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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
Intra-frequency L1 measurement
Regarding intra-frequency L1 measurement, it was agreed that Rel-17 ICBM CSI measurement is used as starting point. The UE can be configured to measure SSB resources from candidate cells with a different PCI. The configured SSB resource contained in the CSI-SSB-ResourceSet information element. The relaxation for the restrictions were suggested to be studied. But RAN4 has not yet achieved any consensus. So we think RAN4 further input is needed before discussion. 
	Agreement RAN1#110b-e
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 to ask RAN4 if the restriction on e.g., SFN offset alignment, BWP setting and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not. 
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.

RAN4 feedback: 
RAN4 has not yet achieved any consensus and will further study whether the restrictions described in 9.13.2 of TS 38.133 for intra-frequency L1 non-serving measurement for Rel-18 L1/L2 mobility can be relaxed.



Inter-frequency L1 measurement
Inter-frequency L1 measurement wag agreed to be supported. And from the RAN4 LS, inter-frequency measurement has no matter with the frequency of the measured RS covered by the active/any BWPs or not. If the centre frequency and SCS of the SSB of the neighbour cell is the same as SSB of the serving cell, it is SSB based intra-frequency L1 measurement, otherwise, it is SSB based inter-frequency L1 measurement.
	Agreement RAN1#111
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.



	Question 2 (to RAN4): As mentioned in this agreement, RAN1 would like to ask RAN4 to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement, 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. (Scenario#1)
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE (Scenario#2)

Also, RAN1 would like to inform RAN4 of our understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue. 
RAN4 feedback: 
For the definition of SSB based intra/inter-frequency L1 measurement,
· The following definition of SSB based intra-frequency L1 measurement has been agreed in RAN4#104bis-e, RAN4 recommends RAN1 to use the same definition as RAN4.
· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
Proposal 1. Note: RAN4 will revisit the definition based on RAN1/2 conclusion.
· The supported scenarios not included in intra-frequency L1 measurement are regarded as inter-frequency L1 measurement.
· For SSB based L1 measurement, intra-frequency or inter-frequency is defined with reference to the centre frequency and SCS of serving cell SSB but not BWP.
· For CSI-RS based L1 measurement, RAN4 has not discussed the definition of ‘intra-frequency/inter-frequency’ yet. 
For the clarification on Scenario#1 and Scenario#2,
· For SSB based L1 measurements in both Scenario#1 and Scenario#2 mentioned in Question 2, it can be intra-frequency or inter-frequency L1-RSRP measurement depending on whether SSB of neighbour cell has the same centre frequency and SCS as serving cell or not. If SSB of neighbour cell has the same centre frequency and SCS as serving cell, then this scenario is the intra-frequency L1 measurement. Otherwise, it is the inter-frequency L1 measurement.



Proposal 1. Adopt the definitions for inter-frequency and intra-frequency in RAN4 LS.
We prefer intra-frequency and inter-frequency L1 measurement can both use Rel-17 ICBM CSI measurement as the starting point. The UE can be configured to measure SSB resources from candidate cells with a different PCI and other conditions not satisfying the intra-frequency measurement, such as different centre frequency of SSB, different SCS, etc. The configured SSB resource contained in the CSI-SSB-ResourceSet information element, too. It use unified solution for inter and intra frequency measurement, which can simplify the design, singling and configuration.
Regarding inter-frequency L1 measurement, SMTC and Measurement gap for L1 mobility need to be studied.  SMTC for measuring SSB of candidate cells shall be supported for L1 measurement. Measurement gap shall be introduced for measuring SSB or CSI-RS for inter-frequency measurement.
Proposal 2. [bookmark: OLE_LINK16]SMTC and Measurement gap for L1 mobility need to be studied for inter-frequency L1 measurement.
Measurement RS
For the measurement RS, we agree that additional RS can be supported. 
	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) 



At least it can support CSI-RS for BM. L1 measurement for mobility actually is based on beam management. CSI-RS for BM is a straight forward RS for L1 mobility. It can be configured with smaller period or finer beams, thus it can provide proper RS for some UEs with more flexibility. 
Proposal 3. CSI-RS for BM can be supported for L1 intra-frequency and L1 inter-frequency.
Measurement quantity
L1-RSRP was agreed to support for both of intra-frequency and inter-frequency measurement. 
	Agreement RAN1#111
· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP



For L1-SINR, although it can further provide interference status. It also needs the proper interference channel resources which makes more challenges across the cells. Such as NZP-CSI-RS for IMR, it would be hard to align the Rx timing with the CMR from another cell. And QCL source would be hard to guarantee. 
Proposal 4. Considering the complexity implementation, L1-SINR is not supported in Rel-18.
Filtering for L1 measurement results
Regarding filtering for L1 measurement results, it may be good to release the ping-pong issue. Since L1 measurement may change very fast and not stable, it can leads to frequent handover decision based on L1 measurement and report. This frequent handover would lead to un-necessary cell switching. Based on this intention, time level and cell level filtering were discussed. 
Generally, we think time domain filtering is not too mature to support, especially considering gNB would do time domain filtering itself, based on the multiple report in time manner. 
Second, for cell-level filtering, we are open to discuss the spatial domain. Because several beams averaged value can be reported to gNB to show the statistics value and reduce the impact of variance of different beams in a candidate cell. 
	[FL proposal 1-6-v3]
· For Rel-18 L1/L2 mobility, further study the importance of ping-pong issue for L1/L2 mobility, which is expected to align with RAN2. If yes, further study at least the following aspects:
· UE-based filtering to the L1 measurement results, where the definition of filtering includes: 
· Time domain filtering: e.g. exact definition of time domain filtering, and/or
· Cell-level (spatial domain) filtering: e.g. how many beams are averaged, and/or how the beams are chosen. 
· Applicability to L1-RSRP and L1-SINR (if supported)
· Applicability to intra-frequency and inter-frequency (if supported)
· Necessity to be specified in standard considering:
· Benefit over L3 measurement (when involved)
· Benefit over gNB-based filtering



Proposal 5. Time domain filtering to L1-RSRP can be implemented by gNB.
Configurations for L1 measurement
There was extensive discussion of configurations for L1 measurement during the last meeting, but without consensus. The last version of proposal is shown below. 
	[FL proposal 1-7-v3]
· For Rel-18 LTM, further study the following structure for L1 measurement configurations.
· Option-1: Based on CSI measurement configuration specified in Rel-17 ICBM
· CSI-MeasConfig for serving cell and candidate cell(s), which requires inter-DU coordination
· For inter-frequency, at least the frequency information, SMTC or measurement gap (MG) with candidate cell are additionally introduced
· Option-2: Introduce an independent a measurement configuration for candidate cell(s) [and serving cell] from serving cell configurations, which, and the measurement configuration is decoupled with serving cell configuration.Introduce an independent measurement configuration for all candidate cell(s) and serving cell(s) (FL note: Suggested by DOCOMO and their intention is to enable reporting for candidate cells with that for serving cell ) from serving cell configurations, which is decoupled with serving cell configuration.
· L1 measurement resource set can be configured outside candidate cell configurations (i.e. ServingCellConfig or CellGroupConfig)
· Separate CSI-MeasCofig is configured for candidate cell from the CSI-MeasConfig for serving cell
· Option-3: Use measurement configuration for each candidate cell
· L1 measurement resource set can be configured inside candidate cell configurations (i.e. ServingCellConfig or CellGroupConfig)
· Option-4: Do not include RS information or cell information in measurement configurations 
· For intra-frequency, neither SSB/RS indices nor PCI is configured. 
· For inter-frequency, neither SSB/RS indices nor PCI is configured, but frequency information is configured
· Note: Proponents of each option are encouraged to bring the detailed explanation in RAN1#112. 



Option-1
We share a same view as FL’s interpretation for Option-1 [4], which is quite clear for intra-frequency L1 measurement. However, for inter-frequency measurement, it is still need some enhancements. FL suggest to include frequency information (ARFCN) in just like ServingAddtinalPCIIndex-r17 in CSI-SSB-ResourceSet which is the channel measurement resource set for a CSI report.  It is a simple extension. In addition, SCS is also needed.
Proposal 6. For Rel-18 LTM, Option-1 is used for L1 measurement configurations.
· Option-1: Based on CSI measurement configuration specified in Rel-17 ICBM
· CSI-MeasConfig for serving cell and candidate cell(s), which requires inter-DU coordination
· For inter-frequency, at least the frequency information, SMTC or measurement gap (MG) with candidate cell are additionally introduced
L1 measurement reporting
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 7. [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 8. Event A3 and A5 can be used as starting points for UE event.
Proposal 9. Report on MAC-CE is proper for UE initiated report.
Proposal 10. configured grant PUSCH can be considered for resource allocation/assignment for UE event triggered report
Beam indication
Beam indication mechanism
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. 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.
	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 


Proposal 11. [bookmark: _GoBack]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.
Conclusion
In this contribution, we made the following proposals.
Proposal 1. Adopt the definitions for inter-frequency and intra-frequency in RAN4 LS.
Proposal 2. SMTC and Measurement gap for L1 mobility need to be studied for inter-frequency L1 measurement.
Proposal 3. CSI-RS for BM can be supported for L1 intra-frequency and L1 inter-frequency.
Proposal 4. Considering the complexity implementation, L1-SINR is not supported in Rel-18.
Proposal 5. Time domain filtering to L1-RSRP can be implemented by gNB.
Proposal 6. For Rel-18 LTM, Option-1 is used for L1 measurement configurations.
· Option-1: Based on CSI measurement configuration specified in Rel-17 ICBM
· CSI-MeasConfig for serving cell and candidate cell(s), which requires inter-DU coordination
· For inter-frequency, at least the frequency information, SMTC or measurement gap (MG) with candidate cell are additionally introduced
Proposal 7. Event initiated L1 reporting can be further studied.
Proposal 8. Event A3 and A5 can be used as starting points for UE event.
Proposal 9. Report on MAC-CE is proper for UE initiated report.
Proposal 10. configured grant PUSCH can be considered for resource allocation/assignment for UE event triggered report
Proposal 11. 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.
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