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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 some potential solution directions for consideration.
2. Discussion

Figure 1 shows an overview of the main factors contributing towards the overall handover latency. 

[image: ]
Figure 1: Summary of contributing factors towards handover latency




2.1	Preparation, Reconfiguration.

The handover preparation and reconfiguration phases are primarily handled by RRC for a legacy handover (including CHO). 

RRC Pre-configuration. 

It is reasonably clear that in order to support a L1/2 triggered mobility, some RRC pre-configuration is needed so that the stored RRC configuration (e.g. SpCellConfig, SCellConfig) can be applied upon receiving the L1/2 mobility indication. Furthermore, any new mechanism needs to be backwards compatible and co-exist with existing procedures, for example, to support inter-CU handover via a L3 mobility (i.e., RRC Reconfiguration). To achieve this, it could be possible, for example, to configure a list of L1/2 mobility candidate cells which have configurations that can be activated by L1/2 command. Each candidate cell might have an SpCellConfig and an SCellConfig to be applied depending on the role dynamically assigned by L1/2 signalling. If a cell is indicated to become an SpCell, for example, then the stored SpCellConfig associated with this cell can be applied, and the existing RRC procedure can be re-used in the same way as if an RRC Reconfiguration had been received (re-initialise security, release current configuration, apply new configuration, etc). This would be the most straightforward approach both in terms of re-using the existing functionality and in terms of co-existence with the existing functionality. 

Proposal 1a: Candidate serving cells for L1/2 mobility are preconfigured by RRC, and the configuration contains all of the information needed to perform the RRC Reconfiguration (e.g. SpCellConfig, SCellConfig).

Proposal 1b: The configured candidate serving cell list may include serving and non-serving cells.

 
In addition to SpCellConfig and SCellConfig, other configurations may need to be stored. Depending on the other possible enhancements we may need to provide L1 or RRC measurement configurations for candidate cells for activation once the cell becomes a serving cell, potentially including conditional handover triggers and so on. We may also need to provide RLM/BFD configuration, TRS tracking, CSI reporting, L1 inter-cell beam management configurations to apply before a handover. 

Proposal 2: FFS what additional candidate cell functionality needs to be pre-configured by RRC, e.g. measurement configurations, CHO, RLM/BFD, CSI reporting, TRS tracking, etc.

Measurements.
Measurements (for measurement reporting/CHO/CPAC) based on RSRP/RSRQ/RS-SINR are performed at L1, they are evaluated and reported (or CHO/CPAC executed) at RRC level, in order to appropriately filter and evaluate/compare serving and neighbour cell measurements and report to the appropriate network layer. For certain cases, for example, in the intra-DU handover case, it could be beneficial to report measurements at lower layers (e.g., MAC level), to enable the DU to handle the mobility, while in parallel the legacy measurements reported to the CU at RRC level, to be used for inter-DU or inter-CU handover cases. 

Even for the case of inter-DU mobility, it may be beneficial to report measurements at lower layers than RRC to reduce the signalling overhead, and hence the latency. One option could be to enable L1/2 measurement reporting. Currently RRC defines measurement events (*including conditional triggers) and L3 filtering. In order to manage the mobility, the network needs to receive event triggered measurements based on stable measurements (i.e., after L3 filtering). For SpCell change in particular, due to the amount of reconfiguration needed (including security, RLC/MAC reset, etc), it’s important not to trigger the cell change too early based on non-filtered measurements, risking a ping-pong and frequent reconfigurations. Since we already have the majority of functionality in RRC, we would propose to keep using this, potentially introducing new measurement event types that can be used to manage PCell change amongst candidate cells.

One option for improving signalling efficiency would be to report measurements in a similar way as MAC CE PHR report. This way, the RRC based measurements (events, filtering, etc) can be re-used and a more efficient signalling mechanism can provide some latency improvement without compromising too much on reliability. 

Proposal 3: Measurement evaluation, events, and reporting as defined in RRC should be the baseline, and optimised signalling e.g., measurement reporting using MAC CE, should be investigated.

In addition to investigating a more efficient mechanism for measurement reporting at L1/2, new events may need to be considered for managing the serving cells. For example, no event exists currently for comparison of serving cells. To support a role switch between an SCell and SpCell, a new event may need to be defined that can be triggered based on the comparison of an SCell and an SpCell. New events might also be needed for candidate set management, e.g., for adding or removing cells to the candidate set. 

Proposal 4: New measurement events (e.g., that compare signal levels of serving cells) are needed to support L1/2 triggered handover, and candidate cell management.
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Once the UE has been pre-configured with the candidate serving cell information at RRC level, there needs to be a way to activate a particular RRC configuration. The main candidate options would be to use either L1 signalling (e.g., DCI) or MAC CE. Since the current RRC reconfigurations are performed using signalling acknowledged at MAC, RLC, and RRC, we will lose some of the reliability provided. With MAC CE, it is at least possible to use HARQ ACK/NACK and retransmissions, so it offers some advantage compared to L1 signalling alone. In addition, we already perform SCell activation/deactivation using MAC, a similar design could be considered for SpCell change. Similar to SCell activation/deactivation, the MAC CE could contain a bitmap referring to the indexes of cells in the candidate cell list, for example which cells to configure as serving cells, and which cell is the SpCell. Further discussion is needed first, however, to decide exactly what information needs to be conveyed.

