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1	Introduction
In Rel-19 Mobility enhancements WI, the following objective was achieved:
	· Specify support for inter-CU Layer 2 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 RAN2#125bis, the following agreements were made:
	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
4. Upon inter-CU LTM execution, UE performs
	- MAC reset
	- RLC re-establishment
	- PDCP re-establishment
	- Security key update
FFS if there is an inter-CU LTM w/o security key change. 


LTM was introduced in Rel-18, which aims to reduce the latency during handover. In Rel-18, it was restricted to the scenarios of intra-CU. As the scenario expands to inter-CU in Rel-19, new issues should be taken into consideration compared with the scenario of intra-CU. Therefore, in this contribution, we will take into consideration on the new scenarios and provide solutions on the corresponding issues. 
2. Discussion
2.1 Applicable Scenario
As described in WID, inter-CU case is supported for LTM in Rel-19. We also observe that there is a note described in the WID, which states that Rel-18 intra-CU LTM procedure is considered as baseline to support inter-CU. It is straightforward to take the inter-DU with intra-CU restriction as a start point for further consideration, which is shown as follows.


Figure 1: Inter-gNB-DU LTM
Compared with intra-CU case, the major difference is that more nodes will be involved. Additional inter-nodes interaction in forms of Xn interaction should be taken into consideration. For instance, inter-CU nodes and possible DU nodes associated with different CU will be interacted.
Considering there are three cases to be supported in Rel-19, we will make a preliminary discussion on each case separately. Among them, we understand that the first priority case of CU acted as MN in none-DC scenario can be taken as an example for overall analysis on the common issues. Then additional issues for the other two cases can be further considered. 
2.1.1 Inter-MN LTM in non-DC scenario
From the aspects of mobility procedure, same as in intra-CU case in general, which mainly contains three phases: handover preparation, handover decision and handover completion. Upon the CU determines to initial inter-CU LTM, the source CU is responsible for collecting pre-configuration of candidate cells. The UE Context setup or modification can be initiated by CU for preparing candidate cell(s) via both CU-CU and CU-DU nodes interaction. The signalling in detail should be discussed in RAN3.  
Observation 1: In the phase of handover preparation, both CU-CU and CU-DU nodes interaction will be involved for candidate cell(s) preparation.
During UL synchronization with LTM candidate cell(s), after performing TA acquisition based on CFRA, the source-DU acquires TA via both CU-CU and CU-DU nodes interaction. In detail, the candidate DU notifies the associated CU of the acquired TA. The candidate CU forwards the TA to the source CU. Finally, the source DU acquires the TA from the source CU. Therefore, it is naturally for source DU to manage TA validity. If not, while the TA is about to be used, the source DU has to acquire TA from source CU, which will have negative impacts on signalling overhead and cell switch latency. 
Upon cell switch, if the TA associated with candidate cell can continue to be maintained by NW side, the signalling overhead might be reduced, since it might not be necessary for UE to re-acquire TA in the following period of time. However, the interaction between source node and target node seems to be inevitable, which has some impact on the current spec. Therefore, whether the TA associated with candidate cell can be kept in NW is FFS.  
Proposal 1: After performing UL synchronization with candidate cell(s), the source-DU manages the TA instead of source CU, and upon cell switch, it is FFS whether the TA associated with candidate cell(s) can continue to be kept in NW side.
Regarding RAR based early TA acquisition, the issue whether it is necessary to be supported was left as an FFS. In legacy, upon cell switch, if there is a validated TA associated with the target cell, the TA value will be included in the cell switch MAC CE. In our understanding, since conditional LTM will be introduced in Rel-19, a common approach accommodated both LTM and conditional LTM should be taken into account. For conditional LTM, there is no such signalling (cell switch command) to carry TA value. If PDCCH order triggered early TA acquisition is applied, it is straightforward to carry TA value in RAR. For LTM, both UE and NW can manager TA validity. But for conditional LTM, at least the UE needs to manager TA validity.
Proposal 2: RAR based early TA acquisition is supported.
If proposal 2 is agreed, which node to transmit RAR (e.g., source DU, target DU) needs to be discussed. There are two options:
Option 1: RAR from source DU
After receiving preamble from UE, the target DU transfers the calculated TA to source DU, and then, the RAR from source DU will be applied for transferring the TA towards UE.  
