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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The signalling support for LTM was discussed at the RAN3#119bis-e meeting with the following achievements. The summary of offline discussion could be found in [1].
	[bookmark: _Hlk130825108]The CU requests the candidate DU to provide RACH resource per candidate cell for TA acquisition in inter-DU case.
For intra-DU LTM, the gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
For inter-DU LTM, the DDDS should be sent from source gNB-DU to CU-UP when the LTM cell switch command is sent. Then the CU-UP can start forwarding the unsuccessfully transmitted data to target gNB-DU.
The gNB-CU may modify or release L1/2 Triggered Mobility (LTM) candidate cells in the gNB-DU.
The (candidate) gNB-DU may cancel already configured L1/2 Triggered Mobility (LTM) candidate cells and notify to the CU.
The gNB-CU may use the UE Context Modification procedure to modify or release the prepared resources of candidate cells in the (candidate) gNB-DU and use the UE Context Release procedure to release the UE context in the (candidate) gNB-DU.
For intra-CU-UP case, in case of CP UP separation, once CUCP receives LTM cell switch signling from (source)DU , CU CP initiates E1 bearer context modification to the CU UP including DL tunnel ID per DRB for target cell, for data transmission.
For inter-CU-UP LTM, once the CU-CP receives LTM cell switch signaling from (source) DU, the CU-CP initiates E1 bearer context modification to the target CU UP including DL tunnel ID per DRB for target cell for data transmission.
For inter-CU-UP LTM, the CU-CP initiates E1 bearer context modification to the source CU-UP for retrieving the latest PDCP status at the source CU-UP and exchanging the data forwarding information to target CU-UP.
In case of gNB-CU-UP change, the gNB-CU triggers the source gNB-CU-UP to start data forwarding after receiving LTM cells switch signalling from DU.
For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
For intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs for which RLC is not re-established.
For intra-CU inter-DU LTM, target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access (following legacy).
The (candidate) gNB-DU may use the UE Context Modification Required message to release the candidate cells, and the gNB-CU shall not reject.
The (candidate) gNB-DU may use the UE Context Modification Required procedure to request to cancel the prepared resources of a subset of candidate cells in it and use the UE Context Release Request procedure to request to release all candidate cells in it.
Down-selection on cndidate cells configuration in one message or multiple message:
Option 1: One message
Option 2: multiple messages
Option 3: Both options are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admitted result for DRBs.
FFS on the message for CU requesting “RACH resource”(UE Context Setup procedure or UE Context Modification procedure or both)
FFS: For intra-DU LTM, the gNB-DU sends initial DDDS using the new UL TEID if assigned by the CU to CU-UP after target gNB-DU detects the UE access.



In this contribution, we will further discuss the remaining issues of LTM related to RAN3 impact.
2. Discussion
During the LTM preparation, it is agreed that the CU sends the suggested candidate cell(s) to the DU in the UE Context Modification Request message for the intra-DU LTM, and in the UE Context Setup Request message for the inter-DU LTM. However, it there is no consensus on whether a single message or multiple parallel messages are used during the LTM preparation.
At the RAN3#119bis meeting, three options were proposed for discussion:
· Option 1: One message.
· Option 2: Multiple messages.
· Option 3: Both options are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admitted result for DRBs.
Firstly, we should not take the Option 3, which will cause complexity by implementing two ways.
One argument to use the multiple messages is to follow the principle for CHO. For example, for the intra-DU LTM, one UE Context Modification Request message is used for only one candidate target cell. However, the reason why parallel configuration is adopted for CHO is to align with the Xn interface design, where the target node can choose only one cell and send the respective RRC HandoverCommand message in the Handover Request Acknowledge message.
For LTM, there is only impact on F1 interface. In addition, the DU can accept more than one candidate cells and prepare the related candidate cell configurations. Therefore, we don’t need to follow the CHO principle, and we propose to contain multiple candidate cells in one message to reduce the signalling overhead.
Observation 1: The CU sends the suggested candidate cell(s) to the DU in a single procedure.
