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1. Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction is one of objectives for the Work Item of Further NR mobility enhancements in Rel-18. 
At RAN2#119-e meeting, the following agreements were reached [1]:
	Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
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.
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
R2 will initially focus on PCell mobility. 
R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 


This contribution will discuss the following aspects for L1/L2 based inter-cell mobility and provide some proposals:
· What characteristics to enhance
· Scenarios
2. Discussion
2.1 What characteristics to enhance
RAN2 is asked to consider the components of mobility latency for L1/L2-based inter-cell mobility before enhancement as in the figure below [2]:
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The procedure of RRC triggered cell level mobility is divided into different phases. In our understanding, the framework for the L1/L2 based inter-cell mobility involves three phases considering the components of mobility latency in the figure above [3]:
· Phase 1: Configuration for candidate multiple cells
In this phase, configuration of candidate multiple cells for fast application will be configured, updated and removed. As shown in the figure above, measurement and measurement reporting for the configuration of candidate multiple cells, signaling for candidate cell configuration and UE processing for the RRC message are the components of this phase.
· Phase 2: Preparation for serving cell change
In this phase, the UE performs measurements on neighbor cells and reports the results to the serving cell. RAN1 can work on potential enhancements for L1 measurement/reporting to reduce the latency. 
· Phase 3: Execution for serving cell change
Upon receiving L1/L2 signalling, the UE starts the execution for serving cell change. The phase completes, e.g. when the UE transmits a feedback to the network. In this phase, the components include UE processing for the L1/L2 signalling and potential reconfiguration/reset, DL/UL synchronization and the first data transmission at the target cell.
Total latency for above three phases will be considered for evaluating the mobility performance.
Proposal 1: For evaluating the mobility performance, total latency for the following three phases should be considered:
· Phase 1: Configuration for candidate multiple cells
· Phase 2: Preparation for serving cell change
· Phase 3: Execution for serving cell change
In Phase 1, the UE can perform e.g. L3 measurement on neighbouring cells and transmit measurement report to its serving gNB-CU. The gNB-CU provides configuration for candidate target cells based on information received from involved gNB-DU(s) to the UE. UE processing including ASN.1 decoding and validity checking may be included in Phase 1. Phase 1 contributes a large latency and thus we propose to investigate solution(s) to reduce the latency in Phase 1, i.e. the time to configure candidate target cells.
At last RAN2 meeting, for Phase 2, we agreed that measurement delay can/may be considered, and we rely on L1 measurements to trigger the L1/L2 based inter-cell mobility. Rel-17 L1 measurement and measurement reporting can be the baseline and any potential enhancements for L1 measurement/reporting can be up to RAN1.
Regarding Phase 3, we assume to investigate e.g. solutions to reduce the time for UE reconfiguration, downlink and uplink synchronization after handover decision to reduce HO interruption time. We further assume that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target. As shown in the above figure, HO interruption time includes the time for HO completion indication (transferred in/before the first transmission in the target cell) and for beam change, in addition to the time for UE reconfiguration, downlink and uplink synchronization. With the same reason, i.e. for HO interruption time reduction, we also should investigate solution(s) to reduce the time for HO completion indication and beam change.
Based on these, RAN2 should investigate solution(s) to reduce the time for candidate target cell(s) configuration, HO completion indication and beam change.
Proposal 2: To reduce mobility latency, RAN2 should investigate solution(s) to reduce the time for candidate target cell(s) configuration, HO completion indication and beam change.
In addition, in RRC triggered HO procedure, the timer based HO failure detection mechanism is used and the HO failure can be recovered via RRC connection re-establishment. The existing timer based HO failure detection mechanism is not sufficient since RRC may be not involved during the execution phase in the procedure of the L1/L2 based inter-cell mobility. Besides, HO failure recovery via RRC connection re-establishment incurs increased service interruption time. Therefore, we propose to study the potential enhancements for failure detection and recovery.
Proposal 3: RAN2 investigates the potential enhancements for failure detection and recovery in case of L1/L2 based inter-cell mobility.
2.2 Scenarios
In the WID [4], the applicable scenarios for the procedure of the L1/L2 based inter-cell mobility are mentioned:
	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



Regarding standalone and CA scenarios, it was agreed that RAN2 will initially focus on PCell mobility and RAN2 assumption is that Rel-18 L1/L2 based inter-cell mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). CA scenario at least includes the case where the target PCell/target SCell(s) is not a current serving cell. RAN2 also discussed the case where the target PCell/SCell is a current SCell/the current PCell but there is no conclusion on whether the case is included in the CA scenarios. Besides, DC scenarios need more study. 
