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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 basic assumption for L1 measurement on neighbour cell:
Issue 3-1-1: Basic assumption for L1 measurement on neighbour cell
< Wayforward >: FFS the following proposal
· Proposal 1 (QC): L1-RSRP measurement for LTM should not require a separate FFT engine or cell search.
In general we support the idea that L1 measurement on neighbor cell shall not require additional/separate FFT and cell search engines. However, Proposal 1 seems too high level. It is better to directly discuss the RRM requirements design. 

Next issue is about DL/UL synchronization assumption for L1 measurements:
Issue 3-1-2: DL/UL synchronization assumption for L1 measurements
< Wayforward >: FFS the following proposals
· Proposal 1 (QC): RAN4 to discuss whether and how to address a potential issue where the total number of active TCI states from a serving cell plus the total number of SSBs to perform intra-frequency L1-RSRP measurements from LTM cells exceed the UE capability on the number of total active TCI states, e.g. requirement applicability rule in terms of latency requirements, etc.
· Proposal 2 (vivo): RAN4 to clarify DL/UL synchronization assumption for L1 measurements performed on target cell, especially if L1 measurement is performed before cell switch, but DL/UL synchronization is done after cell switch.
Proposal 1 raises a valid point. If we expect UE can directly perform DL/UL data after cell switch command, L1 measurement on neighbor cell shall be treated similarly with active TCI from a serving cell. Therefore, it is reasonable to assume that total number of active TCI states from a serving cell plus the total number of SSBs from neighbour cells shall not exceed the existing UE capability on the number of total active TCI states. In R15, the supported maximum number of activated TCI-states is indicated per BWP, which only targets TCI from serving cell. As in this work item, UE needs to perform L1 measurement on neighbor cell, including intra-frequency and inter-frequency. Therefore, a new UE capability needs to be introduced. Details can be further studied, e.g. whether a general UE capability to cover both intra-frequency and inter-frequency neighbour cell L1 measurement or separate UE capabilities are needed. what is the relationship between the new UE capability and existing UE capability on serving cell, and so on.
[bookmark: _Ref131410670]Proposal 1: New UE capability needs to be introduced to indicate supported maximum number of SSBs configured for L1 measurement on neighbour cell. Details are FFS, e.g. whether to differentiate intra and inter-frequency. 
Regarding proposal 2, it is risky to assume UE can directly perform L1 measurement on neighbour cell without DL synchronization. Without DL synchronization, UE can only rely on serving cell’s timing to perform L1 measurement. In most cases serving cell’s timing cannot be used as fine timing reference for neighbor cell. On the other hand, one of the key motivations of LTM is to reduce cell switch latency. It is better to move DL/UL synchronization procedure ahead of cell switch command.
[bookmark: _Ref131410680]Proposal 2: assuming UE has chance to perform cell search and L3 measurement before L1 measurement on neighbour cell, DL synchronization has to be done before UE can perform L1 measurement.  
L3 measurement and L1 measurement are both configured via RRC. UE needs to trigger measurement immediately after RRC configuration. Measurement latency would be increased, and system throughput would be jeopardized if NW directly configures L1 measurement on many neighbor cells. To avoid frequent RRC reconfiguration, one possible solution is to introduce conditional L1 measurement. For instance, NW configures L3 measurement same as legacy. NW pre-configures L1 measurement and corresponding conditions. UE actives or deactivates L1 measurement on neighbor cells when corresponding conditions are met. This can be considered as optional enhancement with lower priority in this work item.

Next issue is whether to use intermediate L3 measurement results in L1 measurement reporting:
[bookmark: _Hlk127863944][bookmark: _Hlk127864068]Issue 3-1-3: Whether to use intermediate L3 measurement results in L1 measurement reporting
Ad hoc agreement
<Agreement>: 
· In FR2:
· Fine beam can be assumed for L1 measurement on intra-frequency neighbor cell. FFS on inter-frequency neighbor cell.
· FFS whether to consider rough beam also for L1 measurement on neighbor cell (including intra and inter-frequency).
<Wayforward>: FFS on the following for FR1:
· Which measurement framework(s) to use for L1 measurement reporting
In FR2, RAN4 confirmed that fine beam can be assumed for L1 measurement on intra-frequency neighbor cell. Regarding inter-frequency, it is FFS. From system performance point of view, using fine beam in L1 measurement on neighbor cell can reduce interruption during cell switch procedure. Note that the essentiality of reducing handover delay is to reduce interruption time. From UE implementation perspective, difference between intra-frequency and inter-frequency is the matter of whether RF tuning/retuning is needed. It is irrelevant to whether fine beam or rough beam shall be assumed. Typically, measurement on inter-frequency neighbor cell needs measurement gap while measurement on intra-frequency neighbour cell needs scheduling restriction. We don’t see too much difference here.
[bookmark: _Ref131410682]Proposal 3: fine beam is assumed for L1 measurement on both intra and inter-frequency neighbour cell.
Regarding FR1, using intermediate 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 21st SMTC. 
[bookmark: _Ref131410723]Observation 1: using intermediate L3 measurement results in L1 measurement reporting may result in longer L1 measurement latency.

