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1. Introduction
In RAN2#121bis-e meeting, LTM procedure was discussed and reached a lot of agreements [1]. However, there are also some remaining issues on LTM procedure. In this contribution, we will further discuss the remaining issues, including UE accesses to the target cell, LTM completion, UL grant for the first UL transmission on the target cell, and LTM failure handling. Besides, the other issues related to the RAN2 procedure and RAN3 issues will also be discussed.
2. Discussion
2.1. Access to target cell during LTM
When UE receives the LTM cell switch command, UE will switch to the indicated cell. According to our agreement in RAN2#119bis meeting, CFRA, CBRA, and RACH-less procedures for LTM are all supported [2]. 
	· 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. 


Hence the options for UE to access the target cell during LTM are as follows:
· Option 1: UE skips RACH procedure if UE has a valid TA value of the target cell at the time when LTM execution is performed, e.g. for early TA acquisition with RAR scenario. The condition to determine whether the TA value is valid or not could base on the TAT (timeAlignmentTimer) as we have discussed in our companion paper [3]. 
· Option 2: UE skips RACH procedure if the LTM cell switch command includes TA value information, e.g. for early TA acquisition without RAR scenario.
· Option 3: UE performs RACH to access the target cell following the CFRA procedure if the CFRA resource for LTM execution is included in the pre-configured candidate cell configuration. 
· Option 4: UE performs RACH to access to target cell following the CBRA procedure if the above conditions aren’t met. 
Proposal 1: UE performs LTM cell switch with the following principles:
· If the TAT associated with the target cell is running or TA value is provided in the LTM cell switch command, UE skips RACH procedure while accessing the target cell; 
· Else if CFRA resource is included in pre-configured RRC configuration, UE performs RACH via CFRA procedure while accessing the target cell.
· Else UE performs RACH via CBRA procedure while accessing the target cell.
2.2.  LTM completion 
In RAN2#121bis-e meeting, RAN2 has discussed the LTM completion issue, the agreements are as follows:
	· R2 assumes RRCReconfigurationComplete message is always sent at each LTM execution.
· In RACH-based LTM, the target cell is aware of the UE’s arrival based on the reception of preamble in CFRA and on the reception of Msg3/MsgA in CBRA, like the legacy HO. 
· In RACH-less LTM, the target cell is aware of the UE’s arrival based on reception of the first UL transmission from this UE
· In RACH-less LTM, RRCReconfigurationComplete can be the content of the first UL MAC PDU/transmission to indicate UE arrival, i.e. no need to introduce any new signaling to indicate UE arrival (for the MCG-switch case)
· For RACH-based LTM, the UE considers that LTM execution procedure is successfully completed when the RACH is successfully completed.
· For RACH-less LTM, the UE considers that LTM execution procedure is successfully complete when the UE determines the NW has successfully received its first UL data.



However, there is no conclusion that how the UE determines the NW has successfully received its first UL data for RACH-less LTM execution. We will further discuss the solution for MCG cell switch case and SCG cell switch case in this section.
MCG Cell Switch Case
For MCG cell switch case, the first UL MAC transmission is the RRCReconfigurationComplete message, which is the same as the LTE RACH-less handover procedure. From this perspective, it makes sense that use the same principle on UE determination for LTM completion as LTE RACH-less for the LTM MCG cell switch case.  The solution in LTE RACH-less is as follows [4]:
	The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB.


Hence, we propose:
Proposal 2：For RACH-less LTM of the MCG-switch case, the UE considers LTM cell switch procedure to be completed when UE receives the UE contention resolution identity MAC CE from the target cell.
SCG Cell Switch Case
For SCG cell switch case, if SRB3 isn’t configured, the first UL transmission is the ULInformationTransferMRDC embedded with RRCReconfigurationComplete message. However, the message is sent from UE to MCG, it couldn’t reflect the quality of the uplink link between UE and SCG even UE determines the MCG has successfully received its first UL data. A new mechanism should be defined for UE to determine that LTM execution procedure is successfully complete. 
In our view, the following solutions could be considered by UE to determine the LTM completion:
· Option 1: The first UL transmission to target cell is a new MAC CE, and UE determines the NW has successfully received the first UL transmission if UE receives a DL data which includes the same MAC CE.
