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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The mobility enhancement on the L1L2 triggered mobility (LTM) had been further discussed in RAN2 119bis-e meeting, and some initial consensus regarding the form and content of the L1L2 cell switch command for dynamic switch mechanism was reached [1]. In this paper, we further discuss some open issues of the dynamic switch mechanism for the LTM. In detail, the following issues are covered:
· Co-existence of beam change and serving cell change
· The content of cell switch command
· Whether to support actual trigger by DCI or MAC CE
· Whether to support SCell activation/deactivation by cell switch command MAC CE
· Completion indication of the LTM
Section 2 gives the detailed discussion of above mentioned issues, and followed by Section3 that gives the summary of this paper.
Discussion
Co-existence of beam change and serving cell change
In legacy, when receiving RRCReconfiguration message that indicates UE to perform L3 handover, UE shall detect the SSB in the indicated target cell and perform tracking of SSB based on SMTC configuration to accomplish the DL synchronization. After acquiring the DL timing, UE performs RACH to accomplish the UL synchronization based on the associated RACH resource so as to indicating gNB of the beam direction for subsequent data transmission/reception.
Observation 1: In legacy handover, cell change is indicated to UE via the L3 handover command, and followed by beam alignment between UE and gNB based on DL measurement and RACH
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As above observation, during the cell change the UE should complete the DL/UL synchronization and beam chosen. In our view, considering it is feasible to perform early L1 measurement for candidate cell, besides choosing the target cell, the NW could choose the suitable beam for UE instead of choosing by UE itself, thus the beam alignment between UE and gNB can follow the network indication instead of by RACH. Note that this issue has also been discussed in RAN1 and remains as further study for some potential options as follows:
	· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 


Observation 2: In the LTM, the explicit indication may be used to inform UE of the target beam for the target cell, which can wait for further RAN1 decision
Then a basic issue is that whether UE needs to perform cell switch and beam switch simultaneously. The initial consideration by RAN1 covers the following three scenarios:
	· From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
· Scenario 3: Beam indication after cell switch command
· Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact. 


For scenario 1, similar as R17 ICBM, UE could firstly perform data transmission using a beam of different PCI, and then the gNB indicates UE to change cell using cell switch command when the condition for cell change is satisfied. UE shall continue to use the previous beam as shown in Figure 1-1. 
For scenario 2, we think this is a normal case for the LTM that the cell switch command indicates UE to perform cell and beam switch simultaneously, as shown in Figure 1-2. 
Scenario 3 maybe needs some further clarification, for example, how UE handle the beam of source cell when UE is switched to another cell by cell switch command. In our view a possible way is that UE performs beam alignment with the gNB by legacy DL measurement and RACH, but in this situation UE seems not expect the beam indication from a new cell switch command. Or does that mean the new cell switch command indicates UE of a better beam (such as a narrower beam based on CSI-RS indication) than the UE selected beam, as shown in Figure 1-3? Even this understanding, it falls into beam management by RAN1. Thus scenario 3 needs some further alignment with RAN1.



  
Figure 1-1: scenario 1                           Figure 1-2: scenario 2                          Figure 1-3: scenario 3
Proposal 1: The LTM supports at least the following cases:
Case 1: the cell switch command indicates UE to perform beam switch first, and followed by cell switch by a new cell switch command
Case 2: the L1L2 signaling indicates UE to perform cell and beam switch simultaneously
The content of cell switch command
Regarding the content of cell switch command, last meeting has assumed that at least we include:
	RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 


Whether some other indications are included in the cell switch command MAC CE needs more consideration. 
TA information
In RAN1 110bis-e meeting, some consensus on TA acquisition for candidate cells has been reached as follows:
	Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)


One can infer from RAN1 agreements that at least the early TA acquisition for candidate cells before cell switch command is supported by RAN1. But the key point is that the maintenance of valid TA value should be under NW control. One way is that NW can configure TA timer for valid check by UE. Another way is that, if needed, NW should be able to flexibly update the TA value by cell switch command. 
Observation 3: The maintenance of valid TA value should be under NW control, and NW should be able to update the TA information by LTM command. 
RACH resource
Now we assume to support pre-configured CFRA resource for the LTM:
	RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS).  


