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1	Introduction
LTM (L1/L2 Triggered Mobility) was introduced in Rel-18 for the intra-CU scenario. In Rel-19 [1], the scope is extended to inter-CU to support low latency and low interruption cell switch in broad areas. In this contribution, we discuss the scenarios and the general procedures of inter-CU LTM. In addition, we will discuss also issues related to subsequent inter-CU LTM.
[bookmark: _Toc499559238][bookmark: _Toc147158671][bookmark: _Toc61387172]2	Discussion
2.1	Rel-19 inter-CU LTM supported scenarios
According to the WID, inter-CU LTM will be supported in Rel-19. The motivation is to support LTM in broad areas. 
	RP-240299, Revised Work Item: NR mobility enhancements Phase 4
· 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



2.1.1	Inter-CU LTM without DC
In practical deployments, a UE have several neighbour cells. Some neighbour cells are managed by the same CU like the UE serving cell and other neighbour cells are managed by different CUs, as shown in Figure 1. While the UE’s mobility is un-predictable at the time of LTM preparation phase, it is better to support configuration of both inter-CU and intra-CU LTM candidate cells. In this way, the applicability of LTM is enhanced that the UE can enjoy the benefits of LTM under more scenarios. 
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Figure 2.1.1-1. Inter-CU and intra-CU candidate cells
Proposal 1:	Support configuring a UE with both intra-CU and inter-CU candidate cells. 
In Rel-18 LTM, direct SCell activation is supported, i.e. the target configuration can include SCells with the SCell state set to “activated” by RRC pre-configuration. If a target SCell and the target PCell share the same beam direction and synchronization information (same TA), the target SCell can be used very quickly with less activation delay. However, if the target SCell is not co-located with the target PCell, some additional time is needed to begin using the SCell for high performance data transfer.
According to the justification of the WID, enabling greater throughput immediately after cell switch is one target that LTM intends to achieve. When the target configuration includes both PCell and SCell, if the UE can use the SCell quite fast after cell switch, the throughput can be boosted within a very short time. To achieve shorter SCell activation delay, RAN2 can discuss whether the delay reduction techniques can be used for SCell, e.g. L1 measurement for candidate SCell, and early synchronization to candidate SCell.
	RP-240299, Revised Work Item: NR mobility enhancements Phase 4
L1 measurements for LTM procedures are limited to SSB measurements. Expanding L1 measurements to include CSI-RS can address this limitation and can be expected to enable greater throughput on the target cell immediately after cell switch.



Proposal 2:	To achieve greater throughput immediately after cell switch, study the support of L1 measurement and early synchronization for candidate SCells, to enable short SCell activation delay.
2.1.2	Inter-CU LTM with DC
As shown in the WID, inter-CU LTM without DC is the objective with high priority. There are two other scenarios which are secondary priority, MCG LTM with SCG unchanged or released and SCG LTM with MCG unchanged 
MCG LTM with SCG unchanged/released should have many similarities with MCG LTM without DC, e.g. when and how the source MN begins LTM candidate preparation, how to perform early synchronization with candidate MNs so the work on MCG LTM without DC is also useful for this scenario. 
Observation 1:	The work for MCG LTM without DC is largely applicable to MCG LTM with SCG unchanged/released scenario, e.g., candidate MN preparation and early synchronization towards candidate MNs.
In addition, in NR-DC, in MN handover without PSCell change, the SN key needs to be changed as it is derived from the MN key. Therefore, for MCG LTM with SCG unchanged, even though the SCG is not changed, the SN key may still be changed, and it cannot be discussed before the security key update procedure for MCG LTM. Therefore, it makes sense to discuss MCG LTM without DC before discussing MCG LTM with SCG released or unchanged.
Observation 2: The security key update solution for MCG LTM without DC will impact MCG LTM with SCG unchanged.
Proposal 3:	Work on MCG LTM without DC scenario first. After the general design is known, check what new procedures/signalling are needed for MCG LTM with SCG released/unchanged.
