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1. Introduction

In RAN1#104bis e-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

· For intercell MTRP operation, 1 additional PCI different from the serving cell PCI is supported per CC

· The additional PCI is the one associated with one or more TCI states that are activated for [CSI-RS for CSI]/PDSCH/PDCCH, per CC.

· Applicable at least for non-cross carrier QCL indication

· FFS: Cross carrier scheduling QCL indication

· RAN1 to decide on the maximum number of PCIs different from the serving cell PCI per CC and/or across all CCs that can be RRC-configured for multi-DCI based inter-cell multi-TRP

· Above should be specified by reusing R15 QCL rules as concluded in RAN1#104-e

Agreement

For intercell MTRP operation, downselect one or more of the following alternatives in RAN1#105-e

· Alt1: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex

· Alt2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex

· Alt3: one PCI associated with TCI states for [PDSCH]/PDCCH via QCL relationship without association with CORESETPoolIndex

Note: This agreement is not related to the down-selection of one of the 5 options from RAN1#104-e

Note: Above should be specified by reusing Rel-15/Rel-16 QCL rules as concluded in RAN1#104-e

In this contribution, we discuss the details for inter-cell multi-TRP operation.
2. Discussion
2.1. Non-serving cell information
It was agreed that one additional PCI can be associated with the activated TCI states for downlink. Whether more than one non-serving cell PCIs can be configured by RRC within one CC needs further discussion. From Rel-16 discussion, 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 similar to Rel-16. 

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 also ensure the performance. That is, the PCI configured by RRC should also be one of the PCIs included in MeasObject and reported by UE. For CA case, considering the neighboring cell can be different in different CC, different PCIs can be configured across CCs. To limit the UE complexity, the maximum number of PCIs different from the serving cell PCI across all CCs can be up to UE capability.
Proposal 1: One PCI different from the serving cell PCI can be configured by RRC per CC, which should be one of the PCIs measured and reported by UE based on MeasObject.
Proposal 2: The maximum number of PCIs different from the serving cell PCI across all CCs is up to UE capability.
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. 
Proposal 3: Non-serving cell information includes SSB configuration information of one neighboring cell, which is configured separately from QCL information to reduce signaling overhead.
Proposal 4: 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.
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. Furthermore, for the agreed SSB time domain position in non-serving cell information, both“halfFrameIndex” and “ssb-PositionsInBurst” should be included to avoid UE to blindly detect the existence of SSB.
Proposal 5: Clarify that SSB time domain position for non-serving cell SSB consists of “halfFrameIndex” and “ssb-PositionsInBurst”.

Proposal 6: 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.
The enhancements on inter-cell M-TRP operation are based on multi-DCI based M-TRP transmission according to the WID. In Rel-16, multi-DCI based M-TRP is configured/ defined via values of CORESETPoolIndex. If two PCIs are configured to be associated with activated TCI states, it is natural to have a one to one mapping between PCIs and values of CORESETPoolIndex. For different cells, independent HARQ-ACK codebooks, PDSCH scrambling, CRS pattern and activated TCI states are expected. Without this type of association, the backward compatibility to Rel-16 multi-DCI based M-TRP transmission cannot be ensured. 
Proposal 7: When two PCIs are associated with activated TCI states for [PDSCH]/PDCCH, support Alt 1: one PCI associated with one or more activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex. 
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 8: 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: One PCI different from the serving cell PCI can be configured by RRC per CC, which should be one of the PCIs measured and reported by UE based on MeasObject.
Proposal 2: The maximum number of PCIs different from the serving cell PCI across all CCs is up to UE capability.
Proposal 3: Non-serving cell information includes SSB configuration information of one neighboring cell, which is configured separately from QCL information to reduce signaling overhead.
Proposal 4: 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 5: Clarify that SSB time domain position for non-serving cell SSB consists of “halfFrameIndex” and “ssb-PositionsInBurst”.

Proposal 6: 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 7: When two PCIs are associated with activated TCI states for [PDSCH]/PDCCH, support Alt 1: one PCI associated with one or more activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex. 
Proposal 8: The resource of DL signal from serving cell is not impacted by the SSB configured by neighboring cell information.
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