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1 Introduction
In RAN2#125bis meeting, the scenario, latency analysis, procedure including preparation and execution and security updating were discussed, followings are the related agreements and FFS [1]:
Agreements on scenarios:
1. RAN2 first focus on inter-CU LTM in NR standalone scenario and use it as baseline for supporting inter-CU LTM in NR-DC scenarios.
2. [bookmark: _Hlk165971780]Rel-19 inter-CU LTM also supports mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch.
3. UE can be configured with a mixture of intra-CU and inter-CU candidate LTM cells and irrespective of how the UE is configured with this mixture, UE measurement and reporting procedures will be the same for both intra-CU and inter-CU candidate LTM cells.
Agreements on latency analysis:
1. Mobility latency analysis of rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM.
Agreements on early sync phase:
1. Early DL and UL sync is also supported for inter-CU LTM.  Inform RAN3 of this. Early DL sync using CSI-RS should be considered, pending RAN1 approval.
2. PDCCH ordered early RACH is supported for inter-CU LTM.
3. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.
Agreements on LTM cell switch execution phase:
1. Upon inter-CU LTM execution, UE performs
	- MAC reset
	- RLC re-establishment
	- PDCP re-establishment
	- Security key update
[bookmark: _Hlk165917966]FFS if there is an inter-CU LTM w/o security key change. 

In this paper, we further discuss the open issues of NR SA scenario and potential issues of NSA case.
2 [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Discussion
2.1 Inter-CU LTM in SA scenario
RAR based early TA acquisition
In Rel-18 intra-CU LTM discussion, three alternatives for UE’ TA acquisition of the candidate cells were on the table:
1. Without RAR, TA is indicated in cell switch command
2. RAR is received from serving cell
3. RAR is received from candidate cell
Based on the discussion on intra-CU LTM, both two RAR based approaches may optimize the LTM preparation for cell switch, since TA is immediately sent to the UE compared to alternative 1. But it should be noticed that for alternative 3, this may result in extra interruption on serving cell for candidate cell RAR monitoring. Considering the pros and cons, RAN2 agreed that RAR based early TA acquisition is not supported in RAN2#121bis meeting[2]:
	From RAN2 perspective, to enable shared preamble resource among multiple UEs, it is beneficial that the information that identifies the allocated CFRA resource (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) can be indicated in the PDCCH order (as legacy intra-cell PDCCH order). 
RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is specific per target cell and is signalled separately (separate IEs) from the candidate cell configuration (the part that need to be applied at cell switch).
R2 assumes that Early TA RACH option 3 (with RAR from candidate cell) is not needed in Rel-18.



