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1. Introduction

In RAN1#104e meeting, the aspects to be considered for QCL/TCI-related enhancement to enable inter-cell multi-DCI based multi-TRP operation were discussed with the following agreements:
Agreement

Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation

· FFS: Whether the indication of PCI is implicit or explicit

Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position

· SSB transmission periodicity

· SSB transmission power

FFS: Other non-serving cell information

FFS: Whether indication of these information is implicit or explicit
Agreement
For inter-cell MTRP operation, further discuss following options and down select in RAN1#104bis-e

· Option1: Indicate/associate non-serving cell PCI in the TCI state

· FFS other non-serving cell information

· Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell

· FFS: how the flag is linked to non-serving cell

· Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.

· FFS: Each group is associated with a CORESETPoolIndex value.

· FFS: how to link the group of TCI states to non-serving cell.

· Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS

· Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …

· FFS: detailed re-indexing rule(s) of non-serving cell RSs 

· Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with 

· FFS: how the indicator is linked to non-serving cell

· Note: when there is only one non-serving cell, it means the same as Option2.

Agreement
Agree on scheme1

· Scheme1: 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

· FFS: whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB 

· FFS: whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB

Conclusion

Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.

Conclusion

The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2.

· Note: This does not imply that RAN1 intends to ask RAN4 to tighten network synchronization requirements.

In this contribution, we discuss the details for the above enhancements.
2. Discussion
2.1. Non-serving cell RS
In RAN1 #104 meeting, it was discussed whether more than one neighboring cells (PCIs) were supported in inter-cell M-TRP operation. So far, all the enhancements for multi-TRP transmission only consider transmission from at most two TRPs. For multi-DCI based M-TRP transmission, only two values of CORESETPoolIndex are defined, each associated with a TRP. For each value, independent HARQ-ACK codebooks, PDSCH scrambling, CRS pattern, activated TCI states can be configured for each TRP. Based on current framework, it is difficult to support more than two cells with different configurations. The switching between more cells can be achieved via RRC signaling, e.g. reconfiguration of parameters for a TRP. The benefits of inter-cell transmission among more than two cells should be justified. 
If only one neighboring cell is supported for M-TRP transmission, SSB configuration information of the neighboring cell should be configured to UE. There were different options on how to configure SSB configuration information to UE, e.g. in explicit or implicit way. To reduce signaling overhead, it is not needed to configure the SSB in each QCL information like SRS for positioning, where more than two cells may be configured. The information can be configured independently from QCL information, with an indication in QCL information to inform whether the SSB is from serving cell or neighboring cell. If it indicates neighboring cell, the UE can find the corresponding SSB via neighboring cell information. Furthermore, the neighboring cell configured by non-serving cell information should be one of the serving cell configured in MeasObject and measured/reported by UE to avoid redundant measurement and ensure the performance. For example, the PCID in the non-serving cell information should be also included in MeasObject and reported by UE. 
It was agreed that SSB transmission power was included in information for neighboring cell SSB. If neighboring cell SSB or CSI-RS from neighboring cell (e.g. CSI-RS QCLed with neighboring cell SSB) is configured as pathloss RS of a uplink signal, the transmit power of the pathloss RS should be derived from the transmit power of neighboring cell SSB. Especially for CSI-RS QCLed with neighboring cell SSB, the transmit power can be calculated based on powerControlOffsetSS and the SSB transmission power in neighboring cell information
Proposal 1: Non-serving cell information includes SSB configuration information (e.g. PCI) of one neighboring cell, which is configured separately from QCL information to reduce signaling overhead.
Proposal 2: To associate non-serving cell information with a TCI state, support Option 2: introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell.
Proposal 3: The neighboring cell (PCI) indicated by non-serving cell information should be one of the cells (PCIs) measured and reported by UE based on MeasObject.
Proposal 4: For a CSI-RS QCLed with neighboring cell SSB, the transmit power is calculated based on powerControlOffsetSS and the SSB transmission power in neighboring cell information.
2.2. Multiplexing of neighboring cell SSB with other RS/channels
In Rel-15/Rel-16, there were many scheduling/resource restrictions to DL signal in the resources/symbols used for SSB of serving cell. For example, PDSCHs transmission should be rate-matched in SSB resource except some exceptional case, and only PDSCH or CSI-RS for beam management which is QCLed with a SSB can be transmitted in the same symbol as the SSB. These restrictions should not be extended to SSB of neighboring cell to avoid performance loss compared to Rel-15/Rel-16 UE. The DL signals from serving cell are not needed to rate-matched in the resources for neighboring cell SSB, and they can be transmitted in the same symbol as the SSB. UE can detect DL signal from serving cell firstly if there is collision between DL signal from serving cell and SSB from neighboring cell, or the collision should be avoided by network.
Proposal 5: The resource of DL signal from serving cell is not impacted by the SSB configured by neighboring cell information.

3. Conclusion

In this contribution, we discuss the QCL information and beam management enhancement to support inter-cell multi-TRP operations for multi-DCI base M-TRP with the following considerations:
Proposal 1: Non-serving cell information includes SSB configuration information (e.g. PCI) of one neighboring cell, which is configured separately from QCL information to reduce signaling overhead.
Proposal 2: To associate non-serving cell information with a TCI state, support Option 2: introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell.
Proposal 3: The neighboring cell (PCI) indicated by non-serving cell information should be one of the cells (PCIs) measured and reported by UE based on MeasObject.
Proposal 4: For a CSI-RS QCLed with neighboring cell SSB, the transmit power is calculated based on powerControlOffsetSS and the SSB transmission power in neighboring cell information.
Proposal 5: The resource of DL signal from serving cell is not impacted by the SSB configured by neighboring cell information.

4. References

[1] 38.331-g50, March 2021. 
