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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 considerations on inter-CU LTM.
[bookmark: _Ref178064866]Discussion
Signalling procedure
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: The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations.
· 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 R19 inter-CU LTM, the procedure in Figure1 can be taken as the baseline. Due to the involvement of more than one CU, the signalling procedure of R19 inter-CU LTM should further includes the interactions between source gNB and candidate gNB(s) as well as between source/candidate gNB and CN. 
[bookmark: _Toc166245380]Observation1: The signalling procedure of R18 LTM can be taken as baseline for R19 inter-CU LTM with addition of necessary Xn and NG signalling procedure.
LTM preparation
Similar to CHO preparation, it should be the source gNB to make decision on the trigger of inter-CU LTM and send request to each candidate gNB for the preparation of candidate cell configuration. Based on the feedback from candidate gNB(s), the source gNB generates an RRCReconfiguration message including the LTM candidate configuration and transmits it to the UE. For the RRC model of R18 LTM, the following configurations are included:
[image: ]
For each LTM candidate cell, the configurations further include:
[image: ]
Since R19 LTM aims to follow the same signalling procedure as R18 LTM, the RRC configuration for R18 LTM should be reused.
[bookmark: _Toc166245381]The RRC model for R18 LTM configuration is reused for R19 LTM.
During last RAN2 meeting, there were discussions on whether the LTM candidate IDs are unique across all the participating gNB-CUs. Non-unique candidate cell ID means that the same candidate cell ID can be reused between different candidate CUs. If the LTM candidate IDs are not unique across candidate CUs, the impacts on R18 LTM design may include the following:
- In order to identify a unique LTM candidate cell, the gNB-CU ID of the candidate cell needs to be further provided. For LTM configuration, 2-layer signalling structure might be needed, i.e., the first layer is a list of CU configuration, the second layer is a list of candidate cell configuration in each CU configuration.
- When the NW triggers inter-CU LTM for a UE, both the candidate cell ID and the gNB-CU ID need to be indicated in the LTM cell switch MAC CE.
To minimize specification impacts, it is preferred that the LTM candidate cell ID is unique across all the participating gNC-CUs.
[bookmark: _Toc166245382]The LTM candidate cell ID is unique across all the participating gNB-CUs.
As agreed in last RAN2 meeting, if a mix configuration of inter-CU LTM and intra-CU LTM is supported.
	Agreements on scenarios:
1. RAN2 first focus on inter-CU LTM in NR standalone scenario and use it as baseline for supporting inter-CU LTM in NR-DC scenarios.
2. Rel-19 inter-CU LTM also supports mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch.
3. UE can be configured with a mixture of intra-CU and inter-CU candidate LTM cells and irrespective of how the UE is configured with this mixture, UE measurement and reporting procedures will be the same for both intra-CU and inter-CU candidate LTM cells.


Considering that the UE behaviour to perform inter-CU LTM and intra-CU LTM are different, it requires the UE to be able to distinguish the type of LTM. 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: _Toc166245383]A new cell set ID can be used to determine the CU info.
In order to generate the RRC configuration for inter-CU LTM, enhancements on Xn signalling between the source gNB and the candidate gNB(s) are required, i.e., for exchange of necessary configurations such as candidate cell configuration, reference configuration, RACH configuration for early sync and L1 measurement configuration. In our understanding, the existing HANDOVER REQUEST/HANDOVER REQUEST ACKNOWLEDGE messages can be reused with extension of LTM-specific fields.
[bookmark: _Toc166245384]HANDOVER REQUEST/HANDOVER REQUEST ACKNOWLEDGE messages can be enhanced to support Xn interactions for inter-CU LTM preparation.
As in R18 intra-CU LTM, the lower layer RRC configurations for each candidate cell are generated by the candidate-gNB-DU. The gNB-CU is responsible for coordinating between candidate-gNB-DUs and gathering the configurations from each DU for the generation of final LTM configuration.
Other than Xn interactions, F1 interactions between the candidate-gNB-CU and the candidate-gNB-DUs are also needed for R19 inter-CU LTM preparation. For F1 signalling, the design for R18 intra-CU LTM can be reused, including UE CONTEXT SETUP REQUEST/UE CONTEXT SETUP RESPONSE/UE CONTEXT MODIFICATION REQUEST/UE CONTEXT MODIFICATION RESPONSE messages. 
