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Introduction
In this contribution, we share our views for Inter-CU LTM and propose several high-level principles that we think are important for its signalling design. 
Discussion
  General consideration
A new type of mobility solution called LTM (L1/L2 Triggered Mobility) was specified in Rel-18 to further reduce latency, overhead, and interruption time during serving cell change. In order to achieve fast serving cell change, early DL/UL synchronizations before cell switch, and cell switch based on L1 measurement (and triggered by MAC CE) were specified for LTM.

In Rel-18, the scenarios considered in LTM have been limited to intra-CU case only, i.e., serving cell change within cells under a single CU. In Rel-19, a new WI has been approved for NR mobility enhancement phase 4 [1], where one of the objective is to specify support for Inter-CU LTM:

	4.1	Objective of SI or Core part WI or Testing part WI
· Specify support for inter-CU Layer1/Layer 2 Triggered Mobility (LTM) [RAN2, RAN3]
· Prioritize the case when CU is acting as MN when DC is not configured
· As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged
· As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released
· Note: The case that LTM is configured in both MCG and SCG is excluded 
· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
· Coordination with SA3 needed with respect to security key handling 
· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support

· Measurements related enhancements for purpose of supporting LTM: [RAN2, RAN1]
· Measurement related enhancements are applicable to Intra-CU MCG/SCG LTM and Inter-CU MCG/SCG LTM
· Specify necessary components to support event triggered L1 measurement reporting [RAN2, RAN1]
· RAN1 and RAN2 to progress independently on the event triggered measurements objectives of their respective MIMO and Mobility enhancement WIs. Review progress at RAN#105 to see if any modification of objectives is required to avoid/manage any overlap in the work
· Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management, and/or other necessary physical layer operations on candidate cells before LTM [RAN1]

· Specify support of conditional LTM [RAN2, RAN3, RAN1]
· Specify UE evaluated conditions for triggering LTM
· Aim to support conditional LTM including subsequent LTM
· Prioritise intra-CU LTM
· Checkpoint to review objective at RAN#105. RAN WG work to not start before this checkpoint

· Specify RRM requirements related to the above objectives as necessary [RAN4]



Needless to say, the first priority is to extend the beloved Rel-18 Intra-CU LTM mechanisms to the case of Inter-CU (non-DC). RAN3 shall definitely start working on this first. There are two more second priority works when NR-DC is configured: (1) Inter-SN-CU LTM (MCG unchanged); and (2) Inter-MN-CU LTM (SCG unchanged or released). But, (2) will be easily addressed when the Inter-CU LTM (non-DC) works become matured. Once matured, and if still have time, RAN3 can further start working on (1). 
Proposal 1: RAN3 focuses on the first priority to extend Rel-18 Intra-CU LTM to Inter-CU (non-DC), before starting working on second priorities when NR-DC is configured.  
The core features of LTM compared to other mobility solutions are early DL/UL synchronizations and cell switch based on L1 measurement (triggered by MAC CE). Such core features have to be continued on Rel-19 extension for Inter-CU LTM. From RAN3 point of view, the TA Information Transfer and Cell Switch Notification mechanisms specified over F1AP in Rel-18 shall be supported across CUs. 
Proposal 2: For Inter-CU LTM, RAN3 agrees to support and extend the TA Information Transfer and Cell Switch Notification mechanisms (i.e. the core features of LTM, which was defined over F1AP in Rel-18) across CUs. FFS Stage-3 details in XnAP.
Regarding TA handling, additional things have been worked out in Rel-18 that CU can share with a DU the following: (a) a known TA value (i.e. TA value = 0) between the current serving cell and a candidate cell; and (b) whether UE-based TA measurement can be applied (and configured to the UE) in-between the serving and candidate cells. The former was an optimization to cater a special deployment (co-located cells), while the latter was one of early UL synchronization mechanism specified that is activated only when DU knows so.
While those TA handling is perfectly fine within a single CU (as specified in Rel-18), the question is whether they can be applicable between cells lying under different CUs. It is hard to imagine that either co-located cells are managed under different CUs, or the 260ns Rx-Tx timing difference requirement could be satisfied between cells under different CUs. We think it is better for RAN3 to specify those TA handling across CUs once their usage across CUs is validated.
Proposal 3: For Inter-CU LTM, RAN3 works on additional TA handling specified in Rel-18 across CUs (a known TA value and UE-based TA measurement, both of which were specified applicable within a single CU), once their usage across CUs is validated.  

