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Introduction
In RAN#94 meeting, a new Work Item [1] was agreed to support L1 enhancements for inter-cell beam management. Some agreements on intra-frequency and inter-frequency beam management were achieved during the last RAN1 meeting. 
This contribution provides further considerations on L1 enhancements for inter-cell beam management.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
L1 measurement configuration
For L1 measurement configuration, although it is handled by RAN2, RAN1 still needs to provide necessary RRC parameters as listed in the following agreement.  
	Agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· Including above agreement into the LS
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 
· Following RAN1 understanding will be provided in the LS
· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 
· Note RAN2 has a full flexibility to design the whole RRC structure design.
· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 
· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations. 



According to the RAN3 [3], serving DU cannot know the measurement RS configuration and TCI state configuration of cells served by another DU. So all the related RS configuration parameters and TCI state configuration parameters which are needed have to bring up to RAN3. Although RAN2 can give detailed design of L1-RSRP measurement structure, RAN1 have to give RRC parameters first. 
[bookmark: OLE_LINK23]For RS configuration of time domain needs to be provided to a UE, which one between SMTC and periodicity should be configured, our preference is SMTC. Since SMTC is to configure SSB measurement timing configurations, it has complete configurations for SSB measurement, including periodicity, offset, duration. Though it is only used during L3 measurement, we do not see strong difference between L3 based and L1 based SSB measurement from the SSB configuration point of view. 
For the FFS point, whether or not the RS configuration of transmission power (for path loss calculation) is needed, if RACH based TA acquisition is applied for early UL synchronization before LTM command on this candidate cell, transmission power of SSB is required. Otherwise, it does not need. 
Proposal 1. For RS configuration of time domain needs to be provided to a UE, SMTC is preferred. 
Proposal 2. If RACH based TA acquisition is applied for early UL synchronization before LTM command, transmission power of SSB is required.
L1 measurement reporting
gNB scheduled L1 measurement reporting
Contents of gNB scheduled L1 measurement reporting
The following parts was pointed as the key points for gNB scheduled L1 measurement reporting. 
	· Important discussion in RAN1#112bis
· FFS whether the configured candidate cell(s) can be activated
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]FFS how to choose the beams to be reported from multiple candidate cells, e.g. from all configured/activated candidate cells, from each candidate cell, from each group of candidate cells, from selected candidate cells 



For the first FFS whether the configured candidate cells can be activated, the answer is YES. Since RAN2 has agreed to support sequential LTM cell switch to avoid RRC reconfiguration between each cell switch. As shown in Figure 1, the UE is first in cell A with Cell B and Cell C as candidate cells. Then UE performs an LTM cell switch to cell B and add Cell C as a SCell. In this case, Cell C is still a candidate cell. Second reason is if the configured candidate cells cannot be activated, there are too much restrictions, which means the SCell can never be a candidate cell and switch to it through LTM. However, it is against RAN2 agreed scenarios that the target SCell is the current PCell. 

 
Figure 1: An example for a configured candidate cells which is activated
On how to choose the beams to be reported from multiple candidate cells, to reduce the reporting overhead and restrict the maximum number of beams is very important for UE implementation. Intra-frequency and inter-frequency may have some different according to candidate cells selections. 
For intra-frequency and synchronized measurement, CSI reporting in Rel-17 ICBM can be reused, including beam to be reported/candidate cell selections are based on first RSRP values.   
Proposal 3. Configured candidate cell(s) can be activated
Proposal 4. On how to choose the beams to be reported from multiple candidate cells, from all configured candidate cells in a report can be supported, under the maximum beam number restriction. 
Event-triggered reporting
There was an agreement about UE event triggered report for L1 measurement agreed during the last meeting, listing all aspects related. 
	Agreement RAN1#111
· For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved



There are some benefit of event initiated L1 reporting, including:
· NW can set proper trigger condition, so that the reported measurement results is rather stable to avoid frequent handover and Ping-Pong effect.
· Event-triggered reports can reduce the reporting overhead, which is good for UE energy consumption.
But event initiated L1 reporting requires more specification change on the basis of the CSI reporting framework. Such as how to feedback L1 reporting which gNB does not known in advance. BFR mechanism can considered for this UE initiated reporting.. But it is a new function comparing with CSI reporting, which also need more efforts. So we prefer to keep it in the scope and further study the pros and cons to decide whether or not to support.
Proposal 5. [bookmark: OLE_LINK1]Event initiated L1 reporting can be further studied.
For UE event, we propose to use the L3 events, especially Event A3 and A5 as starting points.
For Report container, MAC-CE can be used for carrying event based L1 report. For report on MAC-CE, it may work more properly for UE initiated report rather than gNB scheduled report. Because the UE initiated report do not have associated resource, such as PUCCH or PUSCH. It is hard for gNB to make decision whether or not there is UE-initiated report on the PUCCH/PUSCH. Then MAC-CE would be a better container for measurement report under this situation.  
For resource allocation/assignment for UE event triggered report, we think configured grant PUSCH would be easier to report. There would be no additional delay for request resources. Under this assumption, there would be no necessity of indication to gNB when the condition UE event is met.
Proposal 6. Event A3 and A5 can be used as starting points for UE event.
Proposal 7. Report on MAC-CE is proper for UE initiated report.
Proposal 8. configured grant PUSCH can be considered for resource allocation/assignment for UE event triggered report
Beam indication
Among the three options, we support Option A to give a unified solutions for inter-frequency and intra-frequency beam indication. The Rel-17 TCI framework is more efficient to indicate beam. 
	Agreement RAN1#111
· The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 



If Rel-15 TCI framework is also applied, it would cause more specification work and high workload under this AI. Furthermore, two TCI frameworks is too much for beam indication.
Proposal 9. It is suggested do not further study the design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework for Rel-18 LTM.
Cell switch command
According to cell switch command, the FL proposal was discussed during the last meeting but without consensus. For the first main bullet and sub-bullets, we support the information listed. For the second branch, they are less stable and lack of discuss. From our point of view, A-TRS, A-CSI and A-SRS are all optimization, not basic LTM functions. So they are left open for further study. 
	[FL proposal 5-4-v1] Wed
· From RAN1 point of view, at least the following information needs to 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
· FFS: TA related information (up to the discussion in A.I. 9.12.2)
· Beam Indication for the target SpCell
· ID of the active DL and UL BWPs for the target SpCell
· [Study further the necessity/effectuality and benefit of the following field and corresponding UE procedure]
· Triggering of aperiodic TRS transmitted from the target cell
· Triggering the CSI acquisition of the target cell and reporting to the target cell
· Triggering of aperiodic SRS transmission to the target cell
· FFS: the presence of each field (i.e. always present or configurable)
· FFS: the bit size of each field, or can be felt to RAN2
FL note: yellow part can be removed if we can achieve the consensus during offline discussion



Thus, the FL note at the end of proposal is good way forward. We can agree on the stable part only first, and then make further studies on the red part. 
Proposal 10. For cell switch command, 
From RAN1 point of view, at least the following information needs to 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
· FFS: TA related information (up to the discussion in A.I. 9.12.2)
· Beam Indication for the target SpCell
· ID of the active DL and UL BWPs for the target SpCell
· FFS: the presence of each field (i.e. always present or configurable)
· FFS: the bit size of each field, or can be felt to RAN2
DL synchronization
According to the offline and online discussion, DL synchronization and TCI state indication/activation was discussed. [5] also listed more compact description according to UE behaviors, including only one or both of following UE behaviors:
	[FL proposal 5-3-3-1c-v3] 
· Companies are encouraged to study the following aspects related to the DL synchronization and TCI state activation when Rel-17 unified TCI is used for LTM beam indication:
· Timing to perform DL synchronization
· Alt.1 Two-step DL synchronization procedure
· UE maintains DL synchronization (to find frame boundary and for TA management) with SSB after L1 measurement and then
· gNB activates TCI state(s), and then the UE starts DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI states
· Alt.2-1 One-step DL synchronization procedure
· UE maintains DL synchronization with SSB after L1 measurement
· Alt.2-2 One-step DL synchronization procedure
· gNB activates TCI state(s), and then UE starts DL synchronization with the QCL source of the TCI states
· Necessity for DL synchronization for TA: whether and how DL synchronized is performed before TA 
· Applicability of CSI-RS (if agreed) in addition to SSB
· RAN1 spec impact (UE capability, configuration, activation etc)
· Timing of TCI state activation, i.e. whether TCI state activation is performed before TCI state indication or together with TCI state indication. 
Suggestions in [5]:
UE behaviour 1: Maintain frame/symbol boundary information and [TA management] after L1-measurement on a candidate cell
· Open issue 1: whether to introduce procedure to configure/activation of the cells/beams to maintain DL synchronization
· Open issue 2: whether/how to introduce the related UE capability (this can be discussed in UE feature session)
· Open issue 3: Relationship with TA procedure for candidate cells
UE behaviour 2: TCI state activation to achieve fine synchronization with candidate cells for PDSCH/PDCCH reception
· Open issue 1: Details of TCI state activation (including when and how TCI state is activated), e.g., whether activating TCI states associated with candidate in inter-frequency is feasible
· Open issue 2: how many cells/beam and TCI states can be activated (this can be discussed in UE feature session)
· Open issue 3: Details for TCI state RRC configurations (note: RRC structure would be up to RAN2)



