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[bookmark: _Ref488331639]Introduction 
For R19 new WID on NR mobility enhancement, one of the objectives aims to enable inter-CU LTM in order to gain the benefits of LTM for a far greater number of handovers.
	· 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 this contribution, we would like to provide our initial considerations for inter-CU LTM.
[bookmark: _Ref178064866]Discussion
Scenario
According to the objective, the following scenarios are supported for inter-CU LTM:
- CU is acting as MN when DC is not configured (First priority).
- CU is acting as SN and MCG is unchanged when NR-DC is configured (Secondary priority).
- CU is acting as MN and SCG is unchanged/released when NR-DC is configured (Secondary priority).
It would be beneficial to extend the gain of LTM to various handover scenarios as above and we would like to confirm that the scenarios specified in WID are supported for inter-CU LTM. 
[bookmark: _Toc163160900]RAN2 confirms that the following scenarios are supported for inter-CU LTM:
a. [bookmark: _Toc163160901]CU is acting as MN when DC is not configured.
b. [bookmark: _Toc163160902]CU is acting as SN and MCG is unchanged.
c. [bookmark: _Toc163160903]CU is acting as MN and SCG is unchanged or released.
For CU acting as MN with NR-DC configured, the SCG is unchanged or released as specified in WID. However, it is unclear whether the same SCG handling (i.e., always unchanged or released) or a mix of SCG handlings (i.e., the SCG is maintained for some LTM attempts and is released for other LTM attempts) can be performed in the LTM procedures based on the same LTM configuration. Given that different cases may lead to different UE behaviours as well as signalling design, further clarification is needed on how to handle SCG during inter-CU MCG LTM with NR-DC configured.
[bookmark: _Toc163160904]For inter-CU MCG LTM with NR-DC configured, RAN2 confirms how to support the SCG handling from the following three alternatives:
d. [bookmark: _Toc163160905]The SCG is always unchanged upon each LTM execution.
e. [bookmark: _Toc163160906]The SCG is always released upon each LTM execution.
f. [bookmark: _Toc163160907]The SCG can be either kept or released upon each LTM execution.
General
As specified in current TS 38.300, the general procedure of R18 LTM is shown as the figure below:


Figure 1 Signalling procedure for LTM
For R18 intra-CU LTM, the key components include the following aspects:
· LTM preparation: Pre-configuration of LTM candidate cells. In this procedure, the gNB-CU collects the LTM candidate configurations from the corresponding gNB-DUs via F1 interface, and transmits the configurations to the UE via RRCReconfiguration message.
· Early synchronization: The UE performs DL synchronization and UL synchronization with LTM candidate cells before receiving the cell switch command.
· LTM execution/completion: The UE performs L1 measurement and reporting and the gNB-DU triggers cell switch via L2 signalling. The UE detaches from the source cell, applies the target configuration, performs the needed L2 behaviour and accesses to the target cell. For R18 LTM, security keys are maintained upon LTM cell switch. The L2 behaviour is either MAC reset + RLC re-establishment + PDCP data recovery for AM DRBs (i.e., for inter-DU LTM) or MAC reset (i.e., for intra-DU LTM).
The procedure in Figure1 can be taken as the baseline for R19 inter-CU LTM. For latency analysis, the following two figures are specified for R18 intra-CU LTM in TS38.300 to illustrate the mobility latency for RACH-based and RACH-less LTM.


Figure 1: Mobility Latency for RACH-based LTM


Figure 2: Mobility Latency for RACH-less LTM
For R19 inter-CU LTM, the latency component would be the same as R18 intra-CU LTM, thus the latency flow chart can be simply reused.
[bookmark: _Toc163160908]For inter-CU LTM, R18 LTM procedure can be taken as baseline.
[bookmark: _Toc163160909]The latency flow chart for R18 intra-CU LTM is reused for R19 inter-CU LTM.
Unlike R18, more than one gNB-CU will be involved in inter-CU LTM in which scenario Xn interactions and security key update are inevitable. Furthermore, UE’s behaviour for handover with and without security key update is also different. Therefore, some essential enhancements are required to support R19 inter-CU LTM such like Xn signalling design, security key configuration and L2 handling.
[bookmark: _Toc163160910]Enhancements required to support inter-CU LTM at least include Xn signalling design, security configuration and L2 handling.
Xn interaction
In order to support R18 intra-CU LTM, F1 signalling is extended to exchange information for LTM preparation, UL early synchronization and LTM execution.By taking the information exchanged via F1 signalling as baseline, current Xn interactions are not sufficient to support inter-CU LTM at least for the following aspects.