Next issue whether L1 measurement shall be configured after receiving L3 measurement report on that cell:
Issue 3-1-4: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Wayforward >: FFS the following Options
· RAN4 assumes UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell
· L3 measurement report is not the prerequisite of L1 measurement configuration
Technically, we don’t think UE shall directly perform L1 measurement unknown neighbour cell. Therefore, it is reasonable for network to configure L3 measurement before L1 measurement. The typical use case in our mind is that network first configures L3 measurement on all neighbor cells surrounding the serving cell, e.g. 8 or even more cells. After receiving UE L3 report, network can know e.g. only one or two neighbour cells could be the possible candidate cells for LTM. Then NW can configure L1 measurement on the possible candidate cells for LTM.
From specification point of view, it may not be necessary to assume L3 measurement report is the prerequisite of L1 measurement configuration. This is for the sake of network flexibility and also to potentially reduce signaling overhead. The key thing is UE has chance to perform L3 measurement, which can be considered as the applicability condition in RAN4 requirement. When to trigger L1 measurement is eventually up to network configuration.
[bookmark: _Ref131410685]Proposal 4: in RAN4 requirements, UE is assumed to perform L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell. However, it seems unnecessary to consider L3 measurement report as the prerequisite of L1 measurement configuration.

Next issue is about unknown cell:
[bookmark: _Hlk127802603]Issue 3-1-5: Whether to define L1-RSRP measurement delay requirement for unknown cell?
< Wayforward >: FFS the following Options
· Option 1 (QC, Apple, Intel, Xiaomi): RAN4 to define L1 measurement requirements for known cell case only.
· Option 2 (Nokia): RAN4 waits for RAN2 agreements on LTM timer before defining L1-RSRP measurement delay requirement for unknown cells.
· Option 3 (Ericsson): RAN4 to define L1 measurement requirements for both known and unknown cells.
Similar to previous issues, we don’t think it is reasonable to let UE directly perform L1 measurement on unknown target cell. Even for existing L3 measurement, it can only be done after cell search procedure. 
[bookmark: _Ref131410687]Proposal 5: RAN4 to define L1 measurement requirements for known cell case only.

Next issue is about known cell condition for L1-RSRP measurement:
[bookmark: _Hlk127802379]Issue 3-1-6: known cell condition for L1-RSRP measurement
< Wayforward>: FFS on following option
· 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
In general we are fine with the wayforward. We would like to propose some modification to make sure that the SSB remaining detectable is the one configured for L1 measurement.:
[bookmark: _Ref131410688]Proposal 6: known cell condition for L1-RSRP measurement:
· 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 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 about Intra-frequency L1-RSRP measurement requirements:
Issue 3-2-1: Intra-frequency L1-RSRP measurement requirements
< Wayforward>: FFS on the following
· Option 1: 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 how to define requirements when RTD between neighbor cell and serving cell larger than a CP.
· Option 2: For intra-frequency L1-RSRP measurement on neighbor cell, the requirements are designed based on measurement framework agreement. 
In general we support option 1 as baseline. If multiple neighbour cells have to be considered, the L1 measurement latency needs to be scaled by number of cells. Besides, the configured number of SSB for L1 measurement shall not exceed UE capability on supported maximum number.
As for the case wherein RTD is larger than a CP, we think it is beneficial to support this scenario since it happens quite a lot in real deployment. As baseline, UE is expected to conduct such measurement with measurement gap or scheduling restriction. Besides, as agreed in previous meeting, some advance UE may also support this with additional UE capability. For this kind of UE, measurement gap or scheduling restriction is not even needed.
[bookmark: _Ref131410691]Proposal 7: for intra-frequency L1-RSRP measurement requirements, use the requirements for L1 measurement on NSC in R17 as a baseline.
[bookmark: _Ref131410695]Proposal 8: If multiple neighbor cells in a frequency layer needs to be considered, L1 measurement latency needs to be scaled by number of cells. The configured SSB for L1 measurement on neighbor cell shall not exceed UE capability, which is to be introduced.
[bookmark: _Ref131410698]Proposal 9: for the case wherein RTD between neighbor cell and serving cell larger than a CP, L1 measurement can be done with measurement gap or scheduling restriction.

