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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we provide our views on L1 measurement (L1-RSRP) requirements for the LTM. 
Discussion
[bookmark: _Toc5952573]Applicability rule for L1-RSRP measurement 
Following applicability rules were discussed in previous RAN4 meeting. 
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
Also following is agreed in last RAN1 meeting.
· [bookmark: _Hlk134611523]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.
· 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
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· 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.

From the above RAN1 agreement, we can observe that UE may be configured with information about cell ID and time domain position of the measurement RS (SSB). Whether UE acquires these after configuration of the candidate cell, or whether UE is expected to know this info before configuring the candidate cells is currently under discussion as part of the L1-RSRP applicability rule. If the option 1 in the last meeting WF agreed, UE do not need to satisfy requirements for L1-RSRP on the candidate cells configured. Which cells to configure for L1-RSRP, RAN1 and RAN2 do not have any restrictions and from our understanding we should not add any additional restrictions in RAN4 from the configuration point of view.

Proposal 1:  RAN4 not to introduce any additional applicability rules for DL synchronisation assumptions for L1 measurements configuration or L1 measurement.

There was other issue discussed in the similar lines of the above issue. WF for the issue is copied below.
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.
In our understanding, from RAN4 perspective, we should not limit the scenarios for NW configuration and instead we should allow additional time for L3 measurement if the candidate cells are configured without recent L3 measurement. 

Proposal 2:  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.

Other issue discussed was the known cell condition for L1-RSRP measurement. WF from last meeting is copied below. 

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
As discussed above, UE may need to perform cell detection and SSB index reading before measuring L1-RSRP, if the cell is not measured for L3 measurements in last [X]s. How do we capture this requirement may need further discussion. We think there is no need to introduce a known cell condition for L1-RSRP measurement and we think general rule would be sufficient whether UE need to measure L3 or not based on the last measured instance of L3 measurement. 
Proposal 3:     If UE has not performed L3 measurement on the target cell during the last [5] seconds, UE may perform L3 measurements before performing L1 measurements. 
Intra-frequency L1-RSRP measurement delay 
In legacy requirements definition, it was assumed that L1-RSRP measurement for BM and L3-RSRP for mobility measurements used different measurement occasions as they were for serving cell data transmission and cell quality measurements. 
· 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.
· 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
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· 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. 

Based on the above RAN1 agreement, so far RAN1 did not agree on CSI-RS based L1-RSRP measurements for LTM and only SSB based measurements are agreed. For SSB based measurements, L1-RSRP on neighbour cell and L3-RSRP on neighbour cell are for mobility management and if the RS measured are same for L1-RSRP and L3-RSRP, UE could use same measurement occasion for measuring L1 and L3 RSRP. In previous meetings there were long discussions around whether UE uses fine beam or rough beam for L1 and L3 measurements. However, we would like to point that we do not define beam assumption information in the requirements, and we only define the delay requirements and sharing factor or scaling factor requirements. In our understanding, UE should be able to measure L1-RSRP within SMTC and same measurement sample can be used as input to L3-RSRP computation and L1-RSRP computation when the same RS index is measured.

If companies think using same measurement sample for both L3 and L1 computation causes any implementation complexity, we are open to further discuss about the potential complexities introduced. 
Further, most common network configuration for SSB and SMTC is, all SSB occasion are covered by SMTC occasions. When SMTC and SSB occasions are fully overlapping, UE cannot make measurements outside SMTC as there are no SSB occasions available and if UE uses different beam assumptions and different occasions are used for L1 and L3 measurements, measurement delay is going to increase drastically due to sharing between L3 for mobility, L1 for LTM and L1 for serving cell.

Proposal 4:  RAN4 to agree that within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility. 

Another issue discussed was how to handle the case when more cells are configured than the UE capability. Following WF was agreed in last meeting.

< Way forward >: FFS the following options
· Option 1: The configured SSB for L1 measurement on neighbour 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.

As per the WID, NW should be able to configure multiple cells as part of LTM configuration. If configuring more cells than UE capability is not allowed, based on the UE capability, NW may need to reconfigure the cells.  In a NW there could be many different UEs with different capabilities and to make sure NW can configure equal number of cells for all the UEs, we think keeping such restriction is not needed and not meeting the WID objective. 

When NW can configure more cells, which cells to measure should not be be left to UE implementation as UE may not have clear knowledge on which cell UE may be handed over to. Hence, we think down selection based on implicit or explicit configuration from the NW is needed.

