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Introduction
In RAN #94-e [1], several objectives were proposed on further enhancement for mobility: 
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]
Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


1. 
In this paper, we share our views on L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication. The rest of this paper is structured as follows. Section 2 provides our general considerations on L1 enhancements for L1/L2 based mobility. Section 3 discuss potential issues regarding L1 measurement and reporting for mobility enhancement. Section 4 provides our views on beam indication for L1/L2 mobility. Our views for dynamic switching is provided in section 5. Summary and conclusion are provided in Section 6.
General considerations on L1 enhancements for L1/L2 based mobility
According to the WID, the main target is to reduce latency in mobility by introducing L1/L2 based inter-cell mobility mechanism. However, it does not imply every step in the mobility procedure should be carried out in L1. For example, in legacy L3 mobility, L3 RRM measurement configured by the measurement object is suitable for neighbor cell detection, among which candidate cell for mobility may be determined. UE measures the SSB/CSI-RS for the neighbor cell(s) and reports RSRP, RSRQ and SINR for none, one or more than one cells according to higher layer configuration. The L3 measurement is usually performed periodically before the handover and has nothing to do with the HO interruption time. Thus, it can be reused in L1/L2 mobility. 
Proposal 1: Reuse L3 measurement mechanism for neighbor cell detection in L1/L2 based mobility.
In RAN2#119-e[2], HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell, which includes time for UE to processing the cell switching command (Tcmd+Tprocessing,2), time for DL synchronization(Tsearch+TΔ+Tmargin), time for UL synchronization (TIU+TRAR) and Time for UE performs the first DL/UL reception/ transmission on the indicated beam of the target cell, after RAR (Tfirst-data) as illustrated in Figure 1. 
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Figure 1: Components of Mobility Latency
If the beam management and acquisition of DL and UL synchronization for the target cell can be accomplished before the cell switch command is issued, the HO interruption time can be significantly reduced. As well as the inter cell beam management (ICBM) specified in Rel-17, further enhancement on the following aspects could be considered. For L1 measurement and report, L1 based inter-frequency measurement should be specified in order to support mobility between cells not operating in the same carrier frequency. To further reduce the mobility latency, the early application of L1 configurations for neighbor cell should also considered, including TRS tracking and the potential beam indication for target cell during handover. For the timing advance management, acquiring the timing advance of target cell before handover and applying this timing advance as early as possible during handover can significantly reduce the latency. The discussion of timing advanced management is in our companion paper [3].  
Proposal 2: For L1/L2 based mobility, RAN1 should focus on the following issues: 
· L1/L2 measurement and report for neighbor cell(s), including inter-frequency scenario
· Early application of L1 configurations for neighbor cell in handovers (e.g. TRS tracking and beam indication in neighbor cell)
· Timing advance management before and during handover, including timing advance acquisition and application

Enhancement on L1 measurement and report
Enhancement on L1 Measurement 
Intra-frequency and Inter-frequency measurement
According to the WID, the procedure of L1/L2 based inter-cell mobility are applicable to both intra-frequency and inter-frequency mobility. To meet the measurement requirement of L1/L2 based mobility, both inter-frequency and intra-frequency L1 measurement should be supported. 
Proposal 3: Both inter frequency and intra frequency L1 should be supported in Rel-18.
For L1 based measurement, the definition of intra-frequency and inter-frequency measurement is not clear. Two alternatives could be taken as references.
Alt 1: based on definition in L3 measurement.
In TS 38.133 Section 9.2, the definition of intra-frequency measurement is provided for SSB-based L3 RRM measurement. The intra-frequency measurement requires the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbor cell are the same, and the subcarrier spacing of the two SSBs are also the same. Otherwise, the measurement is categorized as inter-frequency measurement as specified in section 9.3 of TS38.133. The intra-frequency and inter-frequency measurement for CSI-RS based measurement are defined in section 9.10.2 and 9.10.3 of TS38.133, similarly as SSB-based measurement.
Alt 2: based on the requirements applicability for L1-RSRP measurements for a cell with different PCI from serving cell in Rel-17.
To support Rel-17 ICBM, RAN4 specified corresponding requirements. In frequency domain, the SSB of the cell with different PCI from serving cell has the same SCS and center frequency as the SSB of the serving cell. And the SSB of the cell with different PCI from serving cell should be completely contained in the active BWP or associated with initial downlink BWP of the UE. There are three requirements for in time domain as well: the SSB of the cell with different PCI from serving cell has the same sfn-SSB-Offset, the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS and the UE has sent a valid L3 measurement report during the last 5 seconds. Otherwise, the L1-RSRP measurements for a cell with different PCI from serving cell is not supported in Rel-17.
Compared with Alt 1, Alt 2 has more requirement in both frequency and time domain to perform L1 intra-frequency measurement on SSB in neighbour cell. Whether requirement in Alt 2 above is reused as the assumption of L1 intra-frequency measurement, or potential relaxation (as Alt 1) could be introduced for L1 intra-frequency measurement should be determined before RAN1 initiates the design of measurement for L1/L2 mobility. 
Proposal 4: Send LS to RAN4 and ask for the requirement for L1 intra-frequency and inter-frequency measurement.

