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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]L1-RSRP measurement requirement in L1/L2 based inter-cell mobiliy was 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 whether L1 measurement configured after receiving L3 measurement report on that cell:
	Issue 2-1-1: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Wayforward >: FFS the following options
· Option 1 (CTC, Apple, MTK, Xiaomi, Huawei): Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell
· Option 2 (CATT, Ericsson): L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbor cell.
· Option 3 (CMCC): wait for RAN1/2 progress
· Option 4 (vivo): Pending on whether intermediate results from L3 measurements is used in L1-RSRP reporting for both serving cell and candidate cell


In RRM requirements design, UE is assumed to use fine beam for L1 measurement. Without L3 measurement to roughly know the direction of the RS, it is challenging for UE to try all the fine beams within the coverage. In order to reduce the L1 measurement delay, NW shall configure L3 measurement first and configure L1 measurement only for the most possible candidate cell for handover/cell switch. 
Besides, another important aspect is about timing. Without L3 measurement, UE cannot have any timing information of neighbour cell. UE may have to rely on serving cell’s timing to conduct L1 measurement on neighbour cell. However, currently the cell phase synchronisation requirement is too loose for UE to rely on. Note that 3us already exceeds CP length of all SCS except 15kHz. With propagation latency, it is unrealistic to always assume UE can directly use serving cell’s timing to perform accurate L1 measurement on neighbour cells.
[bookmark: _Ref127354198]Observation 1: L3 measurement is essential for UE to acquire timing information, improve L1 measurement accuracy and reduce L1 measurement latency on neighbour cells.
[bookmark: _Ref127354171]Proposal 1: Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.

Next issue is whether candidate cell L1-RSRP measurements can be measured within SMTC:
	Issue 2-1-2: Whether candidate cell L1-RSRP measurements can be measured within SMTC? 
< Wayforward >: FFS the following options and more clarification on the applicable scenarios
· [bookmark: _Hlk118528879]Option 1 (Ericsson, ZTE): Candidate cell L1-RSRP measurements can be measured within SMTC
· Option 2 (CATT): If the restrictions on the requirements of the L1-RSRP measurements of the neighbor cell can be relaxed, candidate cell L1-RSRP measurements may need to be measured within SMTC.


Technically, it is up to network how to configure L1-RS for L1-RSRP measurement. Note that even in R15, the configured SMTC doesn’t have to be same as the actual transmission of all the SSB from neighbour cell(s). However, there is some beneficial for network to configure L1-RS within SMTC. For instance, measurement gap may be needed for inter-frequency L1 measurement. Meanwhile, UE may still have to perform L3 measurement based on SMTC within gap. It could be much easier for network to configure measurement gap if both L1 and L3 measurement on neighbour cells are within SMTC.
[bookmark: _Ref127354174]Proposal 2: Candidate cell L1-RSRP measurements can be measured within SMTC.

Next issue is how to get L1-RSRP measurement results:
	Issue 2-1-3: How to get L1-RSRP measurement results? 
< Wayforward >: FFS the following options
· Option 1 (vivo, Ericsson): For both intra-frequency and inter-frequency L1 measurement, RAN4 to discuss using L3 measurement framework as baseline for LTM HO
· RAN4 to assume same RX beam (rough beam) for L3 measurement and L1 measurement 
· RAN4 to reuse intermediate results of L3 measurement for L1 measurement.
· Option 2 (Huawei): SSB based inter-frequency L1-RSRP measurement can be simultaneously performed with inter-frequency L3 measurement on the same frequency layer in FR1.


Some company mentioned to assume same RX beam (rough beam) for L3 measurement and L1 measurement. We have different understand. L1 measurement result here is used to determine beams which will be used for data reception after LTM. Using rough beam may result in inaccurate beam selection. Therefore, similar as legacy, L1 measurement here shall be based on fine beam.
Another aspect is whether intermediate results of L3 measurement can be reused for L1 measurement. At least for FR2, wherein different beams are assumed for L3 and L1 measurement, RAN4 shall not assume intermediate results of L3 measurement can be reused for L1 measurement. Even in FR1, from RAN4 requirements point of view, currently L3 and L1 measurements have different accuracy requirements and side condition. It is a bit overoptimistic to reuse intermediate L3 measurement for L1 measurement.
[bookmark: _Ref127354176]Proposal 3: RAN4 shall not assume intermediate results of L3 measurement can be reused for L1 measurement.
Regarding option 2, we would like to raise that baseband resource, similar to searcher limitation, needs to be considered. Inter-frequency L3 measurement can be done with or without gap. So far it has not been decided that whether and how to support inter-frequency L1 measurement. It is possible that UE can be configured with a number of layers for L1 measurement, although it is not preferred. In case of this, RAN4 shall not assume all the L1 measurement can be performed simultaneously due to baseband resource limitation. Thus, it is premature to draw conclusion like option 2.
[bookmark: _Ref127354202]Observation 2: it is premature to conclude L1 and L3 measurement can always be performed simultaneously on the same frequency layer.

