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Introduction
The first discussion on Rel-19 mobility enhancement was done in RAN2#125bis meeting and some agreements were reached [1]. In this contribution, we further discuss the issues on inter-CU LTM. 
The contribution is organized as the following. In section 2, we discuss the following aspects on inter-CU LTM,
· Stage-2 signaling procedure
· Mixture of subsequent inter-CU LTM and subsequent intra-CU LTM
· LTM preparation phase
· Early synchronization phase
· LTM cell switch execution phase
· LTM cell switch completion phase
· Security key handling
· Further consideration on Scenarios
Our proposals are summarized in Section 3.
Discussion
Stage-2 signaling procedure
According to TS 38.300 [2], the stage-2 signaling procedure for intra-CU LTM in Rel-18 is divided into the following phases,
· LTM preparation
· Early synchronization
· LTM cell switch execution
· LTM cell switch completion
On the high level, the phases/steps of the Uu signaling procedure of inter-CU LTM are same as that of intra-CU LTM. 
However, there are still some differences from the network node interaction perspective. e.g., more network nodes are involved in inter-CU LTM and more interactions between them are needed. 
So as a starting point, it is sufficient to generally indicate the potential interactions between networks nodes, further details can be updated once RAN3 concludes all of them. 
The signaling procedure for inter-CU LTM can be illustrated in Figure 1 below,


Figure 1 Signaling procedure for inter-CU LTM
Therefore, it is proposed that,
Proposal 1a: Rel-18 intra-CU LTM stage-2 signaling procedure is taken as baseline for inter-CU LTM signaling procedure, with the following modification:
· Serving gNB and candidate gNB(s) are involved in the procedure
· The interactions between serving gNB and candidate gNB(s) are reflected
· The interactions between serving gNB/candidate gNB(s) and AMF are reflected
Proposal 1b: Signaling procedure in Figure 1 is the starting point of further discussion for inter-CU LTM. Interactions between network nodes are up to RAN3.
In R18 intra-CU LTM, it is CU to trigger the candidate configuration preparation and Source DU to decide the triggering of the LTM execution. For inter-CU LTM, we see no reason to deviate from this principle, i.e., in inter-CU LTM, Source CU initiates the candidate configuration preparation, and source DU decides to trigger the LTM execution.
Proposal 2: RAN2 takes the following principle as the baseline. Detailed interactions between RAN nodes are up to RAN3.
· Source CU initiates the candidate configuration preparation
· Source DU decides to trigger the LTM execution

Mixture of inter-CU LTM and intra-CU LTM
In last meeting, it was agreed to support the mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch.
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.
UE behaviors are different for intra-CU LTM execution or inter-CU LTM execution, as in the table below, 
	
	Intra-CU case
	Inter-CU case

	L2 handling
	· MAC reset
· RLC re-establishment(inter-DU case)
· PDCP data recovery(inter-DU case)
	· MAC reset
· RLC re-establishment
· PDCP re-establishment

	Security update
	No
	Yes


Table 2.comparison of UE behaviors between intra-CU and inter-CU case
So there should be a way to let UE know the type(inter-CU or intra-CU) of the LTM execution.
Similar as the R18 mobility design for differentiating the LTM candidate cells from different DUs (i.e., set ID is used), a new set ID can be introduced to differentiate LTM candidate cells belonging to different CUs. Each CU is associated to a unique set ID and the set ID of a LTM candidate cell is indicated to UE. With this, UE can determine what kind of behaviors to perform by comparing the set id of serving cell and set id of target cell upon a LTM execution.
Proposal 3: New set ID is introduced in RRC configuration to inform UE whether to perform inter-CU LTM execution or intra-CU LTM execution.

