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Introduction
In RAN 92-e meeting, the work item of further enhancements on MIMO for NR was revised as follows [1]:
· Extend specification support in the following areas [RAN1]
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]The new added description aims to specify that the QCL/TCI-related enhancements should be discussed based on the Rel-15/16 TCI framework, not the unified TCI framework in Rel17. In previous meetings, many possible enhancements were discussed and some agreements had been achieved. In this contribution, we further discuss some related enhancements to support inter-cell multi-TRP operation. 

Inter-cell Multi-TRP operation
Number of PCI different from that of serving cell
Agreements about the number of PCI are shown as follows [3]:
Agreement 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1)= The maximum number of configured additional PCIs when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2)= The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 includes at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band) 

According to the agreement above, it is probable that more than one additional PCI is configured to UE, which means there could be more than one non-serving cell for inter-cell multi-TRP and one of them at a time can transmit to/receive from UE. Therefore, the TRP or non-serving cell selection/indication signaling is necessary to choose one appropriate/optimal non-serving cell for UE if more than one additional PCI is configured to UE.
Proposal 1: For inter-cell multi-TRP, the TRP or non-serving cell selection/indication signaling is necessary if more than one additional PCI is configured to UE.

Indication/association of non-serving cell information with TCI state
In last meeting, the source RS types for RS transmitted from the non-serving cell TRP was discussed. Most companies believe that SSB with PCI different from serving cell is used as QCL source for CSI-RS from serving cell, which is then used as QCL source for PDSCH/PDCCH in serving cell, and others think only SSB is allowed to be the source RS type for RS transmitted from the non-serving cell TRP. Actually, the same question was discussed in agenda 8.1.1. SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for UE-dedicated PDSCH. However, whether the SSB can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH has not been decided yet. However, the QCL/TCI-related enhancements for inter-cell mTRP should be discussed based on the Rel-15/16 TCI framework according to the WID. Moreover, observed from TS 38.214, SSB cannot be used as QCL direct reference signal for PDSCH in Rel15/16. Accordingly, SSB associated with a physical cell ID different from that of the serving cell can only be used as an indirect QCL reference for UE-dedicated PDSCH.
Proposal 2: For inter-cell multi-TRP, SSB associated with a physical cell ID different from that of the serving cell can only be used as an indirect QCL reference for PDSCH.

Rate matching
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]For inter-cell mTRP and inter-cell beam management, the beam measurement based on non-serving cell SSB is needed. To measure the SSB from TRP whose PCI is different from that of the PDSCH, UE may need to assume that the PRBs containing non-serving cell SSB transmission resources are not available for the PDSCH, which means UE needs to perform PDSCH rate-matching based on the union of ssb-PositionsInBurst. While some companies do not support additional rate-matching behaviour because it will result in performance loss. If so, how to perform beam measurements on neighboring cell SSB correctly because UE may not be able to receive from serving cells and measure non-serving cell SSB at the same time. Referring to the RRM measurement, the measurement gap may be a candidate solution. However, UE does not receive or transmit data during the gap window, which will lead to more serious performance loss. Accordingly, we prefer that additional rate matching behaviour is needed to measure the SSB from TRP whose PCI is different from that of the PDSCH.
Proposal 3: We prefer to support additional rate matching behavior. 

PCI association with CORESETPoolIndex
There is an agreement about the association between PCI and CORESETPoolIndex as described as follows [2]:
Agreement
· For inter-cell mTRP , one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex, another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex 
· FFS : The association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP 
As described in section 2.1, it is probable that more than one additional PCI is configured to UE, which means there could be more than one non-serving cell for inter-cell multi-TRP. According to this agreement that one PCI is associated with one CORESETPoolIndex, there will be more than two CORESETPoolIndex if more than one additional PCI is configured to UE for inter-cell mTRP, in which case the UE behaviour is not clear. If a UE is configured by higher layer parameter PDCCH-Config that contains three different values of CORESETPoolIndex in ControlResourceSet, does the UE expect to receive three PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain? Therefore, the association between PCI and CORESETPoolIndex should be further studied when more than one additional PCI is configured to UE. If we still consider that one PCI is associated with one CORESETPoolIndex, then the UE behaviour needed to be specified.
Proposal 4: The association between PCI and CORESETPoolIndex should be further studied when more than one additional PCI is configured to UE.
In last meeting, we have discussed the association between PCI and COREETPoolIndex and it was agreed that one PCI is associated with one CORESETPoolIndex because only two TRP are considered for intra-cell multi-TRP in Rel16 and we should still consider two TRPs for inter-cell multi-TRP in Rel17. And some companies proposed the association between PCI and CORESETPoolIndex needs more discussion when switching between intra-cell mTRP and inter-cell mTRP as described in the FFS. Actually whether to support the switching between intra-cell mTRP and inter-cell mTRP is not clear yet. Even it is supported, how to perform the switching between intra-cell mTRP and inter-cell mTRP should be decided before we study the association between PCI and CORESETPoolIndex. Because the way of switching may have influence on the association between PCI and CORESETPoolIndex. For example, if gNB indicate UE intra-cell mTRP or inter-cell mTRP by RRC signalling, then one PCI is associated with one CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP. However, if gNB indicate UE intra-cell mTRP or inter-cell mTRP dynamically, then multiple CORESET should be pre-configured. These pre-configured CORESETs are associated with different CORESETPoolIndex, each of which corresponds to one TRP, because there are at least two TRP in serving cell, one PCI can be associated with at least two CORESETPoolIndex. Therefore, it should be decided whether/how to support the switching between intra-cell mTRP and inter-cell mTRP before the further discussion of the association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP.
Proposal 5: Before the further discussion of the association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP, it should be decided whether/how to support the switching between intra-cell mTRP and inter-cell mTRP. 

Uplink beam management 
For inter-cell beam management, because the beam indication is based on Rel17 unified TCI framework, in which the UL TCI state is introduced, the enhancements for DL beam management can be reused for UL beam management. While for inter-cell mTRP, enhancements for UL beam management should be discussed separately because, according to the revised WID, the QCL/TCI-related enhancements to support the inter-cell mTRP operation is based on the Rel-15/16 TCI framework, in which the UL beam management is quite different from DL beam management. For example, the UL beam between TRP with different PCI and UE should be indicated when beam correspondence does not hold, in which case the spatial relation configured by serving cell should be associated with TRP with different PCI.
Proposal 6: Enhancements of spatial relation for UL beam management should further discussed.

Conclusion
In this contribution, we discuss about the inter-cell Multi-TRP operation. Based on above discusses, we provide the following proposals.
Proposal 1: For inter-cell multi-TRP, the TRP or non-serving ell selection/indication signaling is necessary if more than one additional PCI is configured to UE.
Proposal 2: For inter-cell multi-TRP, SSB associated with a physical cell ID different from that of the serving cell can only be used as an indirect QCL reference for PDSCH.
Proposal 3: We prefer to support additional rate matching behavior. 
Proposal 4: The association between PCI and CORESETPoolIndex should be further studied when more than one additional PCI is configured to UE.
Proposal 5: Before the further discussion of the association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP, it should be decided whether/how to support the switching between intra-cell mTRP and inter-cell mTRP.
Proposal 6: Enhancements of spatial relation for UL beam management should further discussed.
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