Next issue is whether to define L1-RSRP measurement delay requirements for unknown cells:
	Issue 2-1-4: Whether to define L1-RSRP measurement delay requirements for unknown cells
< Wayforward >: FFS the following option
· Option 1 (Ericsson): RAN4 to define L1 measurement requirements for both known and unknown cells.
· If a cell is reported L3 measurement report in last X seconds, it is considered as known cell, otherwise unknown cell for LTM requirements purpose


In our view, network shall not configure L1 measurement directly on unknown target cell. Regarding definition of known/unknown, we prefer to start from existing definition for cell with different PCI in L1 RSRP measurement requirements, e.g., 
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 X seconds, and
-	The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
Similarly, requirements applicability regarding known/unknown for L1-RSRP measurement on neighbour cell is expected to be same as existing L1-RSRP measurements for a cell with different PCI from serving cell. In other word, no need to define requirement for L1-RSRP measurement delay for unknown cells.
Note that, this is different from cell switch requirement in LTM. Whether unknown case needs be covered in cell switch requirement can be discussed separately.
[bookmark: _Ref127354178]Proposal 4: definition of known/unknown in L1 measurement on neighbour cell can be defined based on the existing definitions in L1-RSRP measurements for a cell with different PCI from serving cell:
· 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 X 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
[bookmark: _Ref127354180]Proposal 5: not define L1-RSRP measurement delay requirement for unknown cells. Whether unknown case needs to be included in cell switch requirement in LTM procedure can be discussed separately.

Next issue is about L1-RSRP measurement delay requirement.
	Issue 2-2-1: intra-frequency L1-RSRP measurement delay requirements
[bookmark: _Hlk119570953]< Wayforward >: FFS the following options
· Option 1 (MTK, Nokia): For intra-frequency L1-RSRP measurement on neighbor cell, use the requirements for L1 measurement on NSC in R17 as a baseline:
· FFS: whether to consider multiple neighbor cells in a frequency layer,
· FFS: whether to consider timing difference between neighbor cell and serving cell larger than a CP.
· Option 2 (Huawei): For intra-frequency inter-cell L1-RSRP measurement, if there are more than 1 neighbour cell, the sharing factor (PSC and PCDP) in R17 ICBM shall be modified.
· Option 3 (OPPO, ZTE): FFS
· Option 4 (Ericsson): 
· RAN4 to reuse intermediate results of L3 measurement for L1 measurement.
· Measurement requirements of ICBM shall not be taken as baseline for L1 measurement requirements of LTM
· RAN4 to discuss L1 measurement delay requirements considering same measurement occasion of L3 measurement can be used for L1 measurement


In general, we support both option 1 and 2. L1 measurement on a neighbour cell is quite similar with L1 measurement on a cell with different PCI from serving cell. The potential change is L1 measurement on a neighbour cell may support multiple target cells and may include inter-frequency as well. Besides, whether to cover RTD>CP is also being discussed under scenario agenda.
[bookmark: _Ref127354183]Proposal 6: For intra-frequency L1-RSRP measurement on neighbour cell, use the requirements for L1 measurement on NSC in R17 as a baseline. 
· FFS: whether to consider multiple neighbor cells in a frequency layer,
· FFS: whether to consider timing difference between neighbor cell and serving cell larger than a CP.
[bookmark: _Ref127354185]Proposal 7: requirements for inter-frequency can be discussed after RAN4 concludes other related issues, such as whether to use measurement gap and so on.

Next is about side condition.
	Issue 2-3-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
< Wayforward >: FFS the following options
· Option 1 (MTK, OPPO, vivo, Huawei): Reuse legacy value SNR= -3dB
· Option 2 (ZTE, Ericsson): SNR =-6dB (same as L3 measurement) 
· Option 2a (vivo): SNR =-6dB if intermediate results from L3 measurements is used in L1-RSRP reporting for both serving cell and candidate cell.
· Option 3 (ZTE): FFS


Since the L1-RSRP measurement is also for the potential data Rx/Tx, we support to reuse legacy value, i.e., SNR=-3dB. Regarding option 2, as mentioned above, we don’t think RAN4 shall assume intermediate results from L3 measurements can always be reused in L1-RSRP reporting.
[bookmark: _Ref127354188]Proposal 8: Reuse legacy value SNR= -3dB as side condition of intra-frequency L1-RSRP measurement accuracy requirements.

3. Conclusion
In this contribution, we provide further discussion on L1-RSRP measurement requirement in L1/L2 based inter-cell mobiliy. After discussion, the following conclusions are provided: 
Observation 1: L3 measurement is essential for UE to acquire timing information, improve L1 measurement accuracy and reduce L1 measurement latency on neighbour cells.
Proposal 1: Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
Proposal 2: Candidate cell L1-RSRP measurements can be measured within SMTC.
Proposal 3: RAN4 shall not assume intermediate results of L3 measurement can be reused for L1 measurement.
Observation 2: it is premature to conclude L1 and L3 measurement can always be performed simultaneously on the same frequency layer.
Proposal 4: definition of known/unknown in L1 measurement on neighbour cell can be defined based on the existing definitions in L1-RSRP measurements for a cell with different PCI from serving cell:
· 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 X 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: not define L1-RSRP measurement delay requirement for unknown cells. Whether unknown case needs to be included in cell switch requirement in LTM procedure can be discussed separately.
Proposal 6: For intra-frequency L1-RSRP measurement on neighbour cell, use the requirements for L1 measurement on NSC in R17 as a baseline.
Proposal 7: requirements for inter-frequency can be discussed after RAN4 concludes other related issues, such as whether to use measurement gap and so on.
Proposal 8: Reuse legacy value SNR= -3dB as side condition of intra-frequency L1-RSRP measurement accuracy requirements.
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