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According to the WID [1] of the Rel-18 mobility enhancements as quoted below, the L1/L2 based inter-cell mobility include at least two steps (i.e. the provisioning of the candidate cell configuration and the dynamic switch among candidate serving cells)
	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

2. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.


In this contribution, we provide our understandings on the solutions which should be considered for the L1 L2 based inter-cell mobility. 
Discussion
Baseline signalling procedure


Figure 1: Signalling procedure of the L1 L2 based inter-cell mobility
According to the signalling procedure illustrated in Figure 1, the L1/L2 based inter-cell mobility include the following two phases:
· Phase 1 (L1/L2 Mobility Preparation): After the coordination between the gNB-CU and gNB-DU, the gNB provides the UE with the RRC configuration of multiple candidate cells. The mobility.
· Phase 2 (L1/L2 Mobility execution): After the reception of the cell switch command via L1/L2 signalling, the UE switches the serving cell from one to another.
For Phase 1, the mobility decision of providing multiple candidate cells to the UE would be based on the L3 RRM measurement. For Phase 2, the mobility decision of serving cell dynamic switch via L1/L2 signalling would be based on the L1 measurement. According to the objective of “L1 enhancements for inter-cell beam management”, RAN2 should wait for RAN1 progress on the “L1 measurement and reporting, and beam indication”. From our understanding, RAN2 should firstly confirm the baseline signalling procedures, as given in Figure 1. As indicated in the WID, the dynamic switch of candidate serving cells can be performed for SpCell and SCell, RAN2 should also confirm that multiple candidate cell configurations can be provided for PCell or PSCell or SCell.
Proposal 1: Multiple candidate cell configurations for PCell or PSCell or SCell are provided to the UE via RRCReconfiguration message.
Regarding the “Cell Switch CMD” in Step 6 of Figure 1, we consider that MAC CE should be used for the “Cell Switch CMD”, since the MAC CE with the HARQ retransmission is more reliable than DCI. According to the previous evaluation on the mobility performance in RLF/HOF, the RLF/HOF during mobility is mostly caused by the missing reception of the handover command using the RRCReconfiguration message. According to 3GPP TS 38.331, only value “0” of ServCellIndex can be allocated to PCell. Then multiple candidate cell configuration should be able to share the same ServCellIndex. Then while indicating the cell switch from one cell to another, “Cell Switch CMD” should indicate which candidate cell configuration is activated for a serving cell.
Observation 1: The legacy HOF/RLF is mostly caused by the missing handover command.
Proposal 2: The gNB can indicate which candidate cell configuration(s) is activated for a serving cell via MAC CE.
Modelling of RRC configuration


Figure 2: Modelling of L1/L2 based inter-cell mobility
Since the objective for L1/L2 based inter-cell mobility indicates that the solution should applicable for “CA and NR-DC case with serving cell change within one CG”, for “Intra-DU case and intra-CU inter-DU case” and for “Both intra-frequency and inter-frequency”, a RRC modelling of L1/L2 based inter-cell mobility is given in Figure 2. From our understanding, the following three RRC modellings can be considered in Rel-18:
· Modelling 1 (per CG): Candidate cell configuration is provided per cell group (e.g. via CellGroupConfig)
· Modelling 2 (per cell): Candidate cell configuration is provided per cell (e.g. ServingCellConfig)
· Modelling 3 (per beam): Candidate cell configuration is provided per beam (e.g. TCI-State)
As illustrated in Figure 2, as each DU has independent L1 (e.g. cell-specific configuration) and L2 configurations (i.e. RLC configuration) for multiple cells, Modelling 1 is required for the inter-DU case. For the intra-DU case, the Rel-17 TCI-State can include an additionalPCI in the TCI-State configuration (i.e. Modelling 3), which is used for the case when the serving cell and the candidate neighbor cell is sharing the same beam (e.g. same TCI-state) and sharing the same frequency (i.e. intra-frequency). As Rel-17 already supports the shared TCI-state amongst multiple cells, Modelling 3 can also be considered in Rel-18 for L1/L2 based inter-cell mobility. However when different cells are using different beams or using different physical layer configurations (e.g. different PDSCH/PUSCH configurations), Modelling 3 is no longer applicable for L1/L2 based inter-cell mobility. Modelling 2 can provide more flexible configuration for each candidate cell and allow the gNB to change the serving cell from one to another without impacting the data transmission via other cells within the same cell group. Thus we consider that Modelling 2 should also be considered in Rel-18 L1/L2 based inter-cell mobility.
Proposal 3: The candidate cell configuration can be provided per cell group (e.g. via cell group configuration), per serving cell (e.g. via serving cell configuration) and per beam (e.g. via the TCI state configuration including cell identity)

