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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#112 meeting, many related issues, e.g., L1 measurement configuration, measurement report and beam indication were discussed with much progress [1]. And, some related details, e.g., measurement configuration parameter and beam indication for channels/RSs not following Rel-17 unified TCI state, are left for further discussion. Besides, issues relevant to RAN2, e.g., cell switch command, also need to be discussed. Based on the above, we provide our views on the two aspects to facilitate L1/L2 mobility in this contribution.
L1 measurement 
SSB-based L1 measurement
As shown in the following agreement from the last meeting, SSB-based L1-RSRP measurement has been agreed and three options of L1 measurement configurations for SSB are provided to RAN2 for their consideration.  
	Agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· Including above agreement into the LS
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 
· Following RAN1 understanding will be provided in the LS
· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 
· Note RAN2 has a full flexibility to design the whole RRC structure design.
· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 
· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations.


[bookmark: _Hlk131539898]As RRC signaling design is up to RAN2, what RAN1 can further discuss is the necessary information for L1 measurement configuration. In the last meeting, it was agreed to include PCI and time domain location in RRC configuration. And, time domain location shall provide the information on where UE performs L1 measurement. In reply LS from RAN4[2], for SSB-based intra-frequency L1 measurement, RAN4 has agreed to support the scenario where RTD between the SSBs of the serving cell and neighbor cell on the same carrier is larger than the CP length of the corresponding SCS with additional UE capability. And, the SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement. Additionally, L1 measurement based on the fine beam on intra-frequency measurement in FR2 had been agreed in the RAN4#106 meeting [3].  Based on the agreements in RAN4, it can be understood that the measurement results in intra-frequency FR2 scenario must be obtained by L1 measurement with the fine beam. In this case, if the RTD between the SSBs of serving cell and candidate cell on the same carrier is larger than CP length of the corresponding SCS or SFN offset is not zero, downlink synchronization should be performed for the candidate cell before L1 measurement. And, based on the downlink timing and SSB resource configuration, UE performs L1 measurement. Thus, the time domain position is where SSB is transmitted from the candidate cell, and it can be determined by the parameter of SSB-PositionInBusrt and periodicity. For intra-frequency and synchronous scenarios, same as in Rel-17 inter-cell beam management (i.e., ICBM), for both FR1 and FR2, time domain location for SSB (i.e., SSB-PositionInBusrt and periodicity) involved in L1 measurement configuration of ICBM can be used directly. For other scenarios, e.g., intra-frequency and asynchronous in FR1 and inter-frequency, RAN4 is yet to conclude on UE measurement behavior, it would be better to put on hold the related discussion until further progress is made in RAN4.
the SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement has been agreed in RAN4. 
L1 measurement based on the fine beam on intra-frequency measurement in FR2 has been supported in RAN4.
At least for SSB-based intra-frequency L1 measurement for candidate cell(s) in the unsynchronized scenario in FR2 and synchronize scenario in FR1/2, time domain location of measurement resource of candidate cell(s) is determined by the following parameters:
· SSB-PositionInbusrt
· Periodicity of SSB
Besides time domain location, SSB transmission power also should be included in candidate cell measurement configuration. The configuration of SSB transmission power is not only used for calculating the pass loss, but also to improve the fairness of beam selection. 
Include SSB transmission power in candidate cell measurement configuration. 
CSI-RS based L1 Measurement
Besides SSB, CSI-RS based L1 measurement also should be supported in LTM. With beam refinement based on CSI-RS, the transmission quality of candidate cell(s) would be improved. In our view, CSI-RS based L1 measurement can share the same measurement configuration framework as SSB-based L1 measurement, if L1 measurement is always performed after downlink synchronization. In the case of downlink synchronization is always performed before L1 measurement, there is almost no additional work to support CSI-RS based L1 measurement. 
[bookmark: _Hlk127554950]Support DL measurement and report of candidate cells based on CSI-RS for beam management.
To support CSI-RS based L1 measurement and report for LTM, the most straightforward method is reusing the current CSI framework by introducing a cell identity list in CSI-RS resource set. And, the number of the candidate cell identity in the list is the same as the number of CSI-RS resources in the CSI-RS resource set. According to the reporting configuration in the CSI framework, the CSI-RS resource index and the candidate cell identity associated with the CSI-RS resource can be determined by UE. As for the measurement resource, combined with the candidate cell identity, the corresponding candidate cell measurement configuration could be determined. For intra-frequency scenarios, in the candidate cell measurement configuration, only CSI-RS resource configuration and the candidate cell identity are included. For inter-frequency scenarios, additional information needs to be introduced in the candidate cell measurement configuration, such as frequency indicator. As for the actual measurement resource, it should be determined by the BWP associated with the CSI resource setting involved with the CSI-RS resource set, which means UE only monitors the frequency domain of the CSI-RS resource overlapped with the BWP. According to the current specification, the BWP is associated with the cell to which UE reports measurement results. In LTM, due to the cell switch command coming from the serving cell, UE needs to report measurement results to the serving cell to evaluate whether to perform handover. Hence, the BWP is associated with the serving cell. However, it may happen in LTM that no CSI-RS resource is overlapped with the BWP, especially for the inter-frequency scenario. To avoid this circumstance, a configuration limitation should be introduced such that UE expects at least one CSI-RS resource involved in the CSI resource setting is overlapped with the BWP associated with the CSI resource setting.
To avoid invalid measurement, at least one CSI-RS resource involved in the CSI resource setting is overlapped with the BWP associated with the CSI resource setting, if CSI-RS based L1 measurement is supported.
If CSI-RS based L1 measurement is supported, besides L1-RSRP, L1-SINR reporting should also be considered, especially for inter-frequency scenarios. Considering the interference between cells in different frequency layers is different, and if the handover decision is only based on L1-RSRP for inter-frequency scenarios, the target cell may be with high value of L1-RSRP but also with terrible interference, i.e., a low value of L1-SINR, and the data transmission quality between the UE and target cell will be very poor which might lead back and forth handover. Hence, L1-SINR should be supported for inter-frequency scenarios. 
For L1-SINR measurement, interference from neighbor cells can be measured on CSI-IM and NZP CSI-RS in Rel-16. And, L1-SINR measurement is only supported in intra-frequency and synchronous scenarios. To simplify the measurement design, using CSI-IM can be the starting point for L1-SINR measurement. While for inter-frequency and/or asynchronous scenarios, L1-SINR measurement may be operated as in the CA-like or DC-like model, which means UE performs DL synchronization and L1 measurement for the serving cell and candidate cell(s) independently. While for intra-frequency and asynchronous scenarios, it is complicated for the UE to perform L1-SINR measurement, which may involve higher hardware capability. Therefore, whether to support L1-SINR measurement for asynchronous scenarios needs further study and RAN4 involvement.
[bookmark: _Hlk127554963]if CSI-RS based L1 measurement is supported, L1-SINR based on CSI-IM for the intra/inter-frequency and synchronous scenarios should be considered.
L1 measurement reporting
The following agreement related to L1 measurement reporting was achieved in the RAN1#111 meeting [4].
	Agreement
For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved
Agreement
· For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 