[bookmark: _GoBack]Basically, UE behaviour 1 and	Alt.2-1 One-step DL synchronization procedure is the baseline for DL synchronization. But the disadvantage is very clear that if the candidate cells number is large the UE implementation complexity is big trouble, another aspect is UE may maintain some DL synchronization useless, since the candidate cells would not be good enough to be a target cell in LTM. Thus, in order to balance UE complexity and DL synchronization delay, some restrictions can be considered, such as give the maximum number of candidate cell for DL synchronization, and/or a certain condition is satisfied UE can do DL synchronization, which is a method with configuration but without indication. 
· For Open issue 1 for UE behaviour 1 whether to introduce procedure to configure/activation of the cells/beams to maintain DL synchronization, it seems not necessary. Because if only configuration of cells/beams to maintain DL synchronization, they are not flexible according the actually channel and mobility. If configuration/activation are used, there are quite large challenge for inter-DU case which serving DU has no idea of beam/TCI information of candidate cell. So it is lack of generally applicability. 
· For Open issue 2 for UE behaviour 1, we support to discuss it in UE feature session, which is very important for Alt.2-1.
· For Open issue 3 for UE behaviour 1, DL synchronization should always be done before UL synchronization, because any type of TA acquisition needs DL timing, PDCCH order triggered RACH procedure or UE-measured TA through Rx time difference. 
In Alt.1 and Alt.2-2, UE behaviour 2 TCI state activation to achieve fine synchronization with candidate cells for PDSCH/PDCCH reception is not necessary. They are enhanced requirement to further reduce the finer beam measurement/tracking time which can be done after LTM command. But before LTM command, there is no need to do this type of beam refinement. This also not possible for inter-frequency case and intra-frequency un-synchronization case. 
Proposal 11. UE behaviour 1 and	Alt.2-1 One-step DL synchronization procedure is the baseline for DL synchronization
Conclusion
In this contribution, we made the following proposals.
Proposal 1. For RS configuration of time domain needs to be provided to a UE, SMTC is preferred. 
Proposal 2. If RACH based TA acquisition is applied for early UL synchronization before LTM command, transmission power of SSB is required.
Proposal 3. Configured candidate cell(s) can be activated
Proposal 4. On how to choose the beams to be reported from multiple candidate cells, from all configured candidate cells in a report can be supported, under the maximum beam number restriction. 
Proposal 5. Event initiated L1 reporting can be further studied.
Proposal 6. Event A3 and A5 can be used as starting points for UE event.
Proposal 7. Report on MAC-CE is proper for UE initiated report.
Proposal 8. configured grant PUSCH can be considered for resource allocation/assignment for UE event triggered report
Proposal 9. It is suggested do not further study the design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework for Rel-18 LTM.
Proposal 10. For cell switch command, 
From RAN1 point of view, at least the following information needs to 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
· FFS: TA related information (up to the discussion in A.I. 9.12.2)
· Beam Indication for the target SpCell
· ID of the active DL and UL BWPs for the target SpCell
· FFS: the presence of each field (i.e. always present or configurable)
· FFS: the bit size of each field, or can be felt to RAN2
Proposal 11. UE behaviour 1 and	Alt.2-1 One-step DL synchronization procedure is the baseline for DL synchronization
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