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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#110bis-e meeting, many related issues, e.g., inter/intra-frequency L1 measurement, measurement RS, and measurement quantity, had been discussed with potential alternative solutions, which need detailed discussion and potentially downselect in this meeting. Besides, according to the LS sent from RAN2[1], RAN1 issues with RAN relevance, e.g., beam indication, and cell switch command, also need to be discussed in this meeting. Based on the above, we provide our views on the two aspects to facilitate L1/L2 mobility in this contribution.
L1 measurement 
The following agreement related to L1 measurement was achieved in the last meeting [1].
	Agreement
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 to ask RAN4 if the restriction on e.g., SFN offset alignment, BWP setting and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not. 
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
Agreement
· For Rel-18 L1/L2 mobility, further study the potential RAN1 spec impact of L1 inter-frequency measurement 
· The definition and scenarios of L1 inter-frequency measurement is determined by RAN4, and RAN1 assumes at least the following until receiving their confirmation
· The scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
· At least the following aspect is studied:
· Commonality with L1 intra-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 would like to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 
· It is RAN1 understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue
· Note: this content is included in the LS agreed for intra-frequency L1 measurement
Agreement
· For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
· Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 
Agreement
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.


In the last meeting, we discussed intra-frequency and inter-frequency L1 measurements and provided preliminary assumptions about them from RAN1’s perspective. For intra-frequency L1 measurement, it has been supported in Rel-17 inter-cell beam management. For Rel-18 LMT, we only focus on whether to relax the restrictions defined in 9.13.2 of TS38.133 and if they are relaxed, how to support them. For inter-frequency L1 measurement, its specific definition and feasibility need RAN4’s discussion and decision. Before receiving LS from RAN4, the discussion on inter-frequency L1 measurement should be postponed to avoid unnecessary discussion which may lead to further confusion. Therefore, for L1 measurement and report, we suggest initially focusing on the intra-frequency scenario. If inter-frequency L1 measurement is supported subsequently, it can be extended or enhanced to support later.
For L1 measurement and report, initially focus on intra-frequency scenarios.
L1 measurement configuration
In Rel-17 inter-cell beam management, the L1 measurement framework is a combination of the configuration of candidate cell(s) and the CSI framework.  And, in the configuration of candidate cell(s), only measurement RS configuration and a physical cell identifier are included. According to the reporting configuration in the CSI framework, the measurement RS resource index, and measurement quantity can be determined by UE. As for the actual measurement resource, combined with the physical cell identifier associated with the measurement RS resource index, the configuration of the corresponding candidate cells could be selected and the measurement RS configuration could be determined. For intra-frequency scenarios, the Rel-17 L1 measurement and report framework can be reused for Rel-18 L1/L2 mobility. if inter-frequency scenarios are supported, additional information needs to be introduced in the configuration of candidate cell(s), such as frequency indicator.
Support Rel-17 ICBM measurement configuration as the baseline, some additional information needs to be introduced for inter-frequency scenario if supported, e.g., frequency indicator.
To support Rel-18 L1/L2 mobility, considering UE complexity, the number of candidate cells for L1 measurement is limited. Hence, as the UE moves around, the L1 measurement configuration has to be reconfigured frequently, which would decrease the efficiency of L1/L2 mobility. To avoid frequent RRC reconfiguration, a large number of candidate cell configurations can be pre-configured, and actual measurement cells/RSs can be dynamically indicated by MAC CE. 
Support dynamic indication of the set of candidate cells or RSs for L1 measurement by MAC CE to achieve an efficient L1 measurement for L1/L2 cell switch.
Measurement RS
In Rel-17, beam measurement for candidate cell(s) is performed on SSB only, which means the DL/UL signals from the candidate cell(s) must be QCLed with SSB. To relax the limitation, the CSI-RS for beam management can also be supported in Rel-18 L1/L2 mobility. Besides beam measurement, L1 measurement on TRS and CSI-RS for CSI for candidate cells should also be considered to trigger before handover to improve the data interruption.
Support DL measurement and report of candidate cells based on SSB, CSI-RS for beam management, TRS, and CSI-RS for CSI.
Measurement quantity
In the last meeting, L1-RSRP had been agreed for intra-frequency L1 measurement. Besides L1-RSRP, we think L1-SINR also should 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 affected a lot. Hence, L1-SINR should be supported for inter-frequency scenarios if it is supported. 
For L1-SINR measurement, interference from neighbor cells can be measured by CSI-IM and NZP CSI-RS in Rel-16. To simplify the measurement design, CSI-IM can be the starting point for L1-SINR measurement. And, L1-SINR measurement is only supported to be performed for intra-frequency and synchronous scenarios. While for inter-frequency and/or asynchronous, 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.
For measurement quantity, support L1-SINR based on CSI-IM for the intra/inter-frequency (if supported) and synchronous scenarios.
Filtering of L1 measurement results
Based on the discussion in the last meeting, the key point for this issue is to determine whether the ping-pong issue affects the performance of L1/L2 mobility. In our view, frequent cell switch or ping-pong effect is mainly relevant to frequent switching at the upper level but almost does not affect the physical layer. Therefore, it has small or negligible effect on the intra-DU case, where no switching happens at the upper level. While for inter-DU cases, frequent switch operations may lead to lower efficiency.
For inter-DU cases, frequent cell switches may lead to lower efficiency.
Many potential solutions to mitigate the ping-pong issue were discussed in the last meeting, such as UE-based filtering to the L1 measurement results, gNB-based filtering to the L1 measurement results. Compared to introducing UE-based filtering leading to complicated design and large latency, we prefer gNB-based filtering to mitigate the ping-pong effect. The only disadvantage of gNB-based filtering is a large number of beam information need to be reported. This issue will be discussed in section 3.1. 
Support gNB-based filtering to mitigate the ping-pong effect.
UL measurement
According to LS from RAN2 [3], measurement delay shall also be considered. When DL measurement for candidate cell(s) is performed, if the candidate cell is unknown, UE needs to monitor PSS and CSS to achieve coarse DL synchronization. After DL synchronization, L1 measurement based on the measurement RS resource can be carried out. And, according to the RAN4 requirement on L1 measurement, the final L1 measurement value of a measurement RS is obtained by N measurements, where N equals 8 for SSB. In addition, when SSBs from the candidate cell(s) for L1 measurement overlap with that of the serving cell, a sharing factor is determined and applied to relax the requirement, which means the measurement delay would increase a lot. Combined with the above analysis, it can be seen that the DL measurement leads to a large delay and requires a high computing capability at the UE, especially when the number of candidate cells for L1 measurement is large. 
DL measurement causes a large delay and requires a high computing capability at the UE, especially when the number of candidate cells for L1 measurement is large.
In contrast, UL measurement can avoid the above issues. For UL measurement, UE transmits UL signals, e.g., SRS based on the timing assumption of the serving cell, and candidate cells monitor the UL signals according to the configuration of UL signals forwarded from the serving cell.  Candidate cells transmit their measurement value to the source cell, and then the source cell makes the handover decision. Thus, the UE measuring the DL signals from multiple cells is changed into the gNB detecting the uplink signals from multiple UEs. Due to the processing and computation capability of the gNB being much greater than that of UE, hence UL measurement is more promising.
Support UL measurement to reduce measurement delay and UE computation complexity for L1/L2 mobility.
L1 measurement reporting
The following agreement related to L1 measurement reporting was achieved in the last meeting [1].
	Agreement
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· [bookmark: OLE_LINK4][bookmark: _Hlk118403215]Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE 
· Both gNB scheduled and/or UE initiated (if supported) report are studied