P/SP/AP L1 report
In the last meeting, it was agreed that reporting for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included in a single report instance. For inter-frequency scenarios, per-frequency reporting and across-frequency reporting were discussed without any consensus. In our view, across-frequency reporting is the most straightforward. Considering that the interference between different frequency layers may be different, to ensure the fairness of beam selection, UE can select the reported beam based on the L1-SINR, or path loss, or the difference between the measured results minus a certain threshold. The threshold value could be different for different candidate cells.
[bookmark: _Hlk127555118]Support measurement results from different frequency layers reported in a single beam report.
In Rel-17 ICBM, the maximum number of configured candidate cells is 7 and up to 4 resource indices and corresponding measurement results can be reported in a report instance. In Rel-18 LTM, if L1 measurement configuration follows Option-1, according to the association relationship between the measurement resource index and the candidate cell, and the configuration information of the candidate cell, both UE and the network can determine the measurement resource corresponding to the measurement resource index. Therefore, UE only needs to report the measurement resource indices and corresponding L1 measurement values. Additionally, to guarantee the reliability of handover, the number of candidate cells that the UE needs to detect by L1 measurement may be greater than 7, and the number of reported beams may need to be increased. As for the exact value, it needs further discussion. 
[bookmark: _Hlk127555129]Support reporting measurement RS indices and corresponding L1 measurement result only.
Support a number of the reported beams larger than 4 for L1 report and the exact value is FFS.
Due to the large number of beams to be reported, how to accommodate the larger number of beams to be reported should be taken into account. Among the potential solutions mentioned in the above agreement, we think the flexible size beam report, e.g., two-part UCI similar to two-part CSI report is a good choice, which is simple and has little specification impact. 
[bookmark: _Hlk127555186]Support flexible-size beam report to accommodate the larger number of beams to be reported.
Besides measurement resource indices and the measurement value of L1-RSRP, timing offset should also be reported, especially for asynchronous scenarios. The timing offset between the source cell and measured candidate cells can be carried through positive or negative quantized value. Based on the L1 report, the gNB can determine whether the scheduling restriction applies to the symbol(s) before or after the RS symbols of the candidate cell.
Support to report timing offset between different cells in L1/L2 report. 
Event-triggered beam report
Besides the legacy beam report, event-triggered beam report was also discussed in the last meeting without any conclusion. In our view, event-triggered beam report is useful to save valuable resources and UE power consumption, which should be supported in Rel-18 LTM. To simplify the UE complexity and reduce measurement latency, the event should be defined based on L1 measurement result without filtering. For example, when the best L1-RSRP of candidate cell(s) without filtering is sufficiently better than that of the serving cell, an indicator will be sent to the MAC layer and the value of the corresponding counter is incremented by one. When the value of the corresponding counter exceeds a threshold, the MAC layer will trigger a beam report to inform the network. If there is an available uplink grant, the MAC CE carrying the reported beam information will be transmitted.  Otherwise, UE will request uplink resources by dedicated SR （if defined）or RACH to transmit the MAC CE. The L2 report may contain the candidate cell identifier, measurement resource indices, and corresponding measurement results. 
Support event-triggered L2 reporting to save resources and reduce UE power consumption.
· Event(s) is defined based on L1 measurement results without filtering.
· The condition to start the reporting is needed, e.g., when the value of the counter for the corresponding event exceeds a threshold.
· Reported L1 measurement results of beam level are carried in MAC CE
Beam indication 
In the last RAN1 meeting, agreements relevant to the beam indication were achieved as listed below:
	Agreement
· At least for Rel-17 unified TCI framework based beam indication included in cell switch command (i.e. scenario 2), beam indication applies to signals/channels that follow or are configured to follow Rel-17 unified TCI at the target cell(s) 
· FFS: beam indication for mTRP case



