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1. Introduction
L1/L2 based inter-cell mobility - L1-RSRP measurement requirements were widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are still some open issues. In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about DL synchronization assumption for L1 measurements:
Issue 2-2-1: DL synchronization assumption for L1 measurements
[bookmark: _Hlk132991709]< Way forward >: FFS the following options
· Option 1 (MTK, Xiaomi, vivo, Huawei, Apple): Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed 
· whether SFN level sync is needed waits for RAN1 progress.
· Option 2 (vivo, Ericsson, Nokia): FFS
In general we support option 1. Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed. Besides, SFN level sync is also necessary since we assume the RS configuration for L1 RSRP measurement most likely will include periodicity and offset, since it is outside of ServingCellConfig and candidate cell configuration. But of course, it is up to RAN2 design.
	The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.


[bookmark: _Ref134693971]Proposal 1: Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed. SFN level sync may also be needed, depending on RAN1/2 progress. 

Next issue is whether L1 measurement configured after receiving L3 measurement report on that cell:
Issue 2-2-3: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Way forward >: FFS the following options
· Option 1 (MTK, Xiaomi, Huawei, CTC, Apple, CATT): UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell in the last [5] seconds.
· Option 2 (MTK, Ericsson): When NW configures a cell for L1 measurement, and if the UE did not measure that cell in last [5] seconds, UE performs L1 measurement on that cell after performing L3 measurement.
· Option 3 (CMCC, MTK, Nokia): L3 measurement report is not a prerequisite for LTM L1-measurement configuration.
Technically, UE cannot directly perform L1 measurement on unknown target cell. Even if deriveSSB-IndexFromCell is enabled, there is still an uncertainty of min (2 SSB symbols, 1 PDSCH symbol), which is not enough for UE to perform accurate L1 RSRP measurement. Therefore, RAN4 requirements shall assume UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell in the last [5] seconds. This can be specified as applicability condition in RRM requirements. 
[bookmark: _Ref134693958]Observation 1: Even if deriveSSB-IndexFromCell is enabled, there is still an uncertainty of min (2 SSB symbols, 1 PDSCH symbol), which is not enough for UE to perform accurate L1 RSRP measurement.
[bookmark: _Ref134693973]Proposal 2: UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell in the last [5] seconds. This shall be specified as applicability condition for corresponding RRM requirements.

Regarding known/unknown condition:
[bookmark: _Hlk132896914]Issue 2-2-4: known cell condition for L1-RSRP measurement
< Way forward >: FFS the following options
· Option 1(MTK, Xiaomi, Huawei, CTC, Apple, ZTE, OPPO, Ericsson, QC):
· Target cell is considered as known if the following conditions are met in this requirement:
· UE has performed L3 measurement on the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
· Option 2 (Nokia):
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a valid L3 measurement report during the last [5] seconds, and
· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
· Option 3 (CMCC):
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a valid L3 measurement report during the last [5] seconds, and
· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
We continue supporting option 1. The problem with option 2 is that if the L3 measurement report was sent a long time ago, we cannot reliably assume target cell is still known to the UE since channel condition may have already changed a lot due to UE movement and rotation. As for option 3, if the SSB remaining detectable is not the one configured for L1-RSRP measurement, the condition doesn’t help. UE cannot have accurate result from the SSB configured for L1-RSRP measurement if it is undetectable, regardless other SSB from the same cell remains detectable or not.
[bookmark: _Ref134693975]Proposal 3: known cell condition for L1-RSRP measurement
· Target cell is considered as known if the following conditions are met in this requirement:
· UE has performed L3 measurement on the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown

Next issue is how to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement:
Issue 2-2-7: How to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement?
< Way forward >:
· To perform intra-frequency L1-RSRP on candidate target cell, if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length and less than 2 SSB symbols (CP length< RTD< 2 SSB symbols, UE can derive SSB index according to serving cell timing.
· To perform intra-frequency L1-RSRP on candidate target cell, if SFN offset between serving cell and target cell is not aligned, and if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols (RTD>2 SSB symbols), 
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.
According to definition of deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter, if network enables it UE can assume SFN and frame boundary alignment across cells on the serving frequency. 
	deriveSSB-IndexFromCell
This field indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the serving frequency as specified in TS 38.133 [14].

	deriveSSB-IndexFromCellInter
If this field is present, UE assumes SFN and frame boundary alignment between the reference serving cell indicated by ServCellIndex and all neighbour cells in this MeasObjectNR as specified in TS 38.133 [14]. This field also indicates that the UE can utilize the timing of the reference serving cell indicated by ServCellIndex to derive the index of SS block transmitted by all inter-frequency neighbour cells on the frequency indicated by the MeasObjectNR. When this field is included, the network should set deriveSSB-IndexFromCell to true.


Besides, RAN4 requirements can guarantee that once deriveSSB-IndexFromCell is enabled, UE can assume frame boundary alignment (including half frame, subframe and slot boundary alignment) is less than min (2 SSB symbols, 1 PDSCH symbol). In other word, once deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing.