Option 2: RAR from target(candidate) DU
After receiving preamble from UE, the target DU transfers the calculated TA towards UE directly via RAR. Due to that the source DU is also responsible for managing TA validity to trigger TA re-acquisition when the TA becomes invalidate, the target DU also needs to transfer the TA towards source DU.
It is suggested to take both the two options into account in the current stage. 
Proposal 3: RAR from both source DU and target(candidate) DU should be taken into account for further discussion.
If RAR from both source DU and target(candidate) DU are agreed, the UE needs to be clear with which approach will be applied. An explicit indication in RRC pre-configuration can be adopted.
Proposal 4: An explicit indication is needed to indicate whether RAR from source DU or RAR from target(candidate) DU is applied.    
In legacy intra-CU scenario, upon cell switch, cell switch notification towards the target DU should be transferred from source DU to the associated CU, and then the CU forwards it to the target DU. However, in inter-CU, such procedure needs to be modified to adapt the extended scenario. Correspondingly, cell switch notification towards the target DU shall be achieved by transferring at the transfer node of source CU and target CU.
Proposal 5: Upon cell switch, cell switch notification towards the target DU shall be achieved via the transfer nodes of source CU and target CU.
2.1.2 Inter-SN LTM with/without MN involvement
Since the issues discussed in section 2.1.1 also exist in the other two cases, we will only take the additional issues into consideration in this section. In Rel-18, SN initiated SCG LTM has been supported without MN involvement. Accordingly, SCG LTM with MCG unchanged simultaneously is intended to be supported in Rel-19, which slightly means that MN is permitted to transmit signalling over MCG SRB. If so, the UE context can be transferred from source SN to target SN via MN initiated SCG LTM procedure and via SN initiated SCG LTM with MN involvement. Since SN initiated SCG LTM without MN involved is supported in Rel-18, in this paper we will focus on MN initiated SCG LTM and SN initiated SCG LTM with MN involvement.
Proposal 6: In the case that CU is acting as SN and MCG is unchanged, both MN initiated SCG LTM and SN initiated SCG LTM with MN involvement are supported.
In the phase of RRC pre-configuration, if MN initiated the SCG LTM or SN initiated the SCG LTM with MN involvement is triggered, MN is responsible for requesting the potential target SN(s) to execute RRC pre-configuration for the UE by means of the SN Addition procedure.
Proposal 7: While MN initiates SCG LTM or SN initiates SCG LTM with MN involvement, MN collects RRC pre-configuration of SCG LTM.
In legacy RACH-less LTM, it was agreed to always send RRCReconfigurationComplete message to indicate UE arrival. While RACH-less LTM is performed for MN initiated SCG LTM or SN initiated SCG LTM with MN involvement, upon receiving RRCReconfigurationComplete message, MN will forward it to the corresponding SN if SRB3 is not configured.
Proposal 8: The MN forwards the RRCReconfigurationComplete message to the target SN to indicate UE arrival, if SRB3 is not configured.
2.1.3 Inter-MN LTM in DC scenario
When DC is configured, it was agreed in Rel-18 that for intra-CU LTM the UE only releases SCG configuration at MCG LTM execution if configured by NW. This mechanism can also be applied to the scenario of inter-CU MCG LTM. For the operation on SCG, we think there are two options:
Option 1: RRC pre-configuration 
Whether SCG remains unchanged or released can be indicated via RRC pre-configuration. In this approach, the other issue such as SN set up should be taken into further discussion.  
Option 2: MAC CE 
Upon or before cell switch, an MAC CE can be used to indicate the operation on SCG. Although it is flexible, it will have a negative impact on cell switch latency.
We do not have an obvious preference on the two options, and both of the two options can be considered for further study.
Proposal 9: For the operation on SCG for the inter-MN LTM in DC scenario, we think there are two options can be considered for further study:
            Option 1: RRC pre-configuration
            Option 2: MAC CE 
Upon SCG release, the bear type or the bear termination may change, it may result in PDCP recovery of MCG. Due to the operation of MCG LTM is extended to inter-CU, the PDCP recovery of MCG will always be performed. Therefore, from this perspective, the operation of SCG release will have no additional impacts on bear handling and follows the legacy mechanism of date forwarding due to the changes on PDCP termination point. In addition, for the general procedure, it is straightforward to take the procedure “MN to ng-eNB/gNB Change” as the baseline.