At the RAN3#117bis meeting, it was agreed that the CU sends the suggested candidate cell(s) to the DU in the UE Context Modification procedure for the intra-DU LTM. Therefore, we propose:
Proposal 1: For intra-DU LTM, the CU sends the suggested candidate cell(s) to the DU in a single UE Context Modification Request message, and the DU responses with a single UE Context Modification Response message.
At the RAN3#117bis meeting, it was agreed that the UE Context Setup procedure is reused for the LTM preparation for the inter-DU LTM. Therefore, we propose:
Proposal 2: For inter-DU LTM, the CU sends the suggested candidate cell(s) to the target DU in a single UE Context Setup Request message, and the target DU responses with a single UE Context Setup Response message.
With the goal to reduce the mobility latency, it is beneficial for the CU to know that the cell switch has been triggered to the UE by the DU (or the source DU in the inter-DU scenario). At the RAN3#119 meeting, it was agreed the CU will start data transmission after LTM cell switch signalling from DU including the target cell ID. However, it is still FFS whether a new message or legacy message (e.g., UE Context Modification Required) is used.
From our point of view, defining a new message is preferrable. As described in TS 38.473, the purpose of the UE Context Modification Required procedure is to modify the established UE Context, e.g., modifying and releasing radio bearer resources, or sidelink radio bearer resources or candidate cells in conditional handover or conditional PSCell addition or conditional PSCell change. However, when the DU is to inform that the cell switch has been triggered, it is not about changing the UE Context. Therefore, we propose to introduce a new message for the purpose.
Proposal 3: For intra-DU LTM, introduce a new procedure of LTM notification from the DU to the CU to indicate that the LTM has been triggered.
Proposal 4: For inter-DU LTM, introduce a new procedure of LTM notification from the source DU to the CU to indicate that the LTM has been triggered.
In the inter-DU LTM scenario, there is a need that the CU informs the source DU about the candidate target cell(s) at other target DU(s) which are successfully configured for the UE. This is because that it is the responsibility of the source DU to trigger the cell change to the UE.
At the RAN3#118 meeting, the DL RRC Message Transfer message was introduced to carry the RRCReconfiguration message with the LTM configuration for the UE, as well as the LTM candidate target cell(s) at other target DU(s) for the source DU. The benefit is that this option allows the CU to signal the LTM candidate target cell(s) information to both the UE and the source DU. 
From our view, this option is not an issue for the intra-DU LTM scenario, because the source cell and candidate target cell(s) are located within the same DU. However, as described in TS 38.473, the purpose of the DL RRC Message Transfer procedure is to transfer an RRC message, which is transparent to the DU. Therefore, reusing the DL RRC Message Transfer message to signal the LTM candidate target cell(s) information at the target DU(s) to the source DU is not suitable for the inter-DU LTM scenario since it is against the current RAN3 framework.
Instead, it is possible to reuse the UE Context Modification Request message to signal the LTM candidate target cell(s) information to both the UE and the source DU for the intra-DU LTM and the inter-DU LTM scenarios. First, the UE Context Modification Request message includes the RRC-Container IE to transfer the RRCReconfiguration message with the LTM candidate target cell(s) information for the UE. Second, the UE Context Modification Request message includes the LTM candidate target cell(s) information at the target DU(s) for the source DU. Therefore, this option shows the benefit of using the same message for both UE and the source DU, which is not against the current RAN3 framework.
Proposal 5: For inter-DU LTM, the CU uses the UE Context Modification Request message to the source DU to indicate the target candidate cell(s) at other DU(s).
Since the LTM is triggered by the DU based on the L1 measurements while the traditional L3 based inter-cell mobility is triggered by the CU based on the L3 measurements, it is possible that both LTM command and L3 handover command are sent to UE if there is no CU-DU coordination on the L1/L2 handover and the L3 handover decision, which results in the handover collision. For example, if the LTM command is sent to the UE firstly and then the L3 handover command is sent to the UE during the LTM execution period (e.g., leaving the source cell but not connecting target cell), the L3 handover command cannot be performed rightly because of serving cell change. Therefore, the resource reserved by the target cell for the UE L3 handover are wasted.
At the RAN3#119bis meeting, some proposals were discussed, e.g., priority-based solution, up to network implementation. However, before taking any decision, we prefer to discuss the use case of HO collision between the LTM and L3 HO first.
