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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A new work item of NR mobility enhancements phase 4 was approved at the RAN#102 meeting with the following objectives [1].
	[bookmark: _Hlk130825108]
· 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]
 



In this contribution, we discuss the issues of inter-CU LTM related to RAN3 impact.

2. Discussion
Part A: General
In R18, the intra-CU LTM has been supported, including the intra-CU LTM without DC (PCell change in non-CA scenario, or PCell and SCell change in CA scenario, in non-DC scenario), the intra-MN LTM (PCell and MCG SCell change) and the intra-SN LTM (PSCell and SCG SCell change without MN involvement). In addition, the intra-CU LTM for simultaneous PCell and PSCell change is not supported.
According to the R19 WID, the objective includes the inter-CU LTM without DC, the inter-MN LTM and the inter-SN LTM. From the RAN3 XnAP signalling point of view, there is not much difference. Therefore, these three scenarios should be supported. 
In R18, the security key for LTM is not an issue due to the unchanged CU. However, it becomes an important issue for inter-CU LTM. Therefore, we can discuss the inter-CU LTM without DC first, such as how to handle the security key for subsequent LTM. The agreements made in inter-CU LTM without DC can be applied to other scenarios quickly, as we did in R18.
Proposal 1: The inter-CU LTM without DC, the inter-MN LTM and the inter-SN LTM should be supported, and the inter-CU LTM without DC should be with higher priority.
We made a lot of fruitful discussion on intra-CU LTM in R18, such as early TA acquisition, LTM CSI resource configuration, and LTM cell change notification. The principle could be used as a baseline for R19 inter-CU LTM, which is also indicated in the WID. 
Proposal 2: The principal design of intra-CU LTM in R18 should be used as a baseline.

Part B: LTM preparation
Although multiple candidate cells could be within the same gNB, different candidate cells may have different load situation and then different admission control results. Current handover preparation procedure uses the parallel requests for a handover or a conditional handover, which are identified by the target cell ID when the source UE AP IDs are the same. In addition, R18 intra-CU LTM also uses the parallel messages over F1AP. Therefore, the parallel procedures are used to prepare the LTM candidate cell configurations. 
[bookmark: _Hlk141187092]Proposal 3: Parallel procedures are used to prepare LTM candidate configurations, i.e., one message is for one LTM candidate configuration.
In legacy handover or conditional handover, the handover preparation procedure is used to establish necessary resources in the target gNB. The handover preparation procedure could also be used for inter-CU LTM. To minimize the specification impact, an indicator could be introduced in the Handover Request message to indicate the request concerning an LTM. If the candidate gNB accepts the request, it should provide the LTM candidate cell configuration for the requested candidate cell to the source gNB using Handover Request Acknowledge message.
[bookmark: _Hlk141187131]Proposal 4: An indicator is introduced in the Handover Request message to request the candidate gNB to provide LTM candidate configuration per candidate cell.
Proposal 5: The candidate gNB may accept the target cell of LTM and respond to the source gNB with the LTM candidate configuration in Handover Request Acknowledge message.
The source gNB initially selects the potential candidate cells for LTM, e.g., based on the existing L3 measurement result from the UE. In some cases, the source gNB may decide to release an already prepared LTM candidate cell in the candidate gNB, e.g., the L3 measurement result of the LTM candidate cell becomes worse and it is not so good anymore. In other cases, the source gNB may decide to modify an already prepared LTM candidate cell in the candidate gNB, e.g., the source gNB may update the LTM reference configuration and provide the updates to the candidate gNB.
Proposal 6: The source gNB may modify or release already prepared LTM candidate cells in the candidate gNB.
The LTM candidate cell configuration is prepared by the candidate gNB. In some cases, the candidate gNB may determine the LTM candidate cell configuration is not suitable for the UE, e.g., the load status of the candidate cell becomes worse, and the QoS requirements can’t be guaranteed anymore. In this case, the candidate gNB may cancel the already configured LTM candidate cell and notify to the source gNB.
Proposal 7: The candidate gNB may cancel already configured LTM candidate cells and notify to the source gNB.
For R18 intra-CU LTM, the LTM CSI resource configuration is included in the LTM-Config IE and is a separate configuration, i.e., outside of the LTM candidate configuration. In addition, the LTM CSI resource configuration includes the RS configurations of multiple LTM candidate cells. The benefit is that the UE doesn’t need to open the LTM candidate configuration per each candidate cell, to support the fast L1 measurement report to the source DU.
	[bookmark: _Hlk162288382]–	LTM-Config
The IE LTM-Config is used to provide LTM candidate configurations.
LTM-Config information element
-- ASN1START
-- TAG-LTM-CONFIG-START

LTM-Config-r18 ::=   SEQUENCE {
    ltm-ReferenceConfiguration-r18        SetupRelease {ReferenceConfiguration-r18}                             OPTIONAL,   -- Need M
    ltm-CandidateToReleaseList-r18        SEQUENCE (SIZE (1..maxNrofLTM-Configs-r18)) OF LTM-CandidateId-r18    OPTIONAL,   -- Need N
    ltm-CandidateToAddModList-r18         SEQUENCE (SIZE (1..maxNrofLTM-Configs-r18)) OF LTM-Candidate-r18      OPTIONAL,   -- Need N
    ltm-ServingCellNoResetID-r18          INTEGER (1..maxNrofLTM-Configs-r18-plus-1)                            OPTIONAL,   -- Cond FirstLTM-Only
    ltm-CSI-ResourceConfigToAddModList-r18         SEQUENCE (SIZE (1..maxNrofLTM-CSI-ResourceConfigurations-r18)) OF LTM-CSI-ResourceConfig-r18
                                                                                                                  OPTIONAL, -- Need N
    ltm-CSI-ResourceConfigToReleaseList-r18        SEQUENCE (SIZE (1..maxNrofLTM-CSI-ResourceConfigurations-r18)) OF LTM-CSI-ResourceConfigId-r18
                                                                                                                  OPTIONAL, -- Need N
    attemptLTM-Switch-r18                          ENUMERATED {true}                                            OPTIONAL,   -- Cond LTM-MCG
    ltm-ServingCellUE-MeasuredTA-ID-r18            INTEGER (1..maxNrofLTM-Configs-r18-plus-1)                   OPTIONAL,   -- Cond LTM
    ...
}

