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Abstract: This contribution proposes evaluation and conclusion on C1 solutions (reducing packet loss during edge relocation). 
1. Discussion
Following the categories of solutions described in the way forward paper S2-207008, this paper addresses the evaluation and conclusion of C1 solutions (i.e. solution #27 and solution #38) on how to reduce packet loss. 
Solution #27 and solution #38 discussed the how to avoid packet loss in case the L4 connection between UE and EAS is kept after EAS relocation.
In Solution #27, two key parts are proposed in the solution:
[bookmark: OLE_LINK44]-	When the SMF has established the forwarding tunnel between the source UL CL/BP and the target UL CL/BP, the SMF sends Late Notification to the AF to trigger the EAS relocation. 
-	The new PSA buffers the uplink data until the AF indicates the successful application relocation.
For BP, forwarding tunnel between old BP and new BP is not supported in R16. The assumption in Solution #27 is not correct. So packet lossless is not supported for BP in Solution #27. 
[bookmark: OLE_LINK42]Buffering uplink packets until receiving the indication of successful EAS relocation can help to reduce packets loss when the target EAS is not ready. However, for UL CL, EAS relocation is triggered by late notification from the SMF. When the EAS relocation is started and the old EAS stops to serve the UE, there may be some on-fly uplink packets which are to be sent to N6 or are being transmitted over N6. These packets will be lost. Therefore, Solution #27 can help to reduce packet loss during EAS relocation by supporting uplink buffer in new local PSA but it cannot avoid the on-fly packets loss over N3/N9 and N6.
In Solution #38, two options are proposed to resolve the packet loss issue.
Option 1:
-	Establish a forwarding tunnel between source PSA and target PSA to avoid loss of uplink packets that are transferring between (target) UL CL and source PSA. 
-	New local PSA buffers the uplink data until the AF indicates the successful application relocation.
Option 2:
-	Introduce an AF-defined Flow End Maker between (target) UL CL and source local DN/EAS to trigger EAS relocation. The (target) UL CL send the Flow End Marker to the old EAS via the old PSA to trigger the start of EAS relocation.  
-	New local PSA buffers the uplink data until the AF indicates the successful application relocation.
For Option 1, before the EAS relocation is started and the old EAS stops to serve the UE, the old PSA stops sending packets over N6 and forwards the received uplink packets to the new PSA. This can ensure packet lossless within 5GS. The End-Marker introduced can help to ensure in-order delivery. Therefore, the forwarding tunnel between the old PSA and new PSA in Option 1 in Solution#38 can avoid the on-fly packet loss over N3/N9 and reduce packets loss over N6.
For Option 2, in order to ensure packet lossless between UE and EAS, the packet in user plane need to be enhanced to include Flow End Marker. Therefore, with user plane enhanced (i.e. by use of the extension header of the uplink packets) the Option 2 in Solution #38 can avoid the on-fly packet loss over N3/N9 and N6.
For both option 1 and option 2, buffering uplink packets until receiving the indication of successful EAS relocation is supported. This can help to reduce packets loss when the target EAS is not ready. 
Option 2 needs the coordination between the 5G and application in user plane. Therefore, Option 1 in Solution#38 is recommended into normative.
[bookmark: OLE_LINK56]Proposal 1: The target local PSA buffers uplink packets until receiving the indication of successful EAS relocation.
[bookmark: OLE_LINK51]Proposal 2: Forwarding Tunnel between the source local PSA and target local PSA are supported to avoid on-fly packet loss within 5GS during EAS relocation. The End-Marker sent from the (source) UL CL to target local PSA via the source local PSA should be supported to ensure in-order delivery to the target EAS.
2. Proposals 
It is proposed to capture the following changes in the TR 23.748.
* * * * First change * * * *
7	Overall Evaluation
7.x  Evaluation of Solutions for Key Issue #2 
7.x.y Evaluation for Key Issue #2: Reducing packet loss during EAS relocation
In Solution #27, in case L4 connection between UE and EAS is kept, when the SMF has established the forwarding tunnel between the source UL CL and the target UL CL, the SMF sends Late Notification to the AF to trigger the EAS relocation. The new PSA buffers the uplink data until the AF indicates the successful application relocation. This can help to reduce packets loss when the target EAS is not ready. However, EAS relocation is triggered by late notification from the SMF and the application layer notification from UE. This ensures that there is no uplink packets from the UE towards the old EAS after the EAS relocation.. Therefore, Solution #27 can help to reduce packet loss during EAS relocation by supporting uplink buffer in new local PSA.
In Solution #38, similar as solution#27 the new PSA buffers the uplink data until the AF indicates the successful application relocation. In addition, two options are proposed to resolve the packet loss issue.
For Option 1, a forwarding tunnel between source PSA and target PSA is established. Before the EAS relocation is started and the old EAS stops to serve the UE, the old PSA stops sending packets over N6 and forwards the received uplink packets to the new PSA via the forwarding tunnel. This can ensure packet lossless within 5GS. The End-Marker introduced can help to ensure in-order delivery. Therefore, the forwarding tunnel between the old PSA and new PSA in Option 1 in Solution#38 can avoid the on-fly packet loss over N3/N9 and reduce packets loss over N6.
For Option 2, in order to ensure packet lossless between UE and EAS, the packet in user plane need to be enhanced to include Flow End Marker. Therefore, with user plane enhanced (i.e. by use of the extension header of the uplink packets) the Option 2 in Solution #38 can avoid the on-fly packet loss over N3/N9 and N6. Option 2 needs the coordination between the 5G and application in user plane.
In case stateful L4 mechanisms (e.g. TCP) are used, the above packet forwarding between source PSA and target PSA requires the EC evnioronment to support migrating of L4 contexts. 

Solution #27 and #38 buffer packets while the server is being relocated so that packets can be delivered even if with higher latency. If L4 flows/congestion control is based on measured latency, additional buffering may distort estimates of latency and throughput.	Comment by HW_Hui2: copied from 2007243.
* * * * Second change * * * *
9.x  Conclusions for Key Issue #2 
9.x.y Conclusions regarding solutions for Key Issue #2 for reducing packet loss during EAS relocation
Buffering uplink packets in the target PSA until receiving the indication of successful EAS relocation as proposed in Solution #27 and Solution #38 is recommended for normative phase.
Editor's Note: It's FFS whether the forwarding tunnel between the source PSA and target PSA and End Marker in solution#38 option 1 or Flow End Marker in solution#38 option 2 can be included.
  
* * * * End of changes * * * *

3GPP
SA WG2 TD

