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1. Introduction
RAN4 extensively discussed the inter-cell L1-RSRP measurement in previous meetings. The latest agreements can be found in [1]. There are still quite many open issues. Besides, RAN1 approved an LS [2] to RAN4 with their agreements made in October meeting. Some RAN4 actions are expected. In this contribution, we continue discussion on the open issues and provide some response to RAN1’s questions.
2. Discussion
The first issue is whether to support simultaneous data Rx/Tx:
	Simultaneous data Rx/Tx?
<Way forward >: Issue 1-1-2: Whether to consider simultaneous data Rx/Tx with both source cell and target cell
GTW: More clarification on “simultaneous data Rx/Tx” is needed.
For intra-freuqueny L1/L2 mobility case
Tentative agreement: For intra-frequency L1/L2 mobility, not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay.
For inter-frequency L1/L2 mobility case
· Option 1 (Intel, MTK, Huawei, Ericsson, Xiaomi, CATT, CTC, OPPO): For inter-frequency L1/L2 mobility, not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay.
· Option 1a (QC): For inter-frequency L1/L2 mobility, not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay. 
· FFS: The extension of the restriction to CA, i.e. for the case where L1/L2 based SpCell switch is within configured serving cells.
· Option 1b (vivo): For L1/L2 mobility, not consider dual-protocol-stack based simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay.
· FFS: The extension of the restriction to other scenarios without dual-protocol-stack based simultaneous data Rx/Tx with both source cell and target cell
· Option 2 (Nokia): Up to RAN2 



It has been agreed that for intra-frequency, RAN4 does not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay. Regarding inter-frequency, some company proposed to consider some enhancement such as for CA capable UE to support simultaneous data Rx/Tx. In our view, RAN4 shall focus on the baseline procedure first. L1/L2 mobility with CA can be discussed later after single mobility is stable. On the other hand, supporting CA doesn’t always mean UE can support simultaneous Rx/Tx with two different cells during mobility procedure. Especially in FR2, simultaneous data Rx/Tx may require multi-Rx/Tx in different directions, which is too early to be considered in mobility procedure.
[bookmark: _Ref118634413]Proposal 1: as baseline, UE is not required to perform simultaneous Rx or Tx with both source cell and target cell during LTM for both intra-frequency and inter-frequency scenario.

The next issue is whether to cover inter-frequency L1-RSRP measurement:
	<Way forward >: Issue 1-1-5: Whether to cover inter-frequency L1-RSRP measurement

	RAN2 agreement in RAN2#119bis-e
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.



· Option 1 (Intel): focus on inter-frequency L1-RSRP measurement without gap first
· Option 2 (MTK, OPPO): deprioritize the discussion on L1 inter-frequency measurement 
· Option 3 (Huawei, Xiaomi, Ericsson, CMCC, Apple, Nokia, CTC, CATT): cover inter-frequency L1-RSRP measurement
· FFS: the number of supported inter-frequency layers
· FFS: MG can be used for inter-frequency L1 measurements.
· Option 4 (QC, vivo): wait for RAN1/2 progress



In our understanding RAN2, as the leading group, tends to support inter-frequency L1 RSRP measurement unless RAN1/4 identify any feasibility issue. According to previous RAN1 and RAN4 discussion, it seems most companies didn’t doubt about the feasibility. Thus we propose to include this case in this objective. Regarding details, such as number of supported inter-frequency layers, it can be further discussed after the procedure becomes clear and stable. As for whether MG can be used, we assume using MG shall be a baseline but we are open for further discussion.
[bookmark: _Ref118634415]Proposal 2: inter-frequency L1-RSRP measurement shall be supported.
[bookmark: _Ref118634417]Proposal 3: using MG for inter-frequency L1-RSRP can be considered as a baseline.

On inter-frequency cell switch
	<Way forward >: Issue 1-1-6: Whether to cover inter-frequency cell switch 
The difference is 1-1-5 is from the point of measurement, 1-1-6 is from the point of cell switch. The definitions of intra-frequency and inter-frequency may be different from the point of measurement and the point of cell switch. Take the scenario “the target PCell is a current Scell” as an example, from the point of measurement, the SCC is still an intra-frequency. But from the point of cell switch, this is inter-frequency cell switch.
· Option 1 (Intel, MTK, Huawei, Xiaomi, CMCC, vivo, CTC): support inter-frequency L1/L2-based mobility, where the SSBs of active serving cell(s) and the corresponding candidate target cell(s) are on different frequency layers
· Option 2 (QC, Apple, OPPO): support inter-frequency L1/L2-based mobility, where the SSBs of SpCell and the target cell are on different frequency layers
· Option 3 (Ericsson, CATT): Further clarify the intention and impact of such agreement.



