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Introduction
In the last meeting, RAN2 discussed several aspects to support the inter-CU LTM, including scenarios, latency model, signalling structure, L2 handling and security. While some general agreement was reached, detailed discussions are still required.
Additionally, an LS was sent to SA3 to outline candidate options for supporting security updates in inter-CU LTM and to assess feasibility. Therefore, detailed security update methods are not covered in this paper. 
This contribution further discusses other aspects to support inter-CU LTM design.
Discussion
[bookmark: OLE_LINK161][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Signalling procedure
Overall procedure
In the last meeting, several contributions presented the stage-2 signalling overflow for inter-CU LTM. Some commonalities can be found among them:
1. The source gNB and candidate gNB(s) are involved in the procedure.
2. The interaction between source gNB and candidate gNB are reflected.
These assumptions can be taken as baselines for inter-CU LTM procedure.
Meanwhile, some differences are found in different contributions:
1. Regarding the gNB numbers, 2 gNBs (source gNB + candidate gNB) or 3 gNBs (source gNB + target gNB + other candidate gNB(s)) is mentioned.
2. Regarding CN involvement, including AMF, AMF +UPF, CN, or No CN.
Considering the signalling procedure of legacy stage-2 signalling overflow for HO and CHO, the core network should be introduced to reflect the mobility control information. The AMF and UPF(s) should be introduced separately to reflect the transmission of control signalling and user data forwarding. 
The number of gNBs in inter-CU LTM should take the structure of CHO as the baseline, i.e., including the source gNB + target gNB + other candidate gNB(s). This is beneficial to compare the different behaviors of UE towards target cells and other candidate cells in the LTM execution stage, as well as providing a clear signalling flow for subsequent LTM when UE switches from the new source gNB to another gNB. However, the spilt of CU and DU should not be reflected in the stage-2 spec since it is more related to RAN3 signalling.
Additionally, it is recommended to unify the terminology, using "source gNB" for the initial gNB, “candidate/target gNB” for gNB which is indicated as target gNB to perform LTM cell switch, “Other candidate gNB(s)” to represent other candidate gNBs for LTM preparation, early sync or subsequent LTM.
Considering the above analysis, the proposal is made for the stage-2 overall procedure design:
Proposal 1: The following modification is made from R18 intra-CU LTM for the stage-2 overall procedure for inter-CU LTM:
1. Source gNB, candidate/target gNB, other candidate gNB(s), AMF and UPF are involved
1. The interaction between source gNB, candidate/target gNB and other candidate gNB(s) are reflected
1. The interaction between gNBs to AMF and UPF are reflected.
During the online discussion, a common understanding was that we will take the R18 LTM stage-2 signalling procedure as the baseline with modification, which means we should keep the original signalling and corresponding description as much as possible. The modification should be only made to the newly added elements and signallings. 
Proposal 2: RAN2 assumes to keep the original element and descriptions for the part of Rel-18 LTM stage-2 signalling structure. Modifications are only made to the newly added elements and signalling.
LTM preparation stage
For LTM preparation stage, one discussion is whether to specify the signalling of LTM request and LTM request acknowledgement between source gNB and candidate gNB(s). We think it is helpful to understand the basic signaling between gNBs from RAN2 point of view and also helpful to estimate the latency between different gNBs. It is also reflected in the stage-2 signalling for legacy HO and conditional HO. 
Observation 1: The signalling of LTM request and LTM request acknowledgement between gNBs is beneficial to reflect the latency for LTM preparation, and it is also reflected in the stage-2 signalling for legacy HO and CHO.
Proposal 3: The signalling of LTM request and LTM request acknowledgement between source gNB and candidate gNB(s) are reflected during LTM preparation stage.
In the last meeting, an issue was raised regarding the use of a unique cell ID across CUs or a cell ID associated with the CU ID. It is generally understood that UE should not need to be aware of the network structure, so information like CU ID or any details implying CU information or CU changes should not be explicitly conveyed to the UE. 
The volume of LTM candidate cells should be a separate topic. The ID range can remain consistent with R18 LTM (i.e., 1 to 8) even if the cells are from different CUs. This will introduce no differences from UE perspective and should have minimal impact on the network side, given the much larger physical cell ID range making it easy for the network to distinguish between them.
From RAN2 perspective, it is advisable to reuse the Rel-18 design and assume the use of a unique cell ID. This approach aligns with the legacy design for HO and CHO, where no CU ID is included. If RAN3 encounters any issues related to the unique cell ID for LTM, they can reach out to RAN2 for further discussion, and it is not necessary to initiate this discussion from the RAN2 side.
Proposal 4: RAN2 assumes the LTM candidate cell IDs are unique across CUs for inter-CU LTM.
Early sync stage
For early sync stage, several agreements were made during the last meeting:
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.
1. PDCCH ordered early RACH is supported for inter-CU LTM.
1. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.
Regarding the signalling procedure, it seems that the elements for Rel-18 LTM can be reused and no further elements need to be added. The different methods of early TA acquisition should be pending on RAN1 progress and will not concluded before RAN1#118 meeting.
