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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID of ‘Further NR mobility enhancements’ was approved and the WID was further updated in RAN#97-e meeting [1]. 
In this contribution, we discuss the remaining issues on L1 enhancements for L1/L2 triggered inter-cell mobility (LTM), including L1 beam measurement and reporting, and TCI state activation and indication. 

2. L1 beam measurement and reporting
RAN2 has agreed the maximum number of LTM candidate cells in RRC configuration is 8, thus, the maximum number of cells for L1 measurement/reporting for a LTM-CSI-ReportConfig can be 9, including SpCell. To avoid frequent RRC-reconfiguration of cells for L1 measurement/reporting, and to reduce UE complexity on L1 measurements, MAC CE can be used to activate/deactivate beams/cells for L1 measurement. 

Proposal 1
· The maximum number of cells for L1 measurement/reporting for a LTM-CSI-ReportConfig for Rel-18 LTM can be 9.

Proposal 2
· Support MAC CE based activation/deactivation of candidate beams/cells for L1 measurement.


3. TCI state activation and indication
TCI state configuration
In RRC signaling discussion, whether parameter of ‘LTM-unifiedTCI-StateType’ is needed per candidate cell is still FFS. In our views, this parameter to indicate TCI state type was introduced for Rel-17 uTCI, thus, it is preferred to use it for Rel-18 LTM as well since Rel-18 LTM is based on Rel-17 uTCI.

Proposal 3
· Support to configure ‘LTM-unifiedTCI-StateType’ for each candidate cell for Rel-18 LTM candidate cell configuration by RRC.

In last meeting, it has been agreed to configure SSB or TRS in a TCI state for candidate cells. For a TCI state with SSB configured as resource RS for DMRS of PDCCH/PDSCH from candidate cell, new QCL rule needs to be introduced from RAN1 perspective. On the other hand, if SSB from candidate cell is configured as QCL type A resource RS for TCI state for PDCCH/PDSCH, whether the performance can be ensured or not needs RAN4 study. An LS to RAN4 is needed. Moreover, when TRS from candidate cell is configured as resource RS for TCI state, new QCL rule is also needed from RAN1 perspective. In addition, its association configuration with SSB is also needed.Agreement
In R18 LTM, on the QCL source of the TCI state before/during the cell switch command, 
· SSB or TRS can be configured in a TCI state for the candidate cell(s) before/during cell switch command
· Whether the TRS can be used for the candidate cell(s) before/during cell switch command is up to UE capability



Proposal 4
· New QCL rule needs to be introduced for configuration of SSB /TRS from candidate cell as resource RS for TCI state for PDCCH/PDSCH from RAN1 perspective.
· Send LS to RAN4.
· When TRS from candidate cell is configured as resource RS for TCI state for PDCCH/PDSCH, its association with SSB from candidate cell is also configured.
· Adopt following TP for TS 38.214.
	5.1.5	Antenna ports quasi co-location
[…]
For the DM-RS of PDCCH, if the UE is configured with dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, the reference RS may additionally be a CSI-RS having a PCI different from the PCI of the serving cell if LTM-Config is configured, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
-     'typeA' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block having a PCI different from the PCI of the serving cell, if LTM-Config is configured.
For the DM-RS of PDSCH, if the UE is configured with dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, the reference RS may additionally be a CSI-RS having a PCI different from the PCI of the serving cell if LTM-Config is configured, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
-     'typeA' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block having a PCI different from the PCI of the serving cell, if LTM-Config is configured.




TCI state activation

In last RAN1 meeting, following conclusion was made on TCI state activation and there is an FFS on UE assumption on the active TCI states after the reception of the cell switch command.
Conclusion
For R18 LTM, in order to activate multiple joint TCI state or/and pair of (DL/UL) TCI states for candidate cell case, do not support TCI state activation together with beam indication of the candidate cell in the same MAC-CE message.
· FFS: UE assumption on the active TCI states other than the indicated TCI state after the reception of the cell switch command.



