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1. Introduction
In RAN4#104-bis-e meeting, RAN4 has some initial discussion on L1/L2 based inter-cell mobility, and the related WF was approved in [1]. In this contribution, we would like to discuss the general aspects and scenarios for L1/L2 based inter-cell mobility and provide our proposals.
2. Discussion
Terminology
	Issue 1-1-1 Terminology of L1/L2 based inter-cell mobility
Wait and follow RAN2’s conclusion on the terminology of L1/L2 based inter-cell mobility. 


In last meeting, RAN4 agreed to follow RAN2’s conclusions on the terminology of L1/L2 based inter-cell mobility, and in RAN2 incoming LS [2], RAN2 has reached the following agreements on the terminology of L1/L2 based inter-cell mobility.
	Terminology
RAN2 to use “LTM” as term for the L1/L2-triggered mobility. 
Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.


Proposal 1: RAN4 to use the following terminologies in L1/L2 based inter-cell mobility:
· Use “LTM” as term for the L1/L2-triggered mobility. 
· Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
· Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.
Simultaneous data Rx/Tx
	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 


According to the discussion in [3], companies had different understanding on ‘simultaneous data Rx/Tx’ which should be clarified and aligned in RAN4 before agreeing to consider simultaneous date Rx/Tx. In our understanding, simultaneous date Rx/Tx with both source cell and target cell should exclude DAPS which requires higher UE complexity, e.g. dual protocol stacks and enhanced RF/baseband capability. However, for CA capable UE, we think the‘simultaneous data Rx/Tx’ means the simultaneous reception on serving cell and target cell. When the case that the target cell is already an active serving cell, UE is able to receive data/RS from serving cell and target cell simultaneously. When the case that the target cell is a non-active serving cell, the UE may be able to receive data/RS from serving cell and perform L1-RSRP measurements on target cell simultaneously. Thus, for inter-frequency L1/L2 mobility, we support not to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in non-CA case, and simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay can be considered in CA case.
Observation 1: ‘simultaneous data Rx/Tx’ does not mean DAPS operation.
Observation 2: For CA capable UE, the ‘simultaneous data Rx/Tx’ means the simultaneous reception on serving cell and target cell.
Proposal 2: for inter-frequency L1/L2 mobility,
· RAN4 not to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in non-CA case, 
· RAN4 to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in CA case.
Intra-frequency & inter-frequency
	Issue 1-1-5: Whether to cover inter-frequency L1-RSRP measurement
· 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
<Way forward >: Issue 1-1-6: Whether to cover 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.


According to the scope of Rel-18 mobility enhancement WI, the procedure of L1/L2 based inter-cell mobility are applicable to both intra-frequency and inter-frequency which means both inter-frequency L1-RSRP measurement and inter-frequency cell switch should be supported. In addition, in RAN2 incoming LS [2], RAN2 has agreed to support inter-frequency measurement and mobility. 
	L1 measurements and beam indication
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.


Proposal 3: RAN4 confirm that inter-frequency L1-RSRP measurement is supported for L1/L2 based inter-cell mobility.
Proposal 4: RAN4 confirm that inter-frequency cell switch is supported for L1/L2 based inter-cell mobility.
Synchronous & non-synchronous
	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
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


Regarding the synchronous scenario and asynchronous scenario, according to the scope of WI, we think RAN4 should define requirements for both synchronous and asynchronous scenarios. And from UE reception perspective, the timing offset between source cell and target cell defined in Rel-17 inter-cell BM requirement can be reused as sync condition, e.g. timing offset between source cell and target cell is smaller than CP. 
	Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


Proposal 5: RAN4 to define requirements for synchronous and asynchronous scenarios.
Proposal 6: For synchronous scenario, the timing offset between source cell and target cell defined in Rel-17 inter-cell BM requirement can be reused, e.g. timing offset between source cell and target cell is smaller than CP.
Relation of L1 measurement and L3 measurement
	Issue 1-1-9: Relation between L3 measurement and L1 measurement
· 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


Rel-17 inter-cell L1-RSRP measurement requirement is defined under known cell condition where the UE has sent a valid L3 measurement report during the last 5 seconds. In our understanding, the prerequisite for supporting L1/L2 inter-cell mobility is that the target cell is known to UE. Thus, L3 measurement is required before L1 measurement.
Proposal 7: L1-RSRP measurement for L1/L2 based inter-cell mobility is defined under known cell condition, e.g. UE has sent a valid L3 measurement report during the last 5 seconds.
3. Conclusion
In this contribution, we discuss the general aspects and scenarios for L1/L2 based inter-cell mobility and provide our proposals as follows.
Proposal 1: RAN4 to use the following terminologies in L1/L2 based inter-cell mobility:
· Use “LTM” as term for the L1/L2-triggered mobility. 
· Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
· Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.
Observation 1: ‘simultaneous data Rx/Tx’ does not mean DAPS operation.
Observation 2: For CA capable UE, the ‘simultaneous data Rx/Tx’ means the simultaneous reception on serving cell and target cell.
Proposal 2: for inter-frequency L1/L2 mobility,
· RAN4 not to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in non-CA case, 
· RAN4 to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in CA case.
Proposal 3: RAN4 confirm that inter-frequency L1-RSRP measurement is supported for L1/L2 based inter-cell mobility.
Proposal 4: RAN4 confirm that inter-frequency cell switch is supported for L1/L2 based inter-cell mobility.
Proposal 5: RAN4 to define requirements for synchronous and asynchronous scenarios.
Proposal 6: For synchronous scenario, the timing offset between source cell and target cell defined in Rel-17 inter-cell BM requirement can be reused, e.g. timing offset between source cell and target cell is smaller than CP.
Proposal 7: L1-RSRP measurement for L1/L2 based inter-cell mobility is defined under known cell condition, e.g. UE has sent a valid L3 measurement report during the last 5 seconds.
4. Reference
[1]	R4-2217259	WF on L1/L2 inter-cell mobility,	MediaTek
[2]	R2-2211061	LS on RAN2 agreements about L1/L2-triggered mobility (LTM),	RAN2, MediaTek
[3]	R4-2217155	Email discussion summary for [104-bis-e][222] NR_Mob_enh2_part1,	MediaTek
