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Introduction
In RAN1 #112bis meeting, the candidate solutions on further mobility enhancement have been identified for further study. 
In this paper, we share our views on L1 enhancements for L1/L2 triggered mobility, including L1 measurement and reporting, and beam indication. The rest of this paper are structured as follows. Our considerations on L1 measurements and reporting for LTM are provided in section 2 and section 3 respectively. Potential issues regarding beam indication and cell switch command are discussed in section 4. The RAN1 impacts from subsequent LTM are discussed in section 5. In section 6, some other aspects on UE’s behavior after receiving cell switch command and LTM failure issue are discussed. Conclusions are made in section 7.

L1 Measurements for LTM
Remaining issues on SSB based L1 measurement
For a UE to perform L1 measurement on SSB of candidate cell, RAN1 agreed in RAN1#112 some general information for UE to determine location of measurement resource in time and frequency domain. In RAN1#112bis [1], companies further proposed multiple options in detail on how the time and frequency location should be indicated. Some options refer to legacy L3 measurement (RRM) configuration in MeasObjectNR. The frequency information are provided by ssbFrequency (ARFCN-ValueNR) and ssbSubcarrierSpacing (SubcarrierSpacing). The time domain information are provided by periodicityAndOffset and duration in SSB-MTC. Some options refer to in SSB-MTC-AdditionalPCI-r17 introduced in Rel-17 ICBM, where the time domain information of non-serving cell SSB are provided by ssb-PositionsInBurst and periodicity. Some options even refer to ssb-Ncell-r16 introduced in Rel-16 Positioning, which are used by UE to determine the spatialRelationInfo for SRS. The frequency domain information is provided by ssb-Freq-r16 (ARFCN-ValueNR) and ssbSubcarrierSpacing-r16 (SubcarrierSpacing). The time domain information is provided by ssb-IndexNcell-r16, halfFrameIndex-r16, ssb-Periodicity-r16, sfn0-Offset-r16 and sfn-SSB-Offset-r16.  
Considering the detail signaling design was already left to RAN2, we should focus on content instead of IE structure, if RAN1 hope to provide more detail information on L1 measurement configuration to RAN2. By observing all of the options, almost all companies agreed that the center frequency of SSB (e.g. ssbFrequency or ssb-Freq) and subcarrier space of SSB (ssbSubcarrierSpacing) should be provided as frequency domain information. At least the periodicity of SSB and indication of SSB(s) to measure (e.g ssb-PositionsInBurst or ssb-IndexNcell) should be provided as time domain information. An offset value is also helpful for UE to quickly identify the start point of a periodicity.    
Proposal 1: For SSB based L1 measurement for candidate cell(s), the frequency domain information include center frequency and subcarrier spacing of SSB. The time domain information include indication of SSB to measure, periodicity of SSB and offset value for UE to determine start point of a periodicity. Detail IE structure is up to RAN2. 
RAN4 replied RAN1’s questions on L1 intra- and inter- frequency measurement and configurations for L1/L2-based inter-cell mobility in [1]. Regarding the scenario that receiving time difference (RTD) between the SSBs of serving cell and neighbor cell on the same carrier is larger than CP length of the corresponding SCS (also called asynchronous measurement scenario in short), RAN4 agreed to support the scenario and may introduce additional UE capability depending on further discussion. Similar as L3 intra frequency measurement, UE could indicate the capability whether measurement gap is required for L1 measurement. In asynchronous measurement scenario, a measurement gap may be needed for UE do not report the capability of L1 intra frequency measurement without gap. UE may stall the transmission/reception in serving cell and adjust its Rx window to finish the measurement on candidate cell(s). GNB should restrict the scheduling to the UE in the serving cell during the measurement gap.
According to the UE capabilities and different measurement scenario, network should determine whether the measurement gap is required for inter cell L1 measurement. For example, in synchronous scenario where RTD is within CP, no measurement gap is required no matter whether UE has the capability perform intra frequency L1 measurement without gap. On the other side, even for the UEs who are capable of intra frequency L1 measurement without gap, depends on RAN4, there may have an upper limit of DL timing of arrival difference for a UE to support. Thus, network should be informed of the RTD at UE side before configuring the L1 intra frequency measurement. A straightforward solution is to support UE to report an event that RTD exceed CP or cannot be handled without gap according to its capability.
Proposal 2: A UE capability of L1 intra-frequency measurement without gap can be introduced for LTM. And L1 measurement gap should be configured for the UE in asynchronous measurement scenario if UE do not indicate the capability. 
Proposal 3: Support UE to report the RTD exceed CP or L1 measurement cannot be handled without gap according to its capability.

