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Abstract: This contribution proposes a solution to prevent packet loss during relocation of PSA/EAS. The proposal addresses the KI#2: Edge relocation, in particular on potential improvements of the coordination of change of the Edge Application Server and (local) PSA to support seamless change, e.g. preventing or reducing packet loss.
1. Discussion
The proposal solution addresses the KI#2: Edge relocation, in particular on potential improvements of the coordination of change of the Edge Application Server and (local) PSA to support seamless change, e.g. preventing or reducing packet loss.
The procedure of “Change of additional PDU Session Anchor for IPv6 multi-homing or UL CL” was defined in clause 4.3.5.6 of TS 23.502. It can happen after e.g. Xn based handover and UL CL has changed. 
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Figure 4.3.5.6-1 in TS 23.502
According to current specification, SMF sends an early notification to the AF to trigger the AS relocation before target PSA (PSA2) is established in step 2 or sends a late notification to the AF to trigger the AS relocation after step 2. Then after step 3a (in UL CL case), the UL packet will be sent to target PSA then be transferred to new Local DN where the new EAS locates. 
During the above procedure, the on-fly uplink packets from UL CL to source PSA (PSA1) and source EAS, which are to be sent to N6 or being transmitted over N6, will be lost if the source EAS stops to handle packets before all packets are received by the source EAS during EAS relocation. 
· Case 1: On-fly packets between UL CL and source PSA, e.g., Packet 3 and Packet 4 in Figure 1, may be lost if the source EAS stops to handle packets during EAS relocation.
· Case 2: On-fly packets on N6, e.g., Packet 1 and Packet 2 in Figure 1, may be lost if the source EAS stops to handle packets during EAS relocation.
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Figure 1: Packets on-fly during edge relocation
To avoid impact on service continuity, this solution proposes to enhance the procedure to support preventing or reducing packet loss by two options: 

Option 1: Establish a forwarding tunnel between source PSA and target PSA to avoid loss of uplink packets that are transferring between UL CL and source PSA. SMF may also instruct UL CL to send an End Maker between UL CL - source PSA - target PSA to ensure in-order UL transferring on target PSA. 

This option can ensure packet lossless and in-order delivery within 5GS.
Option 2: Introduce an AF-defined Flow End Maker between UL CL and source local DN/EAS to trigger EAS relocation. With that, it can be guaranteed that no uplink packets sending over the old path before the EAS relocation starts.
This option can ensure packet lossless between UE and EAS, including N6 interface.
NOTE: This solution also applies to relocation of those EASs using forwarding tunnel from target UL CL to source UL CL after simultaneous change of UL CL/L-PSA as described in clause 4.3.5.7 of TS 23.502. i.e. EAS relocation from red line to green line in the following figure. In this case, the UL CL mentioned in the solution refers to the target UL CL in the call flow of clause 4.3.5.7 of TS 23.502.

 
[image: image3]
Figure 2: EAS relocation after simultaneous UL CL/PSA relocation
2. Text Proposal

It is proposed to capture the following changes in TR 23.748.
* * * * First change * * * *
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* * * * Second change (all new) * * * *

6.X
Solution #X:  EAS change with reducing packet loss in uplink 

6.X.1
Description

The proposal solution addresses the KI#2: Edge relocation, in particular on potential improvements of the coordination of change of the Edge Application Server and (local) PSA to support seamless change, e.g. preventing or reducing packet loss.

The procedure of “Change of additional PDU Session Anchor for IPv6 multi-homing or UL CL” was defined in clause 4.3.5.6 of TS 23.502. It can happen after e.g. Xn based handover and UL CL has changed. During the procedure, the on-fly uplink packets, from UL CL to source PSA and source EAS , which are to be sent to N6 or are being transmitted over N6, may be lost if the source EAS stops to handle packets during EAS relocation before all packets are received by the source EAS. 
NOTE: This solution assumes the UE related contexts, including application layer contexts and transporting layer contexts (e.g. TCP), if any, can be transferred from old EAS to new EAS by EAS relocation mechanisms, to ensure the packets can be handled seamlessly by the new EAS to avoid service interruption. The solution assumes the Packet with original EAS IP address can be handled by the new EAS after the relocation of the EAS server application, this can be achieved e.g. with use of Anycast EAS IP address, but details are out of scope of 3GPP.  
NOTE: This solution also applies to relocation of those EASs using forwarding tunnel from target UL CL to source UL CL after simultaneous change of UL CL/L-PSA as described in clause 4.3.5.7 of TS 23.502. i.e. EAS relocation from red line to green line in the following figure. In this case, the UL CL mentioned in the solution refers to the target UL CL in the call flow of clause 4.3.5.7 of TS 23.502. To avoid impact on service continuity, this solution proposes to enhance the procedure to support preventing or reducing packet loss with the following mechanism: UL packets are buffered in the target PSA until the target EAS is ready to handle the incoming application traffic.