Whether the cell switch command MAC CE can convey RACH related information remains to be FFS. In our view, if UE has the need to perform RACH after receiving cell switch command, for example, to accomplish the UL synchronization or beam alignment with the target cell, it is more flexible to indicate UE of a specific preamble for CFRA in the cell switch command MAC CE. Furthermore, it could save the RACH resource for NW, due to if the CFRA resource used upon LTM execution is provided the CFRA in RRC candidate configuration,  the target should reserve the RACH resource for long time which is a waste for the candidate cell.
Proposal 2: If CFRA is to be performed after reception of LTM command, the preamble index can be included in the MAC CE containing the LTM command.
TCI state indication
In last meeting we have remaining FFS on TCI state indication by cell switch command MAC CE:
	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.


As above mentioned RAN1 agreements, this issue is also discussing by RAN1 with no consensus. In our view due to the UE could provide the L1 measurement report of the candidate cell to the NW, the NW could aware which beam of the candidate cell is suitable for the UE. And we have agreed to supported RACH-Less cell switch for LTM, in this situation NW should be able to indicate the latest TCI state information by LTM command MAC CE.
Observation 4: NW should be able to indicate the latest TCI state information by LTM command due to UE mobility
L2 indication for PDCP recovery/RLC reestablishment/MAC reset
Now RAN2 assumes that RRC can explicitly control the L2 MAC reset, RLC reestablishment as well as PDCP recovery in the LTM, and whether to need dynamic indication in cell switch command remains FFS:
	[bookmark: OLE_LINK9]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 legacy L3 handover, whether to perform PDCP recovery/RLC reestablishment is controlled by RRC configuration. For the MAC reset, it is specified by default UE behavior when performing L3 handover. When considering the LTM, only using RRC pre-configuration for such indication cannot work well for all the possible scenarios, especially for the sequential LTM without RRC reconfiguration:
	RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 


For example, as shown in Figure 2, UE is in cell 1 of DU 1 with configuration of candidate cell 2 and candidate cell 3 in DU 2. In this situation, UE shall be provided with the candidate configuration to indicate L2 behavior based on the current cell deployment. As the NW knows cell 2 and cell 3 are inter-DU cells compared to cell 1, thus it shall indicate UE to perform MAC reset and RLC reestablishment to align the state variable between UE and gNB, which will further cause PDCP data recovery for lossless handover, as shown in Table I. 


Figure 2: mobility scenario for the LTM
Table I: candidate configuration for L2 indication
	L2 indication based on Cell 1

	Cell 2
	Cell 3

	PDCP recovery
	True
	PDCP recovery
	True

	RLC reestablishment
	True 
	RLC reestablishment
	True 

	MAC reset
	True
	MAC reset
	True


But when UE further moves from Cell 2 to Cell 3 (which in contrary becomes intra-DU case), based on the reserved configuration UE shall also perform unnecessary L2 reset/reestablishment/recovery, which is not the expected UE behavior. To solve this issue, the cell switch command MAC CE should convey L2 indication in this scenario.
Observation 5: RRC pre-configuration for PDCP recovery/RLC reestablishment/MAC reset cannot support sequential cell change between candidates without RRC reconfiguration
Based on above observations we propose:
Proposal 3: The content of LTM command should be able to include the following information:
· TA information of the target cell
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]TCI state indication of the target cell
· Indication for PDCP recovery/RLC reestablishment/MAC reset
Whether to support actual trigger by DCI or MAC CE
Regarding the cell switch command for the LTM:
	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. 


Using another MAC CE for actual trigger seems awkward because if needed, DCI may be a more suitable way for fast trigger based on the indication from previous MAC CE. Whether to need an actual trigger by DCI falls into RAN1 scope and RAN1 is discussing this issue:
	· Interested companies are encouraged to perform technical analysis of the cell switch command from a RAN1 point of view, e.g.
· Necessary information included in the command, which is relevant for RAN1 discussion
· Necessary number of bits for the information
· L1 impact or concern to use DCI or MAC CE for L1/L2 cell switch command


As mentioned by our Proposal 2, in our view the LTM command by MAC CE can convey enough information for UE to perform the LTM. 
Proposal 4: The MAC CE used for conveying L1/2 mobility trigger information is also for actual trigger of the LTM.
Whether to support SCell activation/deactivation by cell switch command MAC CE
RAN2 has confirmed that we support SCell(s) to be configured as candidate cell(s) in the LTM, which causes another issue that how to handle the situation where the SCell is deactivated by NW:
	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).