L1 measurement on CSI-RS
CSI-RS based L1 measurement for LTM was discussed in previous meetings. It helps gNB and UE to align the transmitting and receiving beam more accurately and efficiently than SSB based measurement. Considering the limited number of SSB in a cell, SSB is usually transmitted by Base Station with a relative wider beam. A refined beam between UE and BS will be determined by beam training with CSI-RS for BM for data transmission. If the beam refinement in target cell were performed after cell switch, the throughput of UE may drop during the cell switch and beam training, due to lack of beamforming gain. Such gain is critical especially for the UE at the cell edge that throughput is limited by SNR. Moreover, the time/frequency resources of CSI-RS for BM are more flexible. 
In current releases, CSI-RS for tracking (TRS) provides better time/frequency synchronization performance than SSB due to its wider bandwidth. To support high modulation and coding scheme (MCS), TRS is required as a reference RS for QCL Type-A in a TCI state. If DL synchronization for candidate cell(s) is only based on SSB before cell switch command, only low MCS can be used in the target cell after cell switch. In Rel-18 LTM, to reduce the interruption for UE to recover high throughput communication (first data transmission), performing TRS tracking for candidate cell before cell switch command should be supported. Furthermore, it is agreed in RAN1#111 that beam indication (TCI) can be carried in cell switch command complying with Rel-17 unified TCI framework. To activate TCI state(s) in the target cell before cell switch command, TRS measurement is also necessary, as it must be used as reference RS for QCL Type-A in a TCI state.
CSI-RS is used in the serving cell for CSI measurement. gNB determines the resource allocation, link adaption and MIMO precoding based on UE’s feedback. In L3 mobility procedure, after UE arriving at new serving cell, BS can only transmit signal to UE with default precoder. It means efficient MIMO operation cannot be used before accurate CSI is measured and reported. It takes long time for UE to measure and report the CSI on the refined beam in the target cell. To reduce the throughput degradation during cell switch, CSI measurement on CSI-RS of candidate cell(s) before cell switch can be supported. UE can feedback measured CSI right after cell switch to target cell and high rank/MCS data transmission can be recovered shortly. 
Regarding the specification impact of supporting CSI-RS based measurement in LTM, most of agreement and ongoing discussion on the SSB-based measurement and report and procedures can be reused, such as mapping between measurement resource to report, type/quantiles/container of L1 report. The extra work in RAN1 is to identify the essential configuration information of CSI-RS resources in candidate cells. The configuration in CSI-RS for mobility in L3 measurement can be taken as starting point. The detail signaling design can be left to RAN2, similar as the configuration for SSB.  As for the concern on the definition of inter and intra frequency measurement on CSI-RS, similar definition in L3 measurement on CSI-RS for mobility (section 9.10 of TS38.113) can be inherited. If the SCS, CP and center frequency of CSI-RS resource in neighbor cell is same as those CSI-RS in serving cell, the measurement can be regarded as intra frequency. Otherwise, it is inter frequency. Despite the benefit of CSI-RS based L1 measurement for LTM, it requires additional UE complexity. For example, it may be challenging for UE to tracking extra CSI-RS apart from serving cell’s CSI-RS and those CSI-RS resources may by transmitted out of serving cell’s RBs. Hence, the L1 measurement on CSI-RS may be optional supported by UEs with additional capability. So some UE capability signaling are also need to be specified.  
Proposal 4: In LTM, L1 measurement on candidate cell’s CSI-RS could be supported with UE capability report, including CSI-RS for BM, tracking and CSI. 