In existing handover requirements, RAN4 doesn’t distinguish intra-frequency and inter-frequency. Our understanding is if RAN4 finalize requirement for intra-frequency cell switch and inter-frequency cell switch, the case moderator mentioned (cell switch to a neighbor cell on same layer of one of SCells) can also be covered.
[bookmark: _Ref118634434]Observation 1: measurement requirements for intra-frequency and inter-frequency may be different. However, it doesn’t mean RAN4 needs to differentiate intra/inter-frequency cell switch requirements. Similarly, RAN4 doesn’t differentiate intra and inter-frequency in handover requirements.
[bookmark: _Ref118634418]Proposal 4: inter-frequency L1/L2-based mobility shall be supported, where the SSBs of SpCell and the target cell are on different frequency layers. 

On sync and async scenario:
	Synchronous & non-synchronous
<Way forward >: Issue 1-1-7: Definition of synchronous and non-synchronous
· Option 1 (MTK, OPPO): From the point of measurement, synchronous scenario will refer to timing offset smaller than CP between source cell and target cell.
· Option 2 (CATT): take the following into consideration
· Whether the time offset between the serving cell and the adjacent cell under test is within CP?
· Whether the time offset between the serving cell and the adjacent cell under test is within MRTD/MTTD?
· Whether the UE needs to do RACH to obtain TA in the target cell?
· Whether some information is synchronized between the source cell and target cell in the interface?
· Option 3 (vivo): From RAN4 perspective, non-synchronous scenario refers to the case when slot boundary between serving cell and neighbour cell is not aligned, i.e. larger than TAE, from gNB perspective, e.g. FDD. All other cases are called synchronous.
· Option 4 (Ericsson, Nokia): reuse the legacy definition of sync and async for L3 HO
· Option 5 (Intel, MTK, Huawei, QC, Ericsson, Apple, Xiaomi, CMCC, CATT): FFS

<Way forward >: Issue 1-1-8: Whether to cover non-synchronous scenarios
· Option 1 (Intel, Huawei, QC, vivo, CATT): wait for RAN2’s progress
· Option 2 (MTK, Apple, OPPO): 
· start from synchronous L1-RSRP measurement
· async case: FFS
· Option 3 (Xiaomi, Ericsson, vivo, CATT): No need to restrict the RTD between serving cell and neighbour cell to be within CP for SSB-based L1-RSRP measurement
· Option 4 (Ericsson, Apple, Xiaomi, CATT, Nokia): Focus on the definition first


We suggest coming back to this issue after the overall procedure is clear stable. For example, if RAN4 can agree that network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell, it could be easier to support async case. However, if UE is required to directly perform L1 measurement on async neighbor cell which has never been measured, it is undesirable.
[bookmark: _Ref118634420]Proposal 5: whether to support sync and async can be discussed after L1 measurement procedure become clearer and more stable.

On relation between L1 and L3 measurement 
	Relation of L1 measurement and L3 measurement
<Way forward >: Issue 1-1-9: Relation between L3 measurement and L1 measurement
The options are not exclusive.
· Option 1 (Huawei, MTK, QC, Apple, OPPO): Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell
· FFS whether the spec has to define such a constraint explicitly.
· Option 2 (Nokia): L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbor cell
· Option 3 (Intel): Further discuss whether to support inter-cell L1-RSRP measurement when L3 measurement is not available recently and wait for RAN2 progress.
· Option 4 (Ericsson, Apple, Xiaomi, CATT, Nokia): Candidate cell L1-RSRP measurements can be measured within SMTC
· Option 5 (Intel, vivo): wait for RAN1/2 progress



Even though options are not mutual exclusive, we support option 1. It is undesirable for to directly perform L1 measurement on neighbor cells which has never been measured before. 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.
Option 4 is about another issue, i.e. whether L1 and L3 RS shall be within the same window. We are fine with it and also fine for further discussion.
[bookmark: _Ref118634422]Proposal 6: Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. Whether to explicitly capture it in spec can be FFS. However, it needs to be reflected in RAN4 spec, e.g. cell search may not be needed with this condition.

