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Introduction
In RAN1 #106b meeting, the following agreement on inter-cell multi-TRP operation have been achieved.
	Agreement 
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured  SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for  SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst

Agreement 
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 configurations 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)




In this contribution, we provide some discussion on inter-cell multi-TRP enhancement.
Discussion
Rate matching
In RAN1 #104, it was agreed that PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI. Thus, the remaining issue is whether the cross-cell rate matching is needed. This should depend on whether UE uses advanced receiver for interference cancellation. Since the non-serving cell SSB may be from different beams and some may create strong interference to the UE. So, it is better to introduce a UE capability on whether the cross-cell rate matching is needed.
Proposal 1: Support to introduce a UE capability to report the following information
· Whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB 
· Whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB

Simultaneous reception of SSB + other signal
For SSB + PDSCH and SSB + CSI-RS for BM, the following restriction to ensure the QCL is defined in38.214.
	If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'typeD', if 'typeD' is applicable.



	If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable.



The QCL rule above should be applicable for signals associated with the same PCI. Further, it can also be extended to support SSB + other signals case.
Proposal 2: If SSB collides with DL signals associated with the same PCI, gNB should ensure the DL signals and SSB are QCLed with QCL-TypeD.

Serving cell change problem
For inter-beam BM, it is required that the serving cell should not be changed, thus the non-UE dedicated signal should be QCLed indirectly with SSB from serving cell. For inter-cell mTRP, there is similar issues that the non-UE dedicated signal should not be QCLed with SSB from TRP with a different PCI. 
Proposal 3: For inter-cell mTRP, the non-UE dedicated signal should be QCLed with SSB from serving cell indirectly to make sure there is no serving cell change.
· The non-UE dedicated signal includes PDCCH/PDSCH associated with Type 0/0a/1 CSS.

Additional info for non-serving cell
Currently some additional info for non-serving cell have been agreed, which are related to SSB configuration. However, some information on rate matching should be considered as well, as different cells may use different configurations for signal multiplexing. Such rate matching should also consider different LTE-CRS rate matching patterns for different cells. In Rel-16, TRP specific CRS rate matching pattern is supported, but Rel-17 supports up to 7 non-serving cells. Thus, one additional CRS rate matching pattern list for the second TRP is not sufficient. Therefore, the additional info for non-serving cell should include rate matching pattern as well as LTE-CRS rate matching pattern.
Proposal 4: Additional info for non-serving cell should include rate matching pattern as well as LTE-CRS rate matching pattern.

Cell ID for signal generation
Rel-15 supports the configuration of virtual cell ID for downlink signal generation. If the virtual cell ID is not configured, physical cell ID would be used. For example, currently the virtual cell ID for PDSCH is defined as follows:
	
-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space; 
-	 equals
-	the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0;
-	the higher-layer parameter dataScramblingIdentityPDSCH2 if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;
	if the higher-layer parameters dataScramblingIdentityPDSCH and dataScramblingIdentityPDSCH2 are configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space;
-	 otherwise



For inter-cell mTRP, the definition of  needs to be clarified. For signals associated with the non-serving cell, it is not reasonable to use PCI for serving cell as the default cell ID, but the PCI for the non-serving cell should be applied.
Proposal 5: For downlink signals associated with a non-serving cell, if virtual cell ID is not configured, the default ID should be PCI for the non-serving cell.

Measurement delay for overlapped SSBs
The SSBs from different cells may be multiplexed in overlapped and non-overlapped manner as shown in Figure 1. 
[image: ]
Figure 1: Potential SSB pattern from different cells
The UE complexity to measure overlapped SSBs and non-overlapped SSBs could be quite different. To measure L1-RSRP for overlapped SSBs, current Z3 and Z3’ should not be enough. The UE complexity may be as 8 times as Rel-15 L1-RSRP measurement in the worst case – the SSBs from 8 cells (1 serving cell + 7 non-serving cells) are fully overlapped. So additional delay for the Z3 and Z3’ should be considered. One possible way could be Z3+d and Z3’+d, where d indicates the number of overlapped symbols.
Proposal 6: With regard to minimal delay for L1-RSRP measurement from overlapped SSBs, additional delay should be introduced with Z=Z3+d and Z’=Z3’+d, where d indicates the number of symbols for the overlapped SSBs

Conclusion
In this contribution, we discussed inter-cell multi-TRP enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Support to introduce a UE capability to report the following information
· Whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB 
· Whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB
Proposal 2: If SSB collides with DL signals associated with the same PCI, gNB should ensure the DL signals and SSB are QCLed with QCL-TypeD.
Proposal 3: For inter-cell mTRP, the non-UE dedicated signal should be QCLed with SSB from serving cell indirectly to make sure there is no serving cell change.
· The non-UE dedicated signal includes PDCCH/PDSCH associated with Type 0/0a/1 CSS.
Proposal 4: Additional info for non-serving cell should include rate matching pattern as well as LTE-CRS rate matching pattern.
Proposal 5: For downlink signals associated with a non-serving cell, if virtual cell ID is not configured, the default ID should be PCI for the non-serving cell.
Proposal 6: With regard to minimal delay for L1-RSRP measurement from overlapped SSBs, additional delay should be introduced with Z=Z3+d and Z’=Z3’+d, where d indicates the number of symbols for the overlapped SSBs
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