L1 measurement reporting
Additional report quantity
In RAN1#111, L1-RSRP based on SSB has been agreed as L1 report quantity in LTM. Whether to support L1-RSRP on CSI-RS and L1-SINR are FFS. We support to specify L1-RSRP on CSI-RS due to the reasons discussed in section 2.2. 
SINR can reflect the communication quality more accurately because the intra/inter-cell interference are considered as well as the received signal strength. In current release, the L3 measurement on SS-SINR and CSI-SINR are used in legacy HO. UE can measure the signal power and interference/noise power on secondary synchronization signals (SSS) of SSB or CSI-RS for candidate cell. In Rel-16, L1-SINR was also specified for beam measurement in the serving cell. In addition to CMR (CSI-RS or SSB) for UE to measure of signal power, IMR is also configured for UE to measure the interference and noise power. The IMR can be either CSI-IM or NZP CSI-RS for interference or both. If L1-SINR is introduced as report quantity for LTM in Rel-18, UE should be configured with IMR for candidate cells. As IMR is a kind of CSI-RS, CSI-RS based measurement for candidate cells is prerequisite for L1-SINR no matter the CMR is SSB or CSI-RS. 
Proposal 5: Support to specify L1-RSRP on CSI-RS and L1-SINR on SSB/CSI-RS for candidate cells as optional capabilities.

Reporting overhead reduction
In RAN1#112bis-e, following agreement was achieved on reporting:
	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 


                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
In Rel-17 ICBM, with the configured number X (X could be 1,2,4 based on UE capability reporting), UE can select X beams among a set of RS measured in a measurement resource set to report. The specification does not require the reported beams are with best L1-RSRP/SINR, although it is typical implementation. In LTM, as well as the selection of M beams for a cell, UE also need to select L cells. The definition of the “best cell” is complex considering there are multiple beams within a cell. So, we propose to leave the selection of L cells from configured cells and M beams per cell to UE implementation as in legacy release. 
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Proposal 6: The number of selected beams (M) and selected cells(L) are configured by NW, while the criterion of beam/cell selection should be left to UE implementation. 
For UCI based L1 measurement reporting, the UCI payload size is fixed according to the NW’s configuration, which is easier for NW to decode the UCI. According to configured reporting format (), UE is not allowed to send a report with cells/beams less than configured number L/M. 
Proposal 7: The number of the reported cells/beam should be same as the configured value L/M.
When there are multiple candidate cells, the NW can make a down selection among candidate cells based on L1 measurement results. For example, serving cell DU could determine which candidate cell to acquire TA or activate TCI states in advance based on L1 report. Such reporting does not require serving cell’s results to be included. However, for cell switch decision, it is better for NW to know the up-to-date beam quality comparison between serving cell and candidate cell. In this case, the serving cell’s results should be present. Considering different measurement purposes and potential application scenarios, we prefer that whether serving cell’s results should be included in a report is configured by NW. 
Regarding the L1 measurement for inter-frequency cases, same principal can be adopted, i.e. NW can configure UE to report for at least one inter-frequency candidate cell if the configured L is larger than 1.
Proposal 8: NW can configure UE whether the results of serving cell and/or inter-frequency candidate cell is included in a report.

On Event-triggered reporting
Due to the long periodicity of L3 measurement and large amount of L3 measurement results to be reported, event triggered reporting is supported. By such mechanism, UE is not required to report all results after every measurement, but only report them when certain event (condition) is satisfied. If L1 beam RSRP reporting is conveyed by PUCCH as a periodic manner. The reporting resource needs to be reserved by the Network anyway even if the reporting is not triggered. For the SP/AP reporting, Network can also control the reporting on candidate cell RS based on L1 results of serving cell, i.e. only when the L1 measurement results is not good then Network will trigger the report for candidate cell RS. With the L3 measurement results, L1 based measurement and reporting could be confined in very limited number of candidate cells. The conditions to report L1 results are satisfied in most cases if similar event as L3 measurement report are introduced in L1. Therefore, the benefits of overhead reduction to introduce event triggered scheme in L1 report is marginal. 
Observation 1: The benefit to introduce event triggered L1 reporting is marginal for L1/2 mobility, especially when L3 measurement is involved in preparation phase. 
On the other side, specifying event triggered L1 report will take significant standard effort considering the long list of FFS identified in RAN1#111. For example, if UE is configured simultaneously with the Network triggered report and UE event triggered report, the report overhead may not be saved.  Network does not know when the event is satisfied and UE is going to report L1 measurement results. It is possible that Network may trigger a measurement and report on the same CSI resource (set) as the event triggered report which is already sent by UE. 
As the P/SP/AP L1 reporting with potential enhancement can already meet the requirement in LTM and the event triggered report may not reduce the overhead, the work on event-triggered L1 report should be with low priority.
Observation 2: When both UE event triggered and network triggered reporting are simultaneously configured, and the triggered report have the same or overlapped content, the report overhead cannot be reduced.
Proposal 9: The work on the event-triggered L1 report in RAN1 should be with low priority.
Cell switch command and beam indication
Content of cell switch command
In RAN1#112bis-e, content of cell switch command (CSC) was discussed, and it has following agreement:
	Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)