Observation 1: RAR-based early TA acquisition may introduce extra interruption of UE’s serving cell reception.
Obaservation2: RAR-based early TA acquisition is not supported in Rel-18 intra-CU LTM.
When it comes to inter-CU LTM, some companies propose to consider RAR-based approach for the UE to acquire the candidate cell’s TA, considering that if only non-RAR based approach is adopted, there could be longer latency since it is transferred via Xn interface. However, the similar issues also happens to intra-CU LTM when the serving cell and candidate cell belongs to the different DU and TA is transferred between DUs via F1 interface. In our opinion, PDCCH order based early TA acquisition can be triggered much earlier than LTM execution, it can be network implementation to avoid unexpected latency for LTM execution.
What’s more, in Rel-18 intra-CU LTM, conditional LTM is not supported, therefore, TA indicated via cell switch command is applicable to Rel-18 intra-CU LTM. While for Rel-19, conditional LTM is a potential objective for further decision. If conditional LTM is supported, it means the UE performs cell switch without the network’s cell switch command, and if only TA indicated in cell switch command is supported for PDCCH-order based early TA acquisition, UE cannot acquire TA early with PDCCH order based TA acquisition. In this case, it’s better to support RAR based TA acquisition, and it’s preferred to support that RAR is received from the serving cell to reduce serving cell reception interruption.
Proposal 1: RAR-based TA acquisition is not supported for inter-CU LTM, and this can be revisited after RAN#105 meeting.
Proposal 2: If RAR-based early TA acquisition is supported for conditional LTM, RAR is preferred to be received from the serving cell by the UE to avoid serving cell reception interruption.
Inter-CU LTM w/o security key change
In the discussion of LTM execution in last meeting, the majority view is that once UE executes inter-CU LTM cell switch to a candidate cell, the UE performs MAC reset, RLC re-establishment, PDCP re-establishment and security key updating which is similar to legacy L3 mobility. Besides, in last meeting, we agreed that intra-CU LTM and inter-CU can be mixed configured to a UE, and inter-CU LTM can be triggered after an intra-CU LTM or inter-CU LTM:
1. Rel-19 inter-CU LTM also supports mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch.
2. UE can be configured with a mixture of intra-CU and inter-CU candidate LTM cells and irrespective of how the UE is configured with this mixture, UE measurement and reporting procedures will be the same for both intra-CU and inter-CU candidate LTM cells.
Therefore, the UE needs to identify whether the LTM is intra-CU or inter-CU or to decide whether L2 handling as mentioned in the previous paragraph is needed. To achieve this, the UE needs more extra information, the extra information can be an explicit indication like Rel-18 ltm-NoResetID, a new ID can be introduced to indicate PDCP re-establishment and security updating, or it can be indicated by the security updating information pre-configured or indicated in LTM cell switch command. Considering that security updating mechanism is still under discussion and there’s mutual effect on the discussion of security updating mechanism and inter-CU identification, it’s better to decide whether an indication for the UE to identify PDCP re-establishment and other related L2 handling is needed or not.
Proposal 3: RAN2 decides whether an indication is needed for the UE to identify whether to perform MAC reset, RLC re-establishment, PDCP re-establishment and security key updating.
And there’s one FFS on whether there is an inter-CU LTM w/o security key change. To avoid inter-CU LTM w/o security key change, RRC and PDCP cannot be re-established when UE performs inter-CU LTM, and it can be achieved by introduce a CP(RRC/PDCP) anchor. From our perspective, there’s no RRC/PDCP anchor for current commercial 5G network (TN network). Once CP anchor is introduced, it may has great impact to the commercial 5G network, and whether it can be applied to all mobility approaches such as legacy handover, CHO is also needed to discuss. Therefore, it’s not proposed to introducing such anchor and w/o security key change mechanism to the commercial TN network. 
However, we also see the benefits of the CP anchor mechanism in NTN scenario with regenerative payload. Specifically, in NTN system, a critical issue is the frequent and unavoidable mobility for UEs (seconds, tens of seconds or hundreds of seconds of HO frequency), even they are in stationary mode due to the high speed movement (e.g. 7.56 km/s) of satellite. Moreover, this will result in significant signaling overhead, power consumption, as well as degrading the service performances caused by service interruption due to handover signaling latency. Then if retaining RRC/DRB connection to anchor CU after a satellite/cell switch, at least the security key is not needed to update and there is no PDCP reestablishment and no path switch, which is more effective than traditional handover procedure. 
Proposal 4: For TN network, inter-CU LTM w/o security key change is not considered, but it can be further discussed in Rel-19 NTN Scenario.
Singaling procedure 
Since it is noted in the WID that Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support [3], therefore, signalling procedure of inter-CU LTM in SA scenario should has similar phases as intra-CU LTM defines in TS 38.300 [4], including: LTM preparation, early synch, LTM cell switch execution and LTM cell switch completion. For the LTM preparation phase, there’s some progress in RAN3#123bis meeting as following that Xn Handover Request and Handover Request ACK is reused for inter-CU LTM initial preparation [5]:
	Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. 