  Inter-CU LTM preparation and configuration
In Rel-18, the initial LTM candidate cells were completely decided by the source CU (i.e. S-CU) based on L3 measurement report, and the final cells were selected based on admission results with the involved DU(s). 
[bookmark: _Hlk163223138]Now in Rel-19, the scenario considers one or more CUs (i.e. candidate CU, a.k.a. C-CU) in addition to S-CU. One may think that C-CU may also decide “initial” candidate cells for LTM (like SN in DC case), however, please note that the HO principle has been that the source decides the cell for HO where the target performs admission control. HO is different to DC, and Inter-CU LTM should follow the same way where S-CU shall decide initial LTM candidate cells based on L3 measurement report, and the final cells are selected based on admission results with the involved CU/DUs. 
Proposal 4: For Inter-CU LTM, S-CU decides initial LTM candidate cells based on L3 measurement report, and the final cells are selected/configured based on admission results with all the involved CU/DUs (i.e. following our beloved HO principle as business as usual).
Once LTM is decided for a UE and the initial LTM candidate cells are chosen by S-CU, following what had been specified in Rel-18, there should be at least two round-trip of interactions between S-CU and each C-CU. When multiple entities are involved, such two round-trip is inevitable because admission control and generating final configuration to the UE cannot be done simultaneously. The first round-trip shall be for initial context setup and retrieval of necessary configurations (if any). The second round-trip shall be to exchange necessary configurations and finalizing configuration to the UE. 
The procedure for the first round-trip shall be definitely the HO procedure in Inter-CU LTM, which will be triggered for each candidate cell basis. The second round-trip doesn’t have to stick to the existing HO procedure. It is not about “modification” of already prepared. For Inter-CU LTM, the second round-trip is rather a post-LTM-preparation for finalizing configuration to the UE with each C-CU, so it doesn’t have to be triggered for each candidate cell basis. A UE-associated signalling is enough (like what we did in Rel-18 over F1AP), and for that, we think it is better to define a new class-1 UE-associated signalling for such post-LTM-preparation procedure.
Proposal 5: Once LTM is decided for a UE and the initial LTM candidate cells are chosen by S-CU, Inter-CU LTM requires at least two round-trip interactions between S-CU and each C-CU (similar to what was done in Rel-18 between CU and DU):
· The first round-trip shall be the existing HO procedure, triggered by S-CU for each candidate cell basis.
· The second round-trip is rather a post-LTM-preparation with each C-CU for finalizing LTM configuration to the UE, so it doesn’t have to stick to the existing HO procedure or be triggered for each candidate cell basis. A UE-associated signalling is enough (like what we did in Rel-18 over F1AP), and it is better to define a new class-1 UE-associated signalling for such post-LTM-preparation procedure triggered by S-CU.
With that, mirroring what we have done in Rel-18 Intra-CU LTM and S-CPAC (for which we can borrow some inter-node subsequent mobility operations related to data forwarding), we propose the following.
Proposal 6: For initiating Inter-CU LTM preparation to a C-CU, the S-CU triggers the existing HO procedure for each candidate cell, and the below information can be exchanged (following similarly what we have done in Rel-18 Intra-CU LTM and S-CPAC): 
· HO REQ message to include:
· LTM initiation indication
· LTM reference configuration, or its request. 
· SSB / CSI resource configuration of candidate cells (if available)
· Early Sync Information Request, which can contain a list of DU ID(s) associated with S-CU (including S-DU) for LTM. 
· HO REQ ACK message to include:
· LTM reference configuration if requested + Complete configuration indicator
· SSB / CSI resource configuration allocated for the requested candidate cell
· Early Sync Information which contains DL/UL early sync info allocated for the requested candidate cell
· Data Forwarding proposal to be used for subsequent LTM
Proposal 7: After the first round of initial LTM preparations with C-CU(s), the S-CU triggers the post-LTM-preparation procedure with each C-CU:
· Define a new class-1 UE-associated signalling for the post-LTM-preparation procedure.
· Post-LTM-preparation REQ message to include:
· LTM reference configuration 
· SSB / CSI resource configuration of all the candidate cells admitted by other CU(s)
· LTM Configuration ID Mapping List
· Early Sync Information Request, which can contain a list of all the DU ID(s) involved for LTM. 
· Early Sync Information List, which contains DL/UL early sync info per each admitted candidate cell.
· Data Forwarding TNLs assigned by other involved CU(s)
· LTM Cells To Be Released List
· Post-LTM-preparation RESP message to include the following information:
· Complete configuration indicator for each admitted candidate cell
With that, other information exchange between S-CU and C-CU could be explicitly over RAN3 signalling or hidden by RAN2 inter-node container. For example in Rel-18 CHO with SCGs, HO CMD was extended to carry execution conditions of candidate PSCells from a candidate target MN to the source [2]. We can revisit when RAN2 makes some progress. 
Proposal 8: FFS on other information exchange between S-CU and C-CU, whether explicitly over RAN3 signalling or hidden by RAN2 inter-node container (pending RAN2 progress). 