TCI framework
Before starting the detailed discussion on beam indication, the TCI framework for Rel-18 LTM should be determined.  Rel-17 TCI framework has been agreed in the RAN1#111 meeting. And, we prefer to design the overall procedure of LTM based on the Rel-17 unified TCI framework to ensure timely completion of the feature. If time permits, Rel-15 TCI framework also should be considered for Rel-18 LTM, since it has higher commercial value. But for the case of serving cell and candidate cell configured with different TCI frameworks, we think it should be deprioritized. Since Rel-18 LTM is applied for intra-CU case, and in general, we don’t see any use case where two cells are configured with different TCI frameworks. 
The case of serving cell and candidate cell operating in different TCI frameworks should be deprioritized for Rel-18 LTM. 
In Rel-17, inter-cell beam management is based on unified TCI framework, and AddtionalPCIIndex is introduced in the TCI state to support inter-cell beam indication. Similar to Rel-17 inter-cell beam indication, the mixed TCI state pool can be designed for LTM when beam indication is before cell switch command (i.e., scenario 1). As shown in Figure 1, if the mixed TCI state pool is supported, TCI states in the TCI state pool configured for a cell can be associated with different cells. 


Mixed TCI state pool
Besides mixed TCI state pool, independent TCI state pool should also be considered when beam indication is together with cell switch command (i.e., scenario 2). Since cell switch command explicitly indicates at least a candidate configuration index has been agreed in RAN2#119bis-e [5], and beam indication is together with cell switch command in scenario 2, beam indication based on mixed TCI state pool would lead to duplicated indication of candidate configuration index in cell switch command. Therefore, design of independent TCI state pool is necessary for scenario 2. As shown in Figure 2, if the independent TCI state pool is supported, TCI states in the TCI state pool configured for a cell are only associated with the cell.   