Although some information were agreed for CSC from RAN1 perspective, the presence of each fields is FFS. The basic function of CSC is to indicate UE to perform cell switch to a new PCell. So the information to identify the target cell(s) should always be present.. UE can determine which configuration among multiple configurations provided by high layer in advance to be applied upon receiving the CSC.
The TA related information is not always necessary. For example, if the target cell is the SCell of the original serving cells, or a cell as mTRP in the serving cell, the TA is can be derived before CSC. For PDCCH ordered RACH scheme with RAR reception configured, the TA of candidate cells can be acquired from serving cell before CSC. TA in CSC is redundant in these cases. 
[bookmark: _GoBack]RAN1 concluded in RAN1#112bis that Whether active DL and UL BWP of the target Cell/SpCell field, within the cell switch command, is always present or not is left to RAN2 decision. For inter-DU case, the serving BWP after cell switch should be determined by candidate cell’s DU. If the fast coordination between serving cell DU and candidate cell DU is not feasible, the BWP information could only be configured by high layer signalling, e.g. by firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id in in the CellGroupConfig of the candidate cells. Hence, the active DL and UL BWPs for the target cell are not always present.
In RAN1#112bis-e, due to last minute editorial change, only a working assumption is reached on the always presence of a field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field in the cell switch command at least for scenario 2. The working assumption should be confirmed.  If scenario 1 (beam indication before cell switch command) is supported, TCI state is not necessary in cell switch command as it is already indicated in advance. If scenario 3 (beam indication after cell switch command) is supported, legacy L3 handover mechanism can be reused, i.e. UE uses the default beam after handover. In detail, UE may assume the DMRS of PDCCH is QCLed to the SSB that UE perform random access. 
Proposal 10: The field of information to identify the target cell(s) should be always present in the CSC. Other information, such as TA related information, TCI state index and BWP ID are optional present depending on network configuration. 
In addition to the information that already agreed, we believe SRS transmission to the target cell triggered by cell switch command is beneficial. First, since there may not have random access after cell switch anymore (TA acquired before cell switch or use LTE-like RACH-less), it is hard for target cell to exactly know when this UE is arriving. If an SRS can be transmitted towards to the target cell, then it could be used as a UE arrival indication. Secondly, if UE based TA acquisition is used, the accuracy of UL synchronization may not be sufficient UL transmission for high rate data. The CSC triggered SRS can be used by NW for TA refinement. Detail investigation is provided in our companion contribution [2]. 
Proposal 11: A field to trigger SRS may be present in the CSC for potential UE arrival indication, precise TA refinement and channel measurement in the target cell. 
In legacy L3 handover command, the activation/deactivation status for each cell can be indicated by “sCellState”. Although such configuration may also be provided in the CellGroupConfig as legacy, however, in LTM L1 measurement results are finally used for serving cell DU determine the cell switch. In other words, according to RAN3’s endorsed CR [3], the L3 configuration prepared by CU is based on the L3 measurement results. It is possible that if the SCell(s) activated by CU or candidate cell DU (based on L3 measurement results) becomes weak later, it may cause beam failure in SCell after cell switch. Only serving cell DU can determine the real time quality of candidate SCells(s) via L1 measurement report. One potential enhancement is to further allow the CSC including the activation state of SCells after cell switch. The dynamic change on UE’s activated SCell by source DU should be informed to target cell/DU and it is challenging for the inter-DU case considering the high layer signaling delay. Both the Pros. and Cons. are under discussing in RAN2. Regarding the content of cell switch command, the SCell activation/deactivation indication in the cell switch command can be considered if RAN2 conclude to support it in Rel-18 LTM.
Proposal 12: The SCell activation/deactivation indication in the cell switch command can be considered if RAN2 conclude to support it in Rel-18 LTM.

