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Introduction
After several meetings, we have achieved some consensus on the general procedure for LTM, as illustrated in endorsed TS 38.300 running CR [1]. There are still several open issues that need to be discussed in order to consolidate LTM procedure in various scenarios. In this contribution, we discuss the remaining open issues which are related to the general procedure for LTM or related to other work groups (i.e. RAN3).
Discussion
RAN3 LS on inter-DU interaction
In R3-230889, RAN3 provided two possible approaches to support inter-DU LTM cell switch during execution and expected to get feedback from RAN2 about the below-mentioned approaches or any other possibility identified.
· 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.
Approach 1 means LTM triggering by the serving gNB-DU without target gNB-DU involvement. In approach 1, the serving gNB-DU makes LTM execution decision and informs the gNB-CU of the serving cell switch, allowing the possibility of data transmission from gNB-CU to target gNB-DU before LTM completion. RAN3 also agreed that it was up to the gNB-DU implementation when to send the notification to gNB-CU during execution phase.
Approach 2 means LTM triggering with target gNB-DU involvement, which implies the serving gNB-DU needs to acquire information from target gNB-DU before triggering LTM. The serving gNB-DU cannot trigger LTM until it receives the feedback from target gNB-DU.
In RAN2#120 meeting, RAN2 assumed that the decision to switch cell is by the source cell. It is reasonable that the serving gNB-DU decides whether to trigger LTM, for example, based on the reported L1 measurement results from the UE. For inter-DU scenario, obtaining permission to switch to target gNB-DU should be done during the LTM preparation phase through F1AP coordination. Otherwise, additional latency (e.g. tens of milliseconds) would be introduced just before LTM triggering due to F1AP interactions, degrading performance of the LTM procedure.
Observation 1: Any checking/confirmation with target gNB-DU about the candidate cell can be done in the LTM preparation phase, rather than in the later cell switch decision phase.
Proposal 1a: RAN2 confirm the LTM cell switch decision (i.e. when to switch and which cell to switch to) is made by the gNB-DU in the intra-DU case and by the source gNB-DU in the inter-DU case. 
Furthermore, the serving gNB-DU may need to obtain information about the content in LTM MAC CE from target gNB-DU in inter-DU scenario, e.g. to support RACH-less based LTM execution. From our perspective, it is preferable to exchange as much necessary information as possible only during LTM preparation phase. We should avoid “late” or “timely” CU-DU interactions before/upon triggering the LTM procedure, because radio channel quality may be poor at that time.
Proposal 1b: In the cell switch decision phase, avoid CU-DU interactions (e.g. requesting information from target DU) to determine the content in the LTM MAC CE at the time of sending the cell switch command.
Based on the preceding analysis, RAN2 should confirm the approach 1 in RAN3 LS as RAN2 assumption. RAN2 should continue to identify the necessity of any information sharing in the subsequent discussion on RACH-less based LTM. And if RAN2 has any further conclusions, RAN3 should be informed later.
Proposal 1c: RAN2 reply RAN3 that the approach 1 is the RAN2 assumption for the incoming LS. 
LTM completion determination
From the perspective of network:
In legacy L3 handover, the target cell can identify the UE and can be aware of the UE’s arrival during RACH procedure. In LTM procedure, RAN3 has already agreed that the gNB-CU is indicated about the UE successful access to the target cell by the gNB-DU for intra-DU case, or by the target gNB-DU for the inter-DU case. The method of gNB-DU or target gNB-DU realizing UE access is in RAN2 domain. There is an editor’s note in the 38.300 running CR [1] whether an uplink signal or message after the UE has switched to the target cell is used to indicate successful completion of LTM cell switch.
For RACH based LTM, if dedicated RACH resources of target cell is provided to the UE, the target gNB-DU can naturally recognize the UE via preamble reception. If the UE accesses target cell via CBRA using common RACH resources, the UE sends C-RNTI MAC CE in Msg3 or MsgA to notify the target cell of UE access. As a result, it is not needed to introduce new uplink signal or message after the UE has switched to the target cell is used to indicate successful completion of LTM cell switch.
Proposal 2a: In RACH-based LTM, the target cell is aware of the UE’s arrival based on the reception of Msg1 in CFRA and on the reception of Msg3 in CBRA, like the legacy HO.
For RACH-less based LTM, after receiving LTM handover command indicating target cell, the UE sends the first uplink signalling to the target cell on dedicated UL grant provided by target cell. The target gNB-DU can know the UE’s access when target cell receives the first UL MAC PDU addressed by C-RNTI on the dedicated UL grant. 
Proposal 2b: In RACH-less LTM, the target cell is aware of the UE’s arrival based on receiving the first UL MAC PDU on the dedicated UL grant provided by target cell.