Candidate solution for further latency reduction
According to the latency analysis given in [2], the latency benefit of using L1/L2 signalling to replace RRCReconfiguration message is quite marginal, as most interruption time for the user plane data transmission is caused by downlink synchronization, RACH and TCI state switch. Then solutions for further latency reduction should be considered to reduce/minimize the interruption time caused by downlink synchronization, RACH and TCI switch to the target cell.
Observation 2: For L1/L2 based inter-cell mobility, most interruption time for the user plane data transmission is caused by downlink synchronization, RACH and TCI state switch. 


Figure 3: Collocated scenario where the target cell and a serving cell share the same DL and/or UL timing
According to the discussion in the Rel-17 unified TCI state, one TCI state could be shared by more than one cells. This means that more than one cells can share the same DL and UL timing for the collocated scenario as given in Figure 2. Then we think that this specific deployment scenario should be considered to reduce latency for L1/L2 based inter-cell mobility.
Regarding the reduction of the downlink synchronization time, we consider that the gNB can provide an indication to the UE on whether the DL timing of a serving cell can be reused for the target cell in the co-located scenario. 
Proposal 4: The gNB can indicate whether the DL timing of a serving cell can be reused for the target cell at cell switch.
Regarding the reduction of the RACH time, we consider that candidate cells which share the same TA (e.g. within the same TAG) does not need to initiate RACH if the TA is still valid for this TAG. Since RAN1 is also discussing whether different TRPs of the same cell could have different TA values in Rel-18 MIMO item, RAN2 can discuss further whether some enhancements for the TRP-specific TA is required based on the inputs from RAN1 Rel-18 MIMO discussion. If the TRP-specific TA is supported in RAN1, the UE can use the TRP-specific TA of the target cell at cell switch.
Proposal 5: One or more candidate cells can belong to the same/different TAG(s), as legacy.
Proposal 6: If the TA of the TAG including the target cell is valid, the UE does not initiate the RACH to the target cell at cell switch.
Proposal 7: If the TRP-specific TA of the target cell is provided to the UE before the cell switch, the UE does not initiate the RACH to the target cell at cell switch.
Regarding the reduction of the TCI state switch time, since the available/proper beam for the target cell is based on the latest (L1) measurement of the target beam. Once the gNB receives the L1 measurement report, the gNB is able to indicate the target beam together with “Cell Switch CMD” in Step 6 of Figure 1. The UE can apply the target beam at the same time when the serving cell configuration is switched. Then the TCI state switch time can be saved during the cell switch.
Proposal 8: The TCI state (or beam) of the target cell is indicated at the cell switch.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: The legacy HOF/RLF is mostly caused by the missing handover command.
Observation 2: For L1/L2 based inter-cell mobility, most interruption time for the user plane data transmission is caused by downlink synchronization, RACH and TCI state switch. 

Proposal 1: Multiple candidate cell configurations for PCell or PSCell or SCell are provided to the UE via RRCReconfiguration message.
Proposal 2: The gNB can indicate which candidate cell configuration(s) is activated for a serving cell via MAC CE.
Proposal 3: The candidate cell configuration can be provided per cell group (e.g. via cell group configuration), per serving cell (e.g. via serving cell configuration) and per beam (e.g. via the TCI state configuration including cell identity)
Proposal 4: The gNB can indicate whether the DL timing of a serving cell can be reused for the target cell at cell switch.
Proposal 5: One or more candidate cells can belong to the same/different TAG(s), as legacy.
Proposal 6: If the TA of the TAG including the target cell is valid, the UE does not initiate the RACH to the target cell at cell switch.
Proposal 7: If the TRP-specific TA of the target cell is provided to the UE before the cell switch, the UE does not initiate the RACH to the target cell at cell switch.
Proposal 8: The TCI state (or beam) of the target cell is indicated at the cell switch.
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