Next issue whether SSB for intra-frequency L1 measurement should be covered by serving cell active BWP:
[bookmark: _Hlk126693494]Issue 3-2-4: Whether SSB for intra-frequency L1 measurement should be covered by serving cell active BWP
< Wayforward>: FFS on the following
· For intra-frequency measurement, if non-serving cell is the on the same frequency layer as active serving cell, and if introduce a new UE capability or reuse bwp-WithoutRestriction, it is possible that the SSB for L1-RSRP measurement of non-serving cell is not in the active BWP if serving cell’s SSB is not in the active BWP.
· For intra-frequency measurement, if the cell to measure is on the frequency layer of de-activated SCell, the SSB for L1-RSRP measurement is not in the active BWP.
Issue 3-2-5: Whether to specify requirements for SSB for intra-frequency L1 measurement not covered by serving cell active BWP
< Wayforward>: FFS on the following 
· 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
· FFS Whether to define intra-frequency L1-RSRP measurement requirements if the cell to measure is neighbor cell of deactivated Cell after checking with RAN1/2 whether L1-RSRP measurement is supported on deactivated SCell or PSCell.
For the first bullet, supporting bwp-WithoutRestriction doesn’t necessarily mean UE can measure SSB outside active BWP without measurement gap or interruption. According to [2], there are several options to support L1 operation for the case wherein CD-SSB is not included in active BWP:
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
UE which supports option A cannot measure intra-frequency neighbor cell SSB without gap. UE which supports option B-1-2 can measure intra-frequency neighbor cell SSB. However, such measurement results in interruption. Note that this is the first meeting for NR_BWP_wor [2] to discuss interruption for B-1-2 for serving cell measurement. In R18 NR mobility enhancement, if B-1-2 capable UE is expected to measure intra-frequency neighbor cell SSB outside active BWP, additional interruption would be introduced. Extra RAN4 work can be expected to support this. We consider this as optimization which can be studied in future release. Even for UE which supports B-1-1, whether there is any impact on RAN4 requirement is still unclear now. For UE which supports option C, there is also some potential extra standardization work to support L1 measurement on neighbour cell, e.g. does UE need to automatically change target RS from CD-SSB to NCD-SSB when BWP switching occurs and so on.
Based on above analysis, we propose to deprioritize the case wherein UE is capable of bwp-WithoutRestriction and target SSB from intra-frequency neighbour cell is outside UE active BWP. Nevertheless, this doesn’t mean we cannot support target SSB from intra-frequency neighbour cell is outside UE active BWP. In existing L3 measurement requirements, different requirements are defined for intra-frequency measurement with and without gaps. Similarly, this scenario can be supported with measurement gap. 
[bookmark: _Ref131410718]Observation 2: extra standardization work is expected to support the scenario wherein SSB for L1-RSRP measurement of non-serving cell is not in the active BWP for UE which is capable of bwp-WithoutRestriction.
[bookmark: _Ref131410701]Proposal 10: deprioritize the case wherein UE is capable of bwp-WithoutRestriction and target SSB from intra-frequency neighbour cell is outside UE active BWP. 