P/SP/AP L1 report
In Rel-17 ICBM, the maximum number of configured candidate cells is 7 and up to 4 resource indices can be reported in a report instance. In Rel-18 L1/L2 mobility, 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 also needs to be increased. As for the exact value, it needs further discussion. As for reporting metrics, besides L1-RSRP already supported in Rel-17, we think the interference caused by neighbor cells also needs to be considered. 
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 beam reports 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. 
Support flexible-size beam report to accommodate the larger number of beam reports.
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 L1/L2 mobility. As mentioned in section 2.4, to simplify the UE complexity and reduce measurement latency, the event should be defined based 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 UE power consumption.
· Event(s) is defined based on L1 measurement results without filtering.
· The condition to start the reporting is needed to define, e.g., L1 measurement results are consistently greater than a certain threshold over a period of time.
· Reported L1 measurement results of beam level are carried in MAC CE signaling.
RAN1 issues relevant to RAN2
According to RAN2 LS, the following issues, e.g., TRS tracking and CSI measurement, early downlink synchronization, solutions to mitigate the ping-pong effect, beam indication, and cell switch command should be discussed in RAN1[1]. 
	· R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 
· Whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. R2 assumes this is feasible at least for the case that the target cell is already an active serving cell.
· Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command
· RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 
· RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases).  
· RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
· RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 


In the last RAN1 meeting, agreement relevant to the above issues were achieved as listed below:
	Agreement
· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 
Agreement
· [bookmark: OLE_LINK7]From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
· [bookmark: OLE_LINK1]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
· Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.
 Agreement
· Interested companies are encouraged to perform technical analysis of the cell switch command from a RAN1 point of view, e.g.
· Necessary information included in the command, which is relevant for RAN1 discussion
· Necessary number of bits for the information
· L1 impact or concern to use DCI or MAC CE for L1/L2 cell switch command
 Agreement
· [bookmark: _Hlk118465750]RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
· DL synchronization for candidate cell(s)
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· [bookmark: _Hlk118465870]Activation/Selection of TCI states for candidate cell(s), if feasible
· Note: Uplink synchronization aspect will not be discussed under this A.I.
· FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2)
· Detailed discussion will be commenced after receiving RAN2 LS.


