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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN3#118, the following agreements are made:
	CU suggest the candidate cell(s) to DU, “gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration” is with low priority.
CU can update the suggested candidate cells.
For intra-DU case, the gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
[bookmark: _GoBack]For inter-DU case, The target gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
RAN3 works on the same signaling procedure for both initial cell switch and subsequent cell switch for intra-DU L1/L2 handover.
During execution phase, it is up to the gNB-DU implementation when will the gNB-DU signal to the CU. This does not mean that the gNB-DU is “allowed” to signal to the gNB-CU before LTM command is sent to the UE.


In the previous meeting, multiple companies discussed the issue of having LTM and L3 mobility configured simultaneously [1][2][3]. In this paper, we will analyze the scenarios and difficulties that may arise from the collision between LTM and L3 mobility, as well as discuss the corresponding solutions and signaling interface impacts.
2. Discussion
Since LTM is triggered by DU while L3 mobility is decided by CU, L1/L2 and L3 handover commands may be sent to UE simultaneously if there is no CU-DU coordination on LTM and L3 handover decision/triggering. 
Observation 1 LTM cell switch command may be received by a UE which is handling a received L3 handover command, and vice versa.
2.1 Scenarios for handover collision
1. Scenario 1: LTM coexists with intra-cell L3 mobility
According to the use cases agreed in RAN3#117e, the procedure of LTM is applicable to both intra-DU and intra-CU inter-DU mobility cases.
RAN3#117e:
Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
RAN3 will study the signaling impacts on below use cases following to RAN2 prioritization:
· Stand alone
· Carrier Aggregation (Change of PCell)
· NR-DC (Change of PCell at MN, Change of PScell at SN) 



However, even if LTM is applied, L3 mobility cannot be avoided completely in intra-CU mobility cases, such as security keys refreshing. At RAN2#119bis-e, the following agreement was reached:
· No security update support in Rel-18 with L1/L2 based mobility.

Therefore, L3 intra-cell handover has to be performed when refreshing security keys is required. Hence, while moving among the intra-CU cells, UE may be controlled to perform LTM or intra-cell L3 mobility according to the handover command from the network.
Observation 2 LTM does not support security update and need to coexist with intra-cell L3 mobility.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]If the L3 handover command used to trigger an intra-cell handover for security keys refreshing is applied first, the LTM is delayed. This is because the LTM command received from the source cell is discarded when UE MAC is reset during the L3 mobility procedure. After L3 mobility is completed, the UE remains connected to the same cell as before the L3 handover. Since the LTM is triggered when the radio link quality of the serving cell is not good, the delay of LTM may lead to RLF. 
Observation 3 Handover collision (i.e. LTM and L3 handover commands are sent to UE simultaneously) may cause RLF.
1. Scenario 2: LTM coexists with inter-CU L3 mobility
Since R18 LTM is only applicable to intra-CU mobility case, L3 mobility is needed to cover scenarios that cannot be handled by LTM (e.g., inter-CU mobility). It is possible to configure UE with LTM and L3 mobility simultaneously. And different target cell may be configured for the same UE simultaneously since gNB-DU refers to L1 measurement results and gNB-CU refers to L3 measurement results.
Observation 4 LTM may coexist with inter-CU L3 mobility and different target cell may be configured for the same UE simultaneously for LTM and L3 mobility.
If the LTM command is applied first when L3 handover commands are sent to UE simultaneously, the L3 handover command cannot be performed due to the change in the serving cell. As a result, the resources that were reserved by the target cell for L3 handover(e.g. resources for CFRA) are wasted. 
Observation 5 Handover collision may cause resource wastage in the target cell.
2.2 Solutions for handover collision
1. Case 1: LTM triggered earlier than L3 mobility
If LTM occurs prior to L3 mobility, a notification of LTM will be sent to gNB-CU according to the agreement in RAN3#118. It’s then up to CU implementation to either delay the L3 mobility procedure until LTM is completed or to cancel the L3 mobility procedure, thus preventing the key refresh of L3 mobility from interfering with the execution of LTM.
Proposal 1 If LTM is triggered before L3 mobility, it’s up to gNB-CU implementation to delay the L3 mobility procedure until LTM is finished or cancel the L3 mobility procedure after gNB-CU receives the LTM notification from gNB-DU.
[bookmark: OLE_LINK4]According to the WID [4], the procedure of LTM is applicable to NR-DC case with serving cell change within one CG, which means L1/L2-triggered PSCell change is supported. So L1/L2-triggered PSCell change and L3 PSCell change may coexist. 
If L1/L2-triggered PSCell change is triggered earlier than L3 PSCell change, in order to avoid the collision between L3 PSCell change and L1/L2-triggered PSCell change，we propose the following methods:
· For SN initiated SN Modification, it’s up to SN CU implementation to delay the L3 PSCell change procedure until L1/L2-triggered PSCell change is completed or cancel the L3 PSCell change procedure.
· For MN initiated SN Modification, SN CU should reject the L3 PSCell change by responding to MN CU with SN Modification Reject message.