Observation 2: For early UL synchronization, the PDCCH-order early RACH TA acquisition is considered as the baseline for the description. Whether UE-based TA measurement is supported is pending on RAN1 progress.
Proposal 5: For early sync stage, the elements for Rel-18 LTM signaling procedure can be reused.
LTM execution stage
For LTM execution triggering, it seems a common understanding that the LTM cell switch decision should be determined at source gNB (we don’t identify CU and DU nodes in stage-2 spec), and the cell switch command MAC CE is also sent from the source gNB. Meanwhile, the interaction between the source gNB and target gNB should be reflected to show the signalling inaction and potential latency impact. The SN status transfer and user data forwarding should also be reflected to further see the impact on data flow (data interruption). This is also aligned with the current flowchart of legacy HO and CHO.
Proposal 6: The interaction between source and target gNB is reflected in LTM execution stage.
Proposal 7: The SN status transfer and data forwarding are reflected in LTM execution stage.
Regarding the order of triggering cell switch command MAC CE and interaction between the source gNB and target gNB, In Rel-18 LTM, RAN3 clarified that the serving DU may trigger the cell switch command first or inform the target DU before sending the cell switch command to the UE. RAN2 agreed that the former approach (serving DU triggering LTM command first and then informing the target DU) should be the baseline to reduce potential latency for LTM execution. 
In an intra-CU scenario, the typical latency for the F1 interface is around 10ms for round trip time. This results in approximately 10ms from the source DU informing the target DU. The UE requires more than 10ms to perform RRC processing, L2/L3 re-establishment procedures, configuration application, etc. This time frame allows the network to prepare before the UE attaches to the target cell.
However, in an inter-CU scenario, it is worth discussing the latency for the source DU to inform the target DU for the initiation of the LTM command. It is also important to consider whether the network should inform the target DU before indicating the cell switch command to the UE. These steps could result in a longer latency from when the UE sends the MR to when it receives the cell switch command. 
Typically, the latency for inter-CU communication is around 20ms for round trip time. If the latency from the UE receiving the cell switch command to the UE attaching to the target cell is shorter than that, the target cell may not be well-prepared and could lead to more interruptions. In such cases, the network may need to inform the target DU earlier to align with the UE's processing time.


[bookmark: OLE_LINK9]Figure 1 Potential impact in Intra/inter CU network latency for LTM execution
Observation 4: The order of triggering cell switch command MAC CE and interaction between the source gNB and target gNB may be changed due to the extra network latency in inter-CU scenario. Otherwise the target cell may not be well-prepared when UE attach to the target cell, which may lead to unexpectable interruption.
In the last meeting, the early DL and UL sync is agreed to be also supported for inter-CU LTM and RAN2 agreed to inform RAN3 about that. An LS can be sent to RAN3 together to inform them and ask for the typical network latency for inter-CU scenario and potential impact of the signalling procedure.
Proposal 8 : Send an LS to RAN3 to inform that RAN2 assumes early DL and UL sync can be supported for inter-CU LTM, and ask RAN3 for the typical network latency for inter-CU scenario and see whether to update the signalling procedure.
RRC structure
The inter-CU LTM changes the gNB-CU entity during handover. The IE RadioBearerConfig provides the security, radio bearer and PDCP-related configurations, which require updates across different CUs. The IE MeasConfig provides the measurement configuration, which is also controlled by gNB-CU and needs to be updated across different CUs. In the context of RRC structure, Rel-18 LTM used one RRCReconfiguration for each candidate target cell. Given that both IE RadioBearerConfig and MeasConfig are already included in RRCReconfiguration message, it seems feasible to reuse the same RRC structure to carry the configuration for inter-CU LTM.
Observation 5: The RadioBearerConfig and MeasConfig IEs required for inter-CU LTM candidate cell configuration are already included in the Rel-18 LTM RRC structure.
Proposal 9: Reuse the same RRC structure (one RRCReconfiguration message for each candidate cell) for inter-CU LTM.
In Rel-18 LTM RRC framework, the reference configuration is introduced to reduce the signalling overhead among multiple candidate configurations. The radio bearer configuration could be included in either reference configuration or LTM candidate cell configuration. However, in inter-CU LTM, it is most likely that the radio bearer configuration and/or measurement configuration cannot be the same, as the candidate cells may include both inter-CU and intra-CU cells. Therefore, the reference configuration may share limited commonalities and most of the configurations are different and provided via LTM candidate configurations.
[bookmark: OLE_LINK5][bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: OLE_LINK2]However, given the complexity of the specification and the low frequency of inter-CU cases, introducing a more complex configuration structure (e.g., multiple reference configuration) may not be suitable. Meanwhile, it is still valid to provide a complete reference configuration and delta candidate configuration which includes the different parts for inter-CU cells (which will be applied on top of the reference configuration). Therefore, the reduction of signalling overhead is still feasible for the cells which are included in the same CU for inter-CU LTM. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]Observation 6: The reference configuration is still valid for inter-CU LTM. The reduction of signalling overhead is still feasible for the cells which are included in the same CU.