Among the above issues, except solutions to mitigate the ping-pong effect which already have been discussed in sections 2.3 and 3.2 respectively, other issues will be discussed based on the above agreement in this clause.
Beam indication
TCI framework
Before starting the detailed discussion on beam indication, the TCI framework for Rel-18 L1/L2 mobility should be determined. The following three options were provided in the last meeting for further discussion. In our view, option A, i.e., only Rel-17 TCI framework, is the simplest, as the QCL assumption of uplink channels/RSs and/or downlink channels/RSs can be determined simultaneously by single signaling. Therefore, we prefer to start the discussion on beam indication based on Rel-17 unified TCI framework. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 
Support Rel-17 unified TCI framework for Rel-18 L1/L2 mobility.
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 Rel-18 L1/L2 mobility. 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. 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. As for their respective applicable scenarios and potential specification impact, they need further study and discussion.   


Independent TCI state pool
Both mixed TCI state pool, i.e., Rel-17 ICBM TCI framework, and independent TCI state pool should be considered.
· Mixed TCI state pool: some TCI states in the TCI state pool are associated with candidate cell(s)
· Independent TCI state pool: 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 three scenarios discussed in the last meeting are listed below.
· 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 need to be enhanced

	Early beam refinement, TRS tracking and CSI acquisition
	Beam refinement, TRS tracking, and CSI acquisition have been supported in Rel-17 ICBM and they should be extended into other scenarios, e.g., inter-DU, async, and inter-frequency.
	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

	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

	
	Signaling: DCI
	Signaling: MAC CE
	Signaling: MAC CE



· Scenario 1 is the simplest one, especially for intra-DU case. 
· Scenario 2 achieves simultaneous cell and beam switching, which meets the original intention of L1/L2 mobility and the corresponding handover latency is similar to scenario 1. 
· 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, scenarios 1 and 2 are preferred. For scenario 1, as analyzed in the above table, tx/rx from/to the target cell happens before the cell switch command is received, which is similar to Rel-17 inter-cell beam management. And the configuration framework, signaling design, and even the procedure of L1/L2 mobility for the scenario can reuse that of Rel-17 inter-cell beam management directly, which is the most straightforward. However, Rel-17 inter-cell beam management only applies to intra-DU, intra-frequency, and synchronized scenarios, some enhancements need to be discussed and introduced to support them. If the inter-DU case is supported in scenario 1, the transmission data needs to be forwarded to candidate DU(s) from the source DU, which seems unreasonable.  Therefore, we prefer scenario 1 only for the intra-DU case. 
For scenario 2, where no data transmission happens between UE can candidate cell(s) before the reception of the cell switch command, to minimize UE complexity, it is better to only perform beam measurement based on SSB and/or CSI-RS for beam management and TA acquisition for candidate cell(s) before the reception of the cell switch command. Therefore, the measurement and report configuration under the source cell only needs to involve CSI-RS for beam management and SSB. As for the TCI framework, due to beam indication being together with the cell switch command, it is not necessary to associate TCI states configured in the ServingCellConfig with different cell identities to complicate the signaling design. In contrast, a separate TCI pool is sufficient. When receiving the cell switch command, UE doesn’t need to judge which cell identity the TCI state indicated by the command associates with and directly starts data transmission based on the indicated TCI state once the TCI state is available according to the configuration of the serving cell. With the above analysis, the design for scenario 2 is different from that for scenario 1, and compared to scenario 1, scenario 2 can also support inter-DU case. 