Independent TCI state pool
[bookmark: _Hlk127555270]Both mixed TCI state pool, i.e., Rel-17 ICBM TCI framework, and independent TCI state pool should be considered.
· Mixed TCI state pool for scenario 1 (i.e., beam indication is before cell switch): some TCI states in the TCI state pool are associated with candidate cell(s)
· Independent TCI state pool for scenario 2 (i.e., beam indication is together with cell switch): all of the TCI states in the TCI state pool are only associated with the cell where the TCI state pool is configured.
Beam indication timing
Besides the TCI framework, another remaining issue is the beam indication timing. And following three scenarios were discussed and scenario 2 has been agreed.
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
· Scenario 3: Beam indication after cell switch command
The possible procedure and potential specification impacts of the above scenarios are analyzed in Table 1.
Analysis of possible procedure and potential specification impacts of the three scenarios
	 
	scenario 1
	scenario 2
	scenario 3

	Transmission Description
	Rel-17 ICBM + handover model
· Tx/rx from/to target cell before cell switch
	No tx/rx from/to target cell before cell switch
	No tx/rx from/to target cell before cell switch

	Early DL and UL sync
	Early DL sync and UL sync need to be enhanced.
	Early DL sync and UL sync need to be enhanced
	Early DL sync and UL sync maybe not be needed

	Early beam refinement, TRS tracking and CSI acquisition
	Beam refinement, TRS tracking, and CSI acquisition have been supported in Rel-17 ICBM.
	Early beam refinement needs to be enhanced, and TRS tracking and CSI acquisition can be triggered by the cell switch command.
	Not necessary

	TCI pool
	Mixed TCI state pool
	Independent TCI state pool
	Independent TCI state pool

	Activation of TCI states
	Necessary 
	Maybe not necessary
	Not necessary

	Beam indication
	uses Rel-17 ICBM beam indication mechanism as a baseline and extends them for Rel-18 L1/L2 mobility.
	Inter-cell beam indication mechanism under unified TCI framework
	Intra-cell beam indication mechanism under unified TCI framework

	TA switch
	Triggered by beam indication
	Triggered by cell switch command
	Triggered by cell switch command

	Cell switch command design
	Contents: configuration index of target cell
	Contents: Indicated TCI state+ configuration index of target cell + TRS tracking and CSI acquisition-related information
	Contents: configuration index of target cell



· Scenario 1 is the simplest one, especially for intra-frequency intra-DU case. 
· Scenario 3 achieves beam refinement, TRS tracking and CSI measurement only after the cell switch. Thus, handover latency will be larger than that of Scenario 1 and 2.
From the perspective of the handover latency, scenario 3 is the worst, and scenario 1 has the same performance as scenario 2.  But from the user experience of data transmission within the handover procedure, scenario 1 is better than scenario 2. As analyzed in the above table, tx/rx from/to the target cell happens before the cell switch command is received in scenario 1. When receiving the cell switch command, UE can transmit or receive data based on the previously indicated TCI state at once. Hence, in scenario 1, the data transmission is hardly ever interrupted. While for scenario 2, i.e., beam indication is together with cell switch command, high-quality data transmission based on the indicated TCI state cannot be started until the indicated TCI state is valid, unless the current indicated TCI state is the same as the previous one. But if so, the beam indication is useless. 
Beam indication before the cell switch command, i.e., scenario 1 should be supported when R17 ICBM and LTM are operated simultaneously.
Beam determination
In the last meeting, it has been agreed that for unified TCI framework based beam indication included in the cell switch command (i.e., scenario 2), the beam of signals/channels at the target cell(s) that follow or are configured to follow Rel-17 unified TCI is determined by the indicated TCI state carried in the cell switch command. While for the signals/channels at the target cell(s) that does not follow or are configured not to follow Rel-17 unified TCI, the beam determination rule has not been discussed. In Rel-17 unified TCI framework, as shown in Table 2, the beam of the signals/channels in the serving cell that are configured not to follow Rel-17 unified TCI is determined based on the Rel-15 beam indication mechanism respectively.
The beam indication mechanism for signals/channels does not follow the indicated unified TCI state 
	DL
	UL