After cell switch command, UE will switch to the target cell or new serving cell. For the active TCI states, if some of them are for the new serving cell, it is beneficial for UE to retain them as the active TCI states that can be indicated directly after cell switch if needed, before new MAC CE is sent to update the active TCI states for the new serving cell. Even for the active TCI states for other candidate cells and old serving cell, it is also beneficial for UE to retain them to achieve the low latency of potential subsequent LTM. Thus, after the reception of cell switch command, UE retains the active TCI states until new signaling is received from new serving cell to update the candidate cells for LTM or active TCI states for candidate cells for LTM. Some companies have concerns on UE complexity to retain all activate TCI states. Thus, we’re fine to introduce UE capability for this feature.

Proposal 5
· After the reception of cell switch command, subject to UE capability, UE can be configured to retain all the active TCI states; otherwise, UE deactivates the active TCI states for candidate cells other than the new serving cell.

TCI state indication

For the channels/signals not following Rel-17 unified TCI state indication, following proposal was discussed in RAN1#112bis meeting but no agreement was made.
[FL Proposal]
· For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided, the following alternatives are further studied, and one alternative will be down-selected at RAN1#113. 
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell
· Alt.4: No new behaviour is introduced on top of Rel-17 unified TCI 
· i.e. the network schedules transmission only based on the CORESET following Rel-17 unified TCI, and/or the corresponding beam information would be configured by the target cell after cell switch



For CORESET#0 or CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided, the legacy behavior is not appliable to Rel-18 LTM. Thus, if no new behaviour is introduced, UE could not receive PDCCH on above CORESETs, which means that NW can only schedule on the CORESETs following Rel-17 unified TCI until the TCI state information for those CORESETs are configured after cell switch. For Alt1, it means that even for the CORESETs not following Rel-17 unified TCI, they should follow Rel-17 unified TCI. Both Alt1 and Alt4 can work in our understanding, but it is better to clarify the actual operation in Alt.4. Between the two alternatives, Alt.1 is slightly preferred.

Proposal 6
· For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided, okay to support either Alt1 or Alt4 with clarification below. Alt.1 is slightly preferred.
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell.
· Alt.4: No new behavior is introduced on top of Rel-17 unified TCI. 
· Note: It implies the network schedules transmission only based on the CORESET(s) following Rel-17 unified TCI until corresponding beam information is configured for above mentioned CORESETs by the new serving cell after cell switch.

On beam indication timing for candidate cells, three scenarios were discussed in RAN1#112bis meeting.
Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 



First, we do not support scenario 3. If the first beam indication for target candidate cell is after cell switch command, it causes additional delay before data transmission on target cell. Second, in our understanding, scenario 1 has been supported for following two cases, which means that beam indication before cell switch command already happens for the two cases,
· if the target cell has been configured as Rel-17 ICBM;
· if the target cell is one of current serving cells.
On the other hand, scenario 2 has been agreed, and the beam indication is always present in the cell switch command MAC CE. Therefore, if companies could have common understanding that Rel-17 ICBM and Rel-18 LTM can be configured and operated simultaneously for a UE, there is no need to further discuss scenario 1. 
Rel-17 ICBM and Rel-18 LTM have separate RRC signaling to configure candidate cells. If a candidate cell with the same PCI is configured both in Rel-17 ICBM configuration signaling and Rel-18 LTM configuration signaling, both Rel-17 ICBM and Rel-18 LTM can be performed for this cell. There is no specific enhancement needed for such operation. NW will ensure the configuration for this cell configured in Rel-17 ICBM signaling and in Rel-18 LTM signaling to be the same.

Proposal 7
· Simultaneous operation of R17 ICBM and R18 LTM is supported.
· No specific enhancement is needed. For a candidate cell with the same PCI configured in both Rel-17 ICBM configuration signaling and Rel-18 LTM configuration signaling, both Rel-17 ICBM and Rel-18 LTM can be performed for this cell.

