Group 2. The same resource can be associated with two Resource Pairs in frequency range 1 but not in frequency range 2.
Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for interference measurement. Except for L1-SINR, the UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.




Based on current spec., it is not clear whether the QCL assumption on CSI-IM also applies to CSI-IM configured for CJT CSI since ‘resource-wise QCLed’ in existing spec. implies one-to-one mapping between CSI-RS for channel measurement and CSI-IM for interference measurement, while for CJT CSI there is only one CSI-IM resource for interference measurement but up to 4 CSI-RS resources for channel measurement to be configured. For NZP CSI-RS for interference measurement, it is clear that up to one NZP CSI-RS for interference measurement can be configured for CJT CSI. And it seems also unambiguous that it is ‘typeD’ QCLed with CMR resource. Thus, the QCL assumption on CSI-IM for CJT CSI needs to be clarified.

Proposal 3
· Clarify the QCL assumption on CSI-IM for Rel-18 CJT CSI.
· Adopt following TP for TS 38.214.

	5.2.1.4.1	Resource Setting configuration
[…]
A UE configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI' and codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18' is expected to be configured with  CSI-RS resources in a resource set for channel measurement. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet. The CSI-IM and the NZP CSI-RS resource(s) for channel measurement are QCLed with respect to 'typeD'.
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.
An NZP CSI-RS Resource Set for channel measurement with  resources can be configured with two Resource Groups, with  resources in Group 1 and  resources in Group 2, such that , and with  Resource Pairs. Each Resource Pair consists of one resource from Group 1 and one resource from Group 2. The same resource can be associated with two Resource Pairs in frequency range 1 but not in frequency range 2.
Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for interference measurement. Except for L1-SINR, the UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.




3. Conclusion
In this contribution, we discussed remaining issues on CSI enhancements for M-TRP CJT for Rel-18 MIMO. Based on the discussion, we made following proposals.
Proposal 1:
· Introduce restriction that indicated joint/DL TCI state(s) for CJT-PDSCH should be QCLed with at least part of joint/DL TCI state(s) configured for CSI-RS(s) as CMR(s) for CJT.
Proposal 2:
· To indicate the same joint/DL TCI state(s) between CJT-PDSCH and CMR(s) for CJT, the following options can be considered. Opt. 3 is preferred.
· Opt. 1) Solved by gNB implementation (i.e. gNB indicates the same TCI state to CJT-PDSCH and CSI-RS for CMR for CJT. It means, if CMR for CJT is P/SP-CSI-RS, gNB cannot update indicated TCI by MAC CE/DCI).
· Opt. 2) Only A-CSI-RS is allowed for CSI-RS for CMR for CJT.
· Opt. 3) Apply MAC CE/DCI based indicated TCI state to P/SP-CSI-RS, in case of CJT-PDSCH.
Proposal 3
· Clarify the QCL assumption on CSI-IM for Rel-18 CJT CSI.
· Adopt following TP for TS 38.214.
	5.2.1.4.1	Resource Setting configuration
[…]
A UE configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI' and codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18' is expected to be configured with  CSI-RS resources in a resource set for channel measurement. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet. The CSI-IM and the NZP CSI-RS resource(s) for channel measurement are QCLed with respect to 'typeD'.
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.
An NZP CSI-RS Resource Set for channel measurement with  resources can be configured with two Resource Groups, with  resources in Group 1 and  resources in Group 2, such that , and with  Resource Pairs. Each Resource Pair consists of one resource from Group 1 and one resource from Group 2. The same resource can be associated with two Resource Pairs in frequency range 1 but not in frequency range 2.
Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for interference measurement. Except for L1-SINR, the UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.
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