	PDCCH
	TCI State Indication for UE-specific PDCCH MAC CE
	Aperiodic SRS
	RRC configuration

	PDSCH scheduled by PDCCH does not follow the unified TCI state
	TCI States Activation for UE-specific PDSCH MAC CE + TCI field in DCI
	Semi-persistent SRS
	RRC configuration 

	Aperiodic CSI-RS
	RRC configuration 
	Periodic SRS
	RRC configuration

	Semi-persistent CSI-RS
	SP CSI-RS Resource Set Activation MAC CE 
	
	

	Periodic CSI-RS
	RRC configuration
	
	


As shown in Table 2, for the signals whose beam indication is RRC configured, after receiving the cell switch command and RRC signaling for the target cell is applied, UE can transmit/receive the signals based on TCI state/TCI-UL-State configured by RRC signaling. For semi-persistent CSI-RS, it is activated by MAC CE and corresponding beam indication is also carried in the MAC CE signaling. While for the PDCCH configured not to follow the unified TCI and PDSCH scheduled by the PDCCH, the determination of their QCL assumption needs further study. For LTM, it is best to carry the beam indications for all channels/signals in target cell. However, the payload of cell switch command becomes huge and may lead to extended signaling processing delay, which is not expected for LTM. From another perspective, the root of the confusion is the PDCCH and scheduled PDSCH are scheduled by the network before corresponding beam indications are provided. Therefore, to avoid confusion and reduce the number of UE blindly detecting PDCCH, it is better to limit the network to schedule transmission only based on the CORESET following Rel-17 unified TCI before the dedicated beam indication signaling is received, which is for the PDCCH configured to not follow the unified TCI and PDSCH scheduled by the PDCCH.
To avoid ambiguity of beam determination for PDCCH configured to not follow the unified TCI and scheduled PDSCH and reduce the number of UE blindly detecting PDCCH, it is expected that the network schedules transmission only based on the CORESET following Rel-17 unified TCI before the dedicated beam indication signaling for PDCCH configured to not follow the unified TCI and PDSCH scheduled by the PDCCH is received.
LTM in CA scenarios has been agreed in the RAN2#119-e meeting. Thus, more than one target serving cells are present. And, in the RAN1#111 meeting, for the unified TCI framework based beam indication included in the cell switch command (i.e., scenario 2), beam indication indicates TCI state for each target serving cell was agreed for CA scenarios. To ensure LTM works well, the TCI state for the target PCell must be included in the cell switch command. As for the target SCell in intra-band CA case, if it is configured for simultaneous TCI update with the target PCell, the indicated TCI state in the cell switch command should be applied to the target SCell. Otherwise, it is not necessary to indicate separate beam indication for the target SCell with following consideration.
· Large measurement overhead. In general, the prerequisite for beam indication is beam measurement. If beam indication for target SCell is included in the cell switch command, beam measurement for target SCell should be performed before handover. In this case, UE needs to perform L1 measurement on candidate PCell(s) and SCell(s) configured for the candidate PCell(s).  The measurement overhead will be multiplied.
· Limited benefits. In the current network deployment, PCell and SCell are co-located in most cases. Thus, PCell and SCell can share the same beam indication to perform TCI updates simultaneously.  Furthermore, in the legacy handover procedure, beam indication for target SCell is not included either. And the beam indication for target SCell is transmitted after the handover is complete. Therefore, it is unnecessary optimization. 
Only the beam indication for target PCell is included in the cell switch command, and the beam indication can be applied to a set of intra-band CCs, which are included in the same list of simultaneous TCI state updating as that including target PCell.
Beam application time
In Rel-17 unified TCI framework, inter-cell beam indication only focuses on intra-frequency intra-DU cases, and the indicated TCI state can be applied in the first slot after at least 3ms or Y symbols after the last symbol of the acknowledgment of beam indication. In Rel-18 mobility, to align the beam application time and avoid invalid transmission, determining the timeline of the beam indication is necessary. Compared with the timeline determined in Rel-17, when beam indication is before the cell switch command or together with the cell switch command, the application time of the indicated TCI state needs to be extended to support different application scenarios, such as in inter-DU and inter-frequency. 
When beam indication is received before the cell switch command or together with the cell switch command, the application time of the indicated TCI state needs to be enhanced to support different application scenarios, such as in inter-DU and inter-frequency.
Procedures prior to the reception of cell switch command 
Downlink synchronization 
	[bookmark: OLE_LINK9]RAN1#111 Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability


In the RAN1#111 meeting, early DL synchronization based on SSB has been agreed. And related mechanisms and capabilities need further discussion. As for when UE starts to perform downlink synchronization on which candidate cells, the general understanding is that UE performs downlink synchronization on all configured candidate cells after the candidate cell configuration is received by the UE. But this is highly complex and requires a lot of computation capabilities, especially when the number of candidate cells is large. Considering L1 measurement performed after downlink synchronization, and to improve measurement flexibility, dynamic selection of candidate cell(s) from the RRC-configured candidate cells for early DL synchronization and L1 measurement by MAC CE should be introduced. With this, two independent UE capabilities need to be defined. One is the maximum number of RRC-configured candidate cells, another is the maximum number of candidate cells for early DL synchronization and L1 measurement.
The maximum number of RRC-configured candidate cells and the maximum number of candidate cells for early DL synchronization and L1 measurement should be different UE capabilities. 
Support dynamic selection of the set of candidate cells from the RRC-configured candidate cells for early DL synchronization and L1 measurement by MAC CE to improve measurement flexibility.
Besides SSB-based DL synchronization, TRS-based fine DL synchronization should also be considered.  With early TRS tracking for candidate cell(s), UE can perform data transmission based on fine time-frequency offset as soon as possible after the cell switch. 
Support Two-step DL synchronization procedure:
· UE maintains DL synchronization with SSB after L1 measurement, and then
· gNB triggers aperiodic TRS, and UE starts fine DL synchronization with the aperiodic TRS.
For the timing of gNB triggering aperiodic TRS, it should be analyzed case by case as below. For scenario1, beam indication is received before the cell switch command and tx/rx from/to the target cell with the indicated beam may happen before the cell switch command. Besides spatial information, DL/UL reception/transmission on the indicated beam also means that UE receives/transmits based on the time-frequency offset estimated by the QCL source reference signal. Whether in TCI framework in Rel-15 or unified TCI framework in Rel-17, the QCL-type A source reference signal for PDCCH/PDSCH can only be TRS. Therefore, TRS tracking for candidate cell(s) must be performed before the cell switch command. 
Support TRS tracking for candidate cell(s) to be performed before cell switch command, when beam indication is received before the cell switch command.
For scenario 2, beam indication is together with the cell switch command and tx/rx from/to the target cell will happen after cell switch. To reduce the latency between cell switch command and transmission based on indicated beam, aperiodic TRS resource(s) for the target cell can be triggered by the cell switch command.
Support triggering of TRS for tracking for target cell by the cell switch command, when beam indication is received together with the cell switch command. 
Cell switch command
In the last meeting, RAN1 confirmed that the cell switch command is a MAC CE signaling. For the contents included in the cell switch, as analyzed in section 4.2, it needs separate discussion for different scenarios. For scenario 1, tx/rx from/to the target cell happens before cell switch command is received, which means downlink and uplink synchronization, beam refinement, TRS tracking and CSI measurement, and beam indication for the target cell already have been performed, and cell switch command needs to inform UE to perform handover. Thus, the cell switch command may only contain a handover indicator.
The handover indicator should be contained in the cell switch command, when beam indication is before the cell switch command.
[bookmark: _Hlk118455359]For scenario 2, where beam indication is together with the cell switch command, as analyzed in Table 1, besides beam indication, the cell switch command also can indicate the TA and, trigger TRS and CSI acquisition for the target cell. 
Besides indicated TCI state, TA for the target cell, and TRS trigger signaling  and CSI acquisition signaling should also be included in the cell switch command, when beam indication is together with the cell switch command.
Conclusions 
Observation 1:	the SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement has been agreed in RAN4.
Observation 2:	L1 measurement based on the fine beam on intra-frequency measurement in FR2 has been supported in RAN4.
Observation 3:	
· Scenario 1 is the simplest one, especially for intra-frequency intra-DU case. 
· Scenario 3 achieves beam refinement, TRS tracking and CSI measurement only after the cell switch. Thus, handover latency will be larger than that of Scenario 1 and 2.

