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1. Introduction
In this contribution, we will further discuss some remaining issues on LTM procedures, including early synchronization, LTM execution in inter-DU scenario, LTM completion and LTM failure handling. Besides, we will discuss the NR-DC scenario, and LTM collision issue related to RAN3.
2. Discussion
2.1. LTM procedure
Figure 1 illustrated the overall procedures for LTM [1].  The LTM procedure includes the following procedure:
· LTM preparation: UE sends L3 measurement reports to the gNB, gNB provides the LTM candidate cell configurations of one or multiple candidate cells to UE.
· Early synchronization: UE performs DL synchronization and TA acquisition before receiving the LTM MAC CE. 
· LTM execution:  UE performs L1 measurements on the configurated candidate cells and reports the L1 measurement results to serving DU. Serving DU determines the target cell based on the L1 measurement and sends LTM MAC CE to UE. UE performs cell switch toward the target cell. 
· LTM completion: The UE indicates successful completion of the cell switch towards the target cell.



Figure 1: Signaling procedure for LTM
[bookmark: _Hlk131164465]2.1.1 Activation of candidate cell configurations
Subsequent LTM can be performed without RRC reconfiguration, i.e. UE doesn’t release stored LTM candidate cell configurations after an LTM is finished. In this case, UE may move to a cell (e.g. cell B in Fig 2) which is located far away from the first source cell where UE performs LTM preparation( e.g cell A in fig2) after multiple cell switches, hence there is a high possibility that the neighbour cells of these two serving cells(e.g. cell A and cell B in Fig 2) are totally or partially different. However, the LTM candidate cells configurations are valid when UE camps on the two cells. Hence it could be deduced that the candidate cell configurations include the configurations belonging to not only neighbour cells of the cell where LTM preparation is performed but also possible neighbour cells that UE could move to.


Figure 2: examples of LTM candidate configuration and UE mobility
Observation 1: The candidate cell configurations for LTM may include configurations of cells in a large area where UE may move to. 
With the above observation in mind, we can introduce an activation mechanism for candidate cell configurations, i.e. a subset of the whole candidate cell configurations can be indicated to UE and UE performs the next LTM only considering the cell in the subset. 
Proposal 1: The network may indicate a subset of candidate cells to be considered/measured for the next LTM.
2.1.2 Early synchronization 
RAR reception for PDCCH ordered-RACH for candidate cell(s)
In [2] the LS from RAN1, RAN1 has the following agreement on RAR reception for PDCCH ordered-RACH:
	Regarding the configuration/indication of RAR reception for PDCCH ordered-RACH, RAN1 achieved the following agreement

For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2
 
As the feasibility of schemes included in the agreement above is related to the designs of RAN2 and RAN3, RAN 1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN 3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in this agreement.


According to RAN1 agreement, there are the following three options on PDCCH ordered RACH for candidate cells as illustrated in Figure 3:
· Option 1: without RAR, i.e. the source gNB maintains the TA value
· Option 2: with RAR, UE maintains the TA value
· Option 2a: RAR is received from source gNB 
· Option 2b: RAR is received from target gNB


Figure 3: Early RACH options
From RAN2 perspective, all options are feasible. For option 1, LTM cell switch command should be enhanced to include TA information. For option2a, it is similar to the current PDCCH order CFRA towards SCell. For option2b, UE needs to stay in the target cell for RAR reception in the ra-ResponseWindow. It will cause a long data interruption in the serving cell. Hence, we prefer to exclude the option2b. 
Proposal 2: From RAN2 perspective, PDCCH ordered-RACH for candidate cell(s) supports:
· Reception of RAR is not configured/indicated (without RAR).
· Reception of RAR is configured/indicated (with RAR) and RAR is received from serving cell.
Shared CFRA resources by multiple UEs
[4] provides a configuration method of CFRA resources, in which the preamble resources could be shared by multiple UEs. When the serving cell triggers the PRACH via PDCCH order, the UE will use the shared CFRA resource for preamble transmission. After UE successfully finishes the RACH procedure, UE could release the resource, and then the source cell could trigger PRACH for another UE with the same shared CFRA resource. In our view, this configuration method could help save resources in candidate cells, hence we suggest: 
Proposal 3: RAN2 should further discuss UE performing CFRA towards the candidate cell via shared CFRA resources allocated by the serving cell.
2.1.3 inter- DU LTM cell switch execution
RAN 3 sent an LS to RAN2[5] on the following two approaches to support inter-DU LTM cell switch during execution.
	RAN3 has discussed the following two approaches to support inter-DU LTM cell switch during execution. 
Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch. 
Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
RAN3 would like to get feedback from RAN2 about the above-mentioned approaches, and provide suggestion if there is any other possibility identified.