In case the candidate gNB is CU-DU split architecture, candidate gNB-CU may request to its DUs for related LTM configurations. The Rel-18 CU-DU interaction for intra-CU LTM can be considered as baseline  and the details is decided by RAN3
Proposal 5:The interaction between CU and DU for intra-CU LTM configuration can be considered as the baseline for inter-CU candidate gNB with CU-DU to prepare candidate cell configuration, and the details are decided by RAN3.
Different from Rel-18, Rel-19 LTM cell switch is to an inter-CU/gNB candidate cell, which results to that the source cell doesn’t know whether LTM to the target cell succeeds or not, therefore, the target cell should indicate to the source cell the status of UE’s LTM. Since in UE side, if the UE has performed a RA procedure, the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data. The target cell may consider LTM is successful after UE RACH procedure or receiving UE’s first UL data. Since HO related messages are used for inter-CU LTM, HANDOVE SUCCESS message is proposed to be used for LTM success notification from the target cell to the serving cell, the indication of LTM success can be included in current HANDOVER SUCCESS message.
Proposal 6: The target cell indicate the source cell LTM cell switch succeed if UE completes the RACH procedure to it or it receives UE’s first UL data.
Proposal 7: HANDOVE SUCCESS message is used for LTM success notification from the target cell to the serving cell.
Based on the current progress, we depict the inter-CU LTM signalling procedure in Figure 1, it can be taken as the baseline for the further discussions for inter-CU LTM.


Figure 1: Procedure of inter-CU MCG LTM
Proposal 8: Figure 1 can be taken as the baseline for the discussion of signalling procedure of inter-CU LTM in SA scenario.
2.2 Inter-CU LTM in NSA scenario
There’re two sub cases of inter-CU LTM in NSA scenario:
· Inter-CU LTM of MN with SN released or unchanged
· Inter-CU LTM of SN
Inter-CU LTM of MN with SN released or unchanged
Inter-CU LTM of MN with SN released or unchanged is a kind of extension of inter-CU LTM in SA scenario, both of the two cases are to switch UE’s Pcell/MCG, while the difference is that in this scenario, the UE may have a secondary cell group after cell switch. Therefore, when UE’s Pcell/MCG changes, it should be determined that whether the source SCG is kept, changed or released. In current L3 inter-node mobility with SCG, it’s the target cell to decide whether to keep, change or release the source SCG [6]. The similar principle should also be applied to Case 3. And if the target gNB decides to keep the source SCG, it should perform SN addition procedure when it is requested by the source cell and provides SCG configuration as part of LTM candidate configuration.
Proposal 9: It’s the inter-CU LTM candidate cell/gNB to decide whether to keep or release the source SCG.
Proposal 10: If the candidate gNB decides to keep the source SCG, it performs SN addition procedure once requested by the source node and provides SCG configuration as part of LTM candidate configuration.
[bookmark: _Hlk162993027]Besides, for the source CU/MCG with SCG, if it decides to trigger the LTM cell switch procedure for a UE, it should release its SCG.
Proposal 11: Once source CU/ MCG decides to trigger the LTM cell switch procedure for a UE, it releases its SCG.
The procedure for this case is depicted in Figure 2:


Figure 2：Procedure of Inter-CU MCG LTM with SCG
Inter-CU SCG LTM
This case is to realize PsCell of SCG switch to a inter-CU/gNB cell based on L1 measurement results. In legacy L3 mobility, the similar procedure is SN change [6], which can be triggered by both MN and SN. Hence, similarly, inter-CU SCG LTM can also be initiated by MN/MCG or SN/SCG.
Proposal 12: Inter-CU SCG LTM can also be initiated by MN/MCG or SN/SCG.
Proposal 13: L3 SN change procedure can be taken as the baseline for inter-CU SCG LTM.
Inter-CU SCG LTM initiated by MN/MCG
If the inter-CU SCG LTM is initiated by MN, it’s rational that MN to initiate candidate cells request for SN switch, provide the related configuration to the UE, and send LTM cell switch command  to the UE. And these can be realized based on Rel-15 MN initiated SN change procedure, as shown in Figure 3:


