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[bookmark: _Ref32248407]Introduction
In Rel-17, it’s been agreed to enhance multi-DCI based transmission for inter-cell scenario, and further in RAN-P 92-e meeting, the WID has been revised as following
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
0. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
0. 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
0. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
0. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


In this paper, we further investigate the remaining details of inter-cell multi-TRP operation. 
Inter-cell multi-TRP operation
Definition of non-serving cell

	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.

 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



[bookmark: _Hlk78382590]The term of ‘PDSCH/PDCCH from non-serving cell (PCI)’ has been used in previous agreement. In our understanding, if the UE is expected to receive PDSCH/PDCCH from a cell, i.e., using PDSCH/PDCCH configuration from this cell, such cell would have become a serving cell for the UE, instead of non-serving cell. Otherwise, the definition of serving/non-serving cell would need to be carefully re-visited by RAN2. Our reading of the discussions under this agenda is that we are addressing the case where the SSB/CSI-RS from non-serving cell would be used as (indirect) QCL source for PDSCH/PDCCH from the serving cell, with which the PDSCH/PDCCH is still considered as part of the serving cell. The logic behind ‘indirect’ is that, according to the agreement of reusing R15/R16 QCL rules, a CSI-RS for tracking (TRS) from serving cell is needed to connect between SSB from non-serving cell and PDCCH/PDSCH from serving cell, as SSB itself cannot provide the required time/frequency tracking accuracy and TRS is also mandatory to be configured. With this understanding, we propose to clarify as follows. 
Proposal 1: Clarify that ‘PDSCH/PDCCH from non-serving cell’ refer to PDSCH/PDCCH from the serving cell but has a SSB/CSI-RS from non-serving cell as indirect QCL source. 
Furthermore, it’s concluded that R15/R16 QCL rules will be reused, as in Section 5.1.5 in 38.214. Following R15/16 QCL rule, 
· For both PDSCH and PDCCH, the UE shall expect that the source QCL in a TCI state to be CSI-RS for tracking, CSI-RS for beam management, or CSI-RS for CSI; 
· For a CSI-RS for CSI, the UE shall expect that the source QCL in a TCI state to be CSI-RS for tracking, SSB (only for QCL type D), CSI-RS for beam management;
· For a CSI-RS for tracking (TRS), the UE shall expect that the source QCL in a TCI state to be SSB or CSI-RS for beam management.
Therefore, the TCI state with non-serving cell PCI should not be directly indicated for PDSCH and PDCCH. Instead, non-serving cell PCI should be linked/associated to PDSCH/PDCCH in the serving cell via CSI-RS for tracking in the serving cell as in R15/16.
Proposal 2: The additional PCI that is different from the serving cell PCI can be indicated as part of TCI state configured for CSI-RS contained in TCI states activated for PDSCH/PDCCH.

In addition to that, there may be multiple cells around the serving cell. For example, all six neighboring cells around the serving cell could provide additional PCI that is different from the serving cell. Therefore, it is in lack of flexibility to allow for configuring only one PCI different from the serving cell by RRC, with which RRC reconfigurations would be required when UE moves around. Other than that, the UE needs to perform RRM measurement, so that the network can be informed about the signal reception quality from each gNB to the UE and thereby enable cell switching and handover. With RRM measurement, the UE continuously detects the SSBs of neighboring cells, which implies UE is already aware of some PCIs different from the serving cell. Further, multiple PCIs from multiple non-serving cells can be pre-configured by RRC, but only one PCI can be activated at a time, with which the complexity at UE can be more manageable. To sum up, it is more preferable to allow more than one PCIs different from the serving cell that can be RRC-configured for multi-DCI based inter-cell multi-TRP operation.
Proposal 3: Support more than one PCIs which is different from the serving cell that can be RRC-configured for multi-DCI based inter-cell multi-TRP operation.

