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1. Introduction
In Rel-18 Further NR mobility enhancements WI [1], we have the following objective to design L1/L2 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


In this contribution, we will discuss the dynamic switch mechanism among candidate cells for the potential applicable scenarios based on L1/L2 signalling.
2. Discussion
2.1. Dynamic switch procedure

2.1.1 Overall procedure for dynamic switch
Firstly, we will discuss the overall procedure of L1/L2 based inter-cell mobility for dynamic switch, which includes handover preparation, L1 measurement and report, network decision, HO execution, and HO completion. The basic procedure for Rel-18 L1/L2 based inter-DU mobility is illustrated in Figure 1 below, and the procedure for intra-DU case is similar except that the source DU and target DU are the same DU. 
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Figure 1. Basic procedure for L1/L2 based mobility 

The procedure in Figure1 is explained as below:

1. Handover preparation: the gNB-CU determines the candidate cells based on the L3 measurement report. And gNB-CU requests the target gNB-DU to prepare for the handover and provide the necessary message to UE， which may include the PDU session resource information and RRC configuration (e.g. for the SA case, the RRC configuration may only include the SpCellConfig, while for the CA case, it may include the CellGroupConfig). The gNB-CU provides the configuration of candidate cells or candidate cell groups to UE. The detailed signalling between DU and CU depends on outcome of RAN3 discussion.

2. L1 measurement and report and early synchronization: UE performs the L1 measurement based on the DL RS or candidate gNBs perform the L1 measurement based on the UL RS from UE based on the L1 measurement configuration provided by source cell, afterward, the measurement result will be reported/forwarded to the source gNB-DU. If early UL/DL synchronization is configured, UE will perform early UL/DL synchronization to the target cell or target SpCell of the cell group.
3. Network decision on cell switch: source gNB-DU decides to perform L1/L2 HO based on the L1 measurement report, e.g. the serving cell quality is worse while the neighbour cell quality is good, then source gNB-DU indicates UE the TCI state associated with the selected target cell/CG, and maybe also the target cell ID via L1/L2 signalling. 

4. HO execution: UE performs the serving cell change procedure, including applying the RRC configuration associated with the target cell.

Proposal 1: The basic procedure of L1/L2 mobility contains handover preparation, L1 measurement and report, early DL/UL synchronization, and network decision on cell switch and handover execution.

In legacy L3 handover, considering L3 measurement report will be provided to the gNB-CU, hence the decision entity for handover is the gNB-CU. However, the Rel-18 L1/L2 mobility is performed within one CU (i.e. intra-CU), and the L1 measurement report can be processed in gNB-DU. To reduce the complexity and latency, the gNB-DU doesn’t need to transmit the L1 measurement results to gNB-CU and could make the decide on handover by itself. One may argue that the L1 measurement is not stable and credible, and gNB-DU making the decision may cause ping-pong issue. However, we think the essential for L1/L2 mobilty is to reduce the latency of handover. In addition, the side effect of ping-pong issue in L1/L2 mobility is not as big as legacy L3 handover, as RAN2 has also reached the following agreement that L2 may not be reset during L1/L2 mobility whenever possible[2]. Thus, it is reasonable for gNB-DU to make the decision on handover. 
	· R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.


Proposal 2: Based on the received L1 measurement reporting, gNB-DU can make the decision on cell switching for L1/L2 mobility without consulting CU and send the L1/L2 cell switching command to UE. 
Since L1/L2 mobility applies to both non-CA and CA scenarios as agreed in RAN2#119e meeting[2], upon UE reception of the L1/L2 cell switch command, UE will apply the pre-configured RRC configuration of the target cell or the target cell group. 
Proposal 3: Upon the reception of the L1/L2 cell switching command, the UE applies the pre-configured RRC configuration of the target cell or the target cell group.

2.1.2 Response for dynamic switch command

In legacy L3 handover, the handover command is an RRC signalling, i.e. the RRCReconfiguration message including ReconfigurationWithSync. Upon reception of handover command, the UE is not required to send feedback of lower layer (HARQ or RLC ACK) to network before leaving the serving cell to enable UE access to target cell as soon as possible.
Observation 1: In legacy L3 handover, there is no lower layer feedback in source cell for HO command.

In Rel-17 ICBM, it supports the MAC-CE based and MAC-CE+DCI based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE based TCI state activation), and a HARQ ACK in serving cell is used to confirm the reception of TCI state switch command. 
Observation 2: In Rel-17 ICBM, HARQ ACK in the serving cell is used to confirm the reception of TCI state switch command.

The beam indication based on L1/L2 signalling in Rel-17 ICBM could be reused as a baseline for Rel-18 L1/L2 mobility, while RAN2 should discuss whether the UE needs to send a feedback for L1/L2 cell switching command in the source cell before leaving the source cell.

Proposal 4: RAN2 to discuss whether the UE needs to send a feedback for L1/L2 cell switching command in the source cell before leaving the source cell.