Beam indication in Rel-18 LTM
On beam indication, it was agreed that TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell: 
	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
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.



For TCI state activation in serving cell, the Unified TCI states Activation/Deactivation MAC CE may include the serving cell ID considering the potential cross CC beam activation, DL/UL BWP ID indicating BWP the MAC CE applies, and TCI state ID. Since the candidate cell may not be a serving cell, the TCI state activation of a candidate cell needs firstly identify the candidate cell. For example, the signaling should include a logical ID which mapping to the PCI of the candidate cell. Then the UE can determine the TCI state list based on the cell identity and activate corresponding TCI state(s). To avoid the ambiguous and considering the backward compatibility, a separate MAC CE could be used for TCI state activation of a candidate cell before cell switch.
Proposal 13: A separate MAC CE could be used for TCI state activation of a candidate cell before cell switch and a logical ID which mapping to the PCI of the candidate cell should be included.
After receiving the TCI activation MAC CE, a UE needs to track the reference signal of the activated TCI state(s), which requires processing capability. In current specification, UE can report its capability on TCI states activation. For example, in TS 38.306 section 4.2.7.2, the UE capability parameter unifiedJointTCI-r17 is using for indicating the support of unified TCI state operation and this signaling comprises maxConfiguredJointTCI-r17 indicates the maximum number of configured joint TCI states per BWP per CC in a band and maxActivatedTCIAcrossCC-r17 indicates the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band. Candidate values includes 1, 2, 4, 8, and 16. In Rel-18 LTM, if the TCI state activation of a candidate cell before cell switch were supported by a UE, then the UE capability should be considered. The capability should include the total number of activated TCI states across serving cells and candidate cells. Besides, like the legacy ICBM, a separate capability of additional MAC-CE activated joint TCI states per candidate cell/across all candidate cells can also be considered and discussed.
Proposal 14: For TCI activation of candidate cell before cell switch, the capability of total number activated TCI states across serving cells and candidate cells should be reported by UE. FFS, number of activated TCI states per candidate cell or across all candidate cells
In Rel-17 unified TCI state framework, there are two TCI state modes called joint and separate. A UE can be provided with TCI state lists for both modes at the same time, i.e. dl-OrJoint-TCIStateList and TCI-UL-State. And gNB use a flag called unifiedTCI-StateType-r17 configured per cell to determine UE’s TCI mode. For the beam indication in LTM triggered MAC CE, it is necessary for UE to be aware of the TCI state mode of corresponding beam indication. For example, the unifiedTCI-StateType-r17 can be configured associated to candidate cells before cell switch. Detailed signalling design is up to RAN2.
Proposal 15: Similar as Rel-17 TCI state mode indication with unifiedTCI-StateType-r17, per candidate cell TCI state mode is provided before cell switch command to UE to determine the type of TCI state indication in the cell switch command.

Beam indication for multiple cells for CA
In RAN2#119e, LTM in CA scenarios are supported according to the following working assumption, where there are more than on target serving cells present. 
	R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.


And in RAN1#112-bis meeting, it was agreed that Rel-17 TCI state will be used for LTM:
	Agreement
Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index


In RAN1#112bis, there was a FL proposal on this issue[FL Proposal 5-3-7-v5]
· For scenario 2, TCI state indication included in cell switch command indicates the TCI state(s) for SpCell of target cell(s)
· For scenario 2, a TCI state indicated in the cell switch command is applied to multiple cells included in the list of simultaneous TCI state of the indicated target cell (when the list is configured) when the cells indicated in the list are active after cell switch command, i.e. the same mechanism as simultaneousU-TCI-UpdateList is reused for Rel-18 LTM
· FFS: when there are multiple (up to 4) simultaneousU-TCI-UpdateList configured for the [target candidate] cells. 
· Note: RRC structures (i.e. under serving cell configuration or candidate cell configuration, etc) are up to RAN2


