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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, the procedures of inter-CU LTM, and issues specific to subsequent inter-CU LTM.
[bookmark: _Toc499559238][bookmark: _Toc147158671][bookmark: _Toc61387172]2	Discussion
2.1	Supported scenarios
Inter-CU LTM will be supported in Rel-19. The main motivation is to support LTM in broad areas. In addition, according to the WID justification below [1], another aspect we should consider is to enable greater throughput on the target cell immediately after cell switch. 
	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.


Observation 1:	In addition to supporting low interruption LTM in broad areas (inter-CU), Rel-19 Mobility Enhancement also aims to enable greater throughput on the target cell immediately after cell switch.
Using CA at the target side is one method to provide high throughput after cell switch. 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. Specifically, the UE needs to synchronize to the target SCell and performs beam direction training to align the SCell beam. Within this period of time, the throughput is degraded.
Observation 2:	When the target SCell is not co-located with the target PCell, the UE needs to spend time on synchronization and beam direction training for the target SCell. This period of time degrades throughput.
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.
Proposal 1:	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.
2.2	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 2.2-1. Inter-CU and intra-CU candidate cells
2.2.1	LTM preparation
In the LTM preparation step, the source gNB prepares the candidate cells pre-configurations and sends them to the UE, including intra-CU candidate cells and inter-CU candidate cells.  In Rel-18 LTM, the source gNB-CU allocates a configuration ID for each candidate and ensures that the ID is unique for different candidates. In Rel-19 LTM, the source gNB is still able to allocate unique IDs for different candidates as the source gNB knows the number of candidates provided by candidate gNBs. This is a simple way to avoid ID conflict.
Proposal 2:	The source gNB allocates unique configuration IDs for different LTM candidates (like in Rel-18), including intra-CU and inter-CU candidates.
2.2.2	Early synchronization
In RAN2 #125bis meeting [2], RAN2 agreed to support PDCCH ordered early RACH for inter-CU LTM. The PDCCH ordered early RACH without RAR is the baseline solution, while the solution with RAR is FFS.
	RAN2 #125bis
Agreements on early sync phase:
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.


In Rel-18 LTM discussion, there was a discussion on the solution with RAR vs. the solution without RAR. If RAR is used, the UE needs to monitor RAR from candidate cells with candidate cell DL synchronization and with candidate cell beam direction. This will most likely impact the source cell data transfer procedure i.e., the UE may be not able to receive DL data from the source cell while monitoring RAR from candidate cells, thus reducing throughput. This also creates additional RAN4 work. Besides, this would require a new UE capability for early RACH with RAR, the network would need to indicate to the UE which procedure is triggered (with or without RAR) and in the case with RAR, the UE needs to maintain the TA value and do the TA validity check, even though the UE does not use the TA value before receiving the LTM cell switch command. This also requires some discussion on how many TA values the UE maintains, and how long the UE considers them valid. As some UEs may only supports early RACH without RAR, it is anyway necessary to specify exchange of TA via Xn.

Observation 3:	PDCCH-ordered early RACH with RAR would increase interruption time as compared with Rel-18 PDCCH early RACH.
Observation 4	In Rel-18, RAN2 decided not to support PDCCH-ordered early RACH procedure with RAR because it would require a separate UE capability and separate UE procedures for candidate cell TA maintenance and TA expiry.