Besides issues above, there are still many other open issues captured in [1]. However, most of them are pending more RAN1/2 input. We will further discuss them in future once we have more RAN1/2 input.
As for RAN1 questions in the LS, we provide the following response based on some of the proposals above:
	1. L1 Intra-frequency measurement

Regarding L1/L2-based inter-cell mobility for Rel-18 NR further mobility enhancement, RAN1 made the following agreements for L1 intra-frequency measurement:

Agreement
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration

Question 1 (to RAN4): As mentioned in this agreement, while RAN1 assumes Rel-17 ICBM CSI measurement as starting point for L1 intra-frequency measurement for Rel-18 L1/L2 mobility, RAN1 wonders if the restriction on e.g., SFN offset alignment, BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP, and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not.



This is somehow related to issue 1-1-9 and our proposal 6 above. Technically, if UE has to use serving cell’s timing as reference to measure neighbor cell, then the conditions cannot be relaxed. However, as mentioned in proposal 6, we think NW can configure L3 measurement before configuring L1 measurement. So that the timing, frequency and beam information can be somehow obtained during L3 measurement phase. With that UE can perform L1 measurement properly on the neighbor cell even if the conditions described in 9.13.2 of TS38.133 are not met.
[bookmark: _Ref118634424]Proposal 7: answer to RAN1 Q1: it is RAN4 understanding that Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. Timing, frequency, AGC and beam information can be roughly obtained during L3 measurement before L1 measurement. Therefore, the restriction can be relaxed if target cell has been measured before L1 measurement configuration.

The second question:
	2. L1 Inter-frequency measurement

In addition, RAN1 made the following agreements for L1 inter-frequency measurement:

Agreement 
· For Rel-18 L1/L2 mobility, further study the potential RAN1 spec impact of L1 inter-frequency measurement 
· The definition and scenarios of L1 inter-frequency measurement is determined by RAN4, and RAN1 assumes at least the following until receiving their confirmation
· The scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
· At least the following aspect is studied:
· Commonality with L1 intra-frequency measurement for measurement configuration

	Question 2 (to RAN4): As mentioned in this agreement, RAN1 would like to ask RAN4 to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 

Also, RAN1 would like to inform RAN4 of our understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue. 


RAN4 already agreed the definition of intra/inter-frequency L1 measurement in [1]:
< Agreement>: Issue 1-1-4: Definition of L1 intra-frequency/inter-frequency measurement
Agreement on GTW
· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
· Note: RAN4 will revisit the definition based on RAN1/2 conclusion. 
Therefore, the answer to Q2 could be quite straightforward.
[bookmark: _Ref118634427]Proposal 8: answer to RAN1 Q2: RAN4 confirms that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement. It covers both scenarios asked by RAN1:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
For RAN1 information, the following definition of intra-frequency L1 measurement was agreed in RAN4#104#-bis: 
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 

3. Conclusion
In this contribution, we provide further discussion on inter-cell L1-RSRP measurement. After discussion the following conclusions are provided:
Proposal 1: as baseline, UE is not required to perform simultaneous Rx or Tx with both source cell and target cell during LTM for both intra-frequency and inter-frequency scenario.
Proposal 2: inter-frequency L1-RSRP measurement shall be supported.
Proposal 3: using MG for inter-frequency L1-RSRP can be considered as a baseline.
Observation 1: measurement requirements for intra-frequency and inter-frequency may be different. However, it doesn’t mean RAN4 needs to differentiate intra/inter-frequency cell switch requirements. Similarly, RAN4 doesn’t differentiate intra and inter-frequency in handover requirements.
Proposal 4: inter-frequency L1/L2-based mobility shall be supported, where the SSBs of SpCell and the target cell are on different frequency layers.
Proposal 5: whether to support sync and async can be discussed after L1 measurement procedure become clearer and more stable.
Proposal 6: Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. Whether to explicitly capture it in spec can be FFS. However, it needs to be reflected in RAN4 spec, e.g. cell search may not be needed with this condition.
Proposal 7: answer to RAN1 Q1: it is RAN4 understanding that Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. Timing, frequency, AGC and beam information can be roughly obtained during L3 measurement before L1 measurement. Therefore, the restriction can be relaxed if target cell has been measured before L1 measurement configuration.
Proposal 8: answer to RAN1 Q2: RAN4 confirms that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement. It covers both scenarios asked by RAN1:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
For RAN1 information, the following definition of intra-frequency L1 measurement was agreed in RAN4#104#-bis: 
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
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