SN LTM with MCG unchanged can be a useful when the MN operates for the coverage support (e.g., in FR1) while the SN operates for capacity boost (e.g., in FR2). Since the FR1 coverage is larger than FR2, it is possible that the UE switches to a new SN while it is still in the coverage of the MN. 
In Rel-18, S-CPAC (Subsequent Conditional PSCell Addition and Change) was introduced. In S-CPAC, the SN is changed while the MN and the PCell remains unchanged. This is similar to SN LTM with MCG unchanged. So, it may be possible e.g. to reuse several aspects of S-CPAC design e.g. preparation and security procedures. However, the main differences from SCPAC might be as follows:
-	S-CPAC does not support RACH-less cell switch, while SCG LTM should support it;
-	the UE autonomously triggers cell switch in S-CPAC, while SCG LTM is triggered by MAC CE by the network;
-	S-CPAC uses cell-level filtered measurements while SCG LTM uses L1 beam-level measurements.
Observation 3:	SCG LTM with MCG unchanged has similarities with Rel-18 S-CPAC, so it may be possible to reuse several aspects of its design (e.g. preparation and security procedures). But there are differences, for example (a) S-CPAC does not support RACH-less cell switch (b) S-CPAC execution is triggered by the UE autonomously (instead of LTM MAC CE) (c) S-CPAC does not use beam level L1 measurement.
Proposal 4:	Study whether SCG LTM with MCG unchanged scenario can re-use some of the design of R18 S-CPAC, e.g., for candidate preparation and security.
2.2	General inter-CU LTM procedures
The Rel-18 intra-CU LTM procedure includes LTM preparation, early synchronization, LTM cell switch execution and LTM cell switch completion. This procedure can be the baseline for Rel-19 inter-CU LTM. The general procedure is shown in the figure below:
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Figure 2.1.1-1. Inter-CU and intra-CU candidate cells

Proposal 5:	Inter-CU LTM procedure includes LTM preparation, early synchronization, cell switch execution and cell switch completion.

2.2.1	LTM preparation
In the LTM preparation step, the source gNB-CU prepares the candidate cells pre-configurations and sends them to the UE, including intra-CU candidate cells and inter-CU candidate cells. RAN3 will design the corresponding Xn procedures to obtain inter-CU candidate cells pre-configurations.
In Rel-18, reference configuration and complete configuration are introduced for subsequent LTM cell switch. The reason to introduce a complete configuration is that the legacy delta configuration is not suitable for subsequent cell switch because in legacy delta configuration, the network provides the delta part based on the current serving cell (i.e., the source cell) but when the network generates the candidate cell configuration generation, it does not know from which source cell the UE will apply it. Therefore, the complete LTM configuration is introduced. In addition, the reference configuration can be used as a signalling optimization to avoid repeating parts that may be common to complete configurations for different candidate cells. 
Inter-CU candidates can be from the same CU, so intra-CU LTM between them should be supported according to the existing intra-CU LTM procedures. Hence, the reference configuration and complete configuration introduced by Rel-18 need to be supported. In addition, to support inter-CU subsequent cell switch, the reference configuration and complete configuration are useful. 
Proposal 6:	Support reference configuration and complete configuration for inter-CU LTM.
2.2.2	Early synchronization
There are two early TA acquisition methods supported in Rel-18 intra-CU LTM: PDCCH-ordered early RACH and UE-based TA measurement.
In inter-CU LTM, PDCCH-ordered early RACH is still a feasible method. gNB can send PDCCH order to trigger RACH procedure for the UE based on measurement report. Then, the UE sends a preamble to an inter-CU candidate cell and the network calculates a TA for this UE, which is delivered to the UE later in a cell switch command. 
Proposal 7:	PDCCH ordered early RACH is supported for inter-CU LTM.