Proposal 1:	At least for SSB-based intra-frequency L1 measurement for candidate cell(s) in unsynchronized scenario in FR2 and synchronize scenario in FR1/2, time domain location of measurement resource of candidate cell(s) is determined by the following parameters:
-	SSB-PositionInbusrt
-	Periodicity of SSB
Proposal 2:	Include SSB transmission power in candidate cell measurement configuration.
Proposal 3:	Support DL measurement and report of candidate cells based on CSI-RS for beam management.
Proposal 4:	To avoid invalid measurement, at least one CSI-RS resource involved in the CSI resource setting is overlapped with the BWP associated with the CSI resource setting, if CSI-RS based L1 measurement is supported.
Proposal 5:	if CSI-RS based L1 measurement is supported, L1-SINR based on CSI-IM for the intra/inter-frequency and synchronous scenarios should be considered.
Proposal 6:	Support measurement results from different frequency layers reported in a single beam report.
Proposal 7:	Support reporting measurement RS indices and corresponding L1 measurement results only.
Proposal 8:	Support a number of the reported beams larger than 4 for L1 report and the exact value is FFS.
Proposal 9:	Support flexible-size beam report to accommodate the larger number of beams to be reported.
Proposal 10:	Support to report timing offset between different cells in L1/L2 report.
Proposal 11:	Support event-triggered L2 reporting to save resources and reduce UE power consumption.
· Event(s) is defined based on L1 measurement results without filtering.
· The condition to start the reporting is needed, e.g., when the value of the counter for the corresponding event exceeds a threshold.
· Reported L1 measurement results of beam level are carried in MAC CE
Proposal 12:	The case of serving cell and candidate cell operating in different TCI frameworks should be deprioritized for Rel-18 LTM.
Proposal 13:	Both mixed TCI state pool, i.e., Rel-17 ICBM TCI framework, and independent TCI state pool should be considered.
· Mixed TCI state pool for scenario 1 (i.e., beam indication is before cell switch): some TCI states in the TCI state pool are associated with candidate cell(s)
· Independent TCI state pool for scenario 2 (i.e., beam indication is together with cell switch): all of the TCI states in the TCI state pool are only associated with the cell where the TCI state pool is configured.
Proposal 14:	Beam indication before the cell switch command, i.e., scenario 1 should be supported when R17 ICBM and LTM are operated simultaneously.
Proposal 15:	To avoid ambiguity of beam determination for PDCCH configured to not follow the unified TCI and scheduled PDSCH and reduce the number of UE blindly detecting PDCCH, it is expected that the network schedules transmission only based on the CORESET following Rel-17 unified TCI before the dedicated beam indication signaling for PDCCH configured to not follow the unified TCI and PDSCH scheduled by the PDCCH is received.
Proposal 16:	Only the beam indication for target PCell is included in the cell switch command, and the beam indication can be applied to a set of intra-band CCs, which are included in the same list of simultaneous TCI state updating as that including target PCell.
Proposal 17:	When beam indication is received before the cell switch command or together with the cell switch command, the application time of the indicated TCI state needs to be enhanced to support different application scenarios, such as in inter-DU and inter-frequency.
Proposal 18:	The maximum number of RRC-configured candidate cells and the maximum number of candidate cells for early DL synchronization and L1 measurement should be different UE capabilities. 
Proposal 19:	Support dynamic selection of the set of candidate cells from the RRC-configured candidate cells for early DL synchronization and L1 measurement by MAC CE to improve measurement flexibility.
Proposal 20:	Support Two-step DL synchronization procedure:
· UE maintains DL synchronization with SSB after L1 measurement, and then
· gNB triggers aperiodic TRS, and UE starts fine DL synchronization with the aperiodic TRS.
Proposal 21:	Support TRS tracking for candidate cell(s) to be performed before cell switch command, when beam indication is received before the cell switch command.
Proposal 22:	Support triggering of TRS for tracking for target cell by the cell switch command, when beam indication is received together with the cell switch command.
Proposal 23:	The handover indicator should be contained in the cell switch command, when beam indication is before the cell switch command.
Proposal 24:	Besides indicated TCI state, TA for the target cell, and TRS trigger signaling and CSI acquisition signaling should also be included in the cell switch command, when beam indication is together with the cell switch command.
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