· LTM preparation: Enhancement on Xn signaling is required for the interactions between gNBs for LTM configuration generation, i.e., exchange on necessary configurations such as candidate cell configuration, reference configuration, RACH configuration for early sync and L1 measurement configuration.
· Early synchronization and LTM execution: In addition to LTM preparation, information exchange between gNBs is also required for early sync and LTM execution, i.e., if early sync to the target cell is performed, the TA value obtained by the target gNB needs to be informed to the source gNB to trigger RACH-less LTM. In another example, the TCI state ID selected by the source gNB should be delivered to the target gNB for DG-based RACH-less LTM or data transmissions after RACH.  
· CU coordination: As for CHO, the source gNB acts as the anchor and the candidate gNB can directly send request to the source gNB if any modification on candidate cells is needed. While for subsequent inter-CU LTM, the source gNB changes and the other candidate gNBs may not be aware of the serving gNB according to current Xn signaling procedure. The update of LTM candidate cell configuration triggered by the candidate gNB is needed considering that the resources reserved for the candidate cell may become invalid due to the duration before UE accesses. Therefore, Xn interactions are required for CU coordination.
· Provision of security update information: Xn interactions are also needed for security key update while the discussions on Xn impacts can be postponed until further progress is made on how to perform the security key update for subsequent inter-CU LTM.
[bookmark: _Toc163160911]For enhancements on Xn interactions, at least the following aspect should be considered：
g. [bookmark: _Toc163160912]Xn signalling for LTM preparation
h. [bookmark: _Toc163160913]Xn signalling for early synchronization and LTM execution.
i. [bookmark: _Toc163160914]Xn signalling for anchor CU coordination.
[bookmark: _Toc163160915]It is up to RAN3 on Xn signalling design to support R19 inter-CU LTM.
Security 
In legacy inter-CU PCell handover, a MasterKeyUpdate field is included in handover command to conduct the key change. The keySetChangeIndicator field is set to true if AMF initiates a new 5G security context, and the nextHopChainingCount field is used to indicate whether it’s horizontal key derivation or vertical key derivation.
MasterKeyUpdate ::=                 SEQUENCE {
    keySetChangeIndicator           BOOLEAN,
    nextHopChainingCount            NextHopChainingCount,
    nas-Container                   OCTET STRING                                                     OPTIONAL,    -- Cond securityNASC
    ...
}
If DC is configured in target, the S-KgNB also needs to be updated/generated based on newly derived KgNB and the sk-counter provided in RRCReconfiguration.
RRCReconfiguration-v1560-IEs ::=         SEQUENCE {
    mrdc-SecondaryCellGroupConfig            SetupRelease { MRDC-SecondaryCellGroupConfig }                        OPTIONAL,   -- Need M
    radioBearerConfig2                       OCTET STRING (CONTAINING RadioBearerConfig)                           OPTIONAL,   -- Need M
    sk-Counter                               SK-Counter                                                            OPTIONAL,   -- Need N
    nonCriticalExtension                     RRCReconfiguration-v1610-IEs                                          OPTIONAL
}
For inter-CU MCG LTM, the security key update is required due to the change of PDCP anchor. Considering that only one-shot of security key update is supported in legacy HO, it is questionable on how to perform the security key update for subsequent inter-CU MCG LTM (with or without NR-DC configured). As solutions, we may have the following two alternatives:
· Alt1: Reuse the legacy way to provide the security information in RRC reconfiguration before each inter-CU LTM execution. For this alternative, minor change is not needed on top of legacy while it will lead to frequent RRCReconfiguration which is not desirable.
· Alt2: Design new security mechanism which can support security key update without reconfiguration. For example, the security update information can be carried in LTM cell switch MAC CE, or the security update information can be preconfigured in LTM configuration. 
It is suggested that RAN2 can initially discuss the potential solutions for security update and confirm with SA3 on feasibility if needed.
[bookmark: _Toc163160916]For inter-CU LTM when CU is acting as MN, the following alternatives can be considered for master/secondary security key update:
· [bookmark: _Toc163160917]Alt1: The security update information is included in LTM Cell Switch MAC CE.
· [bookmark: _Toc163160918]Alt2: The security update information is preconfigured by RRC.
[bookmark: _Toc163160919]RAN2 initially discuss the potential solutions for security update and the confirm with SA3 on the feasibility.