Moreover, whether one PCI that is different from the serving cell can be associated with one or multiple CORESETPoolIndex can be left to network configuration. In R16, the PCI of the serving cell associated with activated TCI states for PDCCH can be associated with more than one CORESETPoolIndex. There seems no strong need to artificially limit the number of CORESETPoolIndex associated with one PCI that is different from the serving cell. In addition, for one non-serving cell consisting of multiple TRPs, the PCI could be associated with more than one CORESETPoolIndex.
Proposal 4: Support Alt2, one PCI that is different from the serving cell and associated with activated TCI states for PDSCH/PDCCH can be associated with more than one CORESETPoolIndex.

QCL/TCI enhancements
	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.



In previous meeting, to enable TCI indication for inter-cell multi-DCI-based multi-TRP operation, five options were listed. Following the agreement on reusing R15/16 QCL rules, in the simplest case, a neighbour cell SSB can be used as an indirect QCL source for PDCCH/PDSCH from the serving cell, i.e., with TRS in the serving cell to connect between SSB from non-serving cell and PDCCH/PDSCH from the serving cell. In our understanding, this corresponds to the use-case in Figure 1:
[image: ]
Figure 1: Neighbour cell SSB as indirect QCL source for inter-cell multi-TRP operation
Note that, following the existing QCL rules, the QCL source of TRS can only be a SSB of a serving cell, which is not enough for inter-cell multi-TRP operation being discussed here. Regarding how to convey QCL assistance from non-serving cell, among the five alternatives listed in previous agreement, in our view, Option 2~5 (i.e., association, grouping, re-indexing, new indicator) are unnecessarily complicated and restrictive for NW planning, but Option 1 (i.e., indicating non-serving cell PCI in the TCI state) is simpler and less restrictive. As such signalling is conveyed by RRC, signalling overhead is less a concern to us, and if there is concern on UE complexity, UE capability reporting on the number of supported non-serving cells can be introduced. 
In light of the above, we make the following proposal:
Proposal 5: Support Option 1, i.e., explicitly indicating one PCI that is different from the serving cell along with the SSB index inside a TCI state.

Non-serving cell information
	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
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


It was agreed that inter-cell multi-TRP operation may require non-serving cell information such as SSB time domain position, SSB transmission periodicity, and SSB transmission power. Whether indication of these information is implicit or explicit is still to be discussed.
Among these information, except SSB transmission power, other information have been provided in Measurement Object. In our view, it is quite reasonable to assume that the candidate set of neighbor cells for inter-cell multi-TRP operation has also been included in configured Measurement Object for mobility-related measurement. With this in mind, it appears natural for the UE to obtain SSB time domain position and SSB transmission periodicity from the configured Measurement Object directly, with which there is no need to explicitly indicate them again.
It was also mentioned that SSB transmission power is not provided in Measurement Object and hence it needs to be indicated to UE. However, the SSB transmission power is not needed for QCL tracking purpose.  Therefore, it’s not well motivated to inform the UE about the SSB transmission power.
In light of the above, we make the following observation:
Observation 1: For inter-cell multi-TRP operation, with the aid of existing information in MO, there is no need to explicitly indicate non-serving cell information such as SSB time domain position, SSB transmission periodicity, and SSB transmission power.

Summary of proposals
In this contribution, we provided our views on inter-cell multi-TRP operation. We make the following observations and proposals:
Observation 1: For inter-cell multi-TRP operation, with the aid of existing information in MO, there is no need to explicitly indicate non-serving cell information such as SSB time domain position, SSB transmission periodicity, and SSB transmission power.

Proposal 1: Clarify that ‘PDSCH/PDCCH from non-serving cell’ refer to PDSCH/PDCCH from the serving cell but has a SSB/CSI-RS from non-serving cell as indirect QCL source. 
Proposal 2: The additional PCI that is different from the serving cell PCI can be indicated as part of TCI state configured for CSI-RS contained in TCI states activated for PDSCH/PDCCH.
Proposal 3: Support more than one PCIs which is different from the serving cell that can be RRC-configured for multi-DCI based inter-cell multi-TRP operation.
Proposal 4: Support Alt2, one PCI that is different from the serving cell and associated with activated TCI states for PDSCH/PDCCH can be associated with more than one CORESETPoolIndex.
Proposal 5: Support Option 1, i.e., explicitly indicating one PCI that is different from the serving cell along with the SSB index inside a TCI state.
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