LTM preparation phase
RRC signaling design
In Rel-18 LTM, the RRC modeling has defined the following key characters,
· Reference configuration can be configured as baseline for delta configuration;
· One RRCReconfiguration message for each candidate configuration;
· Configurations (CSI resource config, early sync config, TCI state list) used before LTM execution are outside of the candidate configuration;
· L1 measurement reported configuration for LTM candidate cell are within the servingCellConfig of each candidate cell configuration;
We see no reason to deviate from the RRC modeling/signaling structure of Rel-18 LTM. It should be straightforward to use it as baseline for inter-CU LTM. Based on it, we consider what additional configurations/parameters are needed for Rel-19 inter-CU LTM. Therefore, it is proposed that,
Proposal 4: RRC signaling design for Rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM. The need of additional configurations/parameters is to be discussed on a case by case basis. 
In last RAN2 meeting, some issues related to RRC signaling design were raised.
LTM candidate IDs
In last RAN 2 meeting, an issue was raised on whether the LTM candidate IDs needs to be unique across all the participating gNB-CUs. There are two possible options as follows,
· Option 1 - LTM candidate ID is unique across all the participating gNB-CUs 
In legacy, LTM candidate ID is used to identify an LTM candidate configuration uniquely, it is reasonable to follow this principle. And there is no extra design complexity to support it for inter-CU case, i.e., the LTM candidate ID assignment is coordinated by source CU as part of Inter-CU LTM initial preparation.
· Option 2 - CU ID is used together with candidate configuration ID to uniquely identify a candidate configuration
For option 2, the network needs to indicate CU ID to UE. It reveals the NW infrastructure to UE, which should be avoided. And it will increase the design complexity, e.g., LTM Cell Switch Command MAC CE/ Candidate Cell TCI States Activation/Deactivation MAC CE need to be enhanced to include the CU ID.
Therefore, it is preferred to go with option 1.
Proposal 5: For inter-CU LTM, LTM candidate ID is unique across all the participating gNB-CUs.
In R18 intra-CU LTM, the maximum number of LTM candidate cells is 8. With the support of inter-CU LTM, network may be able to prepare more candidates than in intra-CU case. So an issue was rasied on whether to extend the maximum number of LTM candidate cells. However, storage capacity and measurement capabilities of UE are the main factors to decide the maximum number of LTM candidate cells. As support of inter-CU LTM should have no extra requirement to UE storage capacity and measurement capabilities, the maximum number of LTM candidate cells needs to be kept as 8.
Proposal 6: RAN2 confirms that the maximum number of LTM candidate cells is kept as 8, which includes inter-CU candidate cells and intra-CU candidate cells. 
Reference configuration
Reference configuration is introduced in R18 intra-CU LTM for the purpose of signaling overhead reduction. With same motivation, there is no doubt to support it in inter-CU LTM.
A potential issue is whether only one reference configuration for all the candidates is sufficient as there may be few commonalities between candidate configurations belonging to different CUs. However, if we introduce multiple reference configurations (e.g., per CU), it introduce additional signaling overhead which defeat the intention of using reference configuration (i.e., for signaling overhead reduction). Besides, it can be up to network to decide whether to use reference configuration or not when it prepares an inter-CU LTM configuration. e.g., if there are enough commonalities between candidate configurations, then reference configuration is used. Otherwise, complete configuration is used.
Therefore, there should be only one reference configuration for all candidates which may belong to different CUs.
Proposal 7: Only one reference configuration is configured for all candidates no matter whether they belong to different CUs or the same CU.

Early synchronization phase
Regarding the early sync discussion, in last meeting we had reached the following agreements,
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.
There are some remaining issues for early DL/UL sync to be addressed.
Working way for RAN1 related issues
According to the agreement above, early DL sync using CSI-RS should be considered but needs RAN1 approval. And also in last meeting, there was a discussion on another RAN1 related issue (i.e., whether to support UE-based TA measurement for inter-CU LTM) and some companies prefer to wait RAN1 progress without sending LS to RAN1/RAN4.
However, we observe that there is no RAN1 TU allocated for the inter-CU LTM objective, according to the WID [3].
	· 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
· ….


So for any RAN1 issues (e.g., which has been identified by RAN2) on inter-CU LTM, RAN1 may not be able to initiate the discussion on them autonomously. It is better for RAN2 to send LS to RAN1 to trigger the discussion in RAN1.
Observation 1: RAN1 may not be able to initiate the discussion on RAN1 issues (e.g., which has been identified by RAN2) on inter-CU LTM autonomously as there is no RAN1 TU for inter-CU LTM according to WID.
Therefore, it is proposed that,
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 8: RAN2 sends LS to RAN1 to request confirmation on the following issues for inter-CU LTM,
· Whether to support UE based TA measurement
· Whether to support early DL sync using CSI-RS 

Whether to support early TA acquisition with RAR
For early TA acquisition, it had been confirmed to take Rel-18 option (i.e., without RAR) as baseline, whether to also have RAR-based solution is FFS. 
The potential motivation to support RAR-based early TA acquisition is that in inter-CU case, more inter-node interactions is needed for the TA acquisition without RAR solution and it may delay the triggering of LTM execution. However, typically the LTM execution is not triggered immediately after the early TA acquisition. The DL and UL sync are performed earlier before the LTM cell switch, so the network interface delay between candidate CU and service CU for TA value transmission does not cause extra latency to the LTM execution.
Besides, RAR-based early TA acquisition has been discussed extensively in R18 LTM. It was decide to not support it due to complexity and it will introduce more data transmission interruption due to the reception of the RAR on candidate cells.
Therefore, we can assume in RAN2 to not support it. It can be revisited if critical issue found.
Therefore, it is suggested that,
[bookmark: _GoBack]Proposal 9: RAN2 assumes early TA acquisition with RAR is not needed for inter-CU LTM. It can be revisited if critical issue is found.