2.1.3 Handover completion for dynamic switch
How to determine the successful completion of dynamic switching procedure based on L1/L2 signalling should also be discussed in RAN2. In legacy L3 handover, a timer for handover, i.e. T304, is introduced. The timer starts upon reception of the handover command and stops upon successful completion of cell switch. If the timer is expired, the cell switching is considered as failed. 

Observation 3: For legacy L3 handover, a timer, i.e. T304, is used for to determine the handover success/ failure. 
For Rel-18 L1/L2 mobility, a similar mechanism based on timer could be introduced to determine the handover success/failure, e.g. T304-like timer is introduced. Otherwise, the UE may be trapped with endless handover execution, which will result in longer handover latency. Considering a target for L1/L2 mobility is to speed up the cell switch, maybe the timer for L1/L2 mobility should be shorter than legacy L3 handover. Anyway, the details could be discussed later. 
Proposal 5: A new timer, e.g. T304-like, and corresponding mechamism as T304 could be used to determine the handover success/failure for L1/2 mobility. 

Besides, for Rel-18 L1/L2 mobility, a handover completion indication based on RRC or L1/L2 signalling should be sent from UE to the target cell to inform the network for the completion of the handover procedure, similar as legacy L3 handover.
Proposal 6: A handover completion indication should be sent from UE to the target cell to inform the network for the completion of the handover procedure. FFS whether it is a L1/2 signalling or RRC message.

2.2. Collision between L1/L2 HO and L3 HO
Even after L1/L2 mobility is configured, the L3 mobility is still needed for some cases, e.g. handover for inter-CU case, or security key refresh for intra-DU case. In this way, the UE may be instructed to perform L1/L2 mobility and L3 mobility at the same time since the handover procedures are initiated by different network entities (i.e. L3 HO in CU and L1/L2 HO in DU). 
An ongoing L3 handover procedure for key refresh may cause UE to reset MAC and also delay a concurrent L1/L2 handover procedure. As the L1/L2 handover procedure may also be triggered by worse link quality of the serving cell, the delay of L1/L2 handover procedure may lead to un-expected radio link failure. 

In order to avoid such issue, we suggest RAN2 to discuss how to handle the collision between L1/L2 and L3-based mobility. 
proposal 7: RAN2 to discuss how to handle the collision issue between L1/L2 HO and L3 HO. 

2.3. Subsequent L1/L2 mobility

Subsequent L1/L2 inter-cell mobility after handover completion was proposed in RAN2#119e meeting in [3][4]. If the UE releases the configurations of candidate cells after handover completion, then the UE doesn’t have a chance to perform “subsequent L1/L2 mobility” before re-initialization of L1/L2 mobility from the network. Supporting subsequent L1/L2 mobility after handover completion is already considered helpful in CPAC mechanism, since the network does not need to perform the handover preparation phase and the reconfiguration in Uu can be omitted in the subsequent handover procedure. Similar mechanism can be applied for L1/L2 mobility here. Hence, we suggest to support subsequent L1/L2 mobility after handover completion, which can be achieved by not releasing the configurations of candidate cells after handover completion.
Proposal 8: In Rel-18 L1/L2 mobility, the pre-configured configurations for target cells could be kept after handover completion for subsequent  L1/L2 mobility. 

3. Conclusion

In this contribution, we discuss the dynamic switch mechanism among candidate cells for the potential applicable scenarios based on L1/L2 signalling. Based on the discussion, we have the following observations and proposals:
Observation 1: In legacy L3 handover, there is no lower layer feedback in source cell for HO command.

Observation 2: In Rel-17 ICBM, HARQ ACK in the serving cell is used to confirm the reception of TCI state switch command.

Observation 3: For legacy L3 handover, a timer, i.e. T304, is used for to determine the handover success/ failure. 
Proposal 1: The basic procedure of L1/L2 mobility contains handover preparation, L1 measurement and report, early DL/UL synchronization, and network decision on cell switch and handover execution.

Proposal 2: Based on the received L1 measurement reporting, gNB-DU can make the decision on cell switching for L1/L2 mobility without consulting CU and send the L1/L2 cell switching command to UE. 
Proposal 3: Upon the reception of the L1/L2 cell switching command, the UE applies the pre-configured RRC configuration of the target cell or the target cell group.

Proposal 4: RAN2 to discuss whether the UE needs to send a feedback for L1/L2 cell switching command in the source cell before leaving the source cell.

Proposal 5: A new timer, e.g. T304-like, and corresponding mechamism as T304 could be used to determine the handover success/failure for L1/2 mobility. 

Proposal 6: A handover completion indication should be sent from UE to the target cell to inform the network for the completion of the handover procedure. FFS whether it is a L1/2 signalling or RRC message.

proposal 7: RAN2 to discuss how to handle the collision issue between L1/L2 HO and L3 HO. 

Proposal 8: In Rel-18 L1/L2 mobility, the pre-configured configurations for target cells could be kept after handover completion for subsequent  L1/L2 mobility. 
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