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1. Introduction
[bookmark: OLE_LINK1]At last meeting, RAN2 discussed dynamic cell switch and made the following agreements [1]: 
	· RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
· RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
· FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
· RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
· RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
· FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.
· R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 


In this contribution, we discussed some open issues on dynamic cell switch for LTM.
2. Discussion
2.1 UP handling
At last meeting, RAN2 discussed the L2 handing upon triggering LTM and made the following conclusion:
	· R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 


Regarding the UP handling upon triggering LTM, we think the current protocol stack handling can be reused. For intra-DU mobility, no PDCP re-establishment and RLC re-establishment is required, and MAC reset (at least full MAC reset) could also be skipped, to avoid the unnecessary data interruption. And we can further study whether partial MAC reset is required. For intra-CU inter-DU mobility, MAC reset, RLC re-establishment and PDCP recovery are required, as the legacy intra-CU HO. 
Proposal 1: For intra-DU LTM, PDCP re-establishment and RLC re-establishment is not required, and full MAC reset could be avoided. FFS whether partial MAC reset is required.
Proposal 2: For inter-DU LTM, MAC reset, RLC re-establishment and PDCP recovery are required. 
Currently, MAC reset shall be triggered in some specific cases, e.g. upon reconfiguration with sync, RLF. And partial MAC reset will be triggered due to SCG deactivation, e.g. no need to initialize Bj for each logical channel to zero, and not stop beamFailureDetectionTimer associated with PSCell and timeAlignmentTimers if indicated by the NW. And there is no explicit indication on MAC reset in current RRC signalling. For LTM in inter-DU case, it’s obvious that MAC reset shall be required due to the mobility across DUs. But for LTM in intra-DU case, MAC reset (at least full MAC reset) could be avoided. However, it is unclear whether the LTM is triggered for intra-DU mobility or inter-DU mobility from the UE perspective. Thus, it’s preferred to indicate whether the MAC reset is required via the cell switch command.
Observation 1: Currently, there is no explicit indication on MAC reset configured in the RRC signalling. And it is unclear whether the LTM is triggered for intra-DU mobility or inter-DU mobility from the UE perspective.
For RLC reestablishment and PDCP recovery operation, they can be triggered by the explicit L2 indication in the current RRC message, i.e. reestablishRLC IE and recoverPDCP IE in RRCReconfiguration message. Among them, the reestablishRLC IE is indicated within the CellCroupConfig IE, while recoverPDCP IE is configured out of the CellCroupConfig IE. Thus, if the candidate target configuration is modeled with one CellCroupConfig IE (i.e. Model 2), there is no explicit indication to be configured for PDCP recovery in inter-DU case. But anyway, whether to perform RLC reestablishment can be explicitly configured via RRC, i.e. reestablishRLC IE included in the candidate target configuration.
Observation 2: Currently, RLC reestablishment and PDCP recovery can be triggered by the explicit L2 indication in the RRC message, i.e. reestablishRLC IE indicated within CellCroupConfig IE and recoverPDCP IE indicated out of CellCroupConfig IE. But if the candidate target configuration is modeled with one CellCroupConfig IE, there is no explicit indication to be configured for PDCP recovery in inter-DU case.
Besides, RAN2 assumed to support subsequent LTM without RRC reconfiguration. With the execution of LTM (i.e. cell switch), the roles between intra-DU candidates and inter-DU candidates may be changed. For example, there are 2 intra-DU candidates (Cell_1, Cell_2) and two inter-DU candidates (Cell_3, Cell_4) at initial candidate preparation. When the UE switches to Cell_3, then the Cell_4 could be taken as the intra-DU candidate while Cell_1 and Cell_2 are considered as the inter-DU candidates. However, for the initial candidate target configuration for Cell_4, it may be configured with RLC reestablishment indication, but it’s not required for the intra-DU mobility from Cell_3 and Cell_4.
Observation 3: RAN2 assumed to support subsequent LTM without RRC reconfiguration. With the execution of LTM, the roles between intra-DU candidate cells and inter-DU candidate cells may be changed, e.g. change from intra-DU to inter-DU, which may cause that the pre-configured L2 reset indication within candidate target configuration becomes invalid.
Thus, it’s preferred to dynamically indicate whether L2 reset (e.g. on MAC reset, RLC re-establishment, PDCP recovery) is required via the cell switch command. Considering that some L2 reset indication indicated via RRC has been supported in the current spec, RAN2 should further consider whether to allow configuring L2 reset indication in the candidate cell configuration. If it’s supported, the UE should ignore the pre-configured indication when reception the L2 reset indication via cell switch command, to avoid any misalignment between the UE side and the NW side.
