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[bookmark: _Ref165266342]Introduction
A Revised WID on NR mobility enhancements Phase 4 [1] has been approved. In the WID, one of the objectives is to specify support for inter-CU Layer1/Layer 2 Triggered Mobility (LTM), as shown below.
	· 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



In this contribution, we provide our understandings on inter-CU LTM. 
Discussion
1.1 [bookmark: _Hlk163207841]Scenarios
In Rel-18, intra-CU LTM (including intra-DU LTM and intra-CU inter-DU LTM) is supported for both DC and non-DC cases, the following scenarios have been supported [2].
· [bookmark: _Hlk163050126][bookmark: _Hlk163050101]PCell change in non-CA scenario and non-DC scenario;
· PCell and SCell(s) change in CA scenario;
· Dual connectivity scenario, PCell and MCG SCell(s) change and intra-SN PSCell and SCG SCell(s) change without MN involvement. LTM for simultaneous PCell and PSCell change is not supported.
In Rel-19, the WID [1] plans to support the following scenarios for inter-CU LTM:
· [bookmark: _Hlk163048888]Scenario 1: MCG LTM in non-DC case
· Scenario 2: SCG LTM without MCG change
· Scenario 3: MCG LTM with SCG release/unchanged
And the Rel-19 Mobility WID prioritizes the scenario 1. RAN2 can confirm it. 
Proposal 1: RAN2 confirms Rel-19 inter-CU LTM prioritizes the MCG LTM in non-DC case.
[bookmark: OLE_LINK1]To align with intra-CU LTM, both CA scenario and non-CA scenario can be supported for inter-CU LTM. Based on the Rel-18 intra-CU LTM, there seems to be no extra work to support CA scenario.
Proposal 2: For Rel-19 inter-CU LTM, both non-CA scenario and CA scenario are supported.
In Rel-18 intra-DU LTM, subsequent LTM is supported by default. The support of subsequent LTM can reduce signalling overhead and mobility latency. Therefore, for Rel-19 inter-CU LTM, subsequent LTM shall be supported by default.
Proposal 3: For Rel-19 inter-CU LTM, subsequent LTM is supported.

1.2 [bookmark: _Hlk163207985]Signalling flows
For inter-CU LTM, more than one candidate gNB-CUs will involve in the mobility flow and the coordination between different gNB-CUs need to be discussed. 
[bookmark: _Hlk163206421]For the initial inter-CU MCG LTM, the coordination between the initial gNB-CU and candidate gNB-CUs is needed, which is similar to the legacy L3 mobility [2].
When UE accesses a candidate cell, the associated candidate gNB-CU becomes the serving gNB-CU. To support subsequent inter-CU MCG LTM, the current serving gNB-CU must be able to trigger the subsequent inter-CU LTM without RRC configuration between cell switch. So, the serving gNB-CU need to get all configured candidate list, and to support the data forwarding and necessary signalling transmission for subsequent inter-CU LTM. The coordination between the current serving gNB-CU and other candidate gNB-CUs is needed. Because each candidate gNB-CUs could become the current serving gNB-CU, the coordination between different candidate gNBs is needed.
In conclusion, to support the initial and subsequent LTM, the following connections shall be considered as shown in Figure 1
· To support the initial LTM: coordination between the initial gNB and candidate gNBs, as shown in the bule line of the Figure 1.

· To support the subsequent LTM: coordination between different candidate gNBs, as shown in the green line of the Figure 1.
Figure 1 provides two options to achieve the coordination between candidate gNBs:
· Option 1 (Direct connection (Figure 1-a)): each candidate gNB-CU can deliver the XnAP message to other candidate gNB-CUs directly.
· Option 2 (Indirect connection (Figure 1-b)): each candidate gNB-CU needs to deliver the XnAP message to the anchor gNB-CU (e.g., the initial gNB-CU), and the XnAP message includes the information from the candidate gNB-CU to other candidate gNB-CUs. And then, the anchor gNB-CU needs to transfer this information to other candidate gNB-CUs.
Compared the option 1 and option 2, although, option 2 can reduce the number of the connection, option 1 is simpler with less specification impact. Option 1 can be considered. And the structure may have impact on RAN3, hence we need to send an LS to RAN3 to provide RAN2’s view.
Proposal 4: To achieve subsequent LTM, direct connections between different candidate gNB-CUs can be considered and send an LS to RAN3 for the structure.



