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1 [bookmark: OLE_LINK110][bookmark: OLE_LINK111]Introduction
[bookmark: OLE_LINK1]Rel-18 work item on mobility enhancement has been agreed in RAN#97-e-Meeting [1]. Specifically, L1/L2 based inter-cell mobility for mobility latency reduction involves the work of RAN1. Especially, L1 enhancements for inter-cell beam management including beam measurement, beam reporting and beam indication needs to be considered.
[bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this contribution, we provided our views mainly on L1 enhancements for L1 measurement and reporting, and inter-cell beam indication.
2 Previous agreements
In RAN#97-e-Meeting [1], the following agreements were reached for Rel-18 work item on L1/L2 based inter-cell mobility.
	Objective of WI
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


[bookmark: OLE_LINK130][bookmark: OLE_LINK131]
In RAN#110b-e-Meeting [2], the following agreements were reached for L1 enhancements for inter-cell beam management.
	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
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.
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
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
· 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
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
-       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
-       Scenario 1: Beam indication before cell switch command
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]-       Scenario 2: Beam indication together with cell switch command
-       Scenario 3: Beam indication after cell switch command
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
-      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)
-       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)


3 Discussion on L1 based measurements for inter-cell mobility
It is agreed in [3] that L1 beam level measurement results can be used as the basis for the cell switching decision. 
The ranges of measurement reporting periodicity differ for L3 measurements and L1 measurements. For L3 measurements, the reporting periodicity range is from 120 ms to 30 minutes. The UE measures a neighbor cell every measurement period or much longer. For L1 measurements, the reporting periodicity range is from 4 slots to 320 slots, and the UE is required to meet accuracy requirements in every L1 report ([4]).
The short periodicity of L1 measurement in inter-cell handover, may increase the signaling overhead and energy consumption of the UE, due to the number of measurements and amount of reporting performed for the candidate cells. In particular, if a handover cannot happen immediately, e.g. when the UE stops moving or target cell radio link condition does not improve further. To avoid a large number of active L1 measurements, these L1 measurements of candidate beams/cells may be activated/deactivated e.g. via MAC CE. However, available bits in MAC CE can be limited or signalling overhead would be higher, and gNB may not be able to deactivate all these L1 measurements without delay. Therefore, we propose to specify a default or configurable time duration for active L1 measurements of candidate cells, so that the number of active measurements can be reduced without signalling overhead. The timer may be started for the neighbouring candidate cell’s L1 mobility measurements upon the activation. The timer expires if no handover is triggered, upon which, UE stops the measurements of candidate cells’ SSB-RSRP. 
[bookmark: _Hlk115188475]In addition, gNB may be able to restart or stop these L1 measurements for inter-cell mobility dynamically based on L3 RSRP measurement results. gNB may also define beam measurement thresholds for the start and stop of L1 beam measurements for inter-cell mobility.
gNB may reactivate the L1 measurements for inter-cell mobility dynamically based on e.g. L3 RSRP measurement results. gNB may also define measurement thresholds for activating L1 measurements for inter-cell mobility. The beam measurement threshold can be an absolute value of the serving beam, or a delta value for the difference between the beam of the target cell and the beam of the serving cell, below/above which, the measurements for a particular beam/cell can be stopped. L3 measurement threshold may then be used to restart the corresponding L1 beam measurements.
Proposal 1: Specify a default or configurable time duration for active L1 measurements of candidate cells for inter-cell mobility monitoring.
Proposal 2: Specify measurement threshold for deactivating L1 measurements for inter-cell mobility. 
As a UE is required to measure increased number of measurement objects for non-serving cells in order to find the best beam/cell for handover, there is a trade-off between performance and complexity. A number of candidate cell(s) may be configured for inter-cell beam measurements, the measurement configurations such as the SSB-based measurement timing configuration, inter-frequency measurement gap configuration etc. will all need to be coordinated on the source cell. Furthermore, it may be required to support additional CSI-RS and SRS measurement configurations for the non-serving cells. To reduce the measurement resource usage, only a subset of candidate cells may be measured simultaneously, e.g. only 2 best target cells are measured at once out of 8 candidate cells for L1/L2 mobility monitoring, and the best beams are selected per candidate cell within the same carrier or across carrier. In Rel-17, only the maximum number of reported beams is specified. The beams may not be from different candidate cells. Both handover scenarios where the measured RS not covered by any of the active BWPs of SpCell and Scells or any of the configured BWPs of SpCell and Scells of for a UE can be supported by specifying a subset of mandatory candidate cells for L1 measurements and reporting. gNB may list the candidate cells in order of priority so that UE can measure only the first candidate cells. 
Proposal 3: Specify maximum number of candidate cells for L1 measurements and reporting.   
The short periodicity of L1 measurement, may increase the probability of ping-pong handover. To improve the robustness of L1 measurements, gNB should be able to fine-tune the UE measurement reporting filtering criteria based on the handover performance. gNB may configure how the L1 measurement results are filtered for measurement reporting. gNB may need to configure measurement report filtering for L1: the number of measurements to average; best n measurements to average or number of measurement events exceeding threshold during a specified time period (multiple L1 measurement period) as trigger for measurement reporting. L3 filtering formula may be reused after the preprocessing of measurement samples, e.g. averaged after removing the highest/lowest X percentile measurement values in time domain. Note that L1 measurement report filtering may be configured to be performed at the source-DU for inter-cell inter-DU beam management, or at the UE for conditional handover.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119]Proposal 4: Support that gNB can adjust the UE measurement report filtering based on handover performance.   