Furthermore, this solution proposes to perform one of two options to enable in-order packet delivery: 
Option 1: Establish a forwarding tunnel between source PSA and target PSA to avoid loss of uplink packets that are transferring between UL CL and source PSA. SMF may also instruct UL CL to send an End Maker between UL CL - source PSA - target PSA to ensure in-order UL transferring on target PSA. 

This option can ensure packet lossless and in-order delivery within 5GS.
Option 2: Introduce an AF-defined Flow End Maker between UL CL and source local DN/EAS to trigger EAS relocation. With that, it can be guaranteed that no uplink packets sending over the old path before the EAS relocation starts.
This option can ensure packet lossless between UE and EAS, including N6 interface.
6.X.2
Procedures

Figure 6.x.2-1 illustrates the procedure of edge relocation with preventing packet loss and in-order packet delivery in uplink. 
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Figure 6.x.2-1: Procedure of preventing packet loss in uplink
In case seamless Edge relocation is needed, the AF influence traffic routing is enhanced to indicate the 'seamless Edge relocation' requirement (i.e. including a 'seamless Edge relocation' indication) to PCF. The PCF generates a PCC rule(s) based on the AF request and the PCC rule(s) sent to the SMF includes the 'seamless Edge relocation' indication. 
For Option 1, if seamless Edge relocation is needed, the SMF binds the application flow to a dedicated QoS Flow. 
1. The SMF decides to change the local PSA of a PDU Session with UL CL. 
2. The SMF sends an early notification to the AF after target PSA (i.e. PSA2) is selected and waits for a notification response from the AF. The AF may reply in positive to the notification of step 2 by indicating that buffering of uplink traffic in the PSA2 is required in case the 'seamless Edge relocation' indication was not set and the AF requests the same treatment on demand.
For Option 2, the response includes Flow End Marker information, which contains an AF-defined Flow End Marker packet.

3. The SMF configures the PSA2 as specified in step 2 in clause 4.3.5.6 in TS23.502, and indicates the PSA2 to buffer uplink traffic. PSA1 keeps receiving downlink traffic from EAS1 and send it to the UE until it is released in step 9.
For Option 1, the SMF also obtains the forward tunnel info from PSA2.
4. For Option 1, the SMF sends an N4 Session Modification Request to the PSA1 to establish forwarding tunnel towards PSA2. The PSA1 starts to forward the received uplink packets to the PSA2 via the tunnel.
5. The SMF sends an N4 Session Modification Request to the UL CL to update the UL CL rules regarding to the traffic flows that the SMF tries to move from PSA1(i.e. source PSA) to PSA2. The N4 Session Modification Request message contains the identifications of traffic filter that needs to be updated and the tunnel ID of PSA2. 
For Option 1, if an 'seamless Edge relocation' indication is included in the PCC rule, the SMF also indicates the UL CL to send End Marker per QoS Flow to the PSA1 before it starts to forward the traffic to the PSA2 to ensure the packets are in-order delivered from PSA2 to EAS2.  
For Option 2, the SMF provides the Flow End Marker received in step 2 to the UL CL and indicates the UL CL to send it to the PSA1 before it starts to forward the traffic to the PSA2.
6. For Option 1, if an 'seamless Edge relocation' indication is included in the PCC rule, the End Marker is sent from UL CL to the PSA1 then PSA2. When the End Marker is received, the PSA2 knows that no more uplink packet from the old path for the QoS Flow.
7. For Option 2, the Flow End Marker is sent from UL CL to PSA1 then source Local DN/EAS. When the Flow End Marker is received, the source EAS knows that no more uplink packets from the UE. The source EAS stops to handle packets and EAS relocation can be started.
8. The SMF sends a Late Notification to the AF. When EAS relocation is completed, the AF sends a notification response to the SMF. 

9. The SMF updates the PSA2 by indicating the PSA2 to send the buffered uplink packets. The SMF releases PSA1. 
For Option 1, the forwarded packets received before the End Marker packet will be sent to EAS before those received directly from UL CL. 
6.X.3
Impacts on Existing Nodes and Functionality

SMF:

-  Configure the target PSA to buffer uplink packets and to forward them when EAS relocation is completed.
-  For Option 1, configure the source PSA to establish an N9 tunnel between the target PSA to forward uplink traffic, and optionally, configure the UL CL to send End Marker when it stops to forward uplink packets to the source PSA and configure the target PSA to send the packets to the target EAS in-order based on the End Marker. 
-  For Option 2, forward Flow End Marker received in PCC rules to the source PSA.
UPF acting as a UL CL:

-  For Option 1, optionally send the End Marker per QoS Flow to the source PSA then target PSA before it starts to forward the traffic to the target PSA.
-  For Option 2, forward Flow End Marker received from SMF to the source PSA then source Local DN/EAS before it starts to forward the traffic to the target PSA.
UPF acting as a source PSA:

-  For Option 1, establish an N9 tunnel between