Subsequent CPAC is specified in R18 where a conditional PSCell addition or change can be executed after a PSCell addition/change, a PCell change or an SCG release based on pre-configured subsequent CPAC configuration without reconfiguration and re-initiation of CPC/CPA. The supported scenario includes both inter-SN and intra-SN. For inter-SN SCPAC, security key update of SN is required for which purpose a list of sk-counter is configured for each SN. The UE selects the first unused sk-counter from the list associated with the securityCellSetID of the target cell to derive a new S-KgNB when performing inter-SN SCPAC.
The scenario of inter-CU SCG LTM with MCG unchanged is similar to SCPAC, so is the logic of security update, thus the security update mechanism of SCPAC can be simply followed.
[bookmark: _Toc163160920]For inter-CU LTM when CU is acting as SN, the security update mechanism for SCPAC is followed.
L2 handling
The security key needs to be updated for inter-CU LTM and the L2 handling during LTM execution should be different from R18 LTM, i.e., the PDCP entity needs to be re-established. 
[bookmark: _Toc163160921]For inter-CU LTM execution, L2 handling includes MAC reset, RLC re-establishment and PDCP re-establishment.
R19 Mobility WID intends to support inter-CU LTM where at least one CU will be involved in LTM preparation. For each candidate CU, a set of LTM candidates belonging to the same CU can also be prepared to efficiently leverage the advantages of LTM. When the UE moves among these candidate CUs, it performs the R18 intra-CU LTM procedure. Therefore, it is proposed that a mix configuration of inter-CU LTM and intra-CU LTM is supported.
[bookmark: _Toc163160922]RAN2 confirms that both inter-CU LTM candidates and intra-CU LTM candidates can be included in R19 LTM configurations.
For R19 LTM, if a mix configuration of inter-CU LTM and intra-CU LTM is supported, it requires the UE to be able to distinguish the LTM type, i.e., inter-CU or intra-CU, inter-DU or intra-DU. R18 ltm-NoResetID can be reused for DU distinction under the same CU. For CU identification, the same logic of ltm-NoResetID can be simply followed, i.e., introducing a new cell set ID associated with each LTM candidate cell to determine CU info.
[bookmark: _Toc163160923]R18 ltm-NoResetID is reused for DU identification for the LTM candidates belong to the same CU. 
[bookmark: _Toc163160924]A new cell set ID can be used to determine the CU info.
[bookmark: _Toc133575977][bookmark: _Toc133575996]Conclusion
Based on the discussion in section 2 we have following observations:
Proposal 1	RAN2 confirms that the following scenarios are supported for inter-CU LTM:
a.	CU is acting as MN when DC is not configured.
b.	CU is acting as SN and MCG is unchanged.
c.	CU is acting as MN and SCG is unchanged or released.
Proposal 2	For inter-CU MCG LTM with NR-DC configured, RAN2 confirms how to support the SCG handling from the following three alternatives:
a.	The SCG is always unchanged upon each LTM execution.
b.	The SCG is always released upon each LTM execution.
c.	The SCG can be either kept or released upon each LTM execution.
Proposal 3	For inter-CU LTM, R18 LTM procedure can be taken as baseline.
Proposal 4	The latency flow chart for R18 intra-CU LTM is reused for R19 inter-CU LTM.
Proposal 5	Enhancements required to support inter-CU LTM at least include Xn signalling design, security configuration and L2 handling.
Proposal 6	For enhancements on Xn interactions, at least the following aspect should be considered：
a.	Xn signalling for LTM preparation
b.	Xn signalling for early synchronization and LTM execution.
c.	Xn signalling for anchor CU coordination.
Proposal 7	It is up to RAN3 on Xn signalling design to support R19 inter-CU LTM.
Proposal 8	For inter-CU LTM when CU is acting as MN, the following alternatives can be considered for master/secondary security key update:
	Alt1: The security update information is included in LTM Cell Switch MAC CE.
	Alt2: The security update information is preconfigured by RRC.
Proposal 9	RAN2 initially discuss the potential solutions for security update and the confirm with SA3 on the feasibility.
Proposal 10	For inter-CU LTM when CU is acting as SN, the security update mechanism for SCPAC is followed.
Proposal 11	For inter-CU LTM execution, L2 handling includes MAC reset, RLC re-establishment and PDCP re-establishment.
Proposal 12	RAN2 confirms that both inter-CU LTM candidates and intra-CU LTM candidates can be included in R19 LTM configurations.
Proposal 13	R18 ltm-NoResetID is reused for DU identification for the LTM candidates belong to the same CU.
Proposal 14	A new cell set ID can be used to determine the CU info.

[bookmark: _In-sequence_SDU_delivery]
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