In Rel-19 inter-CU LTM discussion, some companies mentioned that the existing PDCCH-ordered early RACH may be not suitable for the inter-CU case because the candidate gNB needs to forward the TA to the source gNB via the Xn interface and the delay of the Xn transfer will delay the LTM cell switch and possibly make the TA not valid anymore. 
The one-way Xn delay is usually 5~10 ms and it can be shorter in real deployment scenarios. Even for intra-CU cases, the network should trigger early RACH sufficiently before there is a need to trigger LTM cell switch. If the network did not have the time to trigger early RACH before LTM cell switch, it is still possible to trigger LTM with RACH, without any risk of handover failure.
In other cases, the value of the timeAlignmentTimer is typically much larger (from 500 ms to 10240 ms, even infinity) than the delay for the TA transfer via Xn. 
Observation 5:	Early RACH is usually triggered in advance as compared with LTM cell switch, so the extra delay to transfer the TA over Xn should not affect LTM cell switch.
Therefore, we do not see any reason to make a different decision in Rel-19 as compared with Rel-18.
Proposal 3:	“PDCCH ordered early RACH with RAR” is not supported for Rel-19 inter-CU LTM.
2.2.3	LTM cell switch execution
In Rel-18, the LTM cell switch execution procedure was introduced for subsequent LTM cell switch. The reason to introduce such a procedure 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 UE configuration as in the serving cell (i.e., the source cell) but when the network generates the LTM candidate configurations, it does not know from which source cell the UE will apply it. In addition, the reference configuration can be used as a signalling optimization to avoid repeating parts that may be common to several LTM candidate configurations. 
A candidate target CU can provide several LTM candidate configurations so intra-CU LTM between them should be supported according to the existing intra-CU LTM procedures. Hence, the existing LTM cell switch execution procedure introduced by Rel-18 need to be supported.
Proposal 4:	Reuse the Rel-18 cell LTM switch execution procedure for inter-CU LTM.
In Rel-18 LTM, the source gNB receives L1 measurement reports from the UE and determines whether LTM cell switch is needed, if so, the target cell and the target beam and sends the LTM cell switch command to the UE, including the target configuration ID and the target TCI state ID. In addition, the LTM MAC CE can also include the timing advance command for the target cell e.g., after PDCCH-ordered early RACH was performed. This mechanism can be reused exactly as it is for inter-CU LTM and it provides the same benefits.
Proposal 5:	Reuse the LTM CSC MAC CE to trigger LTM cell switch for inter-CU LTM, including target configuration ID, timing advance command and target TCI State ID.
RAN2 already agreed to support early UL sync for inter-CU LTM cell switch. As the main purpose of early UL sync is to allow RACH-less LTM, although it was not captured formally, the intention is probably to support inter-CU RACH-less LTM cell switch. Rel-18 LTM also supports RACH-based LTM cell switch using CBRA or CFRA with resources provided in RRC or in MAC CE. For inter-CU LTM cell switch, the use of MAC CE may require additional Xn signalling, but CBRA and CFRA resources provided in the LTM target configuration does not require any extra work and it can be supported at least using CBRA and CFRA resources provided in the LTM target configuration.
Proposal 6:	Support RACH-based and RACH-less cell switch for inter-CU LTM. For RACH, CBRA and CFRA with resources provided in the target configuration is supported.
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 7:	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 completion also means successful LTM cell switch completion. For RACH-less cell switch, if the target successfully receives the first UL message for the UE, it sends a DL assignment or an UL grant for a new transmission on the same HARQ process and then the UE considers the LTM cell switch as successful.
Proposal 8:	The UE considers RACH-based inter-CU LTM cell switch as successful when RACH is successful.
Proposal 9:	The UE considers RACH-less inter-CU LTM cell switch as successful when the UE receives 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  avoid re-preparing candidate cell configurations after each cell switch so avoid heavy network side signalling, and avoid re-sending candidate configurations to the UE after each cell switch, thus allowing to trigger the next LTM cell switch timely.
Observation 5:	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 10:	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. In RAN2 #125bis meeting, RAN2 listed some potential options and sent the options to SA3 [3] to ask the feasibility from security perspective. The description to the potential solutions in the LS is mainly from UE perspective. In fact, network side procedures should also be considered.
	R2-2404037, LS on security handling for inter-CU LTM in non-DC cases
Option 1: Use a new information in MAC CE to deliver the security information. Whether the UE uses horizontal or vertical key derivation is derived from this new information in MAC CE (which is currently, neither integrity protected nor ciphered).
	Option 1A:  the NCC value to be used at inter-CU LTM execution is included in the LTM cell switch command  MAC CE.
	Option 1B:  the UE is preconfigured with a list of NCC values  in a ciphered and integrity protected RRC message and the index of an NCC value in the list is included in the LTM cell switch command MAC CE. 

Option 2: Similar to Rel-18 S-CPAC key update mechanism, the UE is preconfigured from the source gNB with a list of NCC values per CU using RRC signalling (that is both integrity protected and ciphered). It is expected that the participating gNBs (CUs) would need to be aware of the list and how the UE applies the list during LTM cell switches: 
Option 2A:  UE chooses the first unused NCC for the target CU upon inter-CU LTM execution.
	Option 2B:  As an alternative to choosing the next unused NCC (as in option 2A), horizontal key derivation is used in this option if the LTM cell switch is between the same two CUs. 