[bookmark: _Hlk127366442]From the perspective of UE:
In legacy L3 handover, the UE synchronizes to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB. For LTM procedure, the UE can also naturally know that the LTM procedure is completed when UE accesses the target cell successfully.
To be more precise, for RACH based LTM, the UE considers LTM procedure to be completed when the UE completes RACH procedure to the target cell successfully.  
Proposal 3a: For RACH-based LTM, the UE considers that LTM procedure is completed when the RACH is successfully completed.
For RACH-less based LTM, the UE considers the access to the target cell to be completed and thus considers the LTM to be completed, when the UE determines the network has successfully received its first UL date. In LTE RACH-less procedure, the first UL data can be carried on pre-allocated uplink grant or carried on uplink grant scheduled by PDCCH of the target cell. If the above two ways of scheduling uplink grant can be reused in LTM RACH-less procedure, the UE determines the network has successfully received the first uplink data when the UE receives dedicated grant for UL or DL transmission from the target cell. A more straightforward way is to introduce a DL data/signaling as the response of the first UL transmission. In LTE RACH-less, the UE considers the procedure is completed when the UE receives the UE contention resolution identity MAC CE from the target cell. Another options which can be considered in NR is the solution to determine HARQ successful UL transmission. 
Proposal 3b: For RACH-less LTM, the UE considers that LTM procedure is complete when the UE determines the NW has successfully received its first UL data. 
RRCReconfigurationComplete message
In the last meeting, we has agreed to use Model 1 (one RRCReconfiguration message) as the candidate configuration for each candidate cell. As the response, the UE needs to send an RRCReconfigurationComplete message to the target cell during LTM execution, to inform the successful completion of an RRC connection reconfiguration. The RRCReconfigurationComplete message can also carry information that helps the gNB schedule the UE in an optimal way, such as Tx Direct Current locations and measurement gap requirement information, as in legacy. Such information can be also useful for any kind of handover, including for LTM.
Observation 2: The agreed RRC modelling 1 implies the corresponding RRCReconfigurationComplete message to the target cell is reasonable.
Observation 3: The RRCReconfigurationComplete message to the target cell is useful to include the uplinkTXDirectCurrent, needForGaps, etc information as supported in legacy.
Therefore, we propose:
Proposal 4: The RRCReconfigurationComplete message is always sent at each LTM execution.
In subsequent LTM, it is possible that the UE access to the same candidate cell more than once. If the UE always sends RRCReconfigurationComplete message upon each LTM execution, since the corresponding configurations in RRCReconfiguration message for one candidate cell are not changed at all, the same/repetitive information (e.g. uplinkTXDirectCurrent, needForGaps) included in the RRCReconfigurationComplete message would be sent to the same candidate cell more than once. Given that the sizes of several IEs are substantial, this redundancy wastes transmission resources.
Observation 4: In subsequent LTM, it is not necessary for UE to report the same information to the same cell by RRCReconfigurationComplete message.
To save the signaling overhead of sending RRCReconfigurationComplete messages, the UE can be configured to avoid sending repetitive information at each LTM execution. For example, the network can configure whether the UE sends certain legacy IEs in the RRCReconfigurationComplete message if these IEs are sent previously to the target cell during subsequent LTM.
Proposal 5: The NW can configure whether UE needs to send some IEs repetitively in the RRCReconfigurationComplete message, if already sent previously, when the UE switches back the same cell in subsequent LTM.
NR-DC scenario
In RAN2#119bis, NR-DC scenario for LTM is supported at least for the PSCell change without MN involvement case. For the case of PSCell change with MN involvement (i.e. intra-SN PSCell modification with MN involvement or inter-SN PSCell change), it is unavoidable to introduce significant inter-node interactions during LTM preparation phase, LTM execution phase or LTM completion phase. To simply the discussion, RAN2 should only focus on the PSCell change without MN involvement case in Rel-18, which means the RRCReconfiguration message including LTM candidate configuration is one message from the SN.
Proposal 6: In NR-DC LTM scenario, RAN2 confirm to only support PSCell change without MN involvement, i.e. the candidate configuration RRCReconfiguration message is one SN message in NR-DC LTM.
LTM failure
In the Rel-16/17 CHO, when initial CHO execution attempt fails or RLF occurs in the source cell, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after failure, then the UE attempts CHO execution once, otherwise re-establishment is performed. For the Rel-18 LTM procedure, as the UE always maintains the configuration of the candidate cells to support subsequent LTM, when RLF in the source occurs or the initial LTM procedure fails, the UE performs cell selection and if the selected cell is a LTM candidate cell, the UE can perform the LTM procedure according to the stored candidate configuration of the selected cell. This may require a random access procedure but compared to performing the RRC re-establishment directly, the interruption time can be further decreased. Whether to introduce a configurable indication to enable/disable the function like attemptCondReconfig for CHO can be further discussed.