Figure 1-a: Direct connection for subsequent LTM      Figure 1-b: Indirect connection for subsequent LTM
Figure 1: The connection of different CUs to support inter-CU LTM 
Based on the option 1 in Figure 1-a and the overall procedure for Rel-18 intra-CU LTM [2], the signalling procedure for Rel-19 inter-CU LTM is illustrated in Figure 2 and includes the following two phases:
· Phase 1 (LTM Preparation): Based on the L3 RRM measurement report, the initial gNB decides candidate cells and initial the inter-node coordination for inter-CU LTM preparation. After the coordination between the initial gNB and candidate gNBs and the coordination between candidate gNB1 and candidate gNB2, the initial gNB provides the LTM configuration to UE with the RRC configuration of multiple candidate cells. The proposal 4 is achieved by the step 4.
· Phase 2 (Initial LTM execution): As in Rel-18 intra-CU LTM, UE send the L1 measurement report to the initial gNB. And after the reception of the cell switch command MAC CE, the UE switches to one candidate gNB (e.g., C-gNB 1). To support RACH-less LTM, early synchronization with candidate cells can be performed.
· Phase 3 (Subsequent LTM execution): In subsequent LTM execution phase, the similar steps as steps 9~15 are performed. And the subsequent LTM is triggered by the current serving gNB, which is one candidate gNB (e.g., C-gNB 1).
According to the signalling procedure for Rel-19 inter-CU LTM illustrated in Figure 2, the signalling flows between UE and gNB can follow the Rel-18 intra-CU LTM.
[bookmark: _Hlk163150974]Proposal 5: For Rel-19 inter-CU LTM, the signalling flows between UE and gNB can follow Rel-18 intra-CU LTM and the signalling procedure for inter-CU LTM illustrated in Figure 2 can be considered.


Figure 2: Signalling procedure for inter-CU LTM
1.3 Potential solutions
Based on the option 1 in Figure 1-a and the inter-CU LTM illustrated in Figure 2 in 2.2, the Uu signalling flows are similar to the Rel-18 intra-CU LTM. As the Note in WID, Rel-18 intra-CU LTM procedure is considered as baseline for adding inter-CU support. In Rel-18 intra-CU LTM, some baseline features and mechanisms have been supported to offer improvements in handover latency and interruption time compared to Layer 3 based mobility, including the following points:
· Candidate configuration and reference configuration
· L1 measurement configuration
· MAC CE triggered Cell Switch
· RACH-less LTM including UE-based TA and Early TA acquisition
· Beam indication and Candidate Cell TCI States Activation/Deactivation
· LTM based failure recovery
And these features and mechanisms can also be used for Rel-19 inter-CU LTM.
[bookmark: _Hlk163049904]Proposal 6: For Uu signalling and procedure, Rel-18 intra-CU LTM can be the baseline and the following mechanisms can be used for Rel-19 inter-CU LTM:
· [bookmark: OLE_LINK3]Candidate configuration and reference configuration
· L1 measurement configuration
· MAC CE triggered Cell Switch
· RACH-less LTM including UE-based TA and Early TA acquisition
· Beam indication and Candidate Cell TCI States Activation/Deactivation
· LTM based failure recovery

