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1	Introduction
This contribution discusses race conditions in LTM.
2	Discussion
2.1	Race condition 1: UE executes inter-DU LTM before RRC message delivery 
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	Figure 1a – DU1 sends LTM MAC CE to UE
	Figure 1b –CU sends RRC message to UE via DU1. Delivery of message fails.

	Figure 1c – Dilemma: should CU retransmit the RRC message to the UE?



Figure 1 illustrates a race condition between execution of inter-DU LTM by the UE and delivery of RRC messages to the UE via the source DU:
· Figure 1a: DU1 sends an LTM MAC CE to UE. The LTM MAC CE indicates a target LTM cell served by DU2.
· Figure 1b: The UE detaches from source DU1 cell to execute LTM. As agreed by RAN3, DU1 may send notification of LTM triggering to the CU. Before the CU receives this notification, the CU sends an RRC message to the UE via DU1 as a container in an F1AP message. DU1 decapsulates the RRC message for the UE but fails to deliver the message to the UE.
· Figure 1c: the CU becomes aware that the UE successfully accessed DU2 cell. The CU should determine whether to retransmit the RRC message to the UE via DU2.
Observation 1a: A first race condition may occur between successful delivery of an RRC message to UE via the source DU and execution of inter-DU LTM by the UE to the target DU.
Observation 1b: The notification of LTM triggering that is sent to the CU by the source DU as agreed by RAN3 is NOT sufficient to avoid the first race condition between inter-DU LTM execution and successful RRC message delivery. 
In case the RRC message does not contain configuration specific to the old cell group served by DU1, the CU can safely retransmit the RRC message to the UE via DU2. However, an issue occurs if the content of the RRC message has outdated configuration associated with the old serving cell group on DU1:
· If the RRC message is retransmitted to the UE via DU2, the UE may fail to apply the outdated RRC configuration since it references an old serving cell group and the UE connects to a new serving cell group. This triggers connection re-establishment by the UE. 
· If the RRC message is NOT retransmitted to the UE via DU2, new RRC messages of the same SRB will have to use new PDCP sequence numbers as mandated for replay protection using the same AS security context [1]. This creates a PDCP SN gap. Since the default value of the t-Reordering timer for SRB1 is infinity [2], the t-Reordering timer may never expire, and no PDCP SDUs of the SRB can be delivered anymore to the upper layers. 
Observation 2a: For the first race condition, if the CU retransmits via the new serving DU the missed RRC message that includes configuration associated with the old serving DU, the UE may perform connection re-establishment.
Observation 2b: For the first race condition, if the CU does NOT retransmit via the new serving DU the missed RRC message that includes configuration associated with the old serving DU, the PDCP SN gap will stall the delivery of any future RRC messages to the UE on the SRB.  
This creates a dilemma for the CU that should be discussed by RAN2.
Proposal 1a: RAN2 to discuss the first race condition between delivering an RRC message to a UE and triggering inter-DU LTM by the UE. 
Proposal 1b: RAN2 to discuss the dilemma of whether the CU should retransmit a missed RRC message to the UE via the new serving DU for the first race condition.
2.2	Race condition 2: UE executes inter-DU LTM after RRC message delivery but before RRC message processing
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	Figure 2 – UE receives an RRC message and an LTM MAC CE, where reception of the LTM MAC CE occurs before the UE completes the processing of the RRC message


Figure 2 illustrates another race condition between execution of inter-DU LTM by the UE and the processing of an RRC message received together or before the LTM MAC CE:
· The UE may receive the RRC message and the LTM MAC CE in the same transport block scheduled by DU1
· The UE may receive the RRC message first. Before the UE completes processing and reconfiguration based on the RRC message, the UE receives the LTM MAC CE
Observation 3: A second race condition may occur between completion of processing of an RRC message delivered to the UE via the source DU and execution of inter-DU LTM by the UE to the target DU.
This race condition may be problematic for both the UE and the gNB:
· For the UE: if the UE does not apply the RRC message and executes inter-DU LTM first, the UE may not be able to determine whether the RRC message has configuration specific to the old serving cell group and should be discarded, or the RRC message has configuration also valid on the new serving cell group and should be applied.
· For the gNB: the gNB may not be able to determine whether the UE applied the RRC message right before LTM execution and no response message was received, or the UE executed LTM first and discarded the RRC message. 
Observation 4a: For the second race condition, a UE may not be able to determine whether to apply or discard an RRC message received via an old serving DU post execution of inter-DU LTM to a new serving DU.
Observation 4b: For the second race condition, a gNB may not be able to determine whether the UE applied an RRC message prior to detaching from an old serving DU or discarded the RRC message upon executing LTM to a new serving DU.
The UE should have no ambiguity whether to apply or discard an RRC message received before LTM execution. The UE and the gNB should also stay on sync on whether RRC messages have been applied or discarded. This should be discussed by RAN2.
Proposal 2a: RAN2 to discuss the second race condition between processing an RRC message received right before LTM is triggered and execution of inter-DU LTM. 
Proposal 2b: RAN2 to discuss how the UE determines whether to apply or discard the RRC message for the second race condition. RAN2 to discuss how the gNB and the UE would stay in sync on the right UE behavior. 
Conclusion
This contribution discussed race conditions in LTM. The following observations and proposals have been made:

Observation 1a: A first race condition may occur between successful delivery of an RRC message to UE via the source DU and execution of inter-DU LTM by the UE to the target DU.
Observation 1b: The notification of LTM triggering that is sent to the CU by the source DU as agreed by RAN3 is NOT sufficient to avoid the first race condition between inter-DU LTM execution and successful RRC message delivery. 
Observation 2a: For the first race condition, if the CU retransmits via the new serving DU the missed RRC message that includes configuration associated with the old serving DU, the UE may perform connection re-establishment.
Observation 2b: For the first race condition, if the CU does NOT retransmit via the new serving DU the missed RRC message that includes configuration associated with the old serving DU, the PDCP SN gap will stall the delivery of any future RRC messages to the UE on the SRB.  
Observation 3: A second race condition may occur between completion of processing of an RRC message delivered to the UE via the source DU and execution of inter-DU LTM by the UE to the target DU.
Observation 4a: For the second race condition, a UE may not be able to determine whether to apply or discard an RRC message received via an old serving DU post execution of inter-DU LTM to a new serving DU.
Observation 4b: For the second race condition, a gNB may not be able to determine whether the UE applied an RRC message prior to detaching from an old serving DU or discarded the RRC message upon executing LTM to a new serving DU.

Proposal 1a: RAN2 to discuss the first race condition between delivering an RRC message to a UE and triggering inter-DU LTM by the UE. 
Proposal 1b: RAN2 to discuss the dilemma of whether the CU should retransmit a missed RRC message to the UE via the new serving DU for the first race condition.
Proposal 2a: RAN2 to discuss the second race condition between processing an RRC message received right before LTM is triggered and execution of inter-DU LTM. 
Proposal 2b: RAN2 to discuss how the UE determines whether to apply or discard the RRC message for the second race condition. RAN2 to discuss how the gNB and the UE would stay in sync on the right UE behavior. 
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