Now when UE is configured with CA, we have SCell Activation/Deactivation MAC CE or Enhanced SCell Activation/Deactivation MAC CE to dynamically control the state of SCell(s) in one cell group. When considering the LTM, we do not see such urgent to simultaneously activate or deactivate SCell(s) in the cell switch command MAC CE. Instead, there may be other candidate solutions to achieve this intention:
Option 1 –  Up to NW implementation: at least for intra-DU case NW could combine the SCell Activation/Deactivation MAC CE or Enhanced SCell Activation/Deactivation MAC CE with the cell switch command MAC CE within one MAC PDU
Option 2 –  Default UE behavior: If UE receives the cell switch command MAC CE, UE thinks all SCell(s) to be active state by default, then if needed, followed by legacy procedure to deactivate SCell(s) by sending SCell Activation/Deactivation MAC CE or Enhanced SCell Activation/Deactivation MAC CE
Proposal 5: Do not support SCell activation/deactivation simultaneously with the cell switch command MAC CE in the LTM
Completion indication of the LTM
The LTM enables UE to perform cell change without the involvement of L3 signaling. In L3 based handover, after completing synchronization to the target cell, UE shall send RRCReconfigurationComplete message to the target cell to response the L3 handover signaling, furthermore the target cell can inform the source cell of the complete of the HO and the source cell will release of UE context. For the LTM, a response should also be used to inform the target cell about the complete of cell change, to let the target cell acknowledge the access of the UE. The details to send this response can be further discussed. Possible solutions can be as follows:
Option 1 –  L1L2 response message to the target cell
Option 2 –  RRC response message to the target cell
Option 1 aligns with RAN3 working assumption:
	WA: The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message. 


Option 2 needs more RAN2 consideration because the LTM means lower layer triggered command for mobility, thus using L3 message to response lower layer command shall break legacy principle.
Proposal 6: The complete indication of the LTM via L1L2 response message should be indicated to the target cell
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]This paper mainly focuses on the issues related to dynamic switch mechanism for the LTM. Based on the previous analysis in Section 2, our main contributions of this paper are summarized as follows:
Co-existence of beam change and serving cell change
Observation 1: In legacy handover, cell change is indicated to UE via the L3 handover command, and followed by beam alignment between UE and gNB based on DL measurement and RACH
Observation 2: In the LTM, the explicit indication may be used to inform UE of the target beam for the target cell, which can wait for further RAN1 decision
Proposal 1: The LTM supports at least the following cases:
Case 1: the cell switch command indicates UE to perform beam switch first, and followed by cell switch by a new cell switch command
Case 2: the L1L2 signaling indicates UE to perform cell and beam switch simultaneously
The content of cell switch command
Observation 3: The maintenance of valid TA value should be under NW control, and NW should be able to update the TA information by LTM command.
Proposal 2: If CFRA is to be performed after reception of LTM command, the preamble index can be included in the MAC CE containing the LTM command.
Observation 4: NW should be able to indicate the latest TCI state information by LTM command due to UE mobility
Observation 5: RRC pre-configuration for PDCP recovery/RLC reestablishment/MAC reset cannot support sequential cell change between candidates without RRC reconfiguration
Proposal 3: The content of LTM command should be able to include the following information:
· TA information of the target cell
· TCI state indication of the target cell
· Indication for PDCP recovery/RLC reestablishment/MAC reset
Whether to support actual trigger by DCI or MAC CE
Proposal 4: The MAC CE used for conveying L1/2 mobility trigger information is also for actual trigger of the LTM.
Whether to support SCell activation/deactivation by cell switch command MAC CE
Proposal 5: Do not support SCell activation/deactivation simultaneously with the cell switch command MAC CE in the LTM
Completion indication of the LTM
[bookmark: _GoBack]Proposal 6: The complete indication of the LTM via L1L2 response message should be indicated to the target cell
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