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1. Introduction
Based on the WID [1], L1/L2-based mobility enhancements are considered as an objective in Rel-18 mobility enhancements to achieve mobility latency, overhead, and interruption time reduction. The related objective in WID is shown below:
  
	1. [bookmark: _Hlk88555041]To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements, including inter-cell beam management, L1 measurement and reporting, beam indication, and for non-synchronized scenario to handle TA management [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 1: FR2 specific enhancements are not precluded, if any.
Note 2: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-CU case and intra-CU inter-DU case (applicable for Standalone and CA)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2



To facilitate discussion in RAN1 based on RAN2 inputs [2], this contribution expresses our view on L1 measurement enhancements and TCI framework for inter-cell mobility. 

2. [bookmark: _Ref494794648]Measurement configuration discussion

In RAN1 #111 meeting, several options for CSI-MeasConfig enhancements on candidate cells measurements have been discussed without conclusion. Meanwhile, RAN2 also achieved some initial consensus on the RRC signaling structure design for Rel-18 LTM feature. In particular, notions of “reference configuration” and “candidate configuration” were introduced in RAN2 where candidate configurations are delta configurations on top of the reference configuration (instead of the RRC configuration upon LTM cell switch). Although the details and definitions of reference configuration and candidate configuration are still under RAN2 discussion, based on our understanding of current RAN2 discussion, reference configuration serves the purpose of providing configurations that can be shared among the cells considered for Rel-18 LTM, while candidate configuration includes the configurations applied specifically to the associated candidate cell. When UE performs LTM cell switching, UE will consolidate the reference configuration and the target candidate configuration to obtain the configuration for the target cells. With such understanding of RAN2 RRC structure design, our view on the design of CSI-MeasConfig for Rel-18 LTM feature is as follows.

First, CSI-MeasConfig includes many essential configurations for measurements which are only utilized for serving cells. For example, the resource configurations for CSI-RS (nzp-CSI-RS-ResourceToAddModList, nzp-CSI-RS-ResourceSetToAddModList, csi-ResourceConfigToAddModList) and the associated reporting configuration (csi-ReportConfigToAddModList, aperiodicTriggerStateList ). Since RAN1 only agreed on supporting candidate cell L1 measurement based on SSB, it might not be necessary to include candidate cell CSI-RS configuration into serving cell CSI-MeasConfig. On the other hand, CSI-MeasConfig may also include measurement configurations of SSB from other cells (csi-SSB-ResourceSetToAddModList), which may be shared within the cells configured for Rel-18 LTM features. Based on the observation of CSI-MeasConfig and RAN2 discussion, we have the following proposal.

[bookmark: _Ref127308587] Proposal 1: For Rel-18 L1/L2 mobility, CSI-MeasConfig can be configured in a reference configuration and in candidate configurations separately.
· CSI-MeasConfig for serving cell is obtained based on the CSI-MeasConfig configured in the reference configuration and/or the CSI-MeasConfig configured in the candidate configuration
· FFS: details of procedure on applying CSI-MeasConfig configured in the reference configuration and CSI-MeasConfig configured in candidate configuration
· FFS: which IE(s) of CSI-MeasConfig can be included in the reference/candidate configuration

 
Another related measurement configuration discussion is the configuration of TCI state list(s). In current specification, configuration of TCI state list(s) can be included in the configuration of each BWP of a cell. In Rel-17 ICBM, the configured TCI state list(s) can include TCI states which are associated with SSBs from ‘additional’ cells and a similar mechanism should also be considered for Rel-18 LTM feature. On top of that, it seems possible to share the TCI states associated with SSBs from neighbor/candidate cells among the cells configured for Rel-18 LTM such that UE doesn’t need to update the whole TCI state list(s) in each BWP configuration when performing L1/L2 cell switching procedure. 

[bookmark: _Ref127308601]Proposal 2: For Rel-18 L1/L2 mobility, TCI state list(s) can be configured in a reference configuration and in candidate configurations separately.
· TCI state list(s) for a BWP of serving cell is obtained based on the TCI state list(s) configured in the reference configuration and/or the TCI state list(s) configured in the BWP 
· FFS: details of procedure on applying TCI state list(s) configured in the reference configuration and TCI state list(s) configured in the BWP


3. RAN1-centric discussion

L1 measurement enhancement

For Rel-18 mobility enhancement, RAN1 has agreed to support L1 measurement based on SSB with report quantity of L1-RSRP for intra and inter frequency measurement and FFS on CSI-RS and report quantity L1-SINR. Our view on the FFS items are as follows.

