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Introduction
In this contribution, we recall the UL in-order delivery issue during QoS flow offloading and propose to adopt our solution that can address this issue as part of Rel-15 correction without introducing a new XnAP procedure.
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Discussion
The last RAN3-102 (Spokane) meeting finally resolved how to achieve the PDU session split between MN and SN initiated by RAN. The following solution [1] has been adopted into the stage-2 TS 37.340 [2] as follows:

10.14.3
PDU Session Split at UPF (RAN initiated)

When the MN decides to split the PDU session into two NG-U tunnels, the MN sends the SN Addition/Modification Request message including UPF UL TEID address used at MN. Later on, if the MN receives the new UL TEID in the PDU Session Modification Confirm message, the MN will decide to either use the new UL TEID by itself or provide the new UL TEID to SN.
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Figure 10.14.3-1: PDU Session Split at UPF during RAN initiated PDU session resource modify

1-2.
The MN decides to split the PDU session, it uses the SN Addition procedure or SN modification procedure, including current UPF UL NG-U tunnel used at the MN.
3-6.
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.

Editor′s Note: How the SN is made aware shall be discussed (e.g. over XnAP or UL PDU session tunnel).
7-8.
The MN uses the PDU Session Resource Modify Indication to inform the 5GC that the PDU session is split into two tunnels, request an Additional UL tunnel and indicate which QoS flows are associated with which DL/UL tunnel. The 5GC confirms with PDU Session Resource Modify Confirm.

9-10.
If the MN receives the new UL TEID in the PDU Session Modify Confirm message, the MN will either use the UL TEID by itself and then the step 9 and step 10 (i.e., SN Modification procedure) are not needed, or provide the new UL TEID to the SN in a subsequent SN Modification Request message and then the SN switches to use the new UL TEID to deliver UL packets.

There is still FFS on how the SN is made aware to start uploading the UL QoS flows (offloaded from the MN and  received from the UE) to UPF for in-order delivery guarantee. 

Regarding this issue, two RAN-based solutions has been proposed so far on how to indicate to the target node. One is proposed by Intel [3] using an existing end-marker for such indication, and the other is proposed by Huawei [4] by relying on new XnAP signalling. Some other solutions can also be considered, but as analyzed in [3], they have impacts on either UPF or UE, which are not desirable.
Observation 1: For UL in-order delivery during QoS flow offloading, two RAN-based solutions have been proposed so far by Intel and Huawei.

In essence, there are not much difference between two. Both solutions works for MN to SN offloading or vice versa. The key difference is on “how” – either by UP signaling or CP signaling to achieve the same purpose, i.e., indicating the target to start delivering buffered uplink offloaded QoS packets received from the UE to the UPF.
Observation 2: Not much difference between two. Both works for MN to SN offloading or vice versa. The key difference is on “how” – either by Intel (UP signalling) or Huawei (new XnAP signalling) to indicate the target to start delivering buffered uplink offloaded QoS packets received from the UE to the UPF.
Given that Rel-15 is frozen now, it would be desirable to go with a simpler approach that has less impacts to the specifications and that can be addressed by corrections. The following table summarizes the comparison between two solutions:

	
	Huawei solution [4]
	Intel solution [3]

	Tunnel (source to target)
	No need
	Required, New IE for tunnel setup during offloading preparation

	Indication from source to start target to process the buffered
	New XnAP procedure
	By an existing GTP-U end marker via forwarding tunnel, so no impact.

	QoS flow forwarding
	Does not support
	Could be only GTP-U end marker to the target


From the comparison, we can observe that the Intel solution requires less changes on XnAP. Moreover, the last RAN3-102 (Spokane) has confirmed that the in-order delivery for DL direction is already supported from the current specifications:
DL: in-order delivery currently supported; we only need to consider UL

As a result, it could be an overkill if we newly introduce an “expensive” XnAP procedure for such a simple indication purpose that is only applicable for the UL direction [5]. Moreover, going with UP signaling is nothing new – the legacy HO forwarding behavior in the DL direction already relies on an GTP-U end-marker over the forwarding tunnel to achieves in-order-ness. 
Observation 3: RAN3-102 already confirmed that in-order delivery for DL direction is already supported from the current specifications.
Observation 4: It could be an overkill if we newly introduce an “expensive” XnAP procedure for such a simple indication purpose that is only applicable for the UL direction.
Observation 5: Going with Intel (UP signaling) is nothing new – the legacy HO forwarding in the DL direction already relies on an GTP-U end-marker over the forwarding tunnel to achieves in-order-ness.
Based on these observations, we propose to go with our UP solution. Since our solution relies on the existing end-marker for the indication purpose, what needs to be changed is simply to allow establishing a tunnel between MN and SN that this end-marker can be transported to the offloaded node. This can be easily achieved by enhancing the container 9.2.1.16 Data Forwarding Info from target NG-RAN node) in XnAP.
Proposal 1: Adopt Intel solution (following legacy) for UL in-order delivery during QoS flow offloading. 
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Conclusion

In the present contribution we make the following observations:

Observation 1: For UL in-order delivery for QoS flow offloading, two RAN-based solutions have been proposed so far by Intel and Huawei.

Observation 2: Not much difference between two. Both works for MN to SN offloading or vice versa. The key difference is on “how” – either by Intel (UP signalling) or Huawei (new XnAP signalling) to indicate the target to start delivering buffered uplink offloaded QoS packets received from the UE to the UPF.
Observation 3: RAN3-102 already confirmed that in-order delivery for DL direction is already supported from the current specifications.
Observation 4: It could be an overkill if we newly introduce an “expensive” XnAP procedure for such a simple indication purpose that is only applicable for the UL direction.
Observation 5: Going with Intel (UP signaling) is nothing new – the legacy HO forwarding in the DL direction already relies on an GTP-U end-marker over the forwarding tunnel to achieves in-order-ness.
Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Adopt Intel solution (following legacy) for UL in-order delivery during QoS flow offloading.
The corresponding CRs for XnAP (TS 38.423) and stage-2 (TS 37.340) are provided in [6] and [7], respectively.
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