For pending CA cases, the mobility latency for downlink and uplink synchronization after handover decision can be saved with little effort. We don't see the motivation to exclude these cases. So, we propose to include these cases in CA scenarios for the L1/L2 based inter-cell mobility.
Proposal 4: Rel-18 L1/L2 based inter-cell mobility includes the following cases for CA scenarios:
· the target PCell is a current SCell
· the target SCell is the current PCell
The L1/L2 signaling design should take all applicable scenarios into account. For DC scenarios, we can either exclude it from Rel-18 study or consider it at the beginning. It means that we don’t want to deprioritize DC scenarios and study it after SA/CA scenarios. We think that PSCell mobility is a low hanging fruit from RAN2 point of view. For signalling exchange, current mechanism for DC and potential signalling exchange over F1/Xn/NG interface for the non-DC L1/L2 based inter-cell mobility can handle the L1/L2 based inter-cell mobility in DC scenarios. The details can be left to RAN3. Therefore, DC scenarios can be included in the WI.
Proposal 5: Rel-18 L1/L2 based inter-cell mobility includes DC scenarios.
At last RAN2 e-meeting, it was confirmed to support the L1/L2 based inter-cell mobility for inter-DU scenario as well as intra-DU scenario. But there is no conclusion on intra-frequency/inter-frequency scenarios. 
For intra-frequency/inter-frequency scenarios, the following cases should be discussed:
· Standalone: source cell and target cell are intra-frequency/inter-frequency cells
· CA case:
· target cell is an intra-frequency cell with one of serving cells
· target cell is not an intra-frequency cell with any of serving cells
· DC case (if Proposal 5 is agreed):
· target cell is an intra-frequency cell with one of serving cells in the same cell group
· target cell is an intra-frequency cell with one of serving cells in the other cell group
· target cell is not an intra-frequency cell with any of serving cells
We propose to support all these cases unless problems are found.
Proposal 6: Rel-18 L1/L2 based inter-cell mobility supports the scenario where source cell and target cell are intra-frequency or inter-frequency.
Inter-frequency L1 measurement is not supported in Rel-17 ICBM. RAN2 agreed to rely on L1 measurements to trigger the L1/L2 based inter-cell mobility. If Rel-17 L1 measurement is reused for the L1/L2 based inter-cell mobility, the L1/L2 based inter-frequency inter-cell mobility will not be triggered since there is no measurement result at network side. RAN2 should discuss how to handle this.
Proposal 7: For the L1/L2 based inter-frequency mobility, RAN2 is asked to discuss the following potential options:
· Option 1: Inter-frequency L1 measurement and reporting is introduced
· Option 2: L1/L2 based inter-frequency mobility is triggered by L3 measurement and report
· Option 3: L1/L2 based inter-frequency mobility is triggered by L1 measurement for associated intra-frequency cell 
[bookmark: _GoBack]Whether Option 1 can be selected depends on RAN4 discussion. Option 1 may require measurement gap or autonomous gap for the UE to perform inter-frequency measurement. In Option 2, a new trigger for L3 measurement may be needed so that the UE can transmit RRC measurement report with less delay. In Option 3, associated intra-frequency cell should be indicated for each inter-frequency candidate target cell. For Option 2/3, RAN3 should be involved since signalling exchange between network nodes is required.
3. Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions on the L1/L2 based inter-cell mobility and the following proposals are made: 
Proposal 1: For evaluating the mobility performance, total latency for the following three phases should be considered:
· Phase 1: Configuration for candidate multiple cells
· Phase 2: Preparation for serving cell change
· Phase 3: Execution for serving cell change
Proposal 2: To reduce mobility latency, RAN2 should investigate solution(s) to reduce the time for candidate target cell(s) configuration, HO completion indication and beam change.
Proposal 3: RAN2 investigates the potential enhancements for failure detection and recovery in case of L1/L2 based inter-cell mobility.
Proposal 4: Rel-18 L1/L2 based inter-cell mobility includes the following cases for CA scenarios:
· the target PCell is a current SCell
· the target SCell is the current PCell
Proposal 5: Rel-18 L1/L2 based inter-cell mobility includes DC scenarios.
Proposal 6: Rel-18 L1/L2 based inter-cell mobility supports the scenario where source cell and target cell are intra-frequency or inter-frequency.
Proposal 7: For the L1/L2 based inter-frequency mobility, RAN2 is asked to discuss the following potential options:
· Option 1: Inter-frequency L1 measurement and reporting is introduced
· Option 2: L1/L2 based inter-frequency mobility is triggered by L3 measurement and report
· Option 3: L1/L2 based inter-frequency mobility is triggered by L1 measurement for associated intra-frequency cell 
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