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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, TCI framework, and beam indication for inter-cell mobility. 

2. [bookmark: _Ref494794648]L1 measurement and TCI state configuration discussion

In RAN1 #112 meeting, RAN1 achieved consensus on informing RAN2 to have full flexibility on the design of L1 measurement configuration for Rel-18 mobility based on the essential information provided by RAN1, e.g., frequency domain information for inter frequency measurement. The details of the essential information were not specified yet and further RAN1 discussion can benefit RAN2 design. For example, timing information for the SSB measurement was discussed in RAN1 #112 meeting and candidates such as SMTC or SSB indices and periodicity were identified. In our view, SMTC configuration is used for UE to search measurement RS and perform L3 measurement within a specified duration, which might not be necessary for L1 measurement where timing information of measured cell and the location of RS are assumed to be known to the UE. Such assumption on timing information of measured RS should be applied for synchronized and asynchronized scenario. Therefore, SSB periodicity and SSB indices should be sufficient time domain information for L1 measurement.        
 

[bookmark: _Ref131591469]Proposal 1: For Rel-18 L1/L2 mobility SSB based L1-RSRP measurement, the time domain information of the measured SSB provided in measurement configuration are SSB periodicity and SSB index.  

Another related and open 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. In fact, RAN2 has made following agreement:
	Initial agreements, from RAN2 point of view (may be dep on RAN1 progress). 
1. The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.
1. RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).
1. RAN2 assumes that For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 
Chair: the agreements above may need to be further evaluated, e.g. wrt subsequent LTM switches. 



Therefore, the TCI state configuration of candidate cell might follow the same design principle as L1 measurement configuration and a joint discussion in RAN2 can be more efficient.  

[bookmark: _Ref127308601][bookmark: _Ref134795818]Proposal 2: For Rel-18 L1/L2 mobility, the detailed design of RRC structure for TCI state is up to RAN2. 

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 in 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. Due to the limited discussion time available toward the end of the WI, we suggest not to consider candidate cell CSI-RS as measurement RS for L1-RSRP. 

[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.

L1 measurement reporting enhancement

In RAN1 #112bis-e meeting, the following agreement regarding beam selection in a measurement report is achieved, where the number of cells and beams to be reported is configured to UE and the maximums of cells and beams are subject to UE capability.

	Agreement
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency 




One of remaining open issues is how to select the L cells and M beams. In current spec, there is no metric specified for the selection of reported beam in a measurement report and we don’t see the need to introduce selection rule in Rel-18 LTM reporting. In addition, there is only limited time to finish the WI and simple design is desirable. Therefore, we suggest that the selection of L cells and M beams per cells is up to UE. 

The need for additional selection rule, e.g.,  serving cell is always selected in the L cell selection, is not clear since network configuration might be able to achieve the same outcome. For example, network can configure to report L cells in a report and L-1 measured candidate cells together with one serving cell is configured in the associated measurement configuration. In that case, serving cell measurement will be selected without specifying any additional rules.   

Regarding the maximum values of M, L, and M x L, at least M x L=4 is agreed to be supported. In our  view, current UE capability values M x L=1, 2, 3 should also be supported as UE capability since the number of candidate cells to be measured is expected to be similar to Rel-17 ICBM feature for basic feature.

[bookmark: _Ref134795841]Proposal 6: For Rel-18 L1/L2 mobility beam selection in an SSB based L1-RSRP measurement report, selection of L cells and M beams per cells is up to UE.

[bookmark: _Ref134795854]Proposal 7: For Rel-18 L1/L2 mobility beam selection in an SSB based L1-RSRP measurement report, maximum values of M x L=1, 2, 3 are supported as UE capability

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. Furthermore, simultaneous operation of Rel-17 ICBM and Rel-18 LTM feature seem to be optimization and the discussion can be deprioritized. 

[bookmark: _Ref127308624]Proposal 8: For Rel-18 L1/L2 mobility, Scenario 1 (beam indication before cell switch command) is 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 RAN1 #112bis-e meeting, the following agreement is achieved where TCI state activation of a candidate cell can be received before the beam indication in a cell switch command. 

	Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed




In our view, Alt2 (TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell) should also be supported as basic UE capability in case UE has no extra resource to obtain QCL information from a candidate cell RS and/or when network can’t activate an TCI state before transmitting cell switch command. Therefore, Alt3 is suggested to be adopted. 