LTM cell switch execution phase
L2 handling
In last meeting, it was agreed that UE performs the L2 handlings including MAC reset, RLC re-establishment, and PDCP re-establishment upon inter-CU LTM execution,
Agreements on LTM cell switch execution phase:
1. 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. 
A solution is proposed in section 2.2 in this paper to let UE knows whether to perform the handling for inter-CU LTM or intra-CU LTM based on new set ID configured in RRC.
In legacy inter-gNB handover (i.e., reconfiguration with sync and security key refresh), re-establishment of RLC and PDCP are triggered by explicit indicators in RRC reconfiguration message. However, indication in RRC reconfiguration during LTM preparation phase is not feasible as a subsequent LTM execution could be inter-CU LTM or intra-CU LTM.
Since anyway these L2 handling at UE side is unavoidable, it may be simpler to perform it without additional indication from network. Therefore, it is proposed that,
Proposal 10: If UE determines it is an inter-CU LTM execution, UE performs the corresponding L2 handling (i.e., MAC reset, RLC re-establishment, PDCP re-establishment) without additional indication from network.
Procedural Order between triggering cell switch to the UE and informing target gNB-DU of the cell switch
For the Interactions between source and target upon inter-CU LTM execution, RAN3 has agreements as follows,
	Cell Switch Notification from source DU to target DU (in different gNB from source) for LTM execution.


Based on above, we need further consider the procedural order between triggering cell switch execution to UE and informing target DU of the cell switch.
In Rel-18 LTM, the principle is that the serving gNB-DU triggers the execution to the UE and then informs the gNB-CU of the serving cell switch. The gNB-CU then informs the target gNB-DU of the serving cell switch. according to [R2-2309251],
	RAN2 has discussed the two execution approaches identified by RAN3 and this is the current RAN2 understanding on what the two approaches are:
· Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch. The gNB-CU then informs the target gNB-DU of the serving cell switch.
· Approach 2: the serving gNB-DU first requests information from target gNB-DU (via the gNB-CU) before triggering LTM cell switch command to the UE. 
RAN2 thinks that Approach 1 shall be the baseline, while the support of Approach 2 could be up to the network implementation without any specification impact.


For inter-CU LTM, it seems straightforward to reuse this procedural order. However, one may think that the Xn interface interaction (i.e., additional interaction delay comparing to intra-CU LTM) may delay the UE access to the target cell. 
Typically the delay over Xn interface is around 10ms for one way communication. As the cell switch notification procedure over Xn/F1 interface are performed in parallel with UE processing handling, The overall Xn/F1 delay (i.e., 20ms which includes 10 ms over Xn and 10ms over F1) should be no more than the UE processing time (i.e.,20~40ms). Hence, there is no additional delay caused by involving interaction over Xn interface.
Observation 2: There is no additional latency introduced by Xn interaction upon inter-CU LTM execution.
Therefore, it is proposed that,
Proposal 11: Upon inter-CU LTM execution, the serving gNB-DU first triggers the cell switch execution to the UE and then informs the cell switch to the target gNB-DU (i.e. transferred via CUs). 

LTM cell switch completion phase
Resource for the first UL transmission of RACH-less LTM
In Rel-18 LTM, both dynamic scheduling and CG scheduling are supported for the first UL transmission of the RACH-less LTM to the target cell. Since the cell switch notification procedure over Xn interaction can convey the cell/beam information for target cell scheduling, the dynamic scheduling and CG scheduling should also be supported for the first UL transmission of RACH-less LTM for inter-CU scenario.
Proposal 12: For RACH-less inter-CU LTM, DG and CG are supported for the first UL transmission on the target cell.
Determination of LTM completion
For determination of LTM completion, in Rel-18 LTM, UE determines the successful access to the target cell according to the following condition,
	RACH-based
	Upon RACH is successfully completed;

	RACH-less
	LTM cell switch is successfully completed when the UE determines the NW has successfully received its first UL data.


For Rel-19 inter-CU LTM, the similar principle should be followed. Therefore, it is suggested that,
Proposal 13: For the determination of inter-CU LTM completion, The Rel-18 intra-CU LTM mechanism is re-used, i.e.,
· For RACH-based inter-CU LTM, LTM cell switch is successfully completed when RACH is successfully completed;
· For RACH-less inter-CU LTM, LTM cell switch is successfully completed when the UE determines the NW has successfully received its first UL data.