For the discussion of CSI-RS as measurement RS of candidate cell, some potential benefits have been discussed in RAN1, e.g., flexibility of configuration, beam refinement, potential higher L1-RSRP. However, following aspects should also be considered on the discussion of this feature. First, the definition of intra and inter frequency measurement based on CSI-RS is still missing. Compared with SSB-based L1 intra-frequency measurement discussion where L3 measurement definition of intra-frequency is used as the baseline for discussion, CSI-RS based L1 intra-frequency measurement definition can’t easily follow the same discussion pattern. In particular, as specified in TS 38.133 clause 9.10.2, part of the definition of CSI-RS based L3 intra-frequency measurement is the center frequency of the CSI-RS resource of the neighbour cell configured for measurement is the same as the center frequency of the CSI-RS resource of the serving cell indicated for measurement. Such statement can’t be directly used for L1 intra-frequency measurement since several CSI-RS resources can be configured in a serving cell for L1 measurement. Without a fundamental description of CSI-RS based L1 intra-frequency measurement, the discussion on support of the feature might not be efficient and the benefit of flexibility of configuration of CSI-RS is not justified. One way to resolve the issue is to send an LS to RAN4 regarding the definition of CSI-RS based L1 intra-frequency measurement, which inevitably further prolongs the discussion. On the other hand, the beam refinement benefit of introducing CSI-RS based L1 intra-frequency measurement is not clear compared with measurement based on SSB since only L1-RSRP is reported. 

[bookmark: _Ref127308607]Proposal 3: For Rel-18 L1/L2 mobility, CSI-RS based L1 measurement for candidate cells is not supported for intra and inter-frequency candidate cell measurement.

In RAN1 #111 meeting, several companies showed the support of reporting L1-SINR in addition to L1-RSRP. However, to the best of our understanding, no analytical or simulation result has been shown to support the benefit of reporting L1-SINR. In our view, an instance of L1-SINR might not reflect the actual interference in the candidate cells and L3-SINR might draw a more complete picture of interference. Without further justification, we suggest not to introduce L1-SINR as reporting quantity for L1 measurement.

[bookmark: _Ref127308614] Proposal 4: For Rel-18 L1/L2 mobility, L1-SINR is not supported for intra and inter-frequency candidate cell measurement.

One issue mentioned in RAN2 LS [2] is the need of the filtering design for the potential ping-pong effect occurs under the dynamic cell switching procedure. However, in the same LS, RAN2 also agreed to support sequential cell switching in Rel-18 mobility enhancements. Based on the information, the ping-pong effect seems to be a minor issue from Rel-18 mobility enhancement point of view and further optimization on the L1 measurement filtering might hinder the dynamic cell switching procedure. Furthermore, how to process the L1 measurement results is up to network implementation, and network can apply further L1 measurement filtering before sending the cell switching command to address the ping-pong effect.

[bookmark: _Ref127308619]Proposal 5: For Rel-18 L1/L2 mobility, UE-based filtering to L1 measurement results is not supported.


Beam management enhancement

In RAN1 #111 meeting, it has been agreed that the beam indication together with cell switch command is supported and other beam indication timing, i.e., before and after cell switch command, will be further discussed. In our view, separate cell switching procedure into two stages can complicate the design especially when considering at least one of them is failed. For example, UE behavior when only receiving cell switch command without the beam indication signaling should be carefully designed. In addition to the procedure design complication, the actual benefit of two stage cell switching procedure is not clear. One potential benefit of having beam indication before cell switch command is to receive DL from candidate cell as Rel-17 ICBM. However, such benefit might not be feasible when the candidate cell is in inter-frequency. Also, the indicated beam is supposed to be used after the cell switch and UE behavior  when only receiving the beam indication signaling but not the cell switch command should again be carefully discussed. 

[bookmark: _Ref127308624]Proposal 6: For Rel-18 L1/L2 mobility, Scenario 1 and 3 (beam indication before and after cell switch command) are not supported.

One remaining discussion for the agreed scenario 2 (beam indication together with cell switch command) is the activation of TCI state (s) of target and/or candidate cells. In our view, activation of TCI state(s) of candidate cells can serve the purpose of performing DL synchronization with candidate cells for the following cell switch. Therefore, the activation timing of TCI state (s) of target and/or candidate cells should be earlier than the cell switching command. Otherwise, without the activation of TCI state (s) of target cell, another DL synchronization mechanism should be introduced with a cost of target cell TCI states activation delay after cell switch. Furthermore, since the cell switch command includes the TCI state used after cell switch, the indicated TCI state should be included in the activated TCI state list after the cell switch.
 