  Early Data Forwarding
Early Data Forwarding has been well specified from Rel-16 and has been applied to mobility solutions where mobility is not executed immediately (i.e. has been applied to any conditional mobility family, and not applicable to DAPS and legacy HO whose executions are immediate upon configured). From that sense, LTM shares the similar design philosophy with conditional mobility, where serving cell switch does not happen immediately upon RRC configured. The difference is that LTM is based on L1 measurement report and cell switch is explicitly controlled by NW. Given this and also that one of main purposes of LTM is to reduce interruption during serving cell change, once the Inter-CU LTM is prepared and configured to the UE by S-CU, early data forwarding can be applicable and definitely will be helpful. S-CU may decide to perform early data forwarding based on the data forwarding TNLs assigned by other CU(s). It could be also triggered not just before the initial cell switch by S-CU, but also in-between subsequent cell switches from the current serving CU to other CU(s). RAN3 shall not preclude applying such early data forwarding possibilities between CUs in Rel-19 Inter-CU LTM, whose mechanism has been well specified from Rel-16. 
Proposal 9: For Inter-CU LTM, RAN3 to support Early Data Forwarding (the beloved mechanism well specified from Rel-16), not just before the initial cell switch by S-CU, but also in-between subsequent cell switches from the current serving CU to other CU(s). 
In Rel-18, we didn’t specifically discuss the usage of early data forwarding for LTM because it was not in our radar initially (everything happens within a single CU). Even though we have specified LTM with the change of CU-UP in TS 38.401 [3] and early data forwarding is possible between CU-UPs (associated with different candidate cells), we just focused on the late data forwarding and neglected early data forwarding due to rushing progress at the later stages.  
Now LTM can happen across CUs. Considering that early data forwarding has been specified from Rel-16 across CUs, the spec impact for applying early data forwarding is minimal. We just need to extend its usage to cater for LTM in E1AP, which was neglected in Rel-18.
Proposal 10: Given that early data forwarding has been well specified from Rel-16 across CUs, the spec impact for applying early data forwarding is minimal and only on E1AP early data forwarding related IEs to cater for LTM (In Rel-18, we didn’t address early data forwarding for LTM).
We have provided the corresponding E1AP CR to extend the usage of early data forwarding for LTM in [4].