Option 3: After the execution of inter-CU LTM cell switch, the participating gNBs are expected to be updated with new K-gNB* to be used for the next inter-CU LTM cell switch. The UE and CN are aware of how the UE would use the next NCC value.
	Option 3A:  The UE determines the following NCC value to use by itself (e.g., increase by 1) after subsequent inter-CU LTM execution.
	Option 3B:  UE is pre-configured by the CN (via source gNB RRC signalling) with a list of NCC values and the UE chooses the first unused NCC value as the next NCC value.

Option 4: After every inter-CU LTM cell switch execution, the UE is provided via RRC signalling with the NCC value to be used by the UE for key derivation at the next inter-CU LTM cell switch. 



Option1 and Option 4:
In the above Option 1 and Option 4, when the UE switches to a new gNB, the legacy path switch procedure is still used 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 and provides it to the controlling gNB and sends the NCC to the UE.
The procedures are shown in the figure below:
[image: ]
Figure 2.3.2-1: Security key update option 1 and option 4

Option2A:
In the above Option 2A, at the LTM pre-configuration, each candidate gNB needs to establish an NG connection with the AMF for a UE, so that the candidate gNBs can receive multiple NCC values in advance. Then, the candidate gNBs provide the received NCC values to the source gNB and the source gNB sends them to the UE, e.g. when it provides the candidate LTM configurations. When the UE switches to a new gNB, path switch is still needed to switch the DL GTP-U tunnel from (UPF to source gNB) to (UPF to target gNB), but the (NH, NCC) pair needs not be provided from the AMF to the target gNB, because it was already provided.
The procedure is shown in the figure below:
[image: ]
Figure 2.3.2-2: Security key update option 2
Option3:
With respect to the above Option 3, we are unsure about the network side procedures. One tentative procedure could be that the AMF generates multiple NCC values and sends them to the UE via the source gNB. In the path switch request acknowledgement message, only NH is present and NCC is absent.
[image: ]
Figure 2.3.2-3: Security key update option 3

Although SA3 will analyse the feasibility from security point of view, they are not completely sure about the detailed procedures between network nodes and between the network and the UE. RAN2 should further discuss the detailed procedures and the potential specification impacts, and then do the final decision by considering the reply from SA3.
According to the above analysis, a summary table on the potential specification impacts is given below:
	
	RAN2
	RAN3
	SA3

	Option 1
	New MAC CE design
	Key delivery message
	Re-use legacy

	Option 2A
	NCC list per candidate CU RRC pre-configuration
	Early NG context setup;
NCC list transfer
	Per CU (NH, NCC) list allocation;
Each target gNB derives the key for itself

	Option 3
	NCC list in RRC pre-configuration
	NCC list transfer
	NCC list allocation or NCC update rule determination

	Option 4
	Re-use RRC
	Key delivery message
	Re-use legacy



Proposal 11:	Discuss the network side procedures and the corresponding specification impacts when choosing the security solutions for subsequent inter-CU LTM. 
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 2.3.3-1: L2 behaviour in Rel-18 LTM
For Rel-19 inter-CU LTM, when the CU changes, the security key needs to be changed and PDCP re-establishment is needed. Since 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 12:	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.
3	Conclusion
This contribution makes the following proposals:
Scenarios
Proposal 1:	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.
Preparation
Proposal 2:	The source gNB allocates unique configuration IDs for different LTM candidates (like in Rel-18), including intra-CU and inter-CU candidates.
Early sync
Proposal 3:	“PDCCH ordered early RACH with RAR” is not supported for Rel-19 inter-CU LTM.
Execution
Proposal 4:	Reuse the Rel-18 cell LTM switch execution procedure for inter-CU LTM.
Proposal 5:	Reuse the LTM CSC MAC CE to trigger LTM cell switch for inter-CU LTM, including target configuration ID, timing advance command and target TCI State ID.
Proposal 6:	Support RACH-based and RACH-less cell switch for inter-CU LTM. For RACH, CBRA and CFRA with resources provided in the target configuration is supported.
Proposal 7:	Support CG-based RACH-less and DG-based RACH-less procedures for inter-CU LTM.
Completion
Proposal 8:	The UE considers RACH-based inter-CU LTM cell switch as successful when RACH is successful.
Proposal 9:	The UE considers RACH-less inter-CU LTM cell switch as successful when the UE receives 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 10:	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 11:	Discuss the network side procedures and the corresponding specification impacts when choosing the security solutions for subsequent inter-CU LTM. 
Proposal 12:	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.
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