Next issue is whether to use L3 measurement results or intermediate L3 measurement results for L1 measurement report:
Issue 2-3-2: Whether to use L3 measurement results or intermediate L3 measurement results for FR1 intra-frequency L1 measurement report
Issue 2-3-3: Whether to consider using L3 measurement results or intermediate L3 measurement results for FR1 inter-frequency L1 measurement report
< GTW Agreement>:
· Do not use L3 intermediate results for FR1 intra-frequency L1 report and FR1 inter-frequency L1 report
· FFS on the assumptions on the number of cells used for L1 measurements
· Note: Intermediate L3 measurement results are any measurements samples or average of the samples obtained for the purpose of L3 reporting
· FFS whether to recommend RAN1/2 to consider a new reporting mechanism
· FFS whether to use final L3 measurement results for FR1 intra-frequency L1 measurement report or for FR1 inter-frequency L1 measurement report.
RAN4 agreed not to use L3 intermediate results for FR1 intra-frequency L1 report and FR1 inter-frequency L1 report. However, there are still some FFS. The first FFS is on the assumptions on the number of cells used for L1 measurements. Actually, this is being discussed in RAN1. The latest agreements can be found in [2]:
	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 




[bookmark: _Ref134693978]Proposal 4: RAN4 shall not discuss number of cells and beams for L1 measurement, since it is being discussed in RAN1 with preliminary agreements.
Regarding the second FFS on new reporting mechanism, we are open to study. However, RAN2 shall be a better place for discussion of such new design.
As for the third FFS, i.e., whether to use final L3 measurement results for FR1 intra-frequency L1 measurement report or for FR1 inter-frequency L1 measurement report, we do not support to use final L3 measurement results either. Using L3 measurement results in L1 measurement reporting (reusing existing L3 measurement requirement framework) may result in longer L1 measurement reporting. According to existing L3 measurement requirements, it is up to UE on detailed measurement scheme. For instance, a UE is configured with 5 intra-frequency MOs on CC1, CC2, …, CC5. Assuming SMTC on all CCs are well aligned, it is up to UE which CC to measure during each SMTC occasion. The total measurement period is 5 * 5 = 25 SMTC (5 sample per CC). If UE is configured with L1 measurement one neighbour cell on CC5, it is possible that UE first measure CC1~CC4. After 4*5=20 SMTC UE starts measuring CC5. In this example, UE won’t have L1 measurement result on CC5 until the 25th SMTC.
[bookmark: _Ref134693980]Proposal 5: from RAN4 requirements point of view, RAN4 shall not use intermediate or final L3 measurement results for L1 measurement report, including intra-frequency and inter-frequency, FR1 and FR2.

[bookmark: _Hlk132896970]Issue 2-4-1: The number of cells/resources supported per frequency layer for L1 measurement
< GTW Agreement>:
· The supported maximum number of cells/SSBs configured for L1 measurement [on neighbour cell] is up to UE capability
· Details of capability signalling are FFS including at least:
· Whether to differentiate intra and inter-frequency measurements
· Constraints on the lowest value of the capability
· Signalling granularity
This is related in capability on number of cell/beams for L1 measurement and is covered by proposal 4 above.

Issue 2-4-3: How to handle the number of cells NW configured to measure exceeds the configuration to exceed UE capability?
< Way forward >: FFS the following options
· Option 1: The configured SSB for L1 measurement on neighbor cell shall not exceed UE capability.
· Option 2: UE autonomous down selection of cells and/or SSBs for L1 measurements and/or L1 measurement and report based on the event conditions NW configured.
· Option 3: Down selection can be defined based on NW indication.
This issue may need further study. According to RAN1 agreement, it is FFS that how to select the L cells and M beams per cells is up to UE. If this can be agreed in RAN1, NW may be allowed to configure more measurement and eventually it is up to UE to decide which cell/beam to measure.
[bookmark: _Ref134693982]Proposal 6: RAN4 shall postpone discussion on how to handle the number of cells NW configured to measure exceeds the configuration to exceed UE capability.

Next issue is about L1 measurement combined with BWP w/o restriction:
Issue 2-5-1-1: Whether to specify requirements for SSB for intra-frequency L1 measurement not covered by serving cell active BWP
< Way forward >: FFS the following option
· The requirements for the case that target SSB is not within active BWP can be hold on after the conclusion of BWP operation without restriction.
RAN4 TU on BWP w/o restriction just started from April meeting. There are quite many open issues in that WI. Coupling it with LTM require more discussion. Note that we only have three meetings left to complete this WI. For the sake of progress, we propose not to consider this combination.
[bookmark: _Ref134693984]Proposal 7: do not consider requirements for SSB based intra-frequency L1 measurement not covered by serving cell active BWP in this work item.

