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Abstract of the contribution: This discussion paper elaborates on the race conditions that could occur during Xn handover from an NG-RAN node not supporting the PDU Set QoS Handling and an NG-RAN node supporting it.

1.	Discussion
1.1	Introduction
With respect to the handling of PDU Set in the NG-RAN, the following have been agreed in the previous meeting:
-	To avoid mishandling in the NG-RAN of partial PDU Sets, the UPF starts PDU set marking from a complete PDU set (see TS 23.501 clause 5.37.5, “In the case where the PSA UPF identifies and marks PDUs with PDU Set information in GTP-U header it shall start doing so from a complete PDU Set”).
-	To avoid complex scheduler logic, for a given QoS Flow, an NG-RAN node either handles unmarked PDUs (with the related PDB, PER and GFBR parameter values), or it handles marked PDUs (with the related PSDB, PSER and GFBR parameter values).
During Xn handover from an NG-RAN nodes not-supporting PDU Set QoS Handling to one supporting it, a race conditions between step A (reception of the first marked PDUs at the Target RAN node) and step 7 (trigger to apply PDU Set QoS Handling at the Target NG-RAN node) can occur.
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Figure 1.1-1: TS 23.502 Figure 4.9.1.2.2-1 (Xn handover) with step A and step 7 highlighted.
1.2	Scenario 1: T-RAN triggers PDU set handling before UPF starts marking.
[image: ]
Figure 1.2-1: Race condition 1, T-RAN triggers PDU set handling before UPF starts marking.
Since Step 3 occurs during the reception of PDU Set1 the UPF starts marking the PDUs from PDU Set2. Consequently, step A is when the T-RAN receives the first PDUs marked with PDU Set Information.
If step 7 occurred before the first PDU of PDU Set2 (step A), then T-RAN would already be configured to handle PDUs marked with PDU Set information, but it would still receive and have to handle unmarked PDUs until PDU4. This, however, would be inconsistent with the assumption that for a given QoS Flow the RAN node can either handle unmarked PDUs or marked PDUs, but not both at the same time.
1.3	Scenario 2: T-RAN triggers PDU set handling after UPF starts marking PDUs.

Figure 1.3-1: Race condition 2, T-RAN triggers PDU set handling after UPF starts marking.
Since Step 3 occurs during the reception of PDU Set1 the UPF starts marking the PDUs from PDU Set2. Consequently, at Step A the T-RAN receives the first PDUs marked with PDU Set information.
If step 7 occurred after Step A (i.e., after the first PDU of PDU Set2), then T-RAN would handle the PDUs up to PDU5 as a regular PDUs (no PDU Set QoS handling) while starting with PDU6 it would handle PDUs as part of PDU Sets. It would remain unclear, however, how PDUs6-8 of PDU Set2 should be handled since T-RAN would interpret PDU Set2 as an incomplete PDU Set and this could lead to QoS issues. As an example, to properly apply the PSDB, the T-RAN could have to wait for PDU5 which was previously received as an unmarked PDU.
2.	Conclusions and proposal
To address the issues of the two scenarios above, it is proposed to add normative text in TS 23.501 and in TS 23.502 to clarify that
-	the NG-RAN shall start detecting PDU Sets at the reception of step 7 (N2 Path Switch Request Ack);
-	the NG-RAN shall apply PDU QoS for the PDUs received before the first complete PDU Set and shall only start applying PDU Set QoS handling from the first PDU of a complete PDU Set received from the UPF.
It is proposed to agree the related changes captured in S2-230xxxx (CR xyz vs. TS 23.501) and S2-230xxxy (CR xyz vs. TS 23.502).
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