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1. Introduction
The WI on further NR mobility enhancements [1] includes the following objectives for L1/2 based inter-cell mobility: 

	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




The main aim of this objective is to introduce L1/2 triggered cell change, for mobility latency reduction. In this contribution we provide an overview of the procedure and high level open issues.
2. Discussion
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Figure 1: LTM overall procedure

Figure 1 above shows the overall LTM procedure broken down into 3 general phases. The discussion so far in RAN2 has focused mainly on the first phase (RRC configuration of the candidates) and the final phase (dynamic switch). However, there is potentially an intermediate phase which may need to be used, and/or all or some the aspects listed in the intermediate phase would need to move into the initial or the final phase once the details have been discussed and understood in more detail.
First phase
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Figure 2: LTM initial phase

The first phase is relatively straightforward to describe. It has been agreed already that a L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered. It has also been assumed in RAN2 that candidate cell configuration can only be modified / released by Network, and subsequent LTM cell change between candidates without RRC reconfiguration can be supported. All of this implies some initial setup and maintenance of the LTM candidate set using RRC measurement reporting and RRC reconfiguration. As with any RRC reconfiguration, it is expected that the network may use UE measurement reporting to make decisions as to what cells are included in the candidate set, but it should also be possible for the network to blindly set up a candidate list. For example, depending on the details of the intermediate phase, the gNB may set up multiple candidates blindly (e.g. before they can be measured by the UE) in this first phase or the gNB may setup candidates based on what has been reported.

Proposal 1: The initial/first phase of LTM consists of the following steps (RAN2 to discuss)
1. L3 measurements and reporting for candidate set management
· FFS New measurement events are needed e.g. for comparing candidates with neighbours.
2. RRC Pre-configuration of candidate configurations
3. RRC Reconfiguration (addition/replace/release candidate configurations)
· Steps 2/3 Can be configured blindly (E.g. without measurements) or based on L3 measurement reports.

Intermediate Phase 
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Figure 3: LTM intermediate phase

One aspect that has not been discussed in detail is whether there is an intermediate phase and what it may consist of. There are several aspects that have been proposed for which it is currently not clear at which phase in the procedure they should be performed, therefore discussion is needed to begin to clarify.

One could foresee a solution in which only the first and final phases exist. The UE performs L3 measurements and reports the neighbour cells which are e.g. above a threshold. The gNB then performs RRC reconfiguration to add the cell to the candidate set, which also enables other enhancements straight away (e.g. when a cell is added as a candidate then UE automatically starts L1 measurement and reporting, attempts to do DL/UL sync, performs RLF/BFD). This may however not be optimal because just like L3 mobility a candidate needs to be detected and reported at L3 before it can be added to the candidate set, otherwise the UE has to monitor an excessive number of the candidates e.g. using L1 CSI measurements.

Another possibility would be that the gNB configures multiple candidates in phase 1, but the closer monitoring of candidates is only performed during the intermediate phase. This could be, for example, to minimise CSI reporting overhead, to enable multiple candidates to be preconfigured at RRC without requiring the UE to perform excessive measurements or e.g. RLM on an excessive number of cells. Since we assume that at least DL and UL sync can be performed on a candidate target cell before the cell switch command is received, we would want to perform those procedures on only one or a selected few candidates only. However, pre-configuring one or a selected few candidates may not be sufficient from the point of view of being able to pre-configure enough candidates ahead of detection (and the associated measurement, reporting, and reconfiguration overhead) to reduce the handover latency. Hence, it could be beneficial to use an intermediate phase consisting of some (less intensive) measurements and reporting, and a trigger to perform (more intensive) measurements and closer monitoring ahead of the final cell switch trigger.

In any case, it needs to be discussed whether we assume the intermediate phase is part of the procedure or not, and what it consists of. If we assume the intermediate phase is not needed, then we need to decide which parts of this are done in the initial phase and which parts are done in the final phase.

Proposal 2: The intermediate/second phase (FFS which parts are needed) of LTM consists of the following steps (RAN2 and RAN1 discussion needed)
1. Measurements event evaluation and reporting of candidate cells (FFS if needed in addition to first phase measurements)
· FFS whether this is L1 or L3 measurements
· FFS whether new (L1 or L3) events are needed e.g. for comparing candidate/serving cells. 
· FFS reporting mechanism (RRC/MAC CE/L1)
2. Handover preparation (FFS if needed in addition to RRC Reconfiguration + LTM Trigger)
· FFS Enabling L1/CSI measurements
· FFS DL/UL synch
· FFS Enabling RLM of target candidate cells 
· FFS Enabling BFD of target candidate cells 
· FFS beam indication
· FFS trigger mechanism (e.g. MAC CE)

Final Phase 
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Figure 4: LTM final phase

The final phase, similar to the first phase, is relatively straightforward to describe. It has already been agreed that RAN1 will discuss the details of L1 measurement enhancement, and that these would ultimately be reported in some for to be used to determine when the handover trigger would be sent. It has already been agreed that the handover trigger will be MAC CE (with DCI FFS). It is clear that following the reconfiguration trigger, an RRC reconfiguration procedure needs to be performed. What has not yet been agreed is how the final completion is conveyed. The most likely options would be another MAC CE, or for more robustness the legacy RRC Reconfiguration complete could be used.

Proposal 3: The final/third phase of LTM consists of the following steps (RAN2 and RAN1 discussion needed):
1. L1 Measurements and reporting of candidate cells (RAN1 to discuss)
· FFS If second phase measurement events are not used then L1 measurement events are needed in this phase.
2. Receiving LTM trigger by MAC CE (FFS DCI)
3. RRC reconfiguration procedure to apply the indicated candidate configurations
4. Reconfiguration complete message (FFS MAC CE or RRC)

3. Conclusion
In this paper we provide the following observations and proposals regarding what to consider in the design of L1/2 triggered handover in Release-18.

Proposal 1: The initial/first phase of LTM consists of the following steps (RAN2 to discuss)
1. L3 measurements and reporting for candidate set management
· FFS New measurement events are needed e.g. for comparing candidates with neighbours.
2. RRC Pre-configuration of candidate configurations
3. RRC Reconfiguration (addition/replace/release candidate configurations)
· Steps 2/3 Can be configured blindly (E.g. without measurements) or based on L3 measurement reports.

Proposal 2: The intermediate/second phase (FFS which parts are needed) of LTM consists of the following steps (RAN2 and RAN1 discussion needed)
1. Measurements event evaluation and reporting of candidate cells (FFS if needed in addition to first phase measurements)
· FFS whether this is L1 or L3 measurements
· FFS whether new (L1 or L3) events are needed e.g. for comparing candidate/serving cells. 
· FFS reporting mechanism (RRC/MAC CE/L1)
2. Handover preparation (FFS if needed in addition to RRC Reconfiguration + LTM Trigger)
· FFS Enabling L1/CSI measurements
· FFS DL/UL synch
· FFS Enabling RLM of target candidate cells 
· FFS Enabling BFD of target candidate cells 
· FFS beam indication
· FFS trigger mechanism (e.g. MAC CE)

Proposal 3: The final/third phase of LTM consists of the following steps (RAN2 and RAN1 discussion needed):
1. L1 Measurements and reporting of candidate cells (RAN1 to discuss)
· FFS If second phase measurement events are not used then L1 measurement events are needed in this phase.
2. Receiving LTM trigger by MAC CE (FFS DCI)
3. RRC reconfiguration procedure to apply the indicated candidate configurations
4. Reconfiguration complete message (FFS MAC CE or RRC)
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