Usually the TCI state list is configured per cell. However according to the design of Rel-17 beam management, if simultaneousU-TCI-UpdateList were configured then the TCI state list can refer to the reference Cell which might not be the SpCell of target cell(s). This design can be inherited in Rel-18 LTM. A common TCI state pool can only be shared by Cells (including SpCell of target cell(s)) that configured with simultaneously TCI state updating. For other cases, per Cell TCI state list should be provided to UE before cell switch. 
Proposal 16: For a set of CCs (candidate Cells) configured in the same simultaneous TCI state update list, a common TCI state list associated with a reference cell can be provided. Otherwise, per cell TCI state list should be provided to UE before cell switch.
If both serving cell and target cells support Rel-17 unified TCI framework, the indicated TCI state should be applied to a set of CCs, which are configured for simultaneous TCI update. The beam indication overhead in cell switch command can be saved when more than one target cells share the same beam indication. Thus, we support the 2nd main bullet in FL proposal.
Proposal 17: For scenario 2, a TCI state indicated in the cell switch command is applied to multiple cells included in the list of simultaneous TCI state of the indicated target cell (when the list is configured) when the cells indicated in the list are active after cell switch command.
As for the first FFS, there are also scenarios that multiple CCs cannot share the same beam indication, or there are more than one set of CCs. For such cases, multiple beam indication can be provided in the cell switch command and each beam indication can be applied to a CC or a set of CCs which share the beam indication.
Proposal 18: More than one TCI states can be conveyed in the cell switch command, when there are multiple (up to 4) simultaneousU-TCI-UpdateList configured for the candidate cells, or when there are multiple target cells and simultaneousU-TCI-UpdateList is not configured.

Discussion on subsequent LTM
RAN2 is considering “Subsequent” LTM:
	Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.


In this scenario, UE may be indicated a subsequent cell switch command in the target cell shortly after finish a cell switch from the original serving cell. The target cell for subsequent cell switch can be one of the original candidate cells or the original serving cell. From RAN2’s point of view, the high layer configurations for the candidate cells provided by original serving cell can be kept after first cell switch to save signalling overhead and reduce reconfiguration delay. To support subsequent LTM, in addition to the high layer configuration for candidate cell, some other L1/L2 configurations for LTM, such as TA and L1 measurement, should be kept. 
· TA
As discussed in AI 9.10.2, UE/NW may acquire the TA in advance before cell switch command to reduce the latency. The mechanism is still beneficial in subsequent LTM. Different from the initial LTM, the TA values of some candidate cells and the original serving cell may be already available and valid. These TA values can be kept after cell switch to reduce the latency for the subsequent cell switch. If the TA is maintained by network (UE is not required to receive RAR), whether to keep the TA values acquired when UE is in the original serving cell can be up to network’s implementation. If the TA of candidate cell(s) is maintained by UE (received from RAR), UE should be indicated whether TA values of candidate cells configured in original serving cell should be released or kept. 
· L1 measurement results
In legacy handover, after UE successfully access the target cell, the L1 measurement and report is required in the new serving cell for the high data rate transmission, especially in FR2 where finer beam alignment is required. As the candidate cells configured in original serving cell and even the original serving cell itself can be the candidate cells in subsequent LTM, the L1 measurement results acquired when UE is still associated with original serving cell can be kept for subsequent serving cell DU to make the decision. Furthermore, the measurement results of original candidate cell which is current serving cell are also useful for beam refinement after cell switch.
Proposal 19: To achieve the low latency of potential subsequent LTM, at least TA and L1 measurement results can be kept for original serving cell and part of candidate cells configured when UE is associated with original serving cell. 
Other issues on LTM
Beam application time for LTM
Beam application time was discussed in RAN1#112bis-e:
	Agreement
Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change
· Definition of the beam application time
· The exact value(s), condition and UE capability
· Consider the interaction with the application of the candidate RRC configuration.