Considerations on measurement timing assumptions 
[bookmark: _Hlk84843602]In Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on reception timing at UE side of signals from TRPs with PCIs different from the serving cell compared to that for serving cell. Therefore, from the perspective of L1 measurement for inter cell beam management, the cells are regarded as known at least if the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS. The typical scenario satisfying the receiving timing restriction is plotted in the left figure in Figure 2, where UE is located at the edge between two sectors. However, for a typical scenario of inter-cell mobility as shown in the right sub-figure, the receiving timing difference of reference signals between serving cell and neighbor cells are hard to be always within the CP. 
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Figure 2: Typical scenarios for inter-cell beam management and inter-cell mobility
Observation 1: In Rel-17 inter-cell beam management and inter-cell mTRP, UE assumes time difference of arrival of signals from neighbor cells and serving cell is within CP. It is not suitable for inter cell mobility if the neighbor cells are not collocated.

Measurement configuration
L1 measurement in current design mainly targets at beam management and CSI measurement in the serving cell. First, the L1 measurement is based on exactly time/frequency resource of SSB/CSI-RS in the serving cell, i.e. different from L3 frequency-specific measurement object, L1 measurement is a resource-specific measurement. In Rel-17 MIMO enhancement, inter cell beam management is introduced. It allows NW to configure UE to measure SSBs with PCI different from serving cell. In detail, up to 7 additional PCIs with local index can be associated to SSBs in L1 measurement configuration. For CSI-RS, since the CSI-RS resources are provided under serving cells, UE can only measure CSI-RS from neighbor cell by an “in-direct” manner, i.e. measuring on the CSI-RS resource in the serving cell which is QCLed to a SSB with PCI different from serving cell. 
The measurement configuration based on Rel-17 inter-cell beam management has some limitation in L1/L2 mobility. First, as the CSI-RS from neighbor cell is camouflaged as a CSI-RS from serving cell, it requires the CSI-RS transmission in neighbor cell should be aligned with CSI-RS resource configured in the serving cell, in terms of periodicity, frame offset, frequency location density and etc. gNB should ensure the time difference of arrival of DL RS from serving cell and neighbor cell is within the CP duration. Otherwise, the quality of L1 measurement is not guaranteed. Such assumption lays restriction on the scheduling flexibility in the neighbor cells even for synchronized deployment, considering different propagation delay and synchronization error between serving cell and neighbor cell, nevertheless, in asynchronized deployment. Second, measurement configuration of SSB/CSI-RS in Rel-17 only supports the intra-frequency measurement. It cannot be applied to the inter-frequency scenario which is included in the scope of Rel-18 L1/L2 mobility for consideration. Thus, we support that DL RS resources in neighbor cell(s) for L1 measurement can be explicitly configured as part of neighbor cell configuration in handover preparation phase, but not as resources in current serving cell which only associated with PCI different from serving cell.
Proposal 5: Support to explicitly configure the measurement resources for neighbor cell independently from serving cell’s resources for L1/L2 mobility.
In Rel-17, for UE support L1-RSRP measurements for a cell with different PCI from serving cell, it is required to be capable of measuring SSB for L1-RSRP without measurement gaps. The scheduling restrictions are defined in section 9.12.6 of TS38.133 from the perspective of numerologies, frequency range and carrier aggregation. Considering the same center frequency of SSB, strict timing alignment between serving cell and target cell in ICBM scenario, there is either no scheduling restriction or the scheduling restrictions are only applied on the symbols of measured SSB. 
If L1 inter-frequency measurement is introduced, UE needs to re-tuning RF, reset ADC/AGC and during the measurement UE is not expected to receive any signals from the serving cell. The mechanism of configuring measurement gap in L3 measurement could be taken as reference.    
Proposal 6: Send LS to RAN4 and ask for the requirement of scheduling restrictions (measurement gap) due to L1 inter frequency measurement. 