Proposal 3: RAN2 to discuss how to provide the L2 reset indication (e.g. on MAC reset, RLC re-establishment, PDCP recovery) for LTM:
· Option 1: the L2 reset indication is only indicated via the cell switch command;
· Option 2: the L2 reset indication can be configured in candidate cell configuration (e.g. via reestablishRLC IE, recoverPDCP IE) or/and via the cell switch command. But upon receiving the L2 reset indication via the cell switch command, the UE shall ignore the indication within the candidate cell configuration, if any. 
2.2 Information provided for LTM execution
At last meeting, RAN2 assumed RACH-less HO can be supported in case the UE doesn’t need to acquire TA during the cell switch. we think the Rel-14 RACH-less HO mechanism can be considered as a start point, i.e. in case that TA is 0 for small cell, or the candidate cell belong to the same TAG of current serving cell. Besides, RAN1 has started the discussion on early TA acquisition before triggering LTM, which could also be controlled by the NW. Given that the NW can achieve the information on whether there is a valid TA for the candidate cell, e.g. the TA is 0 for the candidate cell, the candidate cell belong to the same TAG of current serving cell, or the candidate cell has been used as a serving cell for the UE and the TAT is not expired, we think the NW can know whether RACH procedure during cell switch is required or not. Thus, it’s preferred to include the RACH indication in the cell switch command, e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the activated/target cell.
Observation 4: The NW can know whether there is a valid TA for the candidate cell, e.g. in case that the TA is 0 for the candidate cell, the candidate cell belong to the same TAG of current serving cell, or the candidate cell has been used as a serving cell and the TAT is not expired.
Besides, RAN2 assumed RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration. But it’s FFS whether to be provided by MAC CE. Currently, the dedicated CFRA resources (e.g. preamble index, SSB index, CSI-RS index) can be provided via reconfigurationWithSync in RRCReconfiguration message. Considering multiple candidate cells can be prepared, pre-allocating all required resources for each candidate may occupy larger resource reservation. And such resources could not be allocated for another users before execution of LTM to the candidate cell, which may reduce the low efficiency on resource scheduling. Thus, it’s suggested to dynamically provide CFRA resources (e.g. preamble index, SSB index) via the cell switch command as well.
Additionally, RAN2 discussed how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility at last meeting. But no consensus was reached. In the legacy HO, the NW can indicate the dedicated BWP to be used after handover to the target cell via RRCReconfiguration message (i.e. via firstActiveDownlinkBWP-Id, firstActiveUplinkBWP-Id). So it’s possible to directly indicate the activated DL/UL BWP ID in the candidate cell configuration for LTM. However, considering that the candidate cell may be reserved for a long time (e.g. for subsequent LTM), the pre-alloacted BWP may become high-loaded when triggering the LTM to that candidate cell. In order to enable more flexible scheduling by the NW and provide better performance, it’s beneficial to support the NW to indicate the BWP to be used by the target in a flexible way, e.g. via the cell switch command. 
Currently, the C-RNTI is also provided via reconfigurationWithSync in RRCReconfiguration message. For LTM, considering that the range of C-RNTI is limited, statically allocating C-RNTI value for each candidate cell and to be reserved for a long time (e.g. for subsequent LTM) is not a efficient way, which may cause large C-RNTI occupation. An alternative way is to dynamically allocate C-RNTI via the cell switch command when triggering the execution of LTM.
Observation 5: Considering that the candidate cell configurations may be maintained for a long time (e.g. to support subsequent LTM), pre-allocating all required resources (e.g. CFRA resource, BWP to be used by the target, C-RNTI) for each candidate cell may occupy larger resource reservation and lack flexibility.
Proposal 4: The cell switch command can provide the following information for LTM execution:
· RACH indication(s), e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the activated/target cell;
· CFRA resource, e.g. preamble index;
· Activated DL/UL BWP ID;
· C-RNTI.
Furthermore, given that some information above has been supported to be configured in candidate cell configuration, e.g. CFRA resource, first active DL/UL BWP ID, C-RNTI. Especially for C-RNTI, it is mandatory configured in reconfigurationWithSync currently. Thus, if the new value for such configuration parameter is provided by the cell switch command, the UE shall override the value configured in the candidate cell configuration by using the newly received value.
Proposal 5: If some information required for LTM execution has been provided in candidate cell configuration (e.g. first active DL/UL BWP ID, C-RNTI), upon reception of the cell switch command indicating the similar information, the UE shall override the value configured in candidate cell configuration by using that value indicated in the cell switch command, if any.
