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1. Introduction
In RAN4#106bis-e, RAN4 had some discussion on L1-RSRP measurement requirement for LTM, and the related WF was approved in [1]. In this contribution, we would like to discuss L1-RSRP measurement requirements for LTM and provide our proposals.
2. Discussion
Applicability rule for L1-RSRP measurement
	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 order to perform L1 measurement on candidate cell(s), UE has to know the symbol level synchronization of candidate cell, as the UE needs to know the RS to-be-measured is configured on which symbol, otherwise, the UE has to perform cell search and SSB index acquisition before L1 measurement. 
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.
	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.
[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


According to signalling procedure in RAN2 running CR in [2], UE needs to send the L3 measurement report before configuring LTM candidate configuration during the LTM preparation stage. And when the candidate cell appears, the UE may firstly perform DL synchronization on the candidate cell, after acquiring the subframe/slot/symbol level synchronization, the UE can start to perform L1-RSRP measurement and report the L1 measurement result on the candidate cell. However, from NW configuration perspective, L3 measurement and reporting is not the prerequisite condition for L1 measurement configuration in LTM, as the NW may configure L1 measurement resource on candidate cell(s) without any L3 measurement report. However, from defining requirement perspective, the UE can only start to perform L1-RSRP measurement after acquiring the subframe/slot/symbol level synchronization on candidate cell(s). In addition, Rel-17 inter-cell L1-RSRP measurement requirement is defined under known cell condition. We think the same assumption can be used to define L1-RSRP measurement requirement in Rel-18 LTM.


Figure 1: Signaling procedure for LTM
Proposal 2: From NW configuration perspective, L3 measurement report is not the prerequisite condition for LTM L1 measurement configuration.
Proposal 3: RAN4 to define the requirements of L1-RSRP measurement under known cell condition in Rel-18 LTM. 
Proposal 4: The existing cell known condition is applied to the target cell in LTM.
· 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 performed L3 measurement on the target cell 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
Intra-frequency L1-RSRP measurement
	[bookmark: _Hlk132882705]UE incapable of RTD>CP
Issue 2-5-2-1: Basic assumption
< Way forward >: FFS the following options
· Proposal 1: For UE incapable of RTD>CP, assume that UE has one FFT module for L1-RSRP measurement
· Proposal 2: For UE incapable of RTD>CP, assume that UE follows serving cell’s FFT timing even when measures intra-frequency neighbour cell.
Issue 2-5-2-2: Measurement period of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP
< Way forward >: FFS the following options
· Option 1:
· If UE is incapable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as a baseline when RTD of serving cell and neighbour cell is within CP.
· FFS: How to define the measurement period for multiple neighbor cells in a FR2 frequency layer
· Option 2: FFS
Issue 2-5-2-3: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP
< Way forward >: FFS the following options
· Option 1:
· For UE incapable of RTD>CP, the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbor cell, no matter the actual RTD of serving cell and neighbor cell is larger than CP or not.
· Option 2:
· For UE incapable of RTD>CP, the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbor cell, when the actual RTD of serving cell and neighbor cell is no larger than CP.
· when actual RTD>CP, there are no requirements
· Option 3: FFS
Issue 2-5-2-4: Behavior of UE incapable of RTD>CP but the actual RTD of serving cell and neighbor cell is larger than CP
< Way forward >: FFS the following options
· Option 1: For the case wherein RTD between neighbor cell and serving cell larger than a CP and UE is incapable of RTD>CP, UE will not measure the neighbor cell if RTD>CP due to capability limitation
· Option 2: For the case wherein RTD between neighbor cell and serving cell larger than a CP and UE is incapable of RTD>CP, UE still measures the neighbor cell if RTD>CP but with degradation.
· Option 3: For the case wherein RTD between neighbor cell and serving cell larger than a CP and UE is incapable of RTD>CP, L1 measurement can be done with measurement gap or scheduling restriction.
· UE needs to indicate actual RTD level to NW.


For intra-frequency L1-RSRP measurement, if the UE does not support the L1 measurement with RTD > CP, and when the case that the RTD between neighbor cell and serving cell is larger than CP. One single FFT module is assumed for intra-frequency L1-RSRP measurement, for intra-frequency L1-RSRP measurement without gap, the UE can follow serving cell’s FFT timing to perform intra-frequency L1-RSRP measurement, and if introduced, for intra-frequency L1-RSRP measurement with gap, the UE may follow serving cell’s FFT timing to perform intra-frequency L1-RSRP measurement.
Proposal 5: For UE incapable of RTD>CP, assume that UE has one FFT module for L1-RSRP measurement.
For the measurement period of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as a baseline when RTD of serving cell and neighbour cell is within CP.
Proposal 6: For UE incapable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as a baseline when RTD of serving cell and neighbour cell is within CP.
For the behaviour of UE incapable of RTD > CP but the actual RTD between serving cell and neighbour cell is larger than CP, we support not to define requirement for this case, and it is up to UE implementation whether the UE perform L1-RSRP measurement on neighbour cell or not. Regarding the measurement restriction and scheduling restriction, we think the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbor cell, when the actual RTD of serving cell and neighbor cell is no larger than CP. And when the actual RTD is larger than CP, no requirement is applied.
Proposal 7: For UE incapable of RTD>CP but the actual RTD between serving cell and neighbour cell is larger than CP, RAN4 not to define requirement for LTM L1-RSRP measurement on neighbour cell, it is up to UE implementation whether the UE perform L1-RSRP measurement on neighbour cell or not.
Proposal 8: For UE incapable of RTD>CP and when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell. When the actual RTD of serving cell and neighbour cell is larger than CP, no requirements are applied.
Inter-frequency L1-RSRP measurement
	[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.