· Case 1: The DU receives the L3 HO command while the DU is about to trigger LTM switching the UE to a different target cell. In this case, the DU may need to decide whether to (a) send L3 HO command to the UE; (b) send LTM command to the UE and fail the L3 HO.
· Case 2: The CU receives the LTM notification from the DU after the CU has started preparing (inter-CU) L3 HO but has not triggered L3 HO. In this case, the CU may need to cancel the prepared L3 HO over Xn interface, or the CU may coordinate with the DU before the L3 HO preparation to avoid such collision.
· Case 3: The DU receives the L3 HO command while the DU has already triggered the LTM. In this case, the UE may have already switched to another cell, and the L3 HO is no longer applicable. Therefore, the DU may fail the L3 HO with necessary indication about the cause.
In addition, at the RAN2#121bis meeting, RAN2 already agreed [3]:
	[bookmark: _Hlk134449792]At RLF or LTM execution failure (for MCG), RAN2 intend to support fast recovery to a candidate cell by LTM execution.
While configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network. R2 assumes that is could be up to the network to avoid any issue due to the race condition between LTM execution and RRC Reconfiguration (e.g. L3 HO cmd), e.g. avoid sending LTM switch cmd and L3 HO cmd in the same TB.



Based on the agreements, it is the network responsibility to avoid the race condition between LTM and L3 HO. Therefore, the priority-based mechanism should not be used.
Proposal 6: RAN3 considers the following three cases for HO collision discussion, and discusses possible solutions to avoid sending LTM and L3 HO command to UE simultaneously:
· Case 1: The DU receives the L3 HO command while the DU is about to trigger LTM switching the UE to a different target cell. 
· Case 2: The CU receives the LTM notification from the DU after the CU has started preparing (inter-CU) L3 HO but has not triggered L3 HO. 
· Case 3: The DU receives the L3 HO command while the DU has already triggered the LTM. In this case, the UE may have already switched to another cell, and the L3 HO is no longer applicable. 
There is also one specific issue: in case multiple candidate cell configurations are prepared for the UE, a unique identifier should be introduced to indicate which candidate cell configuration is referred to. In addition, RAN2 agrees the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. Since the candidate cell configurations could be from multiple candidate DUs, how does the unique candidate configuration index is generated to avoid the index conflict or index confusion? How do the source DU and the UE have common understanding of the unique candidate configuration index?
· Option 1: The CU assigns the unique index for each candidate cell configuration and sends the unique index associated with the candidate cell confiuration to the source DU.
· Option 2: The CU sends the candidate cell configurations obtained from multiple candidate DUs to the source DU. After that, the source DU assigns the unique index for each candidate cell configuration, and sends the unique index associated with the candidate cell configuration to the CU. The unique index associated with the candidate cell configuration will be sent to the UE via the RRCReconfiguration message.
· Option 3: The CU assigns an index range for each candidate DU, where the candidate DU assigns the unique index for each candidate cell configuration within the candidate DU. After that, the candidate DU sends the unique index associated with the candidate cell configuration to the CU. The unique index associated with the candidate cell configuration will be sent to the UE and the source DU.
Proposal 7: RAN3 should discuss the unique index used to indicate which candidate cell configuration is referred to.
At the RAN3#119bis meeting, the group agreed to discuss how to specify how the TA value(s) is (are) transmitted from the candidate DU to the source DU through the CU. In addition, two options were proposed for discussion [2]:
· [bookmark: OLE_LINK4]Option 1: The candidate DUs transmit the TA values of candidate cells to serving DU before LTM triggering and the serving DU maintains the TA values, e.g., the candidate DUs shall transmit the TA values to the serving DU by F1 interface through the CU.
· [bookmark: OLE_LINK19][bookmark: OLE_LINK18]Option 2: After LTM is triggered, the serving DU requests the target DU to transmit the latest TA value which is maintained by itself before sending LTM command, e.g., the target DU shall transmit the requested TA value to the serving DU by F1 interface through the CU.
Since RAN2 still not reply to the LS, both options are not excluded from RAN3 point of view. However, no matter which option is adopted, we can agree that it’s the CU to request the candidate DU to provide the TA for RACH-less LTM, and then sends the TA to the source DU.