In Rel-18 intra-CU LTM, whether to perform L2 reset is based on the RRC configuration. However, in Rel-19 inter-CU LTM, the method for intra-CU LTM cannot be reused, because the security key is updated when UE perform inter-CU LTM. Hence, RAN2 need to discuss how to handle the L2 reset for inter-CU LTM.
Proposal 7: How to handle the L2 reset for Rel-19 inter-CU LTM can be discussed.
1.4 [bookmark: _Hlk163208098]Security issue
To support subsequent LTM for inter-CU case, how to handle the security key upon cell switch needs to be discussed as captured in the WID [1]. 
For Rel-18 intra-CU LTM, security keys are maintained upon an LTM cell switch. However, UE shall perform the security key update upon inter-CU mobility to avoid key reuse. In the legacy L3 inter-CU handover, the security parameters (e.g., NCC value) are configured by the network via the RRCReconfiguration message. But, in subsequent LTM, inter-CU LTM cell switch can be performed without RRC Reconfiguration. The legacy security key update procedure for L3 inter-CU mobility cannot be reused without specification change. Thus, some enhancements may be needed to handle the security key update upon inter-CU LTM Cell Switch.
Similar to the legacy security key update procedure for L3 mobility, the network can include the security parameters (e.g., NCC value) in LTM Cell Switch Command MAC CE for inter-CU LTM. Upon inter-CU LTM cell switch, UE updates the security key based on the security configuration included in the Cell Switch Command. For the NW based method, e.g., network indication in Cell Switch Command, SA3 needs to evaluate the impact from the (un)secure transport of security parameters via MAC CE.
In Rel-18 subsequent CPAC, the UE based method is supported, and UE autonomously updates the security key based on the specified principle and a pre-configured security parameter list (sk-counter list). And then, the UE use the first unused value in the list to update the security key. The similar design of key update in subsequent CPAC can be considered, and the UE based method can also be considered for Rel-19 inter-CU LTM. And the UE based method and the corresponding principle can be discussed in SA3, as in Rel-18. 
From what has been discussed above, both the NW based method and the UE based method can be considered to solve the security issue for inter-CU LTM. And whether and how to support NW based method or UE based method, the coordination with SA3 is needed. Thus, RAN2 shall send an LS to SA3 to kick off the discussion for the security issue of inter-CU LTM
Proposal 8: The following methods can be considered to solve the security issue for inter-CU LTM
· The NW based method: the network indicates security parameters (e.g., NCC value) in LTM Cell Switch Command MAC CE.
· [bookmark: _Hlk163162218]The UE based methods: the UE autonomously updates the security key based on the specified principle upon inter-CU LTM Cell Switch. 
Proposal 9: Send an LS to SA3 to kick off the discussion for the security issue of inter-CU LTM
[bookmark: _Hlk163167437]The WID plans to specify support of conditional LTM. And the inter-CU conditional LTM is not been excluded. And the security key handling also needs to be discussed for the inter-CU conditional LTM. If Rel-19 mobility plans to support inter-CU conditional LTM, RAN2 can discuss whether to introduce a unified solution to solve the security issue for both inter-CU LTM and inter-CU conditional LTM.
Proposal 10: RAN2 can discuss whether to introduce a unified solution to solve the security issue for both inter-CU LTM and inter-CU conditional LTM.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Scenarios
Proposal 1: RAN2 confirms Rel-19 inter-CU LTM prioritizes the MCG LTM in non-DC case.
Proposal 2: For Rel-19 inter-CU LTM, both non-CA scenario and CA scenario are supported.
Proposal 3: For Rel-19 inter-CU LTM, subsequent LTM is supported.
Signalling flows
Proposal 4: To achieve subsequent LTM, direct connections between different candidate gNB-CUs can be considered and send an LS to RAN3 for the structure.
Proposal 5: For Rel-19 inter-CU LTM, the signalling flows between UE and gNB can follow Rel-18 intra-CU LTM and the signalling procedure for inter-CU LTM illustrated in Figure 2 can be considered.
Potential solutions
Proposal 6: For Uu signalling and procedure, Rel-18 intra-CU LTM can be the baseline and the following mechanisms can be used for Rel-19 inter-CU LTM:
· Candidate configuration and reference configuration
· L1 measurement configuration
· MAC CE triggered Cell Switch
· RACH-less LTM including UE-based TA and Early TA acquisition
· Beam indication and Candidate Cell TCI States Activation/Deactivation
· LTM based failure recovery
Proposal 7: How to handle the L2 reset for Rel-19 inter-CU LTM can be discussed.
Security issue
Proposal 8: The following methods can be considered to solve the security issue for inter-CU LTM
· The NW based method: the network indicates security parameters (e.g., NCC value) in LTM Cell Switch Command MAC CE.
· The UE based methods: the UE autonomously updates the security key based on the specified principle upon inter-CU LTM Cell Switch. 
Proposal 9: Send an LS to SA3 to kick off the discussion for the security issue of inter-CU LTM
Proposal 10: RAN2 can discuss whether to introduce a unified solution to solve the security issue for both inter-CU LTM and inter-CU conditional LTM.
[bookmark: _Toc502437832]Reference
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