[bookmark: _Toc166245385]For CU-DU interactions during inter-CU LTM preparation, F1 signalling design for R18 intra-CU LTM preparation can be reused, including UE CONTEXT SETUP REQUEST/UE CONTEXT SETUP RESPONSE/UE CONTEXT MODIFICATION REQUEST/UE CONTEXT MODIFICATION RESPONSE messages.
Early synchronization
The agreements on early synchronization for inter-CU LTME were made as follows in last RAN2 meeting. For UL early synchronization, it is agreed that R18 option is taken as baseline.
	Agreements on early sync phase:
4. 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.
5. PDCCH ordered early RACH is supported for inter-CU LTM.
6. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.


R18 early TA acquisition is done via CFRA triggered by a PDCCH order from the source cell, following which the UE sends preamble towards the indicated candidate cell. The candidate DU should forward the TA value to the source DU so that the source DU can include the TA value in the cell switch command. In order to follow R18 design for UL early synchronization, TA value delivery from the candidate CU to the source CU should be supported.
[bookmark: _Toc166245386]For R19 UL early synchronization, TA value delivery from the candidate gNB to the source gNB should be supported.
There is an FFS on whether RAR-based option can be considered for R19 UL early synchronization. As we have discussed in R18, the following issues were identified for early RACH with RAR solutions:
- If the TA value of the candidate cell is provided to the UE before LTM cell switch, extra complexity will be introduced for the UE to maintain the TA value validity.
- If the RAR is received from the candidate cell, the UE needs to establish DL links with the candidate cell and this will lead to data interruption of the source cell.  
Since RAR-based option does not provide any significant advantages, it can remain unconsidered in this release. 
[bookmark: _Toc166245387]RAR-based early RACH to LTM candidate is not supported for R19 NW triggered inter-CU LTM.
LTM execution
For LTM execution, the gNB transmits a MAC CE triggering cell switch by including the candidate configuration index of the target cell. The UE switches to the target cell and applies the configuration indicated by candidate configuration index.
In R18 LTM, the TCI state ID is mandatory included in the LTM cell switch MAC CE to provide the initial beam information for the target cell. For RACH-less LTM, the indicated TCI state is directly applied for UL and DL transmissions in the target cell. For RACH-based LTM, the indicated TCI state is applied after RACH completion. 
The TCI state information included in the LTM cell switch MAC CE is selected by the source cell, it should be transferred to the target cell during LTM execution. For 18 intra-CU LTM, F1 signalling procedure for the exchange of this information is illustrated as follows:
[image: ]
[bookmark: _Hlk166213683]As can be observed in step19 and step20, the TCI State ID is transferred from the source gNB-CU to the target gNB-CU after the delivery of LTM cell switch command MAC CE. 
For R19 inter-CU LTM, TCI state ID transferred from the source gNB-CU to the target gNB-CU is needed in order to support RACH-less LTM. However, if same timeline is followed for TCI state ID transfer, further study is needed on whether the LTM latency will be impacted by Xn interaction delay. 
[bookmark: _Toc166245388]During inter-CU LTM execution, the TCI state ID selected by the source gNB should be delivered to the target gNB.
[bookmark: _Toc166245389]Further study the impact of Xn interaction delay on LTM latency during LTM execution.
As agreed in last RAN2 meeting, the following behaviours are included for L2 reset handling upon inter-CU LTM execution.
	Agreements on LTM cell switch execution phase:
Upon inter-CU LTM execution, UE performs
	- MAC reset
	- RLC re-establishment
	- PDCP re-establishment
	- Security key update
FFS if there is an inter-CU LTM w/o security key change. 


As discussed in section2.2, the UE needs to determine whether to perform inter-CU LTM or intra-CU LTM for this LTM execution and the cell set ID based solution can be applied for making decision. If the CU info associated to the candidate cell is different from the one of current serving cell, inter-CU LTM is considered to be triggered and the UE performs MAC Reset, RLC re-establishment, PDCP re-establishment and security key update as what we have agreed. If the CU info associated to the candidate cell and the serving cell are the same, intra-CU LTM is considered to be triggered and the ltm-NoResetID is applied for further DU distinction. For intra-CU LTM, the L2 reset handling defined for R18 LTM should be followed, i.e., for intra-DU LTM, the UE performs MAC reset; for inter-DU LTM, the UE performs MAC reset + RLC re-establishment + PDCP data recovery for AM DRBs.