Given the extra complexity, the infrequency of inter-CU LTM instances and the fact that the maximum LTM candidate cells are only up to 8, the benefit of signalling overhead reduction for inter-CU cells should be marginal and should not be pursued. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Observation 7: Given the extra spec complexity, the infrequency of inter-CU LTM instances, and the tight number of maximum LTM candidate cells, the benefit of pursuing signalling overhead reduction for inter-CU cells should be marginal.
Proposal 10: The reference configuration design is reused for inter-CU LTM. No enhancement is introduced for the number of reference configurations (i.e., only one reference configuration per RRC signalling.
[bookmark: OLE_LINK7]An example figure for the candidate configurations can be found below.


Figure 2 Example of candidate configurations for inter-CU LTM
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For the intra-CU cell switch for the inter-CU LTM (i.e., cell switch between Cell A, B and C), the reference configuration is still valid and delta config can be applied for cell B and C for signalling overhead reduction.
For the intra-CU cell switch for the inter-CU LTM (i.e., cell switch between cell D and others), the full config will be provided and the subsequent LTM can also be supported.
Proposal 11: Delta config can be used for the cells within the same CU as the reference config, full config is used for the cells from different CUs compared to the reference config.
L2 reset
In the last meeting, RAN2 agreed the L2 reset (MAC reset, RLC and PDCP re-establishment) is performed upon inter-CU LTM execution. In inter-CU LTM, not all candidate cells are from different CUs, inter-CU/intra-CU candidate cells may be mixed in one RRC message. In case UE is not aware of network node structure or implementation, an indication is needed to inform UE whether to perform PDCP reestablishment.
In Rel-18 LTM, an IE ltm-NoResetID is used to determine whether to perform RLC re-establishment for inter-DU LTM, and UE uses this ID to compare with the ID in current serving cell. For inter-CU LTM, a similar indication can be introduced for inter-CU cases which indicates the need for PDCP reestablishment and security update.
From our understanding, this indication could be enough for UE to perform inter-CU LTM cell switch. The network could indicate the different No-reset-ID if UE needs to perform PDCP re-establishment and security update for inter-CU cases or any other case in which network thinks it is needed. Considering the PDCP reset and security key update may be indicated without CU change, this ID does not indicate any information about CU.
Proposal 12: ID (similar to No-reset-ID) can be introduced in candidate cell configuration to indicate whether to perform PDCP re-establishment and security update. This ID does not indicate information about CU.
Besides, given that the PDCP re-establishment and security update may be decoupled from network, RAN2 may discuss whether to introduce separate IDs to indicate PDCP re-establishment and security update.
Proposal 13: RAN2 to discuss whether to introduce separate No-reset-IDs to indicate PDCP re-establishment and security update.
Conclusion
In this contribution, the following observations and proposals are made:
Signaling procedure
Proposal 1: The following modification is made from R18 intra-CU LTM for the stage-2 overall procedure for inter-CU LTM:
1. Source gNB, candidate/target gNB, other candidate gNB(s), AMF and UPF are involved
1. The interaction between source gNB, candidate/target gNB and other candidate gNB(s) are reflected
1. The interaction between gNBs to AMF and UPF are reflected.
Proposal 2: RAN2 assumes to keep the original element and descriptions for the part of Rel-18 LTM stage-2 signalling structure. Modifications are only made to the newly added elements and signalling.
Proposal 3: The signalling of LTM request and LTM request acknowledgement between source gNB and candidate gNB(s) are reflected during LTM preparation stage.
Proposal 4: RAN2 assumes the LTM candidate cell IDs are unique across CUs for inter-CU LTM.
Proposal 5: For early sync stage, the elements for Rel-18 LTM signaling procedure can be reused.
Proposal 6: The interaction between source and target gNB is reflected in LTM execution stage.
Proposal 7: The SN status transfer and data forwarding are reflected in LTM execution stage.
Proposal 8 : Send an LS to RAN3 to inform that RAN2 assumes early DL and UL sync can be supported for inter-CU LTM, and ask RAN3 for the typical network latency for inter-CU scenario and see whether to update the signalling procedure.

RRC structure
Proposal 9: Reuse the same RRC structure (one RRCReconfiguration message for each candidate cell) for inter-CU LTM.
Proposal 10: The reference configuration design is reused for inter-CU LTM. No enhancement is introduced for the number of reference configurations (i.e., only one reference configuration per RRC signalling.
Proposal 11: Delta config can be used for the cells within the same CU as the reference config, full config is used for the cells from different CUs compared to the reference config.

L2 reset
Proposal 12: ID (similar to No-reset-ID) can be introduced in candidate cell configuration to indicate whether to perform PDCP re-establishment and security update. This ID does not indicate information about CU.
Proposal 13: RAN2 to discuss whether to introduce separate No-reset-IDs to indicate PDCP re-establishment and security update.
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