Next issue is about inter-frequency L1-RSRP measurement:
Issue 3-3-1: Whether to cover inter-frequency L1-RSRP measurement
Online agreement
<Agreement>: 
· Introduce inter-frequency L1-RSRP measurement requirements in Rel-18 LTM
· Option 1: Inter-frequency L1-RSRP measurements without gap
· Option 2: Inter-frequency L1-RSRP measurements with gap
· Option 3: Inter-frequency L1-RSRP measurements with gap and without gap
Issue 3-3-2: inter-frequency L1-RSRP measurement with MG
< Wayforward >: FFS the following proposals
· Proposal 1 (xiaomi): 
· RAN4 to consider whether to use the gap shared with L3 measurement or to configure a dedicated gap for L1-RSRP measurement.
· RAN4 to define the requirement for inter-frequency L1-RSRP measurement with type 1 MG in first phase.
· RAN4 to consider to define the requirement for inter-frequency L1-RSRP measurement with NCSG or ‘needforgap’ or type2 MG in late phase/release.
· Proposal 2 (Huawei): For SSB based L1-RSRP inter-frequency measurement with legacy gap:
· In FR1, SSB based L1-RSRP can be performed simultaneously with L3-RSRP measurement;
· In FR2, either L1 measurement sharing with L3 gap, or a dedicated measurement gap for L1-RSRP can be considered.
Technically, both inter-frequency L1-RSRP measurements with gap and without gap are feasible, similar with existing inter-frequency RRM measurement requirements. Considering not all UE supports inter-frequency measurement without gap (interFrequencyMeas-NoGap, NeedForGaps and NCSG are optional features), we suggest starting from the case with measurement gap. 
Regarding whether L1 measurement sharing with L3 gap, or a dedicated measurement gap for L1-RSRP can be considered. We are open for further discussion. For sharing based approach, RAN4 may need to study sharing scheme. Existing framework of MeasGapSharingScheme can be considered as starting point. For dedicated gap based approach, existing framework of concurrent gaps can be considered as starting point.
[bookmark: _Ref131410705]Proposal 11: as baseline, inter-frequency L1-RSRP measurement with gap needs to be supported. 
[bookmark: _Ref131410708]Proposal 12: further study the following gap based inter-frequency L1 measurement
· Option 1: L1 measurement sharing with L3 gap. 
· RAN4 needs to study sharing scheme between L1 and L3. Existing framework of MeasGapSharingScheme can be considered as starting point.
· Option 2: dedicated measurement gap for L1-RSRP.
· Existing framework of concurrent gaps can be considered as starting point.


3. Conclusion
In this contribution, we provide further discussion on LTM – L1 RSRP measurement requirements. After discussion, the following conclusions are provided:
Proposal 1: New UE capability needs to be introduced to indicate supported maximum number of SSBs configured for L1 measurement on neighbour cell. Details are FFS, e.g. whether to differentiate intra and inter-frequency.
Proposal 2: assuming UE has chance to perform cell search and L3 measurement before L1 measurement on neighbour cell, DL synchronization has to be done before UE can perform L1 measurement.
Proposal 3: fine beam is assumed for L1 measurement on both intra and inter-frequency neighbour cell.
Observation 1: using intermediate L3 measurement results in L1 measurement reporting may result in longer L1 measurement latency.
Proposal 4: in RAN4 requirements, UE is assumed to perform L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell. However, it seems unnecessary to consider L3 measurement report as the prerequisite of L1 measurement configuration.
Proposal 5: RAN4 to define L1 measurement requirements for known cell case only.
Proposal 6: known cell condition for L1-RSRP measurement:
· 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 configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
Proposal 7: for intra-frequency L1-RSRP measurement requirements, use the requirements for L1 measurement on NSC in R17 as a baseline.
Proposal 8: If multiple neighbor cells in a frequency layer needs to be considered, L1 measurement latency needs to be scaled by number of cells. The configured SSB for L1 measurement on neighbor cell shall not exceed UE capability, which is to be introduced.
Proposal 9: for the case wherein RTD between neighbor cell and serving cell larger than a CP, L1 measurement can be done with measurement gap or scheduling restriction.
Observation 2: extra standardization work is expected to support the scenario wherein SSB for L1-RSRP measurement of non-serving cell is not in the active BWP for UE which is capable of bwp-WithoutRestriction.
Proposal 10: deprioritize the case wherein UE is capable of bwp-WithoutRestriction and target SSB from intra-frequency neighbour cell is outside UE active BWP.
Proposal 11: as baseline, inter-frequency L1-RSRP measurement with gap needs to be supported.
Proposal 12: further study the following gap based inter-frequency L1 measurement
· Option 1: L1 measurement sharing with L3 gap. 
· RAN4 needs to study sharing scheme between L1 and L3. Existing framework of MeasGapSharingScheme can be considered as starting point.
· Option 2: dedicated measurement gap for L1-RSRP.
· Existing framework of concurrent gaps can be considered as starting point.
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