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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. In RAN1#103e meeting, following agreements were made for inter-cell MTRP operation.
	Agreement
For QCL /TCI related enhancement for enhanced inter-cell multi-TRP operations, support RRC configuration of non-serving cell information
· Non-serving cell information can be associated with the TCI state and/or QCL -info at least when “neighbor cell SSB” is used as “QCL referenceSignal ”
· FFS : Whether beam indication enhancement is needed in addition to QCL -info enhancement
· FFS : Whether the association is explicit or implicit
Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information.


In this contribution, we discuss the item 2-b for inter-cell multi-TRP operations.

Inter-cell MTRP operation 
In NR Rel-16, CoRESETPoolindex is introduced under single-cell based control plane framework to support multi-DCI based multi-PDSCH reception. Even though the concept of TRP is introduced, only intra-cell MTRP operation is supported in NR Rel-16. As shown in Fig.1, with single-cell based control plane framework, the SSBs of MTRP are from the same serving cell, which are associated with a PCI and used as top QCL source for other RSs. In that case, UE cannot derive QCL from a non-serving cell SSB. Inter-cell MTRP is not well supported in NR Rel-16.
To better support inter-cell MTRP operation in NR Rel-17, the SSBs from non-serving cell with a different PCI should be able to become the top QCL source for a UE, as shown in Fig.2. In NR Rel-16, some companies discussed to reuse CA or DC framework to support multi-DCI based MTRP transmission. In that case, the second TRP can be a serving cell with a different PCI and can be used as QCL source. However, with CA or DC framework, the RRC signaling overhead will be quite large and duplicated since many configurations for the second TRP should be configured the same as the first TRP. And UE complexity to support MTRP is increased since multiple MAC entities are required for DC framework. Hence, how to support inter-cell MTRP based on single-cell signaling framework is important. 
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Figure 1 An example of intra-cell MTRP in NR Rel-16
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Figure 2 An example of inter-cell MTRP in NR Rel-17

In RAN1#103e meeting, it was agreed to support RRC configuration of non-serving cell information, and associate non-serving cell information with the TCI state and/or QCL-info at least when neighbor cell SSB is used as QCL referenceSignal. However, how to configure non-serving cell information and how to associate it with QCL configuration should be further discussed.
For non-serving cell information, it was agreed that the information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point. However, it is not suitable to revise based on those IEs directly for non-serving cell information configuration. There are so many cells configured in those IEs, while the number of non-serving cell required for MTRP inter-cell operation is quite limited. Maybe only one non-serving cell is needed for MTRP inter-cell operation. It is certainly inefficient to configure non-serving cell information based on existing SSB-Configuration-r16/ssb-InfoNcell-r16 directly, e.g., by adding a new TRP-ID or SSB-set-ID. 
Hence, it is proposed to define a separate new IE for non-serving cell configuration for MTRP inter-cell operation, and it can include the least needed parameters or elements from SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject, e.g., at least PhysCellId is needed in the new IE. Once a PhysCellId is indicated, many configurations for this cell can be obtained from existing configurations in SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject. In addition, a TRP-ID can be included in the new IE for the non-serving cell to reduce the signaling overhead. In that case, only the TRP-ID needs to be configured in TCI state/QCL-Info if SSB of non-serving cell is configured as QCL source RS. For example, if only one non-serving cell is configured, 1-bit is sufficient for this new TRP-ID. If two or three non-serving cells are configured, 2-bit is sufficient for this new TRP-ID.
With non-serving cell SSB configured as source RS in TCI state configuration for DL, the target RS from non-serving cell can be TRS/CSI-RS, and PDCCH/PDSCH DMRS can be QCLed with TRS/CSI-RS associated with non-serving cell SSB, which is the same as existing QCL relation. Also, similar QCL type as Rel-16 for association between target RS from non-serving cell and non-serving cell SSB can be configured. gNB should make sure such association configuration is within non-serving cell. For association configuration between source/target RS from non-serving cell and target/source RS from serving cell, it should be carefully studied whether to support it and the applicable QCL type if supported.

[bookmark: _Hlk60905101]Proposal 1:
· Define a separate IE for non-serving cell configuration for MTRP inter-cell operation. The IE can include the least needed parameters from SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject. 
· At least PhysCellId is included in the IE. FFS other parameters.
· A TRP-ID is needed in the IE to indicate each non-serving cell. TRP-ID can be configured in TCI state/QCL-Info configuration if SSB of non-serving cell is configured as QCL source RS.

Proposal 2:
· Keep existing QCL relation, i.e., non-serving cell SSB can be direct QCL source for TRS/CSI-RS, and PDCCH/PDSCH DMRS can be QCLed with TRS/CSI-RS associated with non-serving cell SSB.

In addition to TCI state configuration for DL, non-serving cell SSB configuration is also needed for some other purposes. To ensure inter-cell MTRP operation, beam management and CSI measurement/reporting should be performed on the non-serving cell. So that gNB can configure appropriate QCL from non-serving cell for PDCCH/PDSCH transmission. L3 measurement/reporting is not sufficient in that case, hence, non-serving cell SSB should be also configured for L1 measurement/reporting. It was agreed to discuss measurement and reporting for non-serving cell RS in AI 8.1.1. However, there is no conclusion for spatial relation related enhancement for UL transmission for a non-serving cell TRP yet. It is also reasonable to configure the non-serving SSB as QCL source RS with existing QCL relation for UL SRS, PUCCH, and PUSCH transmission.

Proposal 3:
· Support configuration of non-serving cell SSB as QCL source RS with existing QCL relation for UL SRS, PUCCH, and PUSCH transmission.

Conclusion
In this contribution, we discussed the enhancements to support inter-cell multi-TRP operation. We have following proposals.

Proposal 1:
· Define a separate IE for non-serving cell configuration for MTRP inter-cell operation. The IE can include the least needed parameters from SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject. 
· At least PhysCellId is included in the IE. FFS other parameters.
· A TRP-ID is needed in the IE to indicate each non-serving cell. TRP-ID can be configured in TCI state/QCL-Info configuration if SSB of non-serving cell is configured as QCL source RS.

Proposal 2:
· Keep existing QCL relation, i.e., non-serving cell SSB can be direct QCL source for TRS/CSI-RS, and PDCCH/PDSCH DMRS can be QCLed with TRS/CSI-RS associated with non-serving cell SSB.

Proposal 3:
· Support configuration of non-serving cell SSB as QCL source RS with existing QCL relation for UL SRS, PUCCH, and PUSCH transmission.
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