The previous beam application time for intra-cell beam switch or inter-cell beam switch for ICBM is defined as starting from the first slot that is after slot, where the slot n is that a PUCCH with HARQ-ACK information corresponding to the PDSCH carrying the TCI activated MAC-CE command is transmitted. The starting point for counting beam application time is the slot n above. The legacy starting point should be reused for LTM. 
Proposal 20: The start point to count beam application time in LTM should reuse the legacy rule, i.e., the slot n where a PUCCH with HARQ-ACK information corresponding to the PDSCH carrying the cell switch command is transmitted.
As the TCI state indication may be included in the cell switch command, the delay for UE to apply this TCI state under new serving cell needs to be considered. In addition to the factors in intra cell beam or inter-cell beam switch for ICBM switch, several LTM specific factors should be considered. 
1) TCI state activation before or after cell switch command. If the TCI state for target cell indicated in the cell switch command is not activated in advance, then the application time of TCI state is longer. 
2) Inter or intra frequency. As the inter-frequency mobility is one of the target scenarios, when UE is indicated a TCI state in the cell switch command and perform inter-frequency cell switch, more time is required to finish the beam switch due to BWP switch and RF retuning. Input from RAN4 is required
3) In legacy HO procedure, the reconfiguration processing time for L1/L2/L3 is needed after receiving the HO command. For LTM, the above duration may be still needed. The TCI indicated in cell switch command should be applied after reconfiguration complete for a new cell. Therefore, the reconfiguration processing time should also be considered into the beam application time. Input from RAN2 is required 
Observation 3: Inputs from RAN2 and RAN4 on the latency of RRC reconfiguration and inter frequency beam switching are required to determine the beam application time in LTM. 

UE arrival indication
In Rel-15 L3 based handover as well as Rel-16 CHO, the random access is performed after UE is switched to the target cell. The RACH not only helps UE to acquire UL timing advance and UL grant, it is also treated as a UE arrival indication. In other words, target cell only schedules the UE after random access process finished. In the LTE RACH-less handover, UE can be configured with pre-allocated UL grant in RRC reconfiguration carried by handover command. UE can use the UL resource to transmit message to inform the target cell of its arrival. If the pre-allocated UL grant is not provided, UE can also monitor the PDCCH and wait for dynamic scheduling. For the LTM, as the timing advance of candidate cells may be acquired before cell switch and UE may not be required to send PRACH after receiving cell switch command, the UE arrival indication mechanism specified for the LTE RACH-less handover can be referred. 
· UL based mechanism
UE could be configured with UL resource in the candidate cell before cell switch command is issued. After RRC reconfiguration is complete, UE can transmit an UL signal to the new serving cell. The UE specific UL resources could be SRS resource, dedicated PUCCH, or configured grant PUSCH resource. No matter which kind of UL resource adopted, target cell DU need to provide and reserve the resource for the UE and coordination among cells/DUs is needed. 
· DL based mechanism 
After UE applying cell switch command, according to pre-configuration, UE may start to monitor a search space associated with CORESET in the target cell. In the network, source cell DU may inform the target cell that UE is migrating in advance. And target cell can start to transmit dynamic scheduling indication on a specific CORESET. 
Proposal 21: UE could be configured with SRS/PUSCH/PUCCH resource in the target cell before cell switch command is issued. FFS: beam application, timing, power control etc.  

LTM failure issue
In legacy L3 handover, a timer called T304 is initiated when HO command is received. If UE cannot complete RACH procedure in target cell before T304 expires, UE initiate RRC re-establishment with source cell. Although the duration of this timer is configurable, such failure detection and recovery process is not based on L1 measurement and may take long time. Moreover, DL sync and RACH with target cell may not happen after receiving cell switch command in LTE. Hence the handover failure due to RACH failure may not happen in LTM. It was also agreed that beam indication together with cell switch command. Since the target cell and target beam is determined by serving DU based on UE’s L1 measurement results, the delay between cell switch decision and UE apply the target cell configuration could be large. It is possible that the indicated TCI state determined by serving DU in the cell switch command is blocked or failed. 
Observation 4: Different from L3 handover, the LTM failure may not results from RACH failure during the cell switch procedure.
To fast detect the HO failure in cell switch command, a BFD/RLM-like procedure could be considered. For example, the periodic CSI-RS associated to the indicated TCI state or a set of preconfigured RSs for radio link monitoring in target cell can be used to detect the DL failure. Furthermore, whether the success of UL transmission on the preconfigured resource (as discussed in section 6.2) can be used to determine the validity of TA indicated in cell switch command. Once the LTM failure is detected, UE can directly fall back to source cell and recover the beam or radio link with CFRA procedure instead of waiting for expiration of T304 and performing RRC re-establishment. 
Proposal 22: UE can additionally determine the LTM failure according to L1 measurement of DL RS and success of UL transmission on preconfigured resource in the target cell. UE can recover the link with source cell when LTM failure is detected without waiting for expiration of T304.   

Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: The benefit to introduce event triggered L1 reporting is marginal for L1/2 mobility, especially when L3 measurement is involved in preparation phase. 
Observation 2: When both UE event triggered and network triggered reporting are simultaneously configured, and the triggered report have the same or overlapped content, the report overhead cannot be reduced.
Observation 3: Inputs from RAN2 and RAN4 on the latency of RRC reconfiguration and inter frequency beam switching are required to determine the beam application time in LTM.
Observation 4: Different from L3 handover, the LTM failure may not results from RACH failure during the cell switch procedure.

Proposal 1: For SSB based L1 measurement for candidate cell(s), the frequency domain information include center frequency and subcarrier spacing of SSB. The time domain information include indication of SSB to measure, periodicity of SSB and offset value for UE to determine start point of a periodicity. Detail IE structure is up to RAN2. 
Proposal 2: A UE capability of L1 intra-frequency measurement without gap can be introduced for LTM. And L1 measurement gap should be configured for the UE in asynchronous measurement scenario if UE do not indicate the capability. 
Proposal 3: Support UE to report the RTD exceed CP or L1 measurement cannot be handled without gap according to its capability.
Proposal 4: In LTM, L1 measurement on candidate cell’s CSI-RS could be supported with UE capability report, including CSI-RS for BM, tracking and CSI. 
Proposal 5: Support to specify L1-RSRP on CSI-RS and L1-SINR on SSB/CSI-RS for candidate cells as optional capabilities.
Proposal 6: The number of selected beams (M) and selected cells(L) are configured by NW, while the criterion of beam/cell selection should be left to UE implementation. 
Proposal 7: The number of the reported cells/beam should be same as the configured value L/M.
Proposal 8: NW can configure UE whether the results of serving cell and/or inter-frequency candidate cell is included in a report.
Proposal 9: The work on the event-triggered L1 report in RAN1 should be with low priority.
Proposal 10: The field of information to identify the target cell(s) should be always present in the CSC. Other information, such as TA related information, TCI state index and BWP ID are optional present depending on network configuration. 
Proposal 11: A field to trigger SRS may be present in the CSC for potential UE arrival indication, precise TA refinement and channel measurement in the target cell. 
Proposal 12: The SCell activation/deactivation indication in the cell switch command can be considered if RAN2 conclude to support it in Rel-18 LTM.
Proposal 13: A separate MAC CE could be used for TCI state activation of a candidate cell before cell switch and a logical ID which mapping to the PCI of the candidate cell should be included.
Proposal 14: For TCI activation of candidate cell before cell switch, the capability of total number activated TCI states across serving cells and candidate cells should be reported by UE. FFS, number of activated TCI states per candidate cell or across all candidate cells
Proposal 15: Similar as Rel-17 TCI state mode indication with unifiedTCI-StateType-r17, per candidate cell TCI state mode is provided before cell switch command to UE to determine the type of TCI state indication in the cell switch command.
Proposal 16: For a set of CCs (candidate Cells) configured in the same simultaneous TCI state update list, a common TCI state list associated with a reference cell can be provided. Otherwise, per cell TCI state list should be provided to UE before cell switch.
Proposal 17: For scenario 2, a TCI state indicated in the cell switch command is applied to multiple cells included in the list of simultaneous TCI state of the indicated target cell (when the list is configured) when the cells indicated in the list are active after cell switch command.
Proposal 18: More than one TCI states can be conveyed in the cell switch command, when there are multiple (up to 4) simultaneousU-TCI-UpdateList configured for the candidate cells, or when there are multiple target cells and simultaneousU-TCI-UpdateList is not configured.
Proposal 19: To achieve the low latency of potential subsequent LTM, at least TA and L1 measurement results can be kept for original serving cell and part of candidate cells configured when UE is associated with original serving cell. 
Proposal 20: The start point to count beam application time in LTM should reuse the legacy rule, i.e., the slot n where a PUCCH with HARQ-ACK information corresponding to the PDSCH carrying the cell switch command is transmitted.
Proposal 21: UE could be configured with SRS/PUSCH/PUCCH resource in the target cell before cell switch command is issued. FFS: beam application, timing, power control etc.  
Proposal 22: UE can additionally determine the LTM failure according to L1 measurement of DL RS and success of UL transmission on preconfigured resource in the target cell. UE can recover the link with source cell when LTM failure is detected without waiting for expiration of T304.   
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