· support scenario 1 for the intra-DU case and introduce enhancements to the Rel-17 ICBM framework to achieve L1/L2 mobility.
· Support scenario 2 for the inter-DU case and additional consideration compared to scenario 1 for L1/L2 mobility is expected. 
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, 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 L1/L2 cell switch command 
Downlink synchronization 
According to LS from RAN2[3], it is assumed that we rely on L1 measurements to trigger L1/L2 mobility, which means UE has to perform L1 measurement for candidate cell(s) before the reception of the cell switch command. And L1 measurement is based on accurate timing information. Therefore, downlink synchronization for candidate cell(s) should be performed before the reception of the cell switch command.
Support performing downlink synchronization before the reception of the cell switch command.
TRS tracking and CSI acquisition
According to LS from RAN2 [1], RAN2 thinks whether to support performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command should be discussed and determined by RAN1. In our view, early TRS tracking and CSI acquisition can improve data interruption, since UE can perform data transmission based on fine time-frequency offset and channel state information as soon as possible after cell switch. And how to perform early TRS tracking and CSI acquisition will be introduced case by case 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. As for CSI acquisition,  to trade off transmission reliability and efficiency, CSI measurement and report also should be supported before the cell switch command. 
Support TRS tracking and CSI acquisition 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) and aperiodic CSI report for the target cell can be triggered by the cell switch command.
Support triggering of TRS for tracking and CSI acquisition for target cell by the cell switch command, when beam indication is received together with the cell switch command. 
Cell switch command
As analyzed in section 4.1.2, cell switch commands may be designed separately 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 only needs to inform UE to perform handover. Thus, the cell switch command may only contain a handover indicator. Considering only a few contents included in the cell switch command, we prefer DCI-based cell switch command for scenario 1 to reduce the handover latency further.
Support DCI-based cell switch command where only a handover indicator is contained, when beam indication is before 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 switch and trigger TRS tracking and CSI acquisition for the target cell. Due to MAC CE having a flexible size and high reliability, we prefer MAC CE-based cell switch command for scenario 2.
Support MAC CE-based cell switch command, when beam indication is together with cell switch command.
· Besides indicated TCI state, the TA for the target cell, and information related to trigger TRS tracking and CSI acquisition should also be included.
Conclusions 
1. For inter-DU cases, frequent cell switches may lead to lower efficiency.
1. DL measurement causes a large delay and requires a high computing capability at the UE, especially when the number of candidate cells for L1 measurement is large.
1. 
· Scenario 1 is the simplest one, especially for intra-DU case. 
· Scenario 2 achieves simultaneous cell and beam switching, which meets the original intention of L1/L2 mobility and the corresponding handover latency is similar to scenario 1. 
· 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.

1. For L1 measurement and report, initially focus on intra-frequency scenarios.
Support Rel-17 ICBM measurement configuration as the baseline, some additional information needs to be introduced for inter-frequency scenario if supported, e.g., frequency indicator.
Support dynamic indication of the set of candidate cells or RSs for L1 measurement by MAC CE to achieve an efficient L1 measurement for L1/L2 cell switch.
Support DL measurement and report of candidate cells based on SSB, CSI-RS for beam management, TRS, and CSI-RS for CSI.
For measurement quantity, support L1-SINR based on CSI-IM for the intra/inter-frequency (if supported) and synchronous scenarios.
Support gNB-based filtering to mitigate the ping-pong effect.
Support UL measurement to reduce measurement delay and UE computation complexity for L1/L2 mobility.
Support a number of the reported beams larger than 4 for L1 report and the exact value is FFS.
Support flexible-size beam report to accommodate the larger number of beam reports.
Support event-triggered L2 reporting to save resources and UE power consumption.
· Event(s) is defined based on L1 measurement results without filtering.
· The condition to start the reporting is needed to define, e.g., L1 measurement results are consistently greater than a certain threshold over a period of time.
· Reported L1 measurement results of beam level are carried in MAC CE signaling.
Support Rel-17 unified TCI framework for Rel-18 L1/L2 mobility.
Both mixed TCI state pool, i.e., Rel-17 ICBM TCI framework, and independent TCI state pool should be considered.
· Mixed TCI state pool: some TCI states in the TCI state pool are associated with candidate cell(s)
· Independent TCI state pool: all of the TCI states in the TCI state pool are only associated with the cell where the TCI state pool is configured.

· support scenario 1 for the intra-DU case and introduce enhancements to the Rel-17 ICBM framework to achieve L1/L2 mobility.
· Support scenario 2 for the inter-DU case and additional consideration compared to scenario 1 for L1/L2 mobility is expected. 
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.
Support performing downlink synchronization before the reception of the cell switch command.
Support TRS tracking and CSI acquisition for candidate cell(s) to be performed before cell switch command, when beam indication is received before the cell switch command.
Support triggering of TRS for tracking and CSI acquisition for target cell by the cell switch command, when beam indication is received together with the cell switch command. 
Support DCI-based cell switch command where only a handover indicator is contained, when beam indication is before cell switch command.
Support MAC CE-based cell switch command, when beam indication is together with cell switch command.
· Besides indicated TCI state, the TA for the target cell, and information related to trigger TRS tracking and CSI acquisition should also be included.
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