Based on current wording of Alt1 in the agreement, there are some aspects need further clarification or discussion. First, it is not clear that whether more than one TCI state of a candidate can be activated before cell switch command reception. In addition, the need to activate more than 1 TCI state of a candidate before cell switch is not clear since UE will only utilize one TCI state for DL reception after the cell switch. Regarding TCI states from how many candidate cells can be activated before cell switch, we need to first clarify the corresponding use case. That is, whether obtaining several QCL information from different candidate cells before cell switch command reception is a feasible scenario should be clarified first. We suggest to leave the discussion of supported scenarios to RAN2 discussion.



[bookmark: _Ref134795880]Proposal 9: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, Alt 3 is supported.
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability


[bookmark: _Ref134795888]Proposal 10: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, clarify the agreed Alt 1as:
· Alt 1: Activation of a TCI state associated with a candidate cell is received before the reception of beam indication of the candidate cell 
· Whether more than one TCI states from one or more candidate cells can be activated for Rel-18 LTM is determined by RAN2


Another open issue for the TCI state activation and beam indication of candidate cell is the QCL resource associated with the TCI state. Based on current spec, the TCI state used for reception of PDCCH and PDSCH should be QCL type-A with TRS. However, during initial cell search phase, the following UE behavior using SSB as QCL source is specified for PDCCH monitoring and MIB reception.
	TS 38.213 Clause 10.1
…
The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by pdcch-ConfigSIB1 in MIB, the DM-RS antenna port associated with corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in the CORESET. The value for the DM-RS scrambling sequence initialization is the cell ID. For operation without shared spectrum channel access in FR1 and FR2-1, a SCS is provided by subCarrierSpacingCommon in MIB. For operation with shared spectrum channel access in FR1 and for operation in FR2-2, a SCS is same as the SCS of a corresponding SS/PBCH block.




Further, after BFR procedure, the following UE behavior using SSB as QCL source is specified for all DL reception.
	
If a UE is provided dl-OrJointTCI-StateList or TCI-UL-State indicating a unified TCI state for the PCell or the PSCell [6, TS 38.214], after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId where the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, the UE
-	if SSB-MTC-AdditionalPCI is not provided, monitors PDCCH in all CORESETs, and receives PDSCH and aperiodic CSI-RS resource in a CSI-RS resource set with same indicated TCI state as for the PDCCH and PDSCH, using the same antenna port quasi co-location parameters as the ones associated with the corresponding index , if any




Similarly, for Rel-18 LTM, the same mechanism can be reused and the TCI state in the beam indication of candidate cell can QCLed with a candidate cell SSB. 


[bookmark: _Ref134798790]Proposal 11: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, a joint/DL/UL TCI state is indicated in the cell switch command, and the UE shall expect that the indicated joint/DL/UL TCI State in the cell switch command includes an SSB index as QCL source 
· FFS: QCL Type(s)

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 12: 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 proposals.

Proposal 1: For Rel-18 L1/L2 mobility SSB based L1-RSRP measurement, the time domain information of the measured SSB provided in measurement configuration are SSB periodicity and SSB index.

Proposal 2: For Rel-18 L1/L2 mobility, the detailed design of RRC structure for TCI state is up to RAN2.

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 beam selection in an SSB based L1-RSRP measurement report, selection of L cells and M beams per cells is up to UE.

Proposal 7: For Rel-18 L1/L2 mobility beam selection in an SSB based L1-RSRP measurement report, maximum values of M x L=1, 2, 3 are supported as UE capability

Proposal 8: For Rel-18 L1/L2 mobility, Scenario 1 (beam indication before cell switch command) is not supported.

Proposal 9: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, Alt 3 is supported.
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability

Proposal 10: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, clarify the agreed Alt 1as:
· Alt 1: Activation of a TCI state associated with a candidate cell is received before the reception of beam indication of the candidate cell, 
· Whether more than one TCI states from one or more candidate cells can be activated For Rel-18 LTM is determined by RAN2

Proposal 11: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, a joint/DL/UL TCI state is indicated in the cell switch command, and the UE shall expect that the indicated joint/DL/UL TCI State in the cell switch command includes an SSB index as QCL source
· FFS: QCL Type(s)

Proposal 12: 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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