  HO SUCCESS needed after Inter-CU LTM execution?
[bookmark: _Hlk163233180]The signalling design for Inter-CU LTM executions across CUs will be overall straightforward, but one important aspect to discuss is that, upon cell switch across CUs, whether HO SUCCESS is required from the CU for which the UE accessed (new serving CU) toward the CU which executed cell switch (previous serving CU). Given that “LTM Cell Switch Notification” will be anyway extended across CUs (over XnAP) and thus the new serving CU would be informed of the on-going Inter-CU cell switch upon commanded, the HO SUCCESS triggered after the UE successfully accessed may seem unnecessary. 
However, HO SUCCESS is still required. The reason is because the cell switch notification doesn’t guarantee the successful serving cell change. Its purpose is rather more on delivering the right beam to be used by the new serving DU for faster mobility. Moreover, in Rel-18, RAN2 allowed “failure/single-reattempt” for LTM (controlled by NW). That is, in case the UE fails to execute LTM, it can be pre-configured to try LTM once more if the suitable cell found by cell re-selection is one of the candidate cells configured to the UE. In such scenario, the UE reverts back to the original configuration and re-starts from there. The selected suitable candidate cell may belong to a different CU than the CU who received cell switch notification from the previous serving CU. Specifying HO SUCCESS for Inter-CU LTM can make sure to inform the previous serving CU which cell the UE actually (and successfully) accessed after executed.    
Proposal 11: HO SUCCESS is still required for Inter-CU LTM to make sure to inform the previous serving CU which cell the UE actually (and successfully) accessed after executed, because cell switch notification doesn’t guarantee the successful serving cell change, and moreover, due to failure/single-reattempt scenario allowed for LTM that RAN2 specified in Rel-18. 
Moreover, for Inter-CU LTM execution between CUs (other than S-CU), HO SUCCESS will be routed via S-CU. Specifying HO SUCCESS every time successful serving cell change happens can make sure that S-CU can track where the UE was served by which cell and now switched to which cell. Specifying HO SUCCESS could make our life easier, because S-CU can know where the UE was served under which CU when it receives HO SUCCESS from new serving CU. There is no need to additionally specify something for S-CU to route the received HO SUCCESS toward the previous serving CU.
Proposal 12: Specifying HO SUCCESS every time successful Inter-CU LTM happens makes sure that S-CU can track where the UE was served by which cell and now switched to which cell. There is no need to additionally specify something for S-CU to route the received HO SUCCESS toward the previous serving CU (S-CU can already know where the UE was served under which CU when it receives HO SUCCESS from new serving CU).
Since “which cell the UE successfully accessed” is enough to inform the previous serving CU during Inter-CU LTM execution, the existing HO SUCCESS message which already carries the accessed cell ID would suffice. But, this class-2 message may be further enhanced for other purposes of Inter-CU LTM later. There is no need to close everything at the first meeting.
Proposal 13: For Inter-CU LTM, re-use the existing HO SUCCESS message (which already carries the accessed cell ID) to inform the previous serving CU during Inter-CU LTM execution (routed via S-CU if neccessary). FFS on further enhancement. 
For your information, the following Figure 1 depicts the basic signalling flow for Inter-CU LTM execution. 


Figure 1: Basic signalling flow for Inter-CU LTM execution phase
    
Conclusion
Based on the discussion in the present contribution and the observations above we propose: 

General consideration
Proposal 1: RAN3 focuses on the first priority to extend Rel-18 Intra-CU LTM to Inter-CU (non-DC), before starting working on second priorities when NR-DC is configured.  
Proposal 2: For Inter-CU LTM, RAN3 agrees to support and extend the TA Information Transfer and Cell Switch Notification mechanisms (i.e. the core features of LTM, which was defined over F1AP in Rel-18) across CUs. FFS Stage-3 details in XnAP.
Proposal 3: For Inter-CU LTM, RAN3 works on additional TA handling specified in Rel-18 across CUs (a known TA value and UE-based TA measurement, both of which were specified applicable within a single CU), once their usage across CUs is validated.  