Proposal 2 If L1/L2-triggered PSCell change is triggered earlier than L3 PSCell change:
· For SN initiated SN Modification, it’s up to SN CU implementation to delay the L3 PSCell change procedure until L1/L2-triggered PSCell change is completed or cancel the L3 PSCell change procedure.
· For MN initiated SN Modification, SN CU should reject the L3 PSCell change by responding to MN CU with SN Modification Reject message.

1. Case 2: L3 mobility triggered earlier than LTM
The L3 handover command will be sent from gNB-CU to gNB-DU before it is forwarded to UE. Therefore, if L3 mobility is triggered earlier than LTM, there are two options for the gNB-DU, one is to reject the L3 mobility by responding with UE Context Modification Failure message to ensure the execution of LTM, and the other is to suppress the LTM to ensure the execution of L3 mobility. In our view, it’s up to gNB-DU implementation to make the choice.
Proposal 3 If L3 mobility is triggered before LTM, it’s up to gNB-DU implementation to reject the L3 mobility by responding with UE Context Modification Failure message or suppress LTM and forward the L3 handover command to UE.
For L3 PSCell change, if SRB3 is used to transmit the command, then SN DU will receive the L3 PSCell change command from SN CU and can choose to reject the L3 PSCell change or suppress L1/L2-triggered PSCell change.
Proposal 4 If L3 PSCell change is triggered before L1/L2-triggered PSCell change and the L3 PSCell change command is sent on SRB3, it’s up to SN DU implementation to reject the L3 PSCell change by responding with UE Context Modification Failure message or suppress LTM and forwards the L3 handover command to UE.

But for the case that L3 PSCell change command is sent on SRB1, the L3 PSCell change command is sent by MN CU to MN DU, and SN DU cannot detect that L3 PSCell change is initiated. Therefore, SN CU shall notify SN DU that L3 PSCell change is initiated by UE Context Modification Request message. And SN DU can choose to reject the L3 PSCell change by responding with UE Context Modification Failure message or suppress L1/L2-triggered PSCell change and responding to SN CU with UE Context Modification Response message.

Proposal 5 If L3 PSCell change is triggered before L1/L2-triggered PSCell change and the L3 PSCell change command is sent on SRB1, SN CU shall notify SN DU that L3 PSCell change is initiated by UE Context Modification Request message. And SN DU can choose to reject the L3 PSCell change by responding with UE Context Modification Failure message or suppress L1/L2-triggered PSCell change and responding to SN CU with UE Context Modification Response message.

3. Conclusion
In this contribution, we discuss the scenarios when LTM and L3 mobility coexists and also the potential RAN3 signaling aspects for handover collision. We have the following observations and proposals:

Observation 1 LTM cell switch command may be received by a UE which is handling a received L3 handover command, and vice versa.
Observation 2 LTM does not support security update and need to coexist with intra-cell L3 mobility .
Observation 3 Handover collision (i.e. LTM and L3 handover commands are sent to UE simultaneously) may cause RLF.
Observation 4 LTM may coexist with inter-CU L3 mobility and different target cell may be configured for the same UE simultaneously for LTM and L3 mobility.
Observation 5 Handover collision may cause resource wastage in the target cell.
Proposal 1 If LTM is triggered before L3 mobility, it’s up to gNB-CU implementation to delay the L3 mobility procedure until LTM is finished or cancel the L3 mobility procedure after gNB-CU receives the LTM notification from gNB-DU.
Proposal 2 If L1/L2-triggered PSCell change is triggered earlier than L3 PSCell change.
·   For SN initiated SN Modification, it’s up to SN CU implementation to delay the L3 PSCell change procedure until L1/L2-triggered PSCell change is completed or cancel the L3 PSCell change procedure.
·   For MN initiated SN Modification, SN CU should reject the L3 PSCell change by responding to MN CU with SN Modification Reject message
Proposal 3 If L3 mobility is triggered before LTM, it’s up to gNB-DU implementation to reject the L3 mobility by responding with UE Context Modification Failure message or suppress LTM and forward the L3 handover command to UE.
Proposal 4 If L3 PSCell change is triggered before L1/L2-triggered PSCell change and the L3 PSCell change command is sent on SRB3, it’s up to SN DU implementation to reject the L3 PSCell change by responding with UE Context Modification Failure message or suppress LTM and forwards the L3 handover command to UE.
Proposal 5 If L3 PSCell change is triggered before L1/L2-triggered PSCell change and the L3 PSCell change command is sent on SRB1, SN CU shall notify SN DU that L3 PSCell change is initiated by UE Context Modification Request message. And SN DU can choose to reject the L3 PSCell change by responding with UE Context Modification Failure message or suppress L1/L2-triggered PSCell change and responding to SN CU with UE Context Modification Response message.
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