Figure 3: Procedure of Inter-CU SCG LTM initiated by MN/MCG
Proposal 14: For Inter-CU SCG LTM initiated by MN, LTM configuration and  LTM cell switch command are send by MN to the UE.
Inter-CU SCG LTM initiated by SN/SCG
For Inter-CU SCG LTM initiated by MN/MCG, the procedure is initiated by SN, and MN may indicate the selected candidate PsCell(s) to SN. Therefore, both MN and SN has candidate PsCell information. Besides, both MN and SN can configure measurement to the UE, and UE only reports the related results to the node which provides configuration.


Figure 4: Procedure of Inter-CU SCG LTM initiated by SN/SCG
Observation 3: Both MN and SN have candidate PsCell information.
Observation 4: Both MN and SN can configure measurement to the UE and have related results.
Based on the analysis above, one issue should discussed is whether both MN and SN can trigger inter-CU SCG LTM or send LTM cell switch command to the UE.
Proposal 15: RAN2 to discuss whether both MN and SN can trigger inter-CU SCG LTM or send LTM cell switch command to the UE if inter-CU SCG LTM is triggered by SN.
3 Conclusions
[bookmark: _Hlk47377607]In this contribution, we discuss inter-CU LTM related issue. Following are the proposals and observations made in this contribution:
Observation 1: RAR-based early TA acquisition may introduce extra interruption of UE’s serving cell reception.
Obaservation2: RAR-based early TA acquisition is not supported in Rel-18 intra-CU LTM.
Proposal 1: RAR-based TA acquisition is not supported for inter-CU LTM, and this can be revisited after RAN#105 meeting.
Proposal 2: If RAR-based early TA acquisition is supported for conditional LTM, RAR is preferred to be received from the serving cell by the UE to avoid serving cell reception interruption.
Proposal 3: RAN2 decides whether an indication is needed for the UE to identify whether to perform MAC reset, RLC re-establishment, PDCP re-establishment and security key updating.
Proposal 4: For TN network, inter-CU LTM w/o security key change is not considered, but it can be further discussed in Rel-19 NTN Scenario.
Proposal 5:The interaction between CU and DU for intra-CU LTM configuration can be considered as the baseline for inter-CU candidate gNB with CU-DU to prepare candidate cell configuration, and the details are decided by RAN3.
Proposal 6: The target cell indicate the source cell LTM cell switch succeed if UE completes the RACH procedure to it or it receives UE’s first UL data.
Proposal 7: HANDOVE SUCCESS message is used for LTM success notification from the target cell to the serving cell.
Proposal 8: Figure 1 can be taken as the baseline for the discussion of signalling procedure of inter-CU LTM in SA scenario.
Proposal 9: It’s the inter-CU LTM candidate cell/gNB to decide whether to keep or release the source SCG.
Proposal 10: If the candidate gNB decides to keep the source SCG, it performs SN addition procedure once requested by the source node and provides SCG configuration as part of LTM candidate configuration.
Proposal 11: Once source CU/ MCG decides to trigger the LTM cell switch procedure for a UE, it releases its SCG.
Proposal 12: Inter-CU SCG LTM can also be initiated by MN/MCG or SN/SCG.
Proposal 13: L3 SN change procedure can be taken as the baseline for inter-CU SCG LTM.
Proposal 14: For Inter-CU SCG LTM initiated by MN, LTM configuration and  LTM cell switch command are send by MN to the UE.
Observation 3: Both MN and SN have candidate PsCell information.
Observation 4: Both MN and SN can configure measurement to the UE and have related results.
Proposal 15: RAN2 to discuss whether both MN and SN can trigger inter-CU SCG LTM or send LTM cell switch command to the UE if inter-CU SCG LTM is triggered by SN.
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