Inter-CU LTM preparation and configuration
Proposal 4: For Inter-CU LTM, S-CU decides initial LTM candidate cells based on L3 measurement report, and the final cells are selected/configured based on admission results with all the involved CU/DUs (i.e. following our beloved HO principle as business as usual).
Proposal 5: Once LTM is decided for a UE and the initial LTM candidate cells are chosen by S-CU, Inter-CU LTM requires at least two round-trip interactions between S-CU and each C-CU (similar to what was done in Rel-18 between CU and DU):
· The first round-trip shall be the existing HO procedure, triggered by S-CU for each candidate cell basis.
· The second round-trip is rather a post-LTM-preparation with each C-CU for finalizing LTM configuration to the UE, so it doesn’t have to stick to the existing HO procedure or be triggered for each candidate cell basis. A UE-associated signalling is enough (like what we did in Rel-18 over F1AP), and it is better to define a new class-1 UE-associated signalling for such post-LTM-preparation procedure triggered by S-CU.
Proposal 6: For initiating Inter-CU LTM preparation to a C-CU, the S-CU triggers the existing HO procedure for each candidate cell, and the below information can be exchanged (following similarly what we have done in Rel-18 Intra-CU LTM and S-CPAC): 
· HO REQ message to include:
· LTM initiation indication
· LTM reference configuration, or its request. 
· SSB / CSI resource configuration of candidate cells (if available)
· Early Sync Information Request, which can contain a list of DU ID(s) associated with S-CU (including S-DU) for LTM. 
· HO REQ ACK message to include:
· LTM reference configuration if requested + Complete configuration indicator
· SSB / CSI resource configuration allocated for the requested candidate cell
· Early Sync Information which contains DL/UL early sync info allocated for the requested candidate cell
· Data Forwarding proposal to be used for subsequent LTM
Proposal 7: After the first round of initial LTM preparations with C-CU(s), the S-CU triggers the post-LTM-preparation procedure with each C-CU:
· Define a new class-1 UE-associated signalling for the post-LTM-preparation procedure.
· Post-LTM-preparation REQ message to include:
· LTM reference configuration 
· SSB / CSI resource configuration of all the candidate cells admitted by other CU(s)
· LTM Configuration ID Mapping List
· Early Sync Information Request, which can contain a list of all the DU ID(s) involved for LTM. 
· Early Sync Information List, which contains DL/UL early sync info per each admitted candidate cell.
· Data Forwarding TNLs assigned by other involved CU(s)
· LTM Cells To Be Released List
· Post-LTM-preparation RESP message to include the following information:
· Complete configuration indicator for each admitted candidate cell
Proposal 8: FFS on other information exchange between S-CU and C-CU, whether explicitly over RAN3 signalling or hidden by RAN2 inter-node container (pending RAN2 progress). 

Early Data Forwarding
Proposal 9: For Inter-CU LTM, RAN3 to support Early Data Forwarding (the beloved mechanism well specified from Rel-16), not just before the initial cell switch by S-CU, but also in-between subsequent cell switches from the current serving CU to other CU(s). 
Proposal 10: Given that early data forwarding has been well specified from Rel-16 across CUs, the spec impact for applying early data forwarding is minimal and only on E1AP early data forwarding related IEs to cater for LTM (In Rel-18, we didn’t address early data forwarding for LTM).

HO SUCCESS
Proposal 11: HO SUCCESS is still required for Inter-CU LTM to make sure to inform the previous serving CU which cell the UE actually (and successfully) accessed after executed, because cell switch notification doesn’t guarantee the successful serving cell change, and moreover, due to failure/single-reattempt scenario allowed for LTM that RAN2 specified in Rel-18. 
Proposal 12: Specifying HO SUCCESS every time successful Inter-CU LTM happens makes sure that S-CU can track where the UE was served by which cell and now switched to which cell. There is no need to additionally specify something for S-CU to route the received HO SUCCESS toward the previous serving CU (S-CU can already know where the UE was served under which CU when it receives HO SUCCESS from new serving CU).
Proposal 13: For Inter-CU LTM, re-use the existing HO SUCCESS message (which already carries the accessed cell ID) to inform the previous serving CU during Inter-CU LTM execution (routed via S-CU if neccessary). FFS on further enhancement. 

Regarding early data forwarding, the corresponding E1AP CR can be found in [4].  
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