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1 Introduction

In the last RAN3 meeting, the issue of in-order delivery is discussed and some progress is achieved.

DL: in-order delivery currently supported; we only need to consider UL

This paper is further to address the in-order delivery in UL.
2
Discussion

2.1
Background
In the Intel’s contribution [1], four candidate solutions are provided as below.
Solution 1: NW configures the UE to wait for the successful delivery until the last QoS packet in the source DRB before remapping to the target DRB.

Solution 2: The source marks the end of uplink QoS flow stream to the UPF, letting the UPF to achieve in-order-ness between QoS flows (with the same QFI) sent by the source and the target.

Solution 3: The target node buffers (offloaded) uplink QoS flows and the source node informs the target over XnAP for go-ahead to upload them to UPF.

Solution 4: The source forwards uplink QoS flows received from the UE via uplink forwarding tunnel to the target (with end-marker at the end) so that the target can guarantee in-order delivery between the forwarded and received from the UE.

Based on the analysis from Intel, we also agree to remove solution 1 and solution 2, because they will introduce other WGs to enhance either UE behavior or UPF behavior.
Proposal 1: It is suggested not to require other WGs to enhance either UE behavior or UPF behavior for UL in-order delivery mechanism.
2.2
The need of UL data forwarding
Solution 3 seems simply. If UL data forwarding is not needed, then solution 3 is better than solution 4.
In current spec, for MR-DC, the DL data forwarding is included, but UL data forwarding is not included, because the UE can always send its UL data to UPF directly, i.e., UL data forwarding is not needed.
In handover case, UL data forwarding is needed to support lossless transmission. For instance, UL data packets are in-order as {1, 2, 3, 4, 5}. 

Step 1: Before handover, UE sends UL data packets {1, 2, 3, 4, 5} to source node. According to the ACK/NAK response, it knows that UL data packets {1, 3, 5} are successfully transmitted, but {2, 4} are fail, so the UE shall resend data packets {2, 4} for lossless.
Step 2: After handover, the UE has to resend data packets {2, 4} to target node because it has moved into target node (since the UE has lost the connection with source node).
Step 3: The source node cannot send UL data packets {1, 3, 5} to UPF, because UL data packets transmission shall be in-order. So that, the source node shall forward {1, 3, 5} to target node.
Step 4: After receiving UL data packets {2, 4} from UE and {1, 3, 5} from source node, target node sends {1, 2, 3, 4, 5} to UPF.

Observation 1: For handover case, UL data forwarding is needed to support in-order delivery.
But, for MR-DC QoS flow offloading case, it is different from handover case, since the UE can keep dual-connectivity with both MN and SN. The following is an example of a certain QoS flow offloaded from MN to SN through e.g., MN initiated SN modification procedure.
Step 1: Before QoS flow offloading, UE sends UL data packets {1, 2, 3, 4, 5} to MN. According to the ACK/NAK response, it knows that UL data packets {1, 3, 5} are successful but {2, 4} are fail, the UE shall resend data packets {2, 4} for lossless.

Step 2: After QoS flow offloading, the UE continues to send {2, 4} to MN and send new UL data packets {6, 7, 8 …} to SN.
Step 3: MN sends UL data packets {1, 2, 3, 4, 5} to UPF, then sends an indicator to SN.
Step 4: After receiving delivery indicator from MN, SN send UL data packets {6, 7, 8 …} to UPF.

In conclusion, in case of MR-DC QoS flow offloading case, the UE can keep connectivity with both MN and SN, so that the UE can resend data to the source node. Thus, UL data forwarding is not needed.
Observation 2: For QoS flow offloading case, UL data forwarding is not needed to support in-order delivery.

Based on the above analysis, we think solution 3 is better than solution 4 for QoS flow offloading case.
Proposal 2: It is suggested to agree that the target node buffers (offloaded) uplink QoS flows and the source node informs the target over XnAP for go-ahead to upload them to UPF

In TS37.340 [2], in the chapter of 10.14.3
PDU Session Split at UPF (RAN initiated), the related content has already captured (Note: but it may be not deeply discussed).
The SN buffers the first packets received from the UE until it receives indication that the MN has delivered all UL packets from the source side to UPF. Then SN starts delivering UL packets to UPF using the UPF UL TEID address used at the MN received during the SN Addition Request.
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Proposal 3: A delivery indicator shall be induced and sent from source node to target node 
3
Conclusion

Based on the above analysis, we give our observations and proposals. The corresponding TP (TS37.340) is also provided as [3].
Observation 1: For handover case, UL data forwarding is needed to support in-order delivery.

Observation 2: For QoS flow offloading case, UL data forwarding is not needed to support in-order delivery.

Proposal 1: It is suggested not to require other WGs to enhance either UE behavior or UPF behavior for UL in-order delivery mechanism.

Proposal 2: It is suggested to agree that the target node buffers (offloaded) uplink QoS flows and the source node informs the target over XnAP for go-ahead to upload them to UPF

Proposal 3: A delivery indicator shall be induced and sent from source node to target node 
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