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1	Introduction
[bookmark: _Toc474247438]In regard to L1/L2 Triggered Mobility (LTM), a new Work Item has been approved (RP-234036 NR mobility enhancements Phase 4), including the following related objectives and scope impacting RAN3:
	· 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

· 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] 



This paper discusses the basic required mobility procedures for inter-CU L1/L2 triggered mobility (LTM) and its potential impact to the disaggregated gNB architecture signalling.

2	Stage-2 Inter-CU LTM for non-split gNB Architecture
In Rel-18, LTM was specified with limitation that LTM mobility could be configured and carried out only to cells within the same gNB-CU (i.e. intra-gNB LTM). In Rel-19, this feature expands to also cover inter-gNB-CU (i.e. inter-gNB LTM) mobility. 
For Inter-CU LTM, we foresee the following as necessary to be considered.
· Rel-18 LTM framework and LTM handover phases for intra-gNB-CU LTM are basis also for inter-gNB-CU LTM. That is, inter-CU LTM also has the following phases:
              (a) Preparation phase, (b) Early synchronization phase, (c) Execution phase, and (d) Completion phase. 
The following are agreements from the previous RAN3 meeting, which are basis for proposals in this paper.
	Prioritize to support inter-CU LTM over Xn interface, and RAN3 specify the inter-CU LTM solutions for standalone scenario first.
Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. 
Confirm the case that inter-CU LTM is not configured in both MCG and SCG at the same time.
Early data forwarding can be supported for inter-CU LTM. When to trigger can be further discussed. 
Cell Switch Notification from source DU to target DU (in different gNB from source) for LTM execution.



2.1	Preparation Phase
The following steps are needed during the preparation phase and similar to L3 handover as defined in TS 38.300. 
Step 0: The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
Step 1: The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
Step 2: The source gNB decides to configure LTM based on measurement reports.
Step 3: The source gNB issues a HANDOVER REQUEST message(s) to the candidate target gNB(s). 
Single vs. Parallel messages
In Rel-18, the aspect of whether a single message could configure multiple LTM cells, or whether multiple parallel messages should be used was thoroughly discussed in context of intra-CU LTM, with RAN3 opting for the multiple message approach. For Rel-19, we suggest taking this principle as baseline and have of separate messages per each LTM cell being configured also for inter-gNB LTM.
Proposal 1: Make working assumption that for inter-CU LTM mobility, a separate LTM request message (i.e. HANDOVER REQUEST message) is used for each candidate cell. 
Step 4: Admission control is performed by target gNB(s) according to legacy procedure.
Step 5: The candidate target gNB(s) sends an LTM response via the HANDOVER REQUEST ACKNOWLEDGE message including configurations of LTM candidate cell to the source gNB. 
Step 6: The source gNB sends an RRCReconfiguration message to the UE, containing the configuration of LTM candidate cells. 
Step 7: The UE sends an RRCReconfigurationComplete message to the source gNB. 
2.2	Early Synchronization Phase
RAN2 agreed at last meeting that Early DL/UL synchronization is supported for inter-CU LTM, and that PDCCH ordered early RACH is baseline, with FFS for RAR-based solution.
	Early sync phase:
· P6 in R2-2402907 
Proposal 6: 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.
· Agreed.

· P7 and P8 in R2-2403290 
[bookmark: _Hlk164031221]Proposal 7: PDCCH ordered early RACH is supported for inter-CU LTM.
· Agreed.

<< skip >>
· P6 in R2-2402982 
Proposal 6: RAN2 to discuss whether to perform early TA procedure with or without RAR for inter-CU LTM.
<< skip >>
· Rel-18 option is baseline. FFS for RAR based option 