For beam indication after cells switch, there is another FFS on UE assumption of beam for RACH-based handover.Agreement
On top the confirmed working assumption, on the presence of beam indication within cell switch command, at least for scenario 2 following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
· FFS UE behaviour for the beam indication field for the RACH-based handover scenario after cell switch command



In legacy RACH procedure, the beam for PRACH is selected by UE itself. But when beam has been indicated together with cell switch command, for the scenario where UE needs to perform RACH-based handover after receiving cell switch command, UE could follow the indicated beam in cell switch command for PRACH selection and the whole RACH procedure until a new TCI state is indicated by new serving cell.

Proposal 8
· When beam is indicated in cell switch command and UE needs to perform RACH-based handover after receiving cell switch command, UE follows the indicated beam in cell switch command for the RACH procedure.

Beam application time

On beam application time, following agreement was made in RAN1#113 meeting.
Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 
· Send an LS to RAN2 and RAN4 to ask their feedback



Based on current agreement, the beam application time may also include part of the cell switching time somehow. But the definition of beam application time and cell switching time are discussed separately in different WGs. The discussion on cell switching time is still ongoing in RAN4. In this case, unless the relationship between beam application time and cell switching time is additionally discussed and clarified, the actual cell and beam application time should be MAX {beam application time, cell switching time}.

Proposal 9
· Unless the relationship between beam application time and cell switching time is clarified, the actual cell and beam applicable time should be MAX {beam application time, cell switching time}.


4.  Conclusion
In this contribution, we discussed the remaining issues on L1 enhancements for inter-cell mobility. We have following proposals.
Proposal 1
· The maximum number of cells for L1 measurement/reporting for a LTM-CSI-ReportConfig for Rel-18 LTM can be 9.

Proposal 2
· Support MAC CE based activation/deactivation of candidate beams/cells for L1 measurement.

Proposal 3
· Support to configure ‘LTM-unifiedTCI-StateType’ for each candidate cell for Rel-18 LTM candidate cell configuration by RRC.

Proposal 4
· New QCL rule needs to be introduced for configuration of SSB /TRS from candidate cell as resource RS for TCI state for PDCCH/PDSCH from RAN1 perspective.
· Send LS to RAN4.
· When TRS from candidate cell is configured as resource RS for TCI state for PDCCH/PDSCH, its association with SSB from candidate cell is also configured.
· Adopt following TP for TS 38.214.
	5.1.5	Antenna ports quasi co-location
[…]
For the DM-RS of PDCCH, if the UE is configured with dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, the reference RS may additionally be a CSI-RS having a PCI different from the PCI of the serving cell if LTM-Config is configured, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
-     'typeA' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block having a PCI different from the PCI of the serving cell, if LTM-Config is configured.
For the DM-RS of PDSCH, if the UE is configured with dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, the reference RS may additionally be a CSI-RS having a PCI different from the PCI of the serving cell if LTM-Config is configured, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
-     'typeA' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block having a PCI different from the PCI of the serving cell, if LTM-Config is configured.



Proposal 5
· After the reception of cell switch command, subject to UE capability, UE can be configured to retain all the active TCI states; otherwise, UE deactivates the active TCI states for candidate cells other than the new serving cell.

Proposal 6
· For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided, okay to support either Alt1 or Alt4 with clarification below. Alt.1 is slightly preferred.
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell.
· Alt.4: No new behavior is introduced on top of Rel-17 unified TCI. 
· Note: It implies the network schedules transmission only based on the CORESET(s) following Rel-17 unified TCI until corresponding beam information is configured for above mentioned CORESETs by the new serving cell after cell switch.

Proposal 7
· Simultaneous operation of R17 ICBM and R18 LTM is supported.
· No specific enhancement is needed. For a candidate cell with the same PCI configured in both Rel-17 ICBM configuration signaling and Rel-18 LTM configuration signaling, both Rel-17 ICBM and Rel-18 LTM can be performed for this cell.

Proposal 8
· When beam is indicated in cell switch command and UE needs to perform RACH-based handover after receiving cell switch command, UE follows the indicated beam in cell switch command for the RACH procedure.

Proposal 9
· Unless the relationship between beam application time and cell switching time is clarified, the actual cell and beam applicable time should be MAX {beam application time, cell switching time}.
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