4 Discussion on inter-cell beam indication 
In Rel-16/17, beam switch or indication is based on a DCI/MAC-CE indicating or activating a TCI state. In Rel-18, L1/L2 signaling based serving cell change will be supported. In order to reduce interruption time in L1/L2 based mobility, i.e., faster handover to the target (serving) cell and switch to the beam towards the target cell, one possibility is that, serving cell change and beam switch are triggered at the same time. In other words, the L1/L2 signaling indicating serving cell change and the L1/L2 signaling indicating beam switch is transmitted to the UE simultaneously, and they may be even the same signaling. Furthermore, in principle, the latency of beam switch is usually smaller than that of serving cell change due to UL synchronization for the target cell at least is needed for serving cell change. It means that, after the L1/L2 signaling indicating beam switch and (or) serving cell change take effect, new indicated beam may be applied before serving cell change is completed. 
Proposal 5: For faster handover to the target cell and switch to the beam towards or (applied for) the target cell, at least support Scenario 2, i.e., Beam indication together with cell switch command.
In principle, the new TCI state is indicated by the source (serving) cell. And according to design about TCI state for non-serving cell in Rel-17, at least for joint TCI or DL TCI, QCL-TypeA/D RS derives from the CSI-RSs configured in the source cell and QCL-TypeD RS is associated with a SSB associated with additional PCI corresponding to the target cell. It seems no problems that UE applies the QCL-TypeA RS and the QCL-TypeD RS before serving cell change is completed. After all, the source cell is still the serving cell before that.
However, after serving cell is completed, the acquisition of QCL-TypeA information for the channel or RS in the target cell may be problematic. In detail, information about QCL-TypeA (e.g., Doppler shift, Doppler spread, average delay, delay spread) cannot be applied cross cells. It means that, after serving cell change is completed, the QCL-TypeA RS in the new TCI state indicated by the source cell cannot be applied for the channel or RS in the target cell. Therefore, we should consider how to obtain the QCL-TypeA (i.e., QCL-TypeA RS) applied for the target cell based on the new TCI state indicated by the source cell.
In Rel-18, some RRC configurations for candidate target cells may be pre-configured, which provides useful ideas for the above problems. For example, in order to faster beam switch for the target cell, the CSI-RS/SSB resources for beam measurement and reporting for the candidate target cells can be configured in the source cell. Further, the TRSs for the candidate target cells seem to be configured in the source cell for faster time-frequency tracking. If so, for the obtainment of the QCL-TypeA RS applied for the target cell above mentioned, a method similar to beam indication for CC group can be reused. For example, only the resource ID of the QCL-TypeA RS needs to be indicated, but the cell where the QCL-TypeA RS is located or configured does not need to be indicated. And UE can obtain the QCL-TypeA RS based on the corresponding QCL-TypeA RS in the applied target cell. Further, some related timings may be clarified, i.e., when to obtain the QCL-TypeA RS for the target RS.
Proposal 6: Consider how to obtain the QCL-TypeA RS applied for the target cell based on the TCI state indicated by the source cell.
Additionally, power control parameters and PL-RS of PUSCH are included in the TCI state indicated by the source cell. In addition to the QCL-TypeA RS, how to determine the power control parameters and PL-RS of PUSCH applied for the target cell based on the TCI state indicated by the source cell needs also to be considered.
As mentioned above, in Rel-18, the SSB resources and CSI-RS resources for beam management or time-frequency tracking for the candidate target cells may be configured in the source cell. Naturally, the TCI state dedicated and applied for the target cell can be indicated to UE by the source cell. One advantage of this is that it can greatly reduce the latency of beam management including beam measurement, reporting and indication in the target cell, and faster switch to the beam towards the target cell. Therefore, in order to reduce the latency of inter-cell beam switching, from our point of view, a TCI state applied for the target cell can be indicated by the source cell.
Proposal 7: Support the source cell to indicate a TCI state applied for the target cell.
5 Conclusion
[bookmark: _Hlk101889792]In this contribution, we provided our views on L1 enhancements for L1 measurement and reporting, and inter-cell beam indication. Specifically, we have the following proposals:
Proposal 1: Specify a default or configurable time duration for active L1 measurements of candidate cells for inter-cell mobility monitoring.
Proposal 2: Specify measurement threshold for deactivating L1 measurements for inter-cell mobility. 
Proposal 3: Specify maximum number of candidate cells for L1 measurements and reporting.   
Proposal 4: Support that gNB can adjust the UE measurement report filtering based on handover performance.  
Proposal 5: For faster handover to the target cell and switch to the beam towards or (applied for) the target cell, at least support Scenario 2, i.e., Beam indication together with cell switch command. 
Proposal 6: Consider how to obtain the QCL-TypeA RS applied for the target cell based on the TCI state indicated by the source cell.
Proposal 7: Support the source cell to indicate a TCI state applied for the target cell.
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