Observation 2: For inter-MN LTM, upon SCG release, it has no additional impacts on bear handling, since PDCP recovery is always to be executed. 
2.2 Security about inter CU LTM
In Rel-18, security update is not supported, which will not result in serious consequences due to the restriction of intra-CU. However, for inter-CU LTM, security update is necessary. For supporting security update in inter-CU scenario, how to keep alignments between source node and target node should be taken into consideration as a start point. 
The approach of security change is seen as an essential issue. There are three potential approaches which are shown as follows:
Option 1: NW determined security update
In L3 HO, the security update parameter (i.e., NCC) is included in the HO command. Refer to the mechanism of security update in L3 HO. The security update parameter (i.e., NCC) can be included in LTM cell switch command.
Option 2: Security update according to predefined rule
A predefined rule can be applied for both UE and NW sides to ensure the consistence of security update. For instance, upon cell switch, the security update parameter can be selected in order. After successfully accessing towards the target cell, the previously selected security update parameter will be discarded from the stored configuration.
Option 3: UE determined security update
Similar to SCPAC, a list of NCC associated with one candidate cell is configured for UE. Upon cell switch, the UE will choose one unused NCC to be applied in the target cell.
For option 1, it will be early to be implemented. However, since the MAC CE is not ciphered and integrity protected, whether it can be accepted should be evaluated. For option 3, the issue whether it can accommodate the scenarios of inter-MN LTM in non-DC and DC should be discussed. 
Proposal 10: Take the following options for further discussion:
· NW determined security update
· Security update according to predefined rule
· UE determined security update
Another issue about how to pre-configure security related configuration of candidate cell(s) should be taken into consideration in the phase of LTM preparation. In SCPAC, a list of sk-counters is configured for each security cell set for security update for inter-SN subsequent CPAC. In addition, for CHO, the parameter NCC associated with one potential target gNB is configured for UE, which is determined through negotiation between the source gNB and the potential target gNB.
The above mechanism can be taken into account for security update for subsequent LTM. For instance, at least for option 2 and option 3, a list of NCC can be configured for each security cell set to ensure subsequent LTM without RRC reconfiguration.
Proposal 11: A list of NCC should be configured for UE at least for security update according to a predefined rule and UE determined security update. 
3 Conclusions
In this contribution, we discussed the issues related to inter-CU LTM. Based on the discussion, the following observations and proposals are concluded:
Observation 1: In the phase of handover preparation, both CU-CU and CU-DU nodes interaction will be involved for candidate cell(s) preparation.
Observation 2: For inter-MN LTM, upon SCG release, it has no additional impacts on bear handling, since PDCP recovery is always to be executed. 
Proposal 1: After performing UL synchronization with candidate cell(s), the source-DU manages the TA instead of source CU, and upon cell switch, it is FFS whether the TA associated with candidate cell(s) can continue to be kept in NW side.
Proposal 2: RAR based early TA acquisition is supported.
Proposal 3: RAR from both source DU and target(candidate) DU should be taken into account for further discussion.
Proposal 4: An explicit indication is needed to indicate whether RAR from source DU or RAR from target(candidate) DU is applied.   
Proposal 5: Upon cell switch, cell switch notification towards the target DU shall be achieved via the transfer nodes of source CU and target CU.
Proposal 6: In the case that CU is acting as SN and MCG is unchanged, both MN initiated SCG LTM and SN initiated SCG LTM with MN involvement are supported.
Proposal 7: While MN initiates SCG LTM or SN initiates SCG LTM with MN involvement, MN collects RRC pre-configuration of SCG LTM.
Proposal 8: The MN forwards the RRCReconfigurationComplete message to the target SN to indicate UE arrival, if SRB3 is not configured.
Proposal 9: For the operation on SCG for the inter-MN LTM in DC scenario, we think there are two options can be considered for further study:
            Option 1: RRC pre-configuration
            Option 2: MAC CE
Proposal 10: Take the following options for further discussion:
· NW determined security update
· Security update according to predefined rule
· UE determined security update
Proposal 11: A list of NCC should be configured for UE at least for security update according to a predefined rule and UE determined security update.
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