Next issue we would like to discuss is about inter-frequency scenarios:
[bookmark: _Hlk132897897]Issue 2-6-1-1: Type of inter-frequency L1-RSRP measurement to support
< Way forward >: FFS the following options
· Option 1: As baseline, define the requirement for inter-frequency L1-RSRP measurement with type 1 MG.
· Option 2: Both inter-frequency L1-RSRP measurement with gap and without gap should be considered
· Option 3: 
· Consider both inter-frequency with Type 1 MG and inter-frequency without gap (the target cell’s SSB is completely contained in the DL active BWP) 
· Introduce a UE capability for inter-frequency without gap (the target cell’s SSB is completely contained in the DL active BWP). 
· FFS the details
· Option 4: For R17 L1 measurement, NOT to define inter-frequency L1 measurement requirements. For new Type of L1 measurement if agreed in other WGs, inter-frequency requirements are specified for both the within gap case and outside gap case, and the legacy L3 measurement behaviour is re-used.
We consider option 1 as baseline. Regarding option 2, it is ok if we only limit it to the case that target SSB can be covered by UE active BWP, which would be more or less same as option 3.
[bookmark: _Ref134693986]Proposal 8: As baseline, define the requirement for inter-frequency L1-RSRP measurement with type 1 MG.
[bookmark: _Ref134693989]Proposal 9: Consider inter-frequency without gap wherein target cell’s SSB is completely contained in the DL active BWP with additional UE capability.

Issue 2-6-2-1: The principles in defining inter-frequency L1-RSRP measurement period with MG in FR1
< Way forward >: FFS the following options
· Proposal 1: In FR1, UE carries out L1-RSRP inter-frequency SSB measurements within L3 measurement gaps.
· Proposal 2: For FR1 L1-RSRP measurement on candidate cells with gap in LTM, UE can perform L3-RSRP measurement and L1-RSRP measurement simultaneously during measurement gap.
Issue 2-6-2-3: dedicated MG for shared MG for inter-frequency L1-RSRP measurement with MG in FR2
< Way forward >: FFS the following options
· Option 1: A dedicated measurement gap configuration is used for inter-frequency L1-RSRP SSB measurements with measurement gaps in FR2
· Option 2: Further study the following gap based inter-frequency L1 measurement:
· L1 measurement sharing with L3 gap. 
· RAN4 needs to study sharing scheme between L1 and L3 to ensure that the measurement delay will not be too long compared with intra-request L1-RSRP measurement.
· dedicated measurement gap for L1-RSRP.
· Existing framework of concurrent gaps can be considered as starting point.
· Option 3: FFS
P1 under issue 2-6-2-1 is considered as baseline. Correspondingly, RAN4 needs to work on gap sharing between L1 and L3 measurement. It applies to both FR1 and FR2.
Dedicated MG under issue 2-6-2-3 can also be considered. For the sake of progress, if it is in the scope, RAN4 shall leverage from concurrent gaps as much as possible.
[bookmark: _Ref134693992]Proposal 10: as baseline, UE carries out L1-RSRP inter-frequency SSB measurements within legacy measurement gap. RAN4 needs to discuss gap sharing between L1 and L3 measurement.

3. Conclusion
In this contribution, we provide further discussion on LTM – L1 RSRP measurement requirements. After discussion, the following conclusions are provided:
Observation 2: UE can derive SSB index according to serving cell timing only if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled.
Proposal 1: Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed. SFN level sync may also be needed, depending on RAN1/2 progress.
Observation 1: Even if deriveSSB-IndexFromCell is enabled, there is still an uncertainty of min (2 SSB symbols, 1 PDSCH symbol), which is not enough for UE to perform accurate L1 RSRP measurement.
Proposal 2: UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell in the last [5] seconds. This shall be specified as applicability condition for corresponding RRM requirements.
Proposal 3: known cell condition for L1-RSRP measurement
· Target cell is considered as known if the following conditions are met in this requirement:
· UE has performed L3 measurement on the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
[bookmark: _Ref134693961]Observation 2: UE can derive SSB index according to serving cell timing only if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled.
Proposal 4: RAN4 shall not discuss number of cells and beams for L1 measurement, since it is being discussed in RAN1 with preliminary agreements.
Proposal 5: from RAN4 requirements point of view, RAN4 shall not use intermediate or final L3 measurement results for L1 measurement report, including intra-frequency and inter-frequency, FR1 and FR2.
Proposal 6: RAN4 shall postpone discussion on how to handle the number of cells NW configured to measure exceeds the configuration to exceed UE capability.
Proposal 7: do not consider requirements for SSB based intra-frequency L1 measurement not covered by serving cell active BWP in this work item.
Proposal 8: As baseline, define the requirement for inter-frequency L1-RSRP measurement with type 1 MG.
Proposal 9: Consider inter-frequency without gap wherein target cell’s SSB is completely contained in the DL active BWP with additional UE capability.
Proposal 10: as baseline, UE carries out L1-RSRP inter-frequency SSB measurements within legacy measurement gap. RAN4 needs to discuss gap sharing between L1 and L3 measurement.
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