 
Taking the Rel-18 PDDCH Early Sync as working assumption considering RAN2 discussion, the target gNB will require signalling to signal the TA information from to the source gNB. Hence, a new non-UE associated procedure is required over Xn from Target gNB to Source gNB. Likewise, in case of disaggregated architecture, existing DU-CU/CU-DU TA INFORMATION TRANSFER messages can be reused.
Proposal 2: Introduce a new Class-2 non-UE associated XnAP TA INFORMATION TRANSFER procedure to signal from Target gNB to Source gNB Early TA related information for LTM.
Proposal 3: Existing F1AP DU-CU TA INFORMATION TRANSFER and CU-DU TA INFORMATION TRANSFER messages can be reused in case of disaggregated gNB architecture for Inter-CU LTM.
Step 8: Early synchronization to the target candidate cell(s) may be performed as specified in TS 38.300.
Step 9: The Target gNB send a TA INFORMATION TRANSFER message to the UE indicating the acquired TA values.
2.3	LTM Execution Phase
Following steps are performed during execution phase. 
Step 10-11: Based on L1 measurement reports, source gNB decides on the target cell and sends Cell Switch Command (CSC) towards the UE. 
Cell Switch Notification to Target gNB
Similar to Rel-18, Intra-CU LTM, for Rel-19 Inter-CU, the target cell is to be notified of the TCI States. Hence, a new Class-2 XnAP LTM CELL SWITCH NOTIFICATION message should be introduced. Likewise, in case of disaggregated architecture, existing DU-CU/CU-DU CELL SWITCH NOTIFICATION messages can be reused.
Proposal 4: Introduce a new Class-2 UE associated XnAP LTM CELL SWITCH NOTIFICATION procedure to signal from Source gNB to Target gNB TCI State related information for LTM.
Proposal 5: Existing F1AP DU-CU CELL SWITCH NOTIFICATION and CU-DU CELL SWITCH NOTIFICATION messages can be reused in case of disaggregated gNB architecture for Inter-CU LTM.
[bookmark: _Hlk162892531]Proposal 6: Contents of the new XnAP LTM CELL SWITCH NOTIFICATION procedure are based on existing F1AP DU-CU CELL SWITCH NOTIFICATION message.
Step 12: The Source-CU sends a LTM CELL SWITCH NOTIFICATION to the Target gNB indicating the TCI State related information.
Triggering of data forwarding in inter-CU LTM
RAN3 agreed at last meeting that early data forwarding can be used for Inter-CU LTM. Hence, in Rel-19, the Source gNB can start data forwarding prior to the MAC CE Command being triggered to the UE to change cells.
Proposal 7: Data forwarding can be triggered before the Source gNB triggers a MAC CE Command to the UE to change cells, timing is left to implementation.
SN Status Transfer
As with other legacy handovers, the Source gNB should indicate to the Target gNB information related to Sequence Number. In our view, given that the information to be signalled is in line with that of legacy L3 handovers, the existing XnAP SN STATUS TRANSFER message can be reused. 
Proposal 8: The Source gNB indicates the SN Status to the Target gNB via the existing XnAP SN STATUS TRANSFER message.
[bookmark: _Hlk162892781]Step 13: Source gNB-CU sends a SN STATUS TRANSFER message to target gNB and data forwarding is performed. It is FFS whether to introduce a new message or reuse an existing one to signal the selected cell, TCI state, and to perform data forwarding.
Step 14: UE marks LTM handover completion according to RAN2 specified indication (e.g., on reception of grant from target gNB). 
2.4	LTM Completion Phase
During the Completion Phase, the following steps are performed. 
		Indication of LTM Handover Completion to Source gNB: 
The Target gNB can reuse existing XnAP HANDOVER SUCCESS message to indicate to the Source gNB that the LTM Handover has completed.
Proposal 9: The existing XnAP HANDOVER SUCCESS message is reused to indicate to Source gNB that the LTM Handover has completed.
Step 15: The Target gNB sends the HANDOVER SUCCESS message to Source gNB. 
Step 16: RRCReconfigurationComplete message is sent to target gNB.
Step 17-19: Path switch procedure is performed. 
Step 20: Target gNB may send UE CONTEXT RELEASE message to release the UE context at the Source gNB. 
Step 21: Target gNB may send HANDOVER CANCEL message to release configuration of other candidate cells at other gNBs. 

		Support of subsequent LTM:
In case of LTM, it is assumed that configuration will not be released by UE unless it is explicitly reconfigured by the network. Hence, it should not mandated that the network perform release procedure in case of LTM. However, if the Source gNB decides to release earlier LTM configurations, the existing XnAP HANDOVER CANCEL message can be reused for this purpose.
Proposal 10: It is up to network configuration whether to release the resources for candidate cells after LTM cell switch. FFS signaling details.
Proposal 11: The existing XnAP HANDOVER CANCEL message is reused to de-configure LTM cells at a Target gNB. 
Proposal 12: The existing XnAP UE CONTEXT RELEASE message is reused to release the UE context at the Source gNB. 