Proposal 8: The CU requests the candidate DU to provide the TA for RACH-less LTM, and sends the TA to the source DU.
For the solution with RAR and the RAR is received from the serving cell, the group agreed to further discuss how to specify how the information required for the RAR transmission is signalled from the candidate DU to the source DU through the CU.
At the RAN2#121bis meeting, RAN2 made the following agreements:
	· 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).



According to the RAN2 agreements, the RACH configuration for early TA acquisition is separately from the candidate cell configuration, RAN3 should discuss how to carry RACH configuration for early TA acquisition from the candidate DU to the source DU through the CU.
· Option 1: The RACH configuration for early TA acquisition is separately from the lower layer RRC configuration for LTM. For example, the RACH configuration for early TA acquisition can be included as a separate IE in the DU to CU RRC Information from the candidate DU to the CU, and then included in the CU to DU RRC Information from the CU to the source DU.
· Option 2: The RACH configuration for early TA acquisition is included outside the DU to CU RRC Information from the candidate DU to the CU, and outside the CU to DU RRC Information from the CU to the source DU.
From our point of view, the option 1 is better because it is straightforward and has little impact on the current specification.
Proposal 9: The RACH configuration for early TA acquisition is included as a separate IE in the DU to CU RRC Information from the candidate DU to the CU, and in the CU to DU RRC Information from the CU to the source DU.
It was agreed in RAN2 that subsequent LTM is supported. Namely, after cell switching, the UE continues to keep candidate cell configuration for LTM. Specifically, after the UE switches from source cell#0 to a candidate cell#1 belonging to candidate DU#1, UE continues to keep a candidate cell#2 belonging to candidate DU#2. According to LTM, the candidate cell#1 (new source cell) should transmit LTM command to trigger cell switching to the candidate cell#2. Therefore, the candidate DU (candidate DU#1) with the new source cell (candidate cell#1) should be aware of candidate cell(s) the UE has stored. 
[bookmark: OLE_LINK3]Proposal 10: After cell switching, the candidate DU with the new source cell should be aware of the candidate cell(s) configuration the UE has stored.
In addition, in the step 9 in the current BL CR, the lower layer measurement report is used to trigger the inter-cell mobility execution decision. However, it is not clear what is the lower layer measurement report. Since RAN1 and RAN2 already agreed to use the L1 measurement report, we propose to use the L1 measurement report for better understanding.
Proposal 11: L1 measurement report is used to trigger the inter-cell mobility execution decision.
At the RAN2#121bis meeting, RAN2 made the following agreements:
	[bookmark: _Hlk134452262]Initial agreements, from RAN2 point of view (may be dep on RAN1 progress). 
· The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.
· RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).
· RAN2 assumes that For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 

	Chair: the agreements above may need to be further evaluated, e.g. wrt subsequent LTM switches. 

· RAN2 assumes that whether filtering, hysteresis, and time-to-trigger are needed for LTM specific L1 measurements is up to RAN1.
· FFS if the LTM specific L1 measurements of an LTM candidate SCell is independent of its activation status.
· Whether to assume L1/L2 signaling to control or change L1 measurement/reporting for LTM needs further discussion (parts may be discussed in RAN1). RAN2 assumes that such control would be limited to certain aspect that need frequent update and restricted by RRC configuration.



According to the RAN2 agreements, the location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. Therefore, it is reasonable that the CU prepares the measurement configuration of RS of candidate cells and sends the measurement configuration to the UE.
However, RAN2 also agrees that the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). Therefore, the source DU needs to know the L1 measurement RS configuration to generate the right report configuration under the serving cell configuration. Since the CU has all the L1 measurement RS configurations of candidate cells, it is reasonable that the CU provides the L1 measurement RS configuration to the source DU. RAN3 should design the F1 signalling to provide the L1 measurement RS configuration of candidate cells.
Proposal 12: The source DU should obtain the L1 measurement RS configuration of candidate cells of candidate DUs from the CU. 
For the delta configuration, RAN2 made the following agreements:
	· Whether the Reference configuration is a complete configuration or not is up to the network implementation. 