Proposal 5: A new MAC CE to be defined for L1/L2 mobility indication (e.g., adding/removing a cell from the candidate set, changing the SpCell, etc.,).

Figure 2 below summarises the basic steps needed for handover preparation using pre-configured serving cells at RRC, measurement reporting using MAC CE, and RRC reconfiguration activation using MAC CE.
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Figure 2: Baseline procedure for L2 activation of RRC pre-configured serving cells.

2.2	Pre synchronisation to the target cell(s).

The baseline procedure shown in figure 2 can largely be defined in RAN2 without input from other groups, and it provides some latency improvement by performing the measurement reporting and RRC reconfiguration triggering using MAC instead of RRC signalling, while re-using as much as possible of the existing RRC procedures and measurement configuration framework, which is important in terms of implementation impact, co-existence with RRC reconfigurations, and of course, in terms of mobility robustness. This baseline procedure can also work in synchronised and non-synchronised cases, for example, the handover completion could simply use the existing approach, i.e. random access + handover complete. In fact, much of the handover latency is removed by optimising the first part of the procedure only, i.e., instead of RRC measurement reporting and reconfiguration, to pre-configure and use MAC CE.

There are other improvements which could additionally be considered to further reduce latency of handover. In particular, in order to reduce the reconfiguration time itself after receiving the handover activation command, it may be beneficial to perform some of the synchronisation steps ahead of SpCell change. Additionally, if DL and UL synchronisation can be performed before the cell change, then it may even be possible to reduce Tinterrupt close to 0. There will still be some processing delay, but if the RRC reconfiguration to setup new serving cells, as well as the synchronisation steps, are performed ahead of the SpCell switch and the release of old serving cells, then the handover could be seamless. However, further analysis is needed to determine whether the additional complexity justifies optimisation of every step, and it should be noted that this may not be possible in every case

Proposal 5: UL and DL synchronization to a target cell can be performed before the cell becomes the new SpCell.

Performing UL and/or DL synchronisation to the target cell before it becomes an SpCell not only reduces the latency by minimising some of the contributing factors to Tinterrupt, but could also help with robustness, depending on the design, by potentially reducing the handover failure and RLF for both source and target. For example, if the UE starts performing RLM and BFD on a target cell before it becomes a SpCell, and the cell switch time is minimised, then some failures at the target can be avoided. Alternatively, since it is already possible in Release 17 to activate beam management and the related L1 measurements on cell other than an SpCell (i.e., inter-cell) it may be possible to largely re-use this functionality and enable inter-cell beam managements before t SpCell change is triggered.

In addition, it might be possible to further improve the handover reliability by starting PDCCH monitoring on the target cell before the handover. For example, if the UE starts monitoring PDCCH on the target cell before stopping the source cell PDCCH monitoring, the handover (or RRC Reconfiguration trigger) could be received on either the source or the target – this can help to minimise HO failures due to RLF on the source. 

Proposal 6: UE can be configured to perform closer monitoring of a target cell before it becomes an SpCell. At least the following should be supported on a target cell: RLM, BFD, CSI measurements, inter-cell beam management, and PDCCH monitoring.


Figure 3 below provides an overview of the overall procedure, should we choose to optimise all of the steps as described in this document, and assuming that MAC is used for the control signalling.
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Figure 3: Overall procedure for L2 triggered serving cell change.

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


Proposal 1a: Candidate serving cells for L1/2 mobility are preconfigured by RRC, and the configuration contains all of the information needed to perform the RRC Reconfiguration (e.g. SpCellConfig, SCellConfig).

Proposal 1b: The configured candidate serving cell list may include serving and non-serving cells.
 
Proposal 2: FFS what additional candidate cell functionality needs to be pre-configured by RRC, e.g. measurement configurations, CHO, RLM/BFD, CSI reporting, TRS tracking, etc.

Proposal 3: Measurement evaluation, events, and reporting as defined in RRC should be the baseline, and optimised signalling e.g., measurement reporting using MAC CE, should be investigated.

Proposal 4: New measurement events (e.g., that compare signal levels of serving cells) are needed to support L1/2 triggered handover, and candidate cell management.

Proposal 5: UL and DL synchronization to a target cell can be performed before the cell becomes the new SpCell.

Proposal 6: UE can be configured to perform closer monitoring of a target cell before it becomes an SpCell. At least the following should be supported on a target cell: RLM, BFD, CSI measurements, inter-cell beam management, and PDCCH monitoring.
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