· Option 2: UE determines the NW has successfully received the first UL transmission when a PDCCH addressed to SCG C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the first UL MAC PDU/transmission in target PSCell.
Option 2 is simpler while option 1 may introduce a new MAC CE, hence we prefer option 2. 
Proposal 3：For RACH-less LTM of the SCG-switch case, the UE considers LTM cell switch procedure is completed when a PDCCH addressed to SCG C-RNTI indicating uplink grant for a new transmission is received for a HARQ process and the HARQ process was used for the transmission of the first UL MAC PDU/transmission in the target PSCell.
2.3. UL grant for the first UL transmission on the target cell
After accessing the target cell, UE will perform the first UL transmission to the target cell. In our view, the UL grant is anyway required for the first UL data for LTM cell switch. In the current LTE RACH-less handover procedure, the UL grant for the RRCReconfigurationComplete message is optionally configured in HO preparation. A similar mechanism could be re-used for LTM, in this case, the UL configured grant resource for the first UL transmission in RACH-less LTM could be pre-configured in the candidate cell configuration. If UE doesn’t get the UL configured grant from the candidate cell configuration, UE could monitor the PDCCH from the target cell after LTM to get dynamic UL grant for the first UL transmission as legacy.
Proposal 4: For RACH-less LTM, UL configured grant resources can be pre-allocated in the candidate cell configuration. 
2.4. LTM failure handling
In RAN2#121bis-e meeting, RAN2 agreed to use the RRC re-establishment as baseline for MCG LTM failure and support fast recovery to a candidate cell at RLF or LTM execution failure [1]. We will further discuss the fast recovery mechanism in this section.
	· Following behaviors of LTM supervisor timer are agreed: 
- 1: The UE starts the LTM supervisor timer, upon reception of the LTM cell switch MAC CE;
- 2: The UE stops the LTM supervisor timer, upon successful completion of LTM cell switch;
- 3: If the LTM supervisor timer for MCG expires, as baseline, the UE considers LTM failure and initiates RRC re-establishment. (SCG switch case FFS)
· At RLF or LTM execution failure (for MCG), RAN2 intend to support fast recovery to a candidate cell by LTM execution.


According to the current specification, when RLF/HOF occurs, the UE performs cell selection. If the selected cell is a CHO candidate, the UE may attempt CHO execution, otherwise, re-establishment is performed. 
For LTM failure handling, the same mechanism as CHO could be re-used, i.e. at MCG RLF/HOF, the UE could perform RRC re-establishment. And if the selected cell is an LTM candidate cell, UE could stop the RRC re-establishment procedure and perform LTM to the selected cell.  
Proposal 5：After MCG RLF/HOF, if RRC re-establishment is triggered and an LTM candidate cell is selected during the cell selection phase, UE stops the RRC re-establishment procedure and performs LTM to the selected cell.
2.5. Other LTM related RAN2 Issues
Issue 1: CFRA Resource Wastage
If the CFRA resource is configured in the candidate cell configuration for LTM, the allocated CFRA resource may be reserved for the concerned UE for a long time, since when the LTM to the candidate cell will occur can not be predicted. Hence, a serious CFRA resource wastage issue can be expected.
To solve the issue, we think a CFRA resource indication can be introduced in LTM cell switch command. The indication indicates whether UE is allowed to use the CFRA resource in the candidate cell configuration during LTM. With this indication, a candidate cell can allocate the same CFRA resource to multiple UEs for LTM. As the network may trigger the UEs sharing the same CFRA resource to perform LTM at different time, RACH collision will not happen. If the network has to trigger two UEs sharing the same CFRA resource to perform LTM at the same time in some extreme cases, the network can indicate one of the UEs that CFRA resource is not available via LTM cell switch command. With this indication, the CFRA resource wastage issue can be improved.
In our understanding, this indication is feasible at least for intra-DU LTM scenario. Since the same DU controls both the serving and candidate cell, hence it could know exactly whether the CFRA resource in the candidate cell is available during the LTM without additional effort. 
Proposal 6: A CFRA resource indication can be introduced in LTM cell switch command. Only when the indication indicates CFRA resource is available, UE applies the CFRA resource configured in the candidate cell configuration to access the target cell during LTM.