On L1 measurement reporting
In current specification, periodic, semi-persistence and aperiodic L1 report are supported for intra cell mobility. gNB can flexibly configure one or more types of report catering to different scenarios. Some limitations are specified for certain type of report, e.g. periodic reporting cannot base on the measurement on aperiodic CSI-RS resources. In the L1/L2 mobility, the measurement is usually performed on periodic DL RS, e.g. SSB of neighbor cells. There is no limitation for gNB to configure different report types.  
Proposal 7: P/SP/AP L1 measurement reporting for neighbour cell reference signals should be supported.
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. However, if L1 beam RSRP reporting is conveyed by PUCCH, the reporting resource needs to be reserved by the network anyway even if the reporting is not triggered. As we proposed in section 3.1, L3 based measurement are still used for neighbor cell detection before L1/L2 measurement and report are performed. With the L3 measurement results, L1 based measurement and reporting could be confined on limited DL RS in sub set of candidate cells. Therefore, the benefits to introduce event triggered scheme in L1 report is marginal. 
Observation 2: The motivation to introduce event triggered L1 reporting is not clear. 
Early application of L1/L2 configuration
In L3 mobility, after handover execution and random access finished, new serving cell need to activate TCI states by MAC-CE, and DCI may be required to further indicate one of activated TCI states based on Rel-17 unified TCI framework. If TCI state of target cell can be indicated before handover, latency on TCI states activation could be saved. UE could recover the high data rate transmission immediately after handover. 
In Rel-17 inter-cell beam management, UE is able to be configured in the serving cell with TCI state associated with RS which is QCL type-D with SSB/CSI-RS associated with PCI different from serving cell. Such TCI state can be further activated/indicated by MAC-CE/DCI. UE could transmit to or receive signals from neighbour cell according to the indicated TCI without changing its serving cell. However, the TCI state corresponding to serving cell DL RS associated with different PCI from serving cell in Rel-17 can only indicate beams within bandwidth of active BWP of serving cell. It is not able to indicate beam for neighbour cell operating at different carrier frequency. After UE switches to the target cell, it is not suitable to continue use the TCI state associated with RS in the source cell. If UE can be indicated TCI states of target cell before or during L1/L2 based handover, the time consumed on TCI state update in the target cell can be saved. Thus, we propose to indicate beam (TCI states) associated with neighbour cells before and during L1/L2 based handover.
Proposal 8: Support gNB to indicate beam (TCI states) associated with neighbour cells in L1/L2 based handover.
Since the end of HO interruption is the time for UE performs the first DL/UL reception/transmission on the indicated beam of the target cell, it is important to further reduce the beam application time of UE at the target cell. For lower TCI state activation delay, known conditions for a TCI state should be met. The known conditions were specified in TS38.133 including that the TCI state should remain detectable and TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement. In legacy design, the source RS for QCL type-A in an indicated TCI state should be a TRS which provides fine time/frequency tracking to facilitate the demodulation of PDCCH/PDSCH. If the TRS of target cell could be measured/tracked before cell switch command, interruption of handover could be reduced.
Proposal 9: Support UE to measure/track TRS of target cell before cell switch command is issued.