For inter-frequency L1-RSRP measurement, the scenarios of inter-frequency L1-RSRP measurement can be categorized as follows:
· Inter-frequency L1-RSRP measurement without gap
· The SSB of the target cell is within the active BWP of serving cell;
· For UEs reporting‘NeedForGapsInfoNR’ with ‘nogap’ indication;
· For UEs reporting‘NeedForGapNCSG-InfoNR’ with ‘nogap-noncsg’ indication
· Inter-frequency L1-RSRP measurement with gap
· With type 1 MG;
· With type 2 MG, e.g. Concurrent MG, pre-MG and NCSG;
Since this is the first stage to introduce the inter-frequency L1-RSRP measurement, RAN4 can start to define the basic requirement for the essential functionality, e.g. inter-frequency measurement with gap, and considering the discussion of inter-frequency L1-RSRP measurement with NeedforGapNCSG and Needforgap is overlapped with the ongoing Rel-18 MG enhancement WI. It is proposed to define the requirement for inter-frequency L1-RSRP measurement with type 1 MG or with type 2 concurrent gap in this release, and if company has interest, the requirements for inter-frequency L1-RSRP measurement with NeedforGapNCSG or with ‘needforgap’ or with other type2 MG can be defined in late release.
Proposal 9: RAN4 to define the requirement for intra-frequency L1-RSRP measurement with type 1 MG or with type 2 concurrent MG in Rel-18.
3. Conclusion
In this contribution, we discuss the intra-frequency and inter-frequency L1-RSRP measurement for LTM and provide our proposals as follows.
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.
Proposal 2: From NW configuration perspective, L3 measurement report is not the prerequisite condition for LTM L1 measurement configuration.
Proposal 3: RAN4 to define the requirements of L1-RSRP measurement under known cell condition in Rel-18 LTM. 
Proposal 4: The existing cell known condition is applied to the target cell in LTM.
· 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 performed L3 measurement on the target cell 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
Proposal 5: For UE incapable of RTD>CP, assume that UE has one FFT module for L1-RSRP measurement.
Proposal 6: For UE incapable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as a baseline when RTD of serving cell and neighbour cell is within CP.
Proposal 7: For UE incapable of RTD>CP but the actual RTD between serving cell and neighbour cell is larger than CP, RAN4 not to define requirement for LTM L1-RSRP measurement on neighbour cell, it is up to UE implementation whether the UE perform L1-RSRP measurement on neighbour cell or not.
Proposal 8: For UE incapable of RTD>CP and when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell. When the actual RTD of serving cell and neighbour cell is larger than CP, no requirements are applied.
Proposal 9: RAN4 to define the requirement for intra-frequency L1-RSRP measurement with type 1 MG or with type 2 concurrent MG in Rel-18.
4. Reference
[1]	R4-2306395	WF on NR Mobility Enhancements RRM requirements (part 1),	MediaTek
[2]	R2-2302039	38.300 running CR for introduction of NR further mobility enhancements, RAN2

image1.emf
UE

gNB

1: Measurement report

LTM candidate 

preparation

2: RRC reconfiguration (LTM candidate configuration)

4a: DL synchronization with candidate cells

3: RRC reconfiguration complete

LTM decision 

6: Cell switch command (MAC CE)

LTM 

preparation

Early sync

LTM execution

5: L1 measurement report

8: LTM completion

Detach from source, 

apply target 

configurations

LTM 

completion

7: RACH Procedure

LTM candidate 

preparation

UE in RRC_CONNECTED

4b: UL synchronization with candidate cells


Microsoft_Visio___.vsdx
UE
gNB
1: Measurement report
LTM candidate preparation
2: RRC reconfiguration (LTM candidate configuration)
4a: DL synchronization with candidate cells
3: RRC reconfiguration complete
LTM decision
6: Cell switch command (MAC CE)
LTM preparation
Early sync
LTM execution
5: L1 measurement report
8: LTM completion
Detach from source, apply target configurations
LTM completion
7: RACH Procedure
LTM candidate preparation
UE in RRC_CONNECTED
4b: UL synchronization with candidate cells