Besides, RAN2 discussed whether it is possible to perform SCell activation/deactivation via the cell switch command as well. But no consensus was reached.
	· FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).


Given that the role change between SpCell and SCell (i.e. target PCell/SCell can be current SCell/PCell) is supported for LTM, we think it should be possible to perform the cell switch from the current SpCell to the SCell (as the target SpCell), as well as activate/deactivate the current SpCell as the SCell, via one cell switch command. 
Besides, the SCells configured within one candidate target configuration could also be taken as the candidate SpCell for another candidate target configuration. Thus, the NW may configure L1 measurements for SCells as well. Since it’s agreed that the SpCell switch is based on the L1 measurements, we think the L1 measurements can be used to determine the SCell activation/deactivation as well if there are available L1 measurement on the SCells. 
Proposal 6: RAN2 to support SCell activation/deactivation (amongst SCells associated with the candidate configuration) via the cell switch command, e.g. at least for the role change between SpCell and SCell, based on the available L1 measurements for SCells. 
2.3 Confirmation of LTM completion
In LTM, both RACH-based and RACH-less HO can be supported. However, in case of RACH-less HO, the target cell may have no idea whether the UE switches to the target cell or not. So the target cell can not know when to start the DL data transmission and UL data scheduling. So we think the UL signalling towards the target cell is required to confirm the completion of LTM execution. 
Observation 6: The target cell may have no idea when to start the the DL data transmission and UL data scheduling (e.g. for RACH-less case), if there is no confirmation of LTM completion from the UE. 
In the legacy L3 HO, the UE shall send RRCReconfigurationComplete message to the target cell to confirm the completion of HO. However, considering that the LTM is only applicable to intra-CU case, it’s preferred to model the candidate target configuration to cell group level (i.e. CellGroupConfig IE), as discussed in our companion paper [2]. So there is no corresponding RRCReconfigurationComplete message for the target cell. Therefore, we think the UE can send a L1/L2 UL signalling (e.g. MAC CE, UCI) to the target cell to inform the completion of LTM. It’s FFS whether to use the L1 signalling or L2 signalling, depending on the cell switch is triggered by DCI or MAC CE. And the UL signalling can include the information to identify the selected candidate cell (e.g. candidate configuration index, cell ID, or C-RNTI).
Proposal 7: The UE sends a L1/L2 UL signalling (e.g. MAC CE, or UCI) to the target cell to confirm the successful completion of LTM execution. 
2.4 Failure detection and handling
Currently, the failure detection of L3 HO is based on T304 timer. For LTM, we may need to further consider how to determine the mobility failure. There are two options to be considered:
· Alt.1: NW based solution, i.e. up to NW implementation, according to the response (e.g. ACK/NACK, MAC CE) from the UE to the source cell 
· Alt.2: Timer based solution, e.g. define t304-like timer
The Alt. 1 is similar to the Rel-17 ICBM handling, i.e. HARQ ACK in the serving cell is used to confirm the reception of TCI state switch command. The NW sends the cell switch command to the UE and waits for the response (e.g. ACK/NACK) from the UE. If the NACK is received or no response is received in a certain time, the NW will re-transmit the cell switch command to the UE until the retransmissions reach the maximum number. From the UE perspective, if the UE cannot receive the multiple retransmissions of the cell switch command or cannot successfully transmit the UL response to the NW, it’s very possible that the UE shall declare RLF, e.g. due to T310 expiry or indication from RLC that the maximum number of retransmissions has been reached. And then the RRC re-establishment shall be triggered for radio link recovery. In Alt. 2, the t304-like timer can be defined, similar to L3 HO. The UE shall start the timer upon receiving the cell switch command, and stop the timer upon successful completion of random access on the target cell if RACH is needed, or successful transmission of the L1/L2 indication (e.g. ACK, MAC CE) to the target cell. Upon the timer expiry, the UE declare the LTM failure. Either RRC timer or MAC timer can be considered. The timer based solution can help to detect the LTM failure faster, e.g. earlier than RLF declaration. 
Proposal 8: Timer based solution (e.g. define t304-like timer) could be considered for the LTM failure detection. FFS: whether to define the timer in MAC layer or RRC layer.
RRC re-establishment triggered by the mobility failure will cause the longer data interruption, so it should be avoided as much as possible, considering that LTM may happen frequently (especially for intra-DU case). 
Observation 7: Considering that LTM may happen frequently (especially for intra-DU case), RRC re-establishment triggered by the mobility failure should be avoided as much as possible.