Proposal 7: At RLF or LTM execution failure, if the UE performs cell selection and the selected cell is an LTM candidate cell, the UE can perform LTM execution to the selected cell (like CHO).
Coexistence with L3 handover
As mentioned in the WID, the Rel-18 LTM procedure is applicable to the intra-DU case and to the intra-CU inter-DU case. The inter-CU handover, which involves the security update, should be performed based on the RRC procedure. When the gNB has provided the candidate configuration of LTM to the UE, the gNB should also be allowed to trigger L3 handover if the quality of a cell (possibly a cell under another gNB-CU) is good enough. Whether the target cell of L3 handover can be the candidate cells for the LTM procedure or not can be further studied. 
If the UE receives the L3 handover command before the triggering of LTM procedure, the UE should perform handover to the target cell indicated in the L3 handover command. After completing the L3 handover, the UE may maintain or release the LTM candidate configurations, e.g. as instructed by the network in the L3 handover command. This issue can also be discussed later after determining the coexistence scenario between L3 handover and LTM procedure.
Proposal 8a: While configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network.
If the UE receives the L3 handover command or LTM handover command, the UE will cut off the connection with source cell, so the UE cannot receive any other signalling from the source cell any more. However, the network may include the L3 handover command and LTM handover command in the same MAC PDU, since they are decisions made by gNB-CU and gNB-DU respectively. In this case, problems occur if the UE executes either L3 handover procedure or LTM. For instance, the gNB-CU may consider the transmission of L3 handover command to be failed and retransmit it to the UE after LTM execution. To avoid this misalignment, the network should avoid any issue caused by this case.
Proposal 8b: It is up to NW to avoid any issue due to the case when UE receives the LTM MAC CE and RRCReconfiguration message in the same MAC PDU.
Conclusion
This contribution discusses LTM procedure including RAN3 LS and miscellaneous issues and makes the following proposals:
Observation 1: Any checking/confirmation with target gNB-DU about the candidate cell can be done in the LTM preparation phase, rather than in the later cell switch decision phase.
Observation 2: The agreed RRC modelling 1 implies the corresponding RRCReconfigurationComplete message to the target cell is reasonable.
Observation 3: The RRCReconfigurationComplete message to the target cell is useful to include the uplinkTXDirectCurrent, needForGaps, etc information as supported in legacy.
Observation 4: In subsequent LTM, it is not necessary for UE to report the same information to the same cell by RRCReconfigurationComplete message.
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RAN3 LS on inter-DU interaction
Proposal 1a: RAN2 confirm the LTM cell switch decision (i.e. when to switch and which cell to switch to) is made by the gNB-DU in the intra-DU case and by the source gNB-DU in the inter-DU case. 
Proposal 1b: In the cell switch decision phase, avoid CU-DU interactions (e.g. requesting information from target DU) to determine the content in the LTM MAC CE at the time of sending the cell switch command.
Proposal 1c: RAN2 reply RAN3 that the approach 1 is the RAN2 assumption for the incoming LS. 
LTM completion determination
Proposal 2a: In RACH-based LTM, the target cell is aware of the UE’s arrival based on the reception of Msg1 in CFRA and on the reception of Msg3 in CBRA, like the legacy HO.
Proposal 2b: In RACH-less LTM, the target cell is aware of the UE’s arrival based on receiving the first UL MAC PDU on the dedicated UL grant provided by target cell.
Proposal 3a: For RACH-based LTM, the UE considers that LTM procedure is completed when the RACH is successfully completed.
Proposal 3b: For RACH-less LTM, the UE considers that LTM procedure is complete when the UE determines the NW has successfully received its first UL data. 
RRCReconfigurationComplete message
Proposal 4: The RRCReconfigurationComplete message is always sent at each LTM execution.
Proposal 5: The NW can configure whether UE needs to send some IEs repetitively in the RRCReconfigurationComplete message, if already sent previously, when the UE switches back the same cell in subsequent LTM.
NR-DC scenario
Proposal 6: In NR-DC LTM scenario, RAN2 confirm to only support PSCell change without MN involvement, i.e. the candidate configuration RRCReconfiguration message is one SN message in NR-DC LTM.
LTM failure
Proposal 7: At RLF or LTM execution failure, if the UE performs cell selection and the selected cell is an LTM candidate cell, the UE can perform LTM execution to the selected cell (like CHO).
Coexistence with L3 handover
Proposal 8a: While configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network.
Proposal 8b: It is up to NW to avoid any issue due to the case when UE receives the LTM MAC CE and RRCReconfiguration message in the same MAC PDU.
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