2.5	Stage-2 Signalling Flow for non-split Inter-CU LTM
Based on the above procedure, the stage-2 signaling flow for Inter-CU LTM is shown below. For subsequent LTM scenario, additional signalling may be required between Source and Target gNBs and to be FFS.



Figure 1: Inter-gNB-CU LTM Signaling with non-split architecture


3	gNB Disaggregated Architecture Considerations 
Similar to Section 2, this section describes the stage-2 signalling flow for inter-CU LTM considering disaggregated gNB architecture. 
As starting baseline, existing procedures in Rel-18 in F1AP, E1AP and XnAP should be reused and applicable also for Rel-19 inter-CU LTM. With this assumption, the stage-2 signaling flow for Inter-CU LTM with disaggregated architecture is shown below.
Proposal 13: Reuse the existing Rel-18 F1/E1/Xn procedures for Rel-19 inter-CU LTM scenario as much as possible.


Figure 2: Inter-gNB-CU LTM Signaling with split architecture

Inclusion of source DU and source CU/gNB identity:
In Rel-18, CFRA resources to be used for random access can be shared only among UEs belonging to same DU. This allows the CFRA resource sharing among UEs without additional burden of signalling exchange for coordination among DUs. This is because, to have collision free random access only one CFRA resource (preamble) can be used at a given time. 
In our view, this holds true also for inter-CU case and we should allow the possibility of CFRA resource sharing. Hence, both the source gNB-DU ID IE and source gNB ID IE are included in the HANDOVER REQUEST message. 
Observation 1: CFRA resource sharing is allowed in intra-CU LTM and is beneficial for dense deployments where CFRA resources are scarce. 
Proposal 14: Both source gNB ID (global ID) and source gNB-DU ID (local ID per CU) are provided to candidate target gNBs. 
Proposal 15: The candidate target gNB allocates CFRA resources based on the source gNB ID and source gNB-DU ID.

3	Conclusions

Preparation Phase
Proposal 1: Make working assumption that for inter-CU LTM mobility, a separate LTM request message (i.e. HANDOVER REQUEST message) is used for each candidate cell. 
Early Synchronization Phase
Proposal 2: Introduce a new Class-2 non-UE associated XnAP TA INFORMATION TRANSFER procedure to signal from Target gNB to Source gNB Early TA related information for LTM.
Proposal 3: Existing F1AP DU-CU TA INFORMATION TRANSFER and CU-DU TA INFORMATION TRANSFER messages can be reused in case of disaggregated gNB architecture for Inter-CU LTM.
LTM Execution Phase
Proposal 4: Introduce a new Class-2 UE associated XnAP LTM CELL SWITCH NOTIFICATION procedure to signal from Source gNB to Target gNB TCI State related information for LTM.
Proposal 5: Existing F1AP DU-CU CELL SWITCH NOTIFICATION and CU-DU CELL SWITCH NOTIFICATION messages can be reused in case of disaggregated gNB architecture for Inter-CU LTM.
Proposal 6: Contents of the new XnAP LTM CELL SWITCH NOTIFICATION procedure are based on existing F1AP DU-CU CELL SWITCH NOTIFICATION message.
Proposal 7: Data forwarding can be triggered before the Source gNB triggers a MAC CE Command to the UE to change cells, timing is left to implementation..
Proposal 8: The Source gNB indicates the SN Status to the Target gNB via the existing XnAP SN STATUS TRANSFER message.
 LTM Completion Phase
Proposal 9: The existing XnAP HANDOVER SUCCESS message is reused to indicate to Source gNB that the LTM Handover has completed.
Proposal 10: It is up to network configuration whether to release the resources for candidate cells after LTM cell switch. FFS signaling details.
Proposal 11: The existing XnAP HANDOVER CANCEL message is reused to de-configure LTM cells at a Target gNB. 
Proposal 12: The existing XnAP UE CONTEXT RELEASE message is reused to release the UE context at the Source gNB. 
Disaggregated gNB Considerations 
Proposal 13: Reuse the existing Rel-18 F1/E1/Xn procedures for Rel-19 inter-CU LTM scenario as much as possible.
Observation 1: CFRA resource sharing is allowed in intra-CU LTM and is beneficial for dense deployments where CFRA resources are scarce. 
Proposal 14: Both source gNB ID (global ID) and source gNB-DU ID (local ID per CU) are provided to candidate target gNBs. 
Proposal 15: The candidate target gNB allocates CFRA resources based on the source gNB ID and source gNB-DU ID.
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