Since multiple candidate cells have been configured for the UE, it’s preferred to use the candidate cell for fast failure recovery, i.e. like CHO based recovery. For example, the NW can provide the condition/threshold for candidate cells which are allowed to be used for fast failure recovery. Upon detection of LTM failure or RLF, the UE can autonomously trigger the LTM to access another candidate cell if a NW-configured condition/threshold for that candidate cell is met.
Proposal 9: UE based recovery solution could be considered for the handling of LTM failure, e.g. the UE autonomously triggers a second LTM to access another candidate cell if a NW-configured condition/threshold for that candidate cell is met.
3. Conclusion and proposals
In this contribution, we discussed dynamic cell switch for LTM with the following observations and proposals:
Proposal 1: For intra-DU LTM, PDCP re-establishment and RLC re-establishment is not required, and full MAC reset could be avoided. FFS whether partial MAC reset is required.
Proposal 2: For inter-DU LTM, MAC reset, RLC re-establishment and PDCP recovery are required. 
Observation 1: Currently, there is no explicit indication on MAC reset configured in the RRC signalling. And it is unclear whether the LTM is triggered for intra-DU mobility or inter-DU mobility from the UE perspective.
Observation 2: Currently, RLC reestablishment and PDCP recovery can be triggered by the explicit L2 indication in the RRC message, i.e. reestablishRLC IE indicated within CellCroupConfig IE and recoverPDCP IE indicated out of CellCroupConfig IE. But if the candidate target configuration is modeled with one CellCroupConfig IE, there is no explicit indication to be configured for PDCP recovery in inter-DU case.
Observation 3: RAN2 assumed to support subsequent LTM without RRC reconfiguration. With the execution of LTM, the roles between intra-DU candidate cells and inter-DU candidate cells may be changed, e.g. change from intra-DU to inter-DU, which may cause that the pre-configured L2 reset indication within candidate target configuration becomes invalid.
Proposal 3: RAN2 to discuss how to provide the L2 reset indication (e.g. on MAC reset, RLC re-establishment, PDCP recovery) for LTM:
· Option 1: the L2 reset indication is only indicated via the cell switch command;
· Option 2: the L2 reset indication can be configured in candidate cell configuration (e.g. via reestablishRLC IE, recoverPDCP IE) or/and via the cell switch command. But upon receiving the L2 reset indication via the cell switch command, the UE shall ignore the indication within the candidate cell configuration, if any. 
Observation 4: The NW can know whether there is a valid TA for the candidate cell, e.g. in case that the TA is 0 for the candidate cell, the candidate cell belong to the same TAG of current serving cell, or the candidate cell has been used as a serving cell and the TAT is not expired.
Observation 5: Considering that the candidate cell configurations may be maintained for a long time (e.g. to support subsequent LTM), pre-allocating all required resources (e.g. CFRA resource, BWP to be used by the target, C-RNTI) for each candidate cell may occupy larger resource reservation and lack flexibility.
Proposal 4: The cell switch command can provide the following information for LTM execution:
· RACH indication(s), e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the activated/target cell;
· CFRA resource, e.g. preamble index;
· Activated DL/UL BWP ID;
· C-RNTI.
Proposal 5: If some information required for LTM execution has been provided in candidate cell configuration (e.g. first active DL/UL BWP ID, C-RNTI), upon reception of the cell switch command indicating the similar information, the UE shall override the value configured in candidate cell configuration by using that value indicated in the cell switch command, if any.
Proposal 6: RAN2 to support SCell activation/deactivation (amongst SCells associated with the candidate configuration) via the cell switch command, e.g. at least for the role change between SpCell and SCell, based on the available L1 measurements for SCells. 
Observation 6: The target cell may have no idea when to start the the DL data transmission and UL data scheduling (e.g. for RACH-less case), if there is no confirmation of LTM completion from the UE. 
Proposal 7: The UE sends a L1/L2 UL signalling (e.g. MAC CE, or UCI) to the target cell to confirm the successful completion of LTM execution. 
Proposal 8: Timer based solution (e.g. define t304-like timer) could be considered for the LTM failure detection. FFS: whether to define the timer in MAC layer or RRC layer.
Observation 7: Considering that LTM may happen frequently (especially for intra-DU case), RRC re-establishment triggered by the mobility failure should be avoided as much as possible.
Proposal 9: UE based recovery solution could be considered for the handling of LTM failure, e.g. the UE autonomously triggers a second LTM to access another candidate cell if a NW-configured condition/threshold for that candidate cell is met.
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