Security key handling
It was discussed in last meeting on whether inter-CU LTM without security key change and it was kept as FFS in the agreement,
Agreements on LTM cell switch execution phase:
2. 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. 
It was proposed by some company that although CU is changed, same PDCP anchor can still be used, and then PDCP re-establishment and security key update are not needed. However this case shouldn’t be supported for connected UE, due to it will introduce extra delay for continuous data transmission. In legacy, Keeping PDCP anchor unchanged for inter-CU change is only applicable for small data transmission. Furthermore, in legacy handover, PDCP anchor needs to be changed to target CU for inter-CU handover. As inter-CU LTM is the enhancement to legacy handover, it is natural to apply this principle.
Observation 3: Keeping PDCP anchor unchanged for inter-CU change is only applicable for small data transmission， which is not applicable for handover. 
Observation 4: PDCP anchor needs to be changed in legacy handover, which is a principle applicable to inter-CU LTM.
As PDCP anchor should always be changed in inter-CU LTM execution, Security key change is always needed for Inter-CU LTM
Therefore, it is proposed that,
Proposal 14: Security key change is always needed for Inter-CU LTM.

Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in Section 2, our observations and proposals are summarized as follows:
Observation 1: RAN1 may not be able to initiate the discussion on RAN1 issues (e.g., which has been identified by RAN2) on inter-CU LTM autonomously as there is no RAN1 TU for inter-CU LTM according to WID.
Observation 2: There is no additional latency introduced by Xn interaction upon inter-CU LTM execution.
Observation 3: Keeping PDCP anchor unchanged for inter-CU change is only applicable for small data transmission， which is not applicable for handover. 
Observation 4: PDCP anchor needs to be changed in legacy handover, which is a principle applicable to inter-CU LTM.

Stage-2 signaling procedure
Proposal 1a: Rel-18 intra-CU LTM stage-2 signaling procedure is taken as baseline for inter-CU LTM signaling procedure, with the following modification:
· Serving gNB and candidate gNB(s) are involved in the procedure
· The interactions between serving gNB and candidate gNB(s) are reflected
· The interactions between serving gNB/candidate gNB(s) and AMF are reflected
Proposal 1b: Signaling procedure in Figure 1 is the starting point of further discussion for inter-CU LTM. Interactions between network nodes are up to RAN3.
Proposal 2: RAN2 takes the following principle as the baseline. Detailed interactions between RAN nodes are up to RAN3.
· Source CU initiates the candidate configuration preparation
· Source DU decides to trigger the LTM execution
Mixture of inter-CU LTM and intra-CU LTM
Proposal 3: New set ID is introduced in RRC configuration to inform UE whether to perform inter-CU LTM execution or intra-CU LTM execution.
LTM preparation phase
Proposal 4: RRC signaling design for Rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM. The need of additional configurations/parameters is to be discussed on a case by case basis. 
Proposal 5: For inter-CU LTM, LTM candidate ID is unique across all the participating gNB-CUs.
Proposal 6: RAN2 confirms that the maximum number of LTM candidate cells is kept as 8, which includes inter-CU candidate cells and intra-CU candidate cells. 
Proposal 7: Only one reference configuration is configured for all candidates no matter whether they belong to different CUs or the same CU.
Early synchronization phase
Proposal 8: RAN2 sends LS to RAN1 to request confirmation on the following issues for inter-CU LTM,
· Whether to support UE based TA measurement
· Whether to support early DL sync using CSI-RS 
Proposal 9: RAN2 assumes early TA acquisition with RAR is not needed for inter-CU LTM. It can be revisited if critical issue is found.
LTM cell switch execution phase
Proposal 10: If UE determines it is an inter-CU LTM execution, UE performs the corresponding L2 handling (i.e., MAC reset, RLC re-establishment, PDCP re-establishment) without additional indication from network.
Proposal 11: Upon inter-CU LTM execution, the serving gNB-DU first triggers the cell switch execution to the UE and then informs the cell switch to the target gNB-DU (i.e. transferred via CUs). 
LTM cell switch completion phase
Proposal 12: For RACH-less inter-CU LTM, DG and CG are supported for the first UL transmission on the target cell.
Proposal 13: For the determination of inter-CU LTM completion, The Rel-18 intra-CU LTM mechanism is re-used, i.e.,
· For RACH-based inter-CU LTM, LTM cell switch is successfully completed when RACH is successfully completed;
· For RACH-less inter-CU LTM, LTM cell switch is successfully completed when the UE determines the NW has successfully received its first UL data.
Security key handling
Proposal 14: Security key change is always needed for Inter-CU LTM.
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