Apporach1 requires no information exchange between source DU and target DU before LTM triggering. In our view, the serving gNB-DU has all the information to trigger inter-DU LTM. Hence, Apporach1 is feasible. Compared with approach2, apporach1 leads to shorter handover latency. Moreover, when the serving gNB-DU has determined to trigger cell switch, it means the signal quality of the current serving cell is not good. Hence UE should perform cell switch as soon as possible to avoid potential RLF. Therefore, the approch2 leads to a higher RLF rate when compared with apporch1. 
Proposal 4: From RAN2 perspective, source DU could trigger inter-DU LTM without requiring the target DU, i.e. as the extra exchange between source and target DUs leads to longer handover latency which beats the motivation of introducing the LTM and high potential RLF rate.
2.1.4 Response for LTM triggered MAC CE
In legacy L3 handover, the handover command is an RRC signalling, i.e. the RRCReconfiguration message including ReconfigurationWithSync. Upon reception of the handover command, the UE is not required to send feedback of lower layer (HARQ or RLC ACK) to network before leaving the serving cell, in order to access to target cell as soon as possible.
Observation 2: 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 3: In Rel-17 ICBM, HARQ ACK in the serving cell is used to confirm the reception of TCI state switch command.
Since the R18 LTM using MAC CE to trigger cell switch, which is similar to Rel-17 ICBM, hence we think same mechanism could be reused as a baseline for Rel-18 LTM.  Anyway, RAN2 should discuss whether the UE needs to send feedback for LTM triggered MAC CE in the source cell before leaving the source cell.
Proposal 5: RAN2 to discuss whether the UE needs to send feedback for LTM triggered MAC CE in the source cell before leaving the source cell. 
2.1.5 LTM completion 
In RAN2#120 meeting[6], we have discussed the dynamic switch completion for LTM, some conclusion as follows were reached:
	· LTM cell switch is supervised by a timer
· UE arrival in the target cell need to be indicated (somehow)


Regarding the timer for LTM, the first issue should be considered is whether to introduce a MAC timer or an RRC timer for LTM. It seems straightforward to introduce the MAC timer for LTM cell switch since the MAC CE is used to trigger LTM. However, the RRC re-establishment will be triggered by RRC if the LTM cell switch fails, RRC layer anyway needs to be informed. Besides, there is already an RRC timer for cell switch, it maks sense to reuse the existing timer. 
If the RRC timer is reused, when UE receives the LTM cell switch MAC CE, the MAC layer indicates RRC layer to start the timer. As for when to stop the RRC timer, the following two cases should be considered:
· RACH-less case: similar to the LTE RACH-less procedure, the timer is stopped when the UE receives the PDCCH addressed to the UE’s C-RNTI in the target cell.
· RACH-based case: similar to the legacy handover procedure, the timer is stopped upon successful completion of random access in the target cell.
Proposal 6: An RRC timer is introduced to supervise LTM cell switch:
· The timer starts upon receiving the LTM cell switch MAC CE;
· For RACH-less cell switch, the timer is stopped upon receiving the PDCCH addressed to the UE’s C-RNTI in the target cell;
· For RACH-based LTM, the timer is stopped upon successful completion of random access in the target cell. 
Regarding how to indicate the UE arrival in the target cell, we think the legacy handover mechanism could be reused, i.e. UE sends RRCReconfigurationComplete message to finish the LTM procedure. Hence we propose:
Proposal 7: UE sends RRCReconfigurationComplete in target cell to indicate the success of LTM execution.
2.1.6 LTM failure handling
According to current specification, when UE performs L3 based handover fails, UE will initiate the RRC re-establishment procedure; while for CHO, when initial CHO execution attempt fails or HO fails, the UE performs cell selection, if the selected cell is a CHO candidate and if network configured the UE to try CHO after handover/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed. 
For LTM failure handling, we think the legacy HO failure handling, i.e., the UE performs RRC re-establishment could be re-used. However, since the LTM is based on L1 measurement which is unreliable, the probability of LTM failure will increase compared with legacy L3 based handover. Besides, the LTM also has a lot of candidate cell configurations, RAN2 could further discuss the CHO-like LTM failure recovery mechanism, i.e., when UE performs cell selection after LTM failure and the selected cell is a CHO candidate, the UE could be configured to perform LTM once. 
Proposal 8: At LTM execution failure, UE performs RRC Re-establishment as a baseline. FFS if the selected cell is an LTM candidate cell, whether the UE could perform LTM execution to the selected candidate cell.
2.2. LTM in NR-DC scenario 
In RAN2#119bis-e meeting [7], RAN2 discussed the NR-DC scenario in LTM, and agreed the PSCell change without MN involvement case is supported.
	Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 