[bookmark: _Toc166245390]Upon the reception of LTM cell switch command, the UE determines whether to perform inter-CU LTM or intra-CU as follows:
a. [bookmark: _Toc166245391]If the CU info associated with the candidate cell is different from the one associated with the  serving cell, inter-CU LTM is triggered.
b. [bookmark: _Toc166245392]If the CU info associated with the candidate cell and the serving cell are the same, intra-CU LTM is triggered and the ltm-NoResetID is applied for further DU distinction.
LTM completion
The UE completes the LTM cell switch procedure by sending RRCReconfigurationComplete message to target cell. FOR RACH-based LTM, the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data. 
[bookmark: _Toc166245393]The LTM completion defined for intra-CU LTM is followed for R19 LTM. 
As in legacy L3-based handovers, the path switch procedure is performed in every inter-gNB handover, i.e., after handover completion, the target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
For R19 inter-CU LTM, the same principle should be followed if the PDCP anchor is changed for each inter-CU cell switch procedure. 
[bookmark: _Toc166245394]It is assumed that the Path switch procedure is performed in every inter-CU LTM execution with PDCP anchor change. 
Security update for inter-CU SCG LTM  
Subsequent CPAC procedure 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 the security update mechanism of SCPAC can be simply followed.
[bookmark: _Toc165979066][bookmark: _Toc166245395]For inter-CU LTM when CU is acting as SN, the security update mechanism for SCPAC is followed.
[bookmark: _Toc133575977][bookmark: _Toc133575996]Conclusion
Based on the discussion in section2, we have following observations and proposals:
Observation1: The signalling procedure of R18 LTM can be taken as baseline for R19 inter-CU LTM with addition of necessary Xn and NG signalling procedure.
Proposal 1	The RRC model for R18 LTM configuration is reused for R19 LTM.
Proposal 2	The LTM candidate cell ID is unique across all the participating gNB-CUs.
Proposal 3	A new cell set ID can be used to determine the CU info.
Proposal 4	HANDOVER REQUEST/HANDOVER REQUEST ACKNOWLEDGE messages can be enhanced to support Xn interactions for inter-CU LTM preparation.
Proposal 5	For CU-DU interactions during inter-CU LTM preparation, F1 signalling design for R18 intra-CU LTM preparation can be reused, including UE CONTEXT SETUP REQUEST/UE CONTEXT SETUP RESPONSE/UE CONTEXT MODIFICATION REQUEST/UE CONTEXT MODIFICATION RESPONSE messages.
Proposal 6	For R19 UL early synchronization, TA value delivery from the candidate gNB to the source gNB should be supported.
Proposal 7	RAR-based early RACH to LTM candidate is not supported for R19 NW triggered inter-CU LTM.
Proposal 8	During inter-CU LTM execution, the TCI state ID selected by the source gNB should be delivered to the target gNB.
Proposal 9	Further study the impact of Xn interaction delay on LTM latency during LTM execution.
Proposal 10	Upon the reception of LTM cell switch command, the UE determines whether to perform inter-CU LTM or intra-CU as follows:
a.	If the CU info associated with the candidate cell is different from the one associated with the  serving cell, inter-CU LTM is triggered.
b.	If the CU info associated with the candidate cell and the serving cell are the same, intra-CU LTM is triggered and the ltm-NoResetID is applied for further DU distinction.
Proposal 11	The LTM completion defined for intra-CU LTM is followed for R19 LTM.
Proposal 12	It is assumed that the Path switch procedure is performed in every inter-CU LTM execution with PDCP anchor change.
Proposal 13	For inter-CU LTM when CU is acting as SN, the security update mechanism for SCPAC is followed.
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The IE LTM-Config is used to provide LTM configurations.
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The IE LTM-Candidate concerns a LTM candidate configuration to add or modify. «
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