[bookmark: _Ref127308632]Proposal 7: To reduce the handover delay / interruption for Rel-18 LTM, DL synchronization for target and/or candidate cell(s) before cell switch command is achieved by activation of TCI state (s) associated with SSBs of target and/or candidate cells.

[bookmark: _Ref127309831]Proposal 8: TCI state indicated in the cell switch command is in the activated TCI state lists before cell switch and in the activated TCI state lists after cell switch.

 
RAN1 has agreed that L1 measurement can be performed on candidate cell SSBs but the mapping between SSBs and the associated cell is still missing. In Rel-17 ICBM, the mapping between an SSB and the associated cell is specified by a notion of ServingAdditionalPCIIndex. Each ServingAdditionalPCIIndex value is linked to a PCI and the value of 0 is reserved for the serving cell. The design of ServingAdditionalPCIIndex is established on the assumption of mapping between ServingAdditionalPCIIndex and PCI is fixed. However, in Rel-18 LTM application, serving cell changed scenario is supported and the design of ServingAdditionalPCIIndex can’t be directly reused. Therefore, we prefer to introduce a new physical cell indicator which specifies the physical cell of a reference signal (SSB).

[bookmark: _Ref127308638] Proposal 9: Introduce a physical cell indicator field to reference signal configuration to specify the physical cell of a reference signal.
· The mapping between indicator filed contents and physical cells is fixed before and after cell switch


Other discussion
One RAN1 discussion topic on Rel-18 mobility L1 enhancement in RAN1 #110bis-e meeting is event-driven beam reporting for inter-cell beam management. Such enhancement has been discussed in Rel-17 feMIMO WI and it was concluded that event-driven beam reporting is not supported in Rel-17 due to the lack of discussion time. In our view, event-driven beam reporting can alleviate beam reporting overhead at UE side and achieve UL resource scheduling reduction at network side when the UE is near the center of a cell. In such scenario, UE can initiate the beam reporting when needed without reserved UL resources in advance. However, over the past two meetings, there is no sign of convergence on some basic description of the feature such as triggering event definition, mechanism to transmit beam report, and content of the beam report. On the other hand, even-driven beam reporting might not be essential for Rel-18 mobility enhancement and we suggest to deprioritize the related discussion. 

[bookmark: _Ref127308643][bookmark: _Ref115270048]Proposal 10: On Rel-18 L1 enhancement for inter-cell beam management, deprioritize the discussion on the support of event-driven beam reporting 

4. Conclusion
In summary, we have the following conclusion and proposals.

Proposal 1: For Rel-18 L1/L2 mobility, CSI-MeasConfig can be configured in a reference configuration and in candidate configurations separately.
· CSI-MeasConfig for serving cell is obtained based on the CSI-MeasConfig configured in the reference configuration and/or the CSI-MeasConfig configured in the candidate configuration
· FFS: details of procedure on applying CSI-MeasConfig configured in the reference configuration and CSI-MeasConfig configured in candidate configuration
· FFS: which IE(s) of CSI-MeasConfig can be included in the reference/candidate configuration


Proposal 2: For Rel-18 L1/L2 mobility, TCI state list(s) can be configured in a reference configuration and in candidate configurations separately.
· TCI state list(s) for a BWP of serving cell is obtained based on the CSI-MeasConfig configured in the reference configuration and/or the TCI state list(s) configured in the BWP 
· FFS: details of procedure on applying TCI state list(s) configured in the reference configuration and TCI state list(s) configured in the BWP


Proposal 3: For Rel-18 L1/L2 mobility, CSI-RS based L1 measurement for candidate cells is not supported for intra and inter-frequency candidate cell measurement.

Proposal 4: For Rel-18 L1/L2 mobility, L1-SINR is not supported for intra and inter-frequency candidate cell measurement.

Proposal 5: For Rel-18 L1/L2 mobility, UE-based filtering to L1 measurement results is not supported.

Proposal 6: For Rel-18 L1/L2 mobility, Scenario 1 and 3 (beam indication before and after cell switch command) are not supported.

Proposal 7: To reduce the handover delay / interruption for Rel-18 LTM, DL synchronization for target and/or candidate cell(s) before cell switch command is achieved by activation of TCI state (s) associated with SSBs of target and/or candidate cells.

Proposal 8: TCI state indicated in the cell switch command is in the activated TCI state lists before cell switch and in the activated TCI state lists after cell switch.

Proposal 9: Introduce a physical cell indicator field to reference signal configuration to specify the physical cell of a reference signal.
· The mapping between indicator filed contents and physical cells is fixed before and after cell switch


Proposal 10: On Rel-18 L1 enhancement for inter-cell beam management, deprioritize the discussion on the support of event-driven beam reporting.
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