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[bookmark: _Ref488331639]Introduction 
In RAN#94 meeting, WID [1] has been agreed to further study mobility enhancement, and one of the objectives is to study L1/L2 based mobility, which aiming to reduce the HO latency as well as interruption.

1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
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

In this contribution, we discuss the measurement related issues for L1/L2 mobility.
[bookmark: _Ref178064866]Discussion
L1/L2 mobility supports dynamic switching among multiple pre-configured candidate cells. Similar as legacy handover preparation, L1/L2 HO decision relies on UE measurement of the candidate cells. We discuss L1/L2 candidate cell measurement related issues in the following sections.
Measurement
Measurements is a key criterion for target cell selection in traditional handover, UE evaluates the neighbour cells according to the measurement configuration provided by NW. To derive the cell quality, UE measures multiple beams of a cell and averages the consolidated measurements results. Besides, UE applies layer 3 filtering for the cell measurement results before using them for the evaluation of reporting criteria.
[bookmark: _Toc110333620][bookmark: _Toc110341158][bookmark: _Toc110947087][bookmark: _Toc111032756][bookmark: _Toc111033124]Traditional cell level mobility utilizes L3 measurement and reporting.
R17 FeMIMO introduced ICBM (inter-cell beam management) mechanism to support inter-cell TCI state indication, and the TCI states can be associated with SSBs with a PCI different from the serving cell PCI. In terms of ICBM, measurement configuration including SSB resources associated with PCIs different from the PCI of a serving cell is configured by gNB. And UE performs measurement and reporting under the existing CSI measurement/reporting framework.
[bookmark: _Toc110333621][bookmark: _Toc110341159][bookmark: _Toc110947088][bookmark: _Toc111032757][bookmark: _Toc111033125]Beam Level Mobility relies on L1 measurement and reporting.
For L1/L2 mobility, it is natural to follow legacy measurement-based policy for cell/beam switching. As L1/L2 mobility is initiated and executed in L1/L2, whether reuse legacy L3 cell measurement or follow L1 beam measurement mechanism is questionable, the pros and cons of the two alternatives are given as following:
 
	
	Pros
	Cons

	L3-based measurement 
	· reliable measurement result (L3 filtering);
· existing events for measurement report can be reused;
· both intra-frequency and inter-frequency scenario are supported
	· long latency due to L3 filtering;
· inter-layer interactions are required;

	L1-based measurement
	· High efficiency and low latency;
· Real-time measurements;
	· Less reliable;
· inter-frequency is not supported


Table1: Comparison of L1 and L3 based measurement mechanism

As summarized in Table1, both alternatives have pros and cons. 
L3-based measurement:
· L3 measurement guarantees a reliable cell quality based on L3 filtering, while latency may be introduced as well. And HO failure may occurs due the outdated measurements result which caused by L3 filtering delay. 
· Regarding to measurement reporting, L3 measurement reporting is triggered by a number of events, if L3-based measurement is selected, one can reuse the existing events for measurement report, e.g. A3 and A5 event.
· Furthermore, inter-layer interactions for measurement result delivery may be required for L3-based measurement in case measurement reporting for L1/L2 mobility is implemented in L1/L2, i.e. L3 needs to provide the measurement results to L1/L2 for measurement reporting.
· L3-based measurement supports both intra-frequency and inter-frequency measurements.
L1-based measurement:
· By comparing to L3-based measurement, L1-based measurement bring less latency since the L1 measurement reporting is delivered through L1/L2 messages.
· Moreover, L1 measurement provides relativity fresh measurement result to network, which helps on an appropriate and prompt HO decision especially for frequent handover in FR2 scenario. 
· As L1 measurement focus on beam level result, the measurement result may be less reliable for a cell switching decision. If L1-based measurement is used for L1/L2 candidate cell monitoring, how to improve the robustness of L1 measurement should be further studied.
· Currently, L1-based measurement only support intra-frequency measurement, for inter-frequency L1/L2 mobility, L1-based measurement enhancement to support inter-frequency is required.
Considering the target of L1/L2 mobility mechanism, i.e. latency reduction for HO procedure, L1 measurement-based solution is preferred.  
[bookmark: _Toc111033120]For L1/L2 mobility, L1 measurement mechanism is used as baseline for target cell evaluation. 
[bookmark: _Toc111033121]Enhancements of L1 measurement to improve robustness and reliability should be considered for L1/L2 mobility.
Measurement reporting 
NW-initiated:
Legacy L1 measurement reporting, i.e. CSI reporting, is configured and triggered by NW. NW can configure a periodic or semi-persistent report sent on PUCCH, or configure a semi-persistent or aperiodic report sent on PUSCH. For L1/L2 mobility candidate cell evaluation/measurement reporting, one can follow the existing CSI reporting way, i.e. rely on NW to configure the reporting periodicity.
[bookmark: _Toc111033122]NW-initiated measurement reporting can be reused as baseline for candidate cell evaluation for L1/L2 mobility.
UE-initiated
Considering the purpose of L1/L2 mobility measurement reporting is to assist NW for HO decision, NW does not need constant measurements of the candidate cells, which causes large signalling overheads.
Legacy L3-based handover utilizes event-based measurement reporting triggering, UE reports measurement results once the events are fulfilled. Similar way can be applied for L1/L2 mobility measurement reporting for signalling overheads reduction. That is, once the L1/L2 mobility candidate cell configuration is provided, UE keeps monitoring the configured candidate cells, and the measurement result is reported when L1/L2 mobility measurement event is fulfilled.   
[bookmark: _Toc110333622][bookmark: _Toc110341160][bookmark: _Toc110947089][bookmark: _Toc111032758][bookmark: _Toc111033126]UE-initiated measurement reporting helps on signalling overheads reduction.
[bookmark: _Toc111033123]UE-initiated L1 measurement reporting can be also considered for L1/L2 mobility.
Conclusion
Based on the discussion in section 2 we have following observations:
[bookmark: _GoBack]Observation 1	Traditional cell level mobility utilizes L3 measurement and reporting.
Observation 2	Beam Level Mobility relies on L1 measurement and reporting.
Observation 3	UE-initiated measurement reporting helps on signalling overheads reduction.
Based on the discussion above, we have the following proposals:
Proposal 1	For L1/L2 mobility, L1 measurement mechanism is used as baseline for target cell evaluation.
Proposal 2	Enhancements of L1 measurement to improve robustness and reliability should be considered for L1/L2 mobility.
Proposal 3	NW-initiated measurement reporting can be reused as baseline for candidate cell evaluation for L1/L2 mobility.
Proposal 4	UE-initiated L1 measurement reporting can be also considered for L1/L2 mobility.
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