Proposal 5:   When number of LTM candidate cells configured exceeds the UE capability of number of cells UE can measure, down selection of cells for LTM measurement is based on explicit or implicit indication from the NW. 

If proposal 5 is agreed, RAN4 need to send LS to RAN1 and RAN2 to inform about this so that they can design signalling for this.

Proposal 6:  If proposal 5 is agreed, send LS to RAN2 and RAN1 to design necessary signalling mechanism.

RTD and CP:
When L1-RSRP measurements are performed within SMTC (as it is the most common configuration), based on whether UE need MG for making L3 measurements or not, principles applied for L3 measurements can be reused for L1-RSRP measurements for LTM. 
Proposal 7:  For all possible RTD values, RAN4 to reuse the same principles of L3-RSRP for L1-RSRP of LTM.
 
Side condition in intra-frequency L1-RSRP measurement accuracy requirements
Following way forward is agreed in last meeting. 
· Option 1 (Apple, MTK, OPPO, Huawei): Reuse legacy value SNR= -3dB
· Option 2 (ZTE, Ericsson): SNR =-6dB (same as L3 measurement) 
Even in this case, we think L3 measurements requirement can be taken as baseline.
Proposal 8:  RAN4 to consider same side condition of L3 measurement as baseline. 

Inter-frequency L1-RSRP measurement requirements 
In last meeting following issue was discussed and following WF is agreed.
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.
Since UE may need MG to support inter-frequency L1-RSRP measurement, and same SMTC occasion can be reused for performing measurement of L1-RSRP for LTM and L3-RSRP for L3 mobility, we think same MG can be reused. In other words, RAN4 shall consider type 1 MG for defining inter-frequency L1-RSRP requirements. 
Proposal 9:   RAN4 to consider type 1 MG for inter-frequency L1-RSRP measurements for LTM as baseline requirement. FFS whether to support type 2 MG.
Proposal 10:  RAN4 to agree that same MG occasion can be used for performing measurement of L1-RSRP for LTM and L3-RSRP for L3 mobility. In other words, no sharing or scaling is defined for L3 and L1 RSRP measurements for mobility.

Other issue discussed was dedicated MG. Following options were discussed. 

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
We think introducing dedicated measurement gap for L1-RSRP would complicate the requirements and UE implementation and we think there is no need for dedicated MG for LTM measurements. 
Proposal 11:  Do not introduce dedicated MG for LTM measurements. 
Inter-frequency L1-RSRP measurement accuracy requirements
· Option 1: Define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell
· Option 2: Further discuss whether and how to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell later, e.g., in performance part.
For this issue, we support option 1 as L1/L2 HO is based on neighbour cell or candidate cells measurements, it is important to specify accuracy requirements for candidate cells and neighbour cells can be on inter-frequency.
Proposal 12:  RAN4 to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell
Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:     RAN4 not to introduce any additional applicability rules for DL synchronisation assumptions for L1 measurements configuration or L1 measurement.
Proposal 2:  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.
Proposal 3:     If UE has not performed L3 measurement on the target cell during the last [5] seconds, UE may perform L3 measurements before performing L1 measurements.
Proposal 4:  RAN4 to agree that within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility.
Proposal 5:  When number of LTM candidate cells configured exceeds the UE capability of number of cells UE can measure, down selection of cells for LTM measurement is based on explicit or implicit indication from the NW.
Proposal 6:  If proposal 5 is agreed, send LS to RAN2 and RAN1 to design necessary signalling mechanism.
Proposal 7:  For all possible RTD values, RAN4 to reuse the same principles of L3-RSRP for L1-RSRP of LTM.
Proposal 8:  RAN4 to consider same side condition of L3 measurement as baseline.
Proposal 9:  RAN4 to consider type 1 MG for inter-frequency L1-RSRP measurements for LTM as baseline requirement. FFS whether to support type 2 MG.
Proposal 10:  RAN4 to agree that same MG occasion can be used for performing measurement of L1-RSRP for LTM and L3-RSRP for L3 mobility. In other words, no sharing or scaling is defined for L3 and L1 RSRP measurements for mobility.
Proposal 11:  Do not introduce dedicated MG for LTM measurements.
Proposal 12:  RAN4 to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell.
[bookmark: _Ref536781364][bookmark: _Ref517094573][bookmark: _Ref536781239]References
[1] RP-221799 “WID on Mobility enhancements”, MediaTek
[2] R4-2303175 WF on NR Mobility Enhancements RRM requirements (part 1), MTK




2