However, for NR-DC scenario, whether to support PSCell change with MN involvement has not been discussed. According to the WID [8], the procedure of LTM is only applicable to the NR-DC case with serving cell change within one CG. Since the MCG and SCG are different CGs and served by different DUs, the SpCell change triggered by LTM cell switch command from another CG/DU is not reasonable and is lack of motivation. Hence, we propose only the DU serving SN could trigger the PSCell change via LTM. Similarly, only the DU serving MN could trigger the PCell change via LTM.
Proposal 9: For NR-DC scenario, PSCell change via LTM can only be triggered by a cell switch command from SCG. Similarly, PCell change via LTM can only be triggered by a cell switch command from MCG.
2 
2.2 
2.3. Collision between LTM and L3 mobility
Even introducing the LTM, the L3 mobility is still needed for some cases, e.g. inter-CU handover cases, or security update for intra-DU cases. Since LTM is triggered by DU while L3 mobility is decided by CU, it is possible that LTM and L3 handover commands may be sent to UE simultaneously if there is no CU-DU coordination. 
Hence the handover collision between LTM and L3 mobility may occur. When the L3 handover command and LTM cell switch command are received simultaneously, if the UE performs L3 mobility for security update firstly, the MAC will reset and the LTM cell switch command will be discarded, which results in delay of LTM and may cause RLF. On the other hand, if the UE performs LTM firstly, the serving cell will change and the L3 mobility will be delayed which may result in security issue.  Anyway, some enhancements should be introduced and the details could be discussed in RAN3. 
proposal 10: Send an LS to RAN3 to inform the collision issue between LTM and L3 mobility. 
3. Conclusion
In this contribution, we discuss the the LTM procedure, NR-DC scenario and collision between LTM and L3 mobility. Based on the discussion, we have the following observation and proposals。
The observations are as follows:
Observation 1: The candidate cell configurations for LTM may include configurations of cells in a large area where UE may move to. 
Observation 2: In legacy L3 handover, there is no lower layer feedback in source cell for HO command.
Observation 3: In Rel-17 ICBM, HARQ ACK in the serving cell is used to confirm the reception of TCI state switch command.
The proposals are as follows:
Proposal 1: The network may indicate a subset of candidate cells to be considered/measured for the next LTM.
Proposal 2: From RAN2 perspective, PDCCH ordered-RACH for candidate cell(s) supports:
· Reception of RAR is not configured/indicated (without RAR).
· Reception of RAR is configured/indicated (with RAR) and RAR is received from serving cell.
Proposal 3: RAN2 should further discuss UE performing CFRA towards the candidate cell via shared CFRA resources allocated by the serving cell.
Proposal 4: From RAN2 perspective, source DU could trigger inter-DU LTM without requiring the target DU, i.e. as the extra exchange between source and target DUs leads to longer handover latency which beats the motivation of introducing the LTM and high potential RLF rate.
Proposal 5: RAN2 to discuss whether the UE needs to send feedback for LTM triggered MAC CE in the source cell before leaving the source cell. 
Proposal 6: An RRC timer is introduced to supervise LTM cell switch:
· The timer starts upon receiving the LTM cell switch MAC CE;
· For RACH-less cell switch, the timer is stopped upon receiving the PDCCH addressed to the UE’s C-RNTI in the target cell;
· For RACH-based LTM, the timer is stopped upon successful completion of random access in the target cell. 
Proposal 7: UE sends RRCReconfigurationComplete in target cell to indicate the success of LTM execution.
Proposal 8: At LTM execution failure, UE performs RRC Re-establishment as a baseline. FFS if the selected cell is an LTM candidate cell, whether the UE could perform LTM execution to the selected candidate cell.
Proposal 9: For NR-DC scenario, PSCell change via LTM can only be triggered by a cell switch command from SCG. Similarly, PCell change via LTM can only be triggered by a cell switch command from MCG.
proposal 10: Send an LS to RAN3 to inform the collision issue between LTM and L3 mobility. 
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