Dynamic serving cell switch
Handover command is conveyed by RRC message in Rel-15. Such design is inherited from LTE and it contains a lot of configurations for target cell. RRC message is protected by some higher layer mechanisms for integrity as well as for security. For L1/L2 based mobility, configurations for target cell could be provided to UE in the handover preparation phase. RAN2 has some candidate solutions to configure a L1/L2 inter-cell mobility candidate cell during last meeting: by RRCReconfiguration (mode 1), or by CellGroupConfig (mode 2) or by SpCellConfig (mode 3) for each candidate cell [4]. No matter what kind of solution adopted by RAN2, unlike the legacy handover command, configurations such as serving cell configurations for the target cell is not necessarily conveyed in the cell switch indication message anymore for L1/L2 based mobility.
Observation 3: Most of target cell configurations is not necessarily conveyed in dynamic cell switch indication anymore in L1/L2 based mobility.
Besides the configuration for DL/UL for the target cell, PRACH configuration was also included in the legacy handover command for UL synchronization. To reduce the handover interruption, TA may be acquired before the handover as discussed in our companion paper [3], therefore the PRACH configuration may not be needed in the handover command. Considering there may have more than one candidate cells in the mobility scenario, an identity for target cell among candidate cells is required. To reduce the latency of beam management in target cell, the beam for data transmission may be determined before handover as well, hence the TCI state for the target cell may also be included in the dynamic cell switch indication signalling.
Proposal 10: At least cell identity and TCI state for the target cell should be included in dynamic cell switch indication.
Regarding the dynamic cell switch signalling for L1/L2 based mobility, DCI and MAC-CE could be considered from the perspective of reliability, delay and flexibility. First, HARQ-ACK for the cell switch signalling is necessary to ensure reliability. Without HARQ-ACK, there may have some misalignment between UE and network, and UE may lose the connection. MAC-CE is protected by HARQ-ACK since Rel-15. If DCI is adopted, HARQ-ACK for the cell switch DCI should be introduced for reliability similar as beam indication DCI in Rel-17. Second, both MAC-CE and DCI could reduce signalling processing delay compare to RRC. If the HARQ-ACK in essential, then both MAC-CE and DCI have the delay to wait for HAQR-ACK, while DCI may experience shorter signalling decoding delay. The last but not least, MAC-CE has better flexibility to extend the capacity to carry more necessary information. Although it depends on RAN2 whether to convey more information in the dynamic switch indication for handover, it is still challenging to carry at least the identity of target cell and TCI state to be applied in target cell by re-purposing fields in current DCI format. On the other hand, introducing new DCI format requires UE to either increase the capability on PDCCH monitoring or occupy the BD/CCE budgets for the other DCI formats. To sum up, MAC-CE is preferred to be used as the signalling for dynamic cell switch for L1/L2 based mobility.
Proposal 11: MAC-CE is preferred for dynamic cell switch indication in L1/L2 based mobility.
Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: In Rel-17 inter-cell beam management and inter-cell mTRP, UE assumes time difference of arrival of signals from neighbor cells and serving cell is within CP. It is not suitable for inter cell mobility if the neighbor cells are not collocated.
Observation 2: The motivation to introduce event triggered L1 reporting is not clear. 
Observation 3: Most of target cell configurations is not necessarily conveyed in dynamic cell switch indication anymore in L1/L2 based mobility.

Proposal 1: Reuse L3 measurement mechanism for neighbor cell detection in L1/L2 based mobility.
Proposal 2: For L1/L2 based mobility, RAN1 should focus on the following issues: 
· L1/L2 measurement and report for neighbor cell(s), including inter-frequency scenario
· Early application of L1 configurations for neighbor cell in handovers (e.g. TRS tracking and beam indication in neighbor cell)
· Timing advance management before and during handover, including timing advance acquisition and application
Proposal 3: Both inter frequency and intra frequency L1 should be supported in Rel-18.
Proposal 4: Send LS to RAN4 and ask for the requirement for L1 intra-frequency and inter-frequency measurement.
Proposal 5: Support to explicitly configure the measurement resources for neighbor cell independently from serving cell’s resources for L1/L2 mobility.
Proposal 6: Send LS to RAN4 and ask for the requirement of scheduling restrictions (measurement gap) due to L1 inter frequency measurement. 
Proposal 7: P/SP/AP L1 measurement reporting for neighbour cell reference signals should be supported.
Proposal 8: Support gNB to indicate beam (TCI states) associated with neighbour cells in L1/L2 based handover.
[bookmark: _GoBack]Proposal 9: Support UE to measure/track TRS of target cell before cell switch command is issued.
Proposal 10: At least cell identity and TCI state for the target cell should be included in dynamic cell switch indication.
Proposal 11: MAC-CE is preferred for dynamic cell switch indication in L1/L2 based mobility.
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