Another way to solve the CFRA resource wastage issue is to reuse the agreed solution for early TA acquisition: share preamble resource among multiple UEs. In this solution, CFRA resource is not allocated by the candidate cell for each UE in the candidate cell configuration for LTM. Instead, the candidate cell allocates a shared preamble resource pool to source DU. When triggering an LTM, the source DU can select a preamble resource from the pool and inform UE about the selected resource in the LTM cell switch command. In this way, the reserved resource of a candidate cell could decrease dramatically.
Proposal 7: Dedicated RACH resource can be included in LTM cell switch command. If LTM cell switch command indicates RACH resource (shared by multiple UE in S-DU, S-DU ensures no collision occurs), UE applies the RACH resource to access the target cell.
Issue2:  UL Grant in Target for RACH-less LTM
For RACH-less LTM, if the pre-allocated configured grant is included in the candidate cell configuration, a similar resource wastage issue as CFRA occurs. Hence, a similar mechanism as share preamble resource among multiple UEs could be considered. To be more specific, a candidate cell can allocate a shared UL resource pool to source DU. When triggering an LTM, the source DU can select UL resource from the pool and inform UE about the selected resource in the LTM cell switch command. And UE can use the indicated UL resource to send the first UL PDU in the target cell.
Proposal 8: For RACH-less LTM, a candidate cell can provide a UL resource poor to source DU. And source DU can dynamically allocate the UL resource of the pool to UE in LTM cell switch command. UE can use the indicated UL resource to send the first UL PDU in the target cell.
Issue3: 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.
2.6. RAN3 issue
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 compared with apporch1. 
Proposal 10: For inter-DU LTM, RAN2 only supports that source DU decides by itself whether to trigger LTM, i.e. the approach 1 in RAN3 LS. 
2 
2.2 
3. Conclusion
In this contribution, we discuss the the LTM procedure and RAN3 issues. Based on the discussion, we have the following observation and proposals.
LTM procedure
Proposal 1: UE performs LTM cell switch with the following principles:
· If the TAT associated with the target cell is running or TA value is provided in the LTM cell switch command, UE skips RACH procedure while accessing the target cell; 
· Else if CFRA resource is included in pre-configured RRC configuration, UE performs RACH via CFRA procedure while accessing the target cell.
· Else UE performs RACH via CBRA procedure while accessing the target cell.
Proposal 2：For RACH-less LTM of the MCG-switch case, the UE considers LTM cell switch procedure to be completed when UE receives the UE contention resolution identity MAC CE from the target cell.
Proposal 3：For RACH-less LTM of the SCG-switch case, the UE considers LTM cell switch procedure is completed when a PDCCH addressed to SCG C-RNTI indicating uplink grant for a new transmission is received for a HARQ process and the HARQ process was used for the transmission of the first UL MAC PDU/transmission in the target PSCell.
Proposal 4: For RACH-less LTM, UL configured grant resources can be pre-allocated in the candidate cell configuration. 
Proposal 5：After MCG RLF/HOF, if RRC re-establishment is triggered and an LTM candidate cell is selected during the cell selection phase, UE stops the RRC re-establishment procedure and performs LTM to the selected cell.
Other LTM related RAN2 Issues: CFRA resources for LTM execution
Proposal 6: A CFRA resource indication can be introduced in LTM cell switch command. Only when the indication indicates CFRA resource is available, UE applies the CFRA resource configured in the candidate cell configuration to access the target cell during LTM.
Proposal 7: Dedicated RACH resource can be included in LTM cell switch command. If LTM cell switch command indicates RACH resource (shared by multiple UE in S-DU, S-DU ensures no collision occurs), UE applies the RACH resource to access the target cell.
Other LTM related RAN2 Issues: UL resource in RACH-less case
Proposal 8: For RACH-less LTM, a candidate cell can provide a UL resource poor to source DU. And source DU can dynamically allocate the UL resource of the pool to UE in LTM cell switch command. UE can use the indicated UL resource to send the first UL PDU in the target cell.
NR-DC scenario
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.
RAN3 issue
Proposal 10: For inter-DU LTM, RAN2 only supports that source DU decides by itself whether to trigger LTM, i.e. the approach 1 in RAN3 LS. 
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