-- TAG-LTM-CONFIG-STOP
-- ASN1STOP




On receipt of the LTM CSI resource configuration, each candidate cell prepares the LTM CSI report configuration separately. The LTM CSI report configuration is placed within the ServingCellConfig IE for each candidate cell.
In our view, the same principle should be used for the R19 inter-CU LTM, to support the fast L1 measurement report by the UE.
Proposal 8: The source gNB sends the LTM CSI resource configuration to the candidate gNB, and the candidate gNB prepares the LTM CSI report configuration for each LTM candidate cell separately.
For R18 intra-CU TM, to support early TA acquisition, the CU may a request for timing alignment establishment together with the request for LTM candidate configuration, associated to the requested LTM candidate cell. This is because the CU is aware which LTM candidate cell is uplink synchronized or not with the UE’s current serving cell.
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The same principle could be used for the R19 inter-CU LTM, to support the early TA acquisition.
Proposal 9: The source gNB may request RACH resources for early TA acquisition together with the LTM candidate configuration to a candidate gNB.

Part C: LTM execution
LTM was introduced in R18 to offer improvements in handover latency and interruption time compared to L3 based mobility. With all this in mind, the LTM is defined as a switch procedure that the network triggers via MAC CE based on L1 measurements. That is, the LTM is a procedure in which a gNB receives L1 measurement report(s) from a UE, and on their basis the gNB changes UE serving cell by a cell switch command signalled via a MAC CE.
The inter-CU LTM could use the same principle to reduce the handover latency and interruption time between different cells in different gNBs. With this principle, the source gNB changes UE serving cell by a cell switch command signalled via a MAC CE based on the L1 measurement reports from the UE.
Proposal 10: The UE sends the L1 measurement report to the source gNB, and the source gNB triggers UE mobility to a target cell via LTM cell switch command MAC CE.
When the UE is switched to the target cell, the target gNB should inform the source gNB of which cell the UE has successfully accessed during the LTM. The source gNB can use this information for future purpose, e.g., whether to perform normal handover based on L3 measurement further.
For the XnAP message, the Handover Success message including the target cell ID could be used.
Proposal 11: The Handover Success message is used to enable a target gNB to inform the source gNB that the UE has successfully accessed to the target gNB.
With the goal to reduce the mobility latency, it is beneficial for the target gNB to know that the cell switch has been triggered to UE by the source gNB, like the R18 intra-CU LTM. For example, it will prevent the target gNB to send additional Handover Preparation message to the UE via the source gNB which will become unavailable link soon. Therefore, the target gNB knows the latest cell configuration used by the UE and then performs the delta configuration. In addition, the target gNB can start early data forwarding if the target gNB knows the cell switch has been triggered to UE by the source gNB.
Like DU-CU Cell Switch Notification or CU-DU Cell Switch Notification procedure defined in R18 intra-CU LTM, a new class-2 message sent from the source gNB to the target gNB can be introduced for inter-CU LTM, to notify target gNB about the LTM cell switch triggered by the source gNB.
Proposal 12: A new class-2 message is introduced to notify target gNB about the LTM cell switch triggered by the source gNB.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals.
General
Proposal 1: The inter-CU LTM without DC, the inter-MN LTM and the inter-SN LTM should be supported, and the inter-CU LTM without DC should be with higher priority.
Proposal 2: The principal design of intra-CU LTM in R18 should be used as a baseline.

LTM preparation
Proposal 3: Parallel procedures are used to prepare LTM candidate configurations, i.e., one message is for one LTM candidate configuration.
Proposal 4: An indicator is introduced in the Handover Request message to request the candidate gNB to provide LTM candidate configuration per candidate cell.
Proposal 5: The candidate gNB may accept the target cell of LTM and respond to the source gNB with the LTM candidate configuration in Handover Request Acknowledge message.
Proposal 6: The source gNB may modify or release already prepared LTM candidate cells in the candidate gNB.
Proposal 7: The candidate gNB may cancel already configured LTM candidate cells and notify to the source gNB.
Proposal 8: The source gNB sends the LTM CSI resource configuration to the candidate gNB, and the candidate gNB prepares the LTM CSI report configuration for each LTM candidate cell separately.
Proposal 9: The source gNB may request RACH resources for early TA acquisition together with the LTM candidate configuration to a candidate gNB.

LTM execution
Proposal 10: The UE sends the L1 measurement report to the source gNB, and the source gNB triggers UE mobility to a target cell via LTM cell switch command MAC CE.
Proposal 11: The Handover Success message is used to enable a target gNB to inform the source gNB that the UE has successfully accessed to the target gNB.
Proposal 12: A new class-2 message is introduced to notify target gNB about the LTM cell switch triggered by the source gNB.
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