· Reference configuration + LTM candidate configuration (in combination) has to be a complete configuration. 
· The reference configuration is always explicitly signalled (not automatically derived from any other config, e.g. current).



From the RAN2 agreements, the reference configuration is managed separately and explicitly signalled, i.e., not automatically derived from any other configuration, e.g., current configuration. The reference configuration may be generated by the source DU or the CU, without the RAN2 final decision. However, no matter which node generates the reference configuration, the reference configuration should be transferred from the CU to the candidate DU. The candidate DU may take the reference configuration into account when generating the candidate cell configuration.
Since RAN3 agreed that the UE Context Setup procedure is reused for the LTM preparation for the inter-DU LTM, it is reasonable that the CU provides the reference configuration to the candidate DU using the UE Context Setup Request message.
Proposal 13: The CU provides a reference configuration to the candidate DU in the UE Context Setup Request message.
For the E1 aspect, the main problem is why the CU-UP would be changed, i.e., we wanted to understand the motivation for considering the inter-CU-UP LTM case in the first place, further considering that Rel-18 LTM is for intra-CU.
According to the WID, the LTM only targets for intra-CU case to reduce handover latency, for UE which is without SCG configuration, the PDCP anchor is not changed. The security update will produce more latency, such as key update, L2 reset including MAC reset, RLC re-establishment and PDCP re-establishment. Therefore, RAN2 made the following agreement at RAN2#119bis meeting.
· No security update support in Rel-18 with L1/L2 based mobility.
Therefore, the change of CU-UP may not be applicable in Rel-18 considering the WI targets and RAN2 agreements.
Proposal 14: RAN3 should focus on the intra-UP case and there is no need to create new TEID when the UE switches to a new cell.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals.
Observation 1: The CU sends the suggested candidate cell(s) to the DU in a single procedure.
Proposal 1: For intra-DU LTM, the CU sends the suggested candidate cell(s) to the DU in a single UE Context Modification Request message, and the DU responses with a single UE Context Modification Response message.
Proposal 2: For inter-DU LTM, the CU sends the suggested candidate cell(s) to the target DU in a single UE Context Setup Request message, and the target DU responses with a single UE Context Setup Response message.
Proposal 3: For intra-DU LTM, introduce a new procedure of LTM notification from the DU to the CU to indicate that the LTM has been triggered.
Proposal 4: For inter-DU LTM, introduce a new procedure of LTM notification from the source DU to the CU to indicate that the LTM has been triggered.
Proposal 5: For inter-DU LTM, the CU uses the UE Context Modification Request message to the source DU to indicate the target candidate cell(s) at other DU(s).
Proposal 6: RAN3 should discuss the use case of HO collision between the LTM and the L3 based inter-cell mobility, and avoid fixing any priority based mechanism.
· Case 1: The DU receives the L3 HO command while the DU is about to trigger LTM switching the UE to a different target cell. 
· Case 2: The CU receives the LTM notification from the DU after the CU has started preparing (inter-CU) L3 HO but has not triggered L3 HO. 
· Case 3: The DU receives the L3 HO command while the DU has already triggered the LTM. In this case, the UE may have already switched to another cell, and the L3 HO is no longer applicable. 
Proposal 7: RAN3 should discuss the unique index used to indicate which candidate cell configuration is referred to.
Proposal 8: The CU requests the candidate DU to provide the TA for RACH-less LTM, and sends the TA to the source DU.
Proposal 9: The RACH configuration for early TA acquisition is included as a separate IE in the DU to CU RRC Information from the candidate DU to the CU, and in the CU to DU RRC Information from the CU to the source DU.
Proposal 10: After cell switching, the candidate DU with the new source cell should be aware of the candidate cell(s) configuration the UE has stored.
Proposal 11: L1 measurement report is used to trigger the inter-cell mobility execution decision.
Proposal 12: The source DU should obtain the L1 measurement RS configuration of candidate cells of candidate DUs from the CU.
Proposal 13: The CU provides a reference configuration to the candidate DU in the UE Context Setup Request message.
Proposal 14: RAN3 should focus on the intra-UP case and there is no need to create new TEID when the UE switches to a new cell.
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