As for UE-based TA measurement, it is unclear whether it can be easily supported for inter-CU case because the source gNB-CU and the target gNB-CU may not be synchronized. The synchronization error between the source gNB-CU and the target gNB-CU has impacts on the accuracy of the TA measured by the UE. Therefore, the feasibility of UE-based TA measurement for inter-CU scenario needs RAN1 and RAN4 to further check.
Proposal 8:	Whether UE-based TA measurement is supported or not needs RAN1 and RAN4 confirmation.
2.2.3	LTM cell switch execution
Similar to Rel-18 LTM, the source gNB receives L1 measurement reports from the UE and determines the target cell and the target beam. Then, the source gNB sends the LTM cell switch command to the UE, including the target configuration ID and target TCI state ID. This procedure ensures that inter-CU LTM has the benefits of quick handover triggering and early beam management for the target cell. In addition, when PDCCH ordered early RACH is supported, the LTM MAC CE also includes the timing advance command for the target cell.
Proposal 9:	The source cell sends an LTM MAC CE to trigger LTM cell switch for inter-CU LTM, including target configuration ID, timing advance command and target TCI State ID.
Rel-18 LTM supports RACH-based and RACH-less cell switch. The RACH-less procedure can achieve lower handover interruption, while the RACH-based procedure is more robust and can be used in case RACH-less is not possible. Hence, we think  Rel-19 inter-CU LTM should support both RACH-based and RACH-less cell switch. 
Proposal 10:	Support RACH-based and RACH-less cell switch for inter-CU LTM.
For RACH-less, if the target cell allocated CG resources to the UE in the pre-configuration, the UE can directly use the CG resources to access to the target cell. If the target cell did not allocate CG resources, the DG based RACH-less procedure can be used, in which the UE monitors PDCCH scheduling from the target cell.
Proposal 11:	Support CG-based RACH-less and DG-based RACH-less procedures for inter-CU LTM.
2.2.4	LTM cell switch completion
In Rel-18 LTM, for RACH-based cell switch, the successful RACH also means successful LTM cell switch completion. For RACH-less cell switch, if the target successfully receives the first UL message for the UE (RRCReconfigurationComplete), it sends a PDCCH addressed by C-RNTI to the UE and then the UE considers the LTM cell switch as successful. 
These rules can be reused for inter-CU LTM. Specifically, the PDCCH addressed by C-RNTI can be an UL grant indicating a new transmission with the HARQ process used by the UE to transmit the first UL message or the PDCCH addressed by C-RNTI can be a DL assignment for new transmission.
Proposal 12:	For RACH-based inter-CU LTM, LTM cell switch is successfully completed when RACH is successfully completed.
Proposal 13:	For RACH-less inter-CU LTM, LTM cell switch is successfully completed when the UE receives a PDCCH addressed by C-RNTI, whether it is an UL grant indicating a new transmission with the HARQ process used by the UE to transmit the first UL message or a DL assignment indicating a new transmission.
2.3	Subsequent inter-CU LTM
2.3.1	Subsequent LTM definition
The Rel-19 WID includes the following sentence: “Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM”. It may be understood that no RRC reconfiguration should be transmitted between subsequent cell switch. However, the intention of this sentence is to: 1) avoid re-preparing candidate cell configurations after each cell switch so avoid heavy network side signalling, 2) avoid re-sending candidate configurations to the UE after each cell switch, 3) allowing to trigger the next cell switch timely.
Observation 4:	The benefits of subsequent LTM are to:
1) avoid re-preparing candidate cell configurations after each cell switch, so avoid heavy network side signalling 
2) avoid re-sending candidate configurations to the UE after each cell switch
3) allow triggering the next cell switch timely.
As long as the above benefits of subsequent LTM are achieved, it should be considered that the objective of the WI is fulfilled. 
Proposal 14:	Support of subsequent LTM means that the network does not need to re-prepare candidate cells configurations and re-send the candidate cells configurations to the UE after cell switch. 

2.3.2	Security key update in subsequent inter-CU LTM
How to update the security key is one issue to be solved for subsequent inter-CU LTM. After L3 handover, the target gNB performs a path switch procedure in which it receives an (NH, NCC) pair from the AMF. The NH is used for network side key derivation, and the NCC is used for the UE to derive the key. The security key update parameters (NCC and some other parameters) are transferred in the masterKeyUpdate in the next L3 handover command to the UE, which is an RRC message. This can be shown in the following figure


Figure 2.3.2-1: Security key update for L3 handover
Observation 5:	In L3 handover, the source gNB sends the NCC of an unused (NH, NCC) pair to the UE by masterKeyUpdate in a L3 handover command. The target gNB receives an (NH, NCC) pair from the AMF during the path switch procedure after the handover completion (which can be used for the next handover).
In subsequent inter-CU LTM, how to let the UE get new security parameters (e.g., NCC) needs to be studied. There are mainly two solutions.
· Solution#1: when the UE switches to a new gNB, path switch procedure is still needed to switch the DL GTP-U tunnel from (UPF to source gNB) to (UPF to target gNB). In the path switch procedure, the AMF provides an (NH, NCC) pair to the target gNB. Then, the target gNB derives KNG-RAN* for each candidate configuration, provides it to the controlling gNB and sends the NCC to the UE, either: 
· Solution#1A): The target gNB transfers the NCC in an RRC message. This solution has minor RAN2 impacts and achieves the benefits of subsequent LTM.
· Solution#1B): At the next LTM cell switch, the NCC value is included in the LTM cell switch MAC CE. This solution needs SA3 further confirmation, because unlike existing procedures, the NCC is transferred without ciphering and integrity protected.
· Solution#2: in the pre-configuration phase, the UE is configured with multiple NCCs. In this case, the gNB does not need to send to the UE new NCC values after path switch. This solution requires that candidate gNBs set up a connection with the AMF in the pre-configuration phase, which requires additional RAN2 and RAN3 work.
The procedures of the above solutions can be shown in the figure below:
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Figure 2.3.2-2: Security key update potential solutions for inter-CU LTM

RAN2 can discuss those solutions and send the solution procedure to SA3 for final decision/confirmation.
Proposal 15:	Discuss the following security key update solutions for subsequent inter-CU LTM (and send an LS to SA3 for final decision/confirmation):
Solution 1A: the serving gNB provides KNG-RAN* to each candidate gNB and sends the NCC to the UE via RRC after path switch procedure.
Solution 1B: the serving gNB sends the NCC to the UE in the LTM cell switch MAC CE.
Solution 2: the UE is configured with multiple NCC values in the pre-configuration phase.

2.3.3	PDCP behaviours in subsequent inter-CU LTM
In Rel-18 intra-CU LTM, RLC may be not re-established in some cases, e.g. for intra-DU LTM. Since subsequent intra-CU LTM is supported, the UE may switch to any candidate cell from an intra-CU source cell or an inter-DU source cell so it is not suitable to pre-configure reestablishRLC for a candidate cell. In Rel-18, the UE determines the RLC behaviours by comparing ltm-ServingCellNoResetID of the current serving cell with the ltm-NoResetID of the target cell. If the values are equal, the UE continues the RLC for DRBs. Otherwise, the UE re-establishes RLC and the UE performs PDCP data recovery for AM DRB. The L2 behaviours are shown in the following figure.
[image: ]
Figure 3. L2 behaviour determination for Rel-18 intra-CU LTM
As for Rel-19 inter-CU LTM, when the CU changes, the security key needs to be changed and PDCP re-establishment is needed. Since the subsequent inter-CU LTM is also supported in Rel-19, RAN2 needs to design an indication method for the case when PDCP re-establishment needs to be performed.
One simple way is to introduce a new Rel-19 ID comparison mechanism, i.e. if the Rel-19 ID is different for the source cell and the target cell, the UE performs PDCP re-establishment while if the Rel-19 ID is the same, the UE does not performs PDCP re-establishment. This mechanism is suitable for all the above solutions for security update.
Proposal 16:	Introduce a new Rel-19 ID: if the Rel-19 ID is different for the source cell and the target cell, the UE performs PDCP re-establishment, including security key update.
2.4	Latency analysis for inter-CU LTM
Cell switch latency/interruption is still one important objective for inter-CU LTM. In Rel-18 intra-CU LTM, RAN2 analysed the latency component of cell switch procedure. This is captured in Annex G of TS 38.300.
	TS 38.300 v18.0.0
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In Rel-19 inter-CU, from the cell switch procedure perspective, the UE needs to process the pre-configuration, and perform DL and UL synchronization towards the target cell. This is similar to Rel-18 procedure. One difference is that the UE re-establishes PDCP and updates the security key in inter-CU LTM, this increases some delay in LTM processing procedure.
Proposal 17:	For Rel-19 inter-CU LTM discussion, re-use latency component analysis from Rel-18 intra-CU LTM. 
3	Conclusion
This contribution makes the following proposals:
Scenarios
Proposal 1:	Support configuring a UE with both intra-CU and inter-CU candidate cells. 
Proposal 2:	To achieve greater throughput immediately after cell switch, study the support of L1 measurement and early synchronization for candidate SCells, to enable short SCell activation delay.
Proposal 3:	Work on MCG LTM without DC first. After the general design is known, check what new procedures/signalling are needed for MCG LTM with SCG released/unchanged.
Proposal 4:	Study whether SCG LTM with MCG unchanged scenario can re-use some of the design of R18 S-CPAC, e.g., for candidate preparation and security.
Procedure
Proposal 5:	Inter-CU LTM procedure includes LTM preparation, early synchronization, cell switch execution and cell switch completion.
Preparation
Proposal 6:	Support reference configuration and complete configuration for inter-CU LTM.
Early sync
Proposal 7:	PDCCH ordered early RACH is supported for inter-CU LTM.
Proposal 8:	Whether UE-based TA measurement is supported or not needs RAN1 and RAN4 confirmation.
Execution
Proposal 9:	The source cell sends an LTM MAC CE to trigger LTM cell switch for inter-CU LTM, including target configuration ID, timing advance command and target TCI State ID.
Proposal 10:	Support RACH-based and RACH-less cell switch for inter-CU LTM.
Proposal 11:	Support CG-based RACH-less and DG-based RACH-less procedures for inter-CU LTM.
Completion
Proposal 12:	For RACH-based inter-CU LTM, LTM cell switch is successfully completed when RACH is successfully completed.
Proposal 13:	For RACH-less inter-CU LTM, LTM cell switch is successfully completed when the UE receives a PDCCH addressed by C-RNTI, whether it is an UL grant indicating a new transmission with the HARQ process used by the UE to transmit the first UL message or a DL assignment indicating a new transmission.
Subsequent LTM support
Proposal 14:	Support of subsequent LTM means that the network does not need to re-prepare candidate cells configurations and re-send the candidate cells configurations to the UE after cell switch. 
Proposal 15:	Discuss the following security key update solutions for subsequent inter-CU LTM (and send an LS to SA3 for final decision/confirmation):
Solution 1A: the serving gNB provides KNG-RAN* to each candidate gNB and sends the NCC to the UE via RRC after path switch procedure.
Solution 1B: the serving gNB sends the NCC to the UE in the LTM cell switch MAC CE.
Solution 2: the UE is configured with multiple NCC values in the pre-configuration phase.
Proposal 16:	Introduce a new Rel-19 ID: if the Rel-19 ID is different for the source cell and the target cell, the UE performs PDCP re-establishment, including security key update.
Latency analysis
Proposal 17:	For Rel-19 inter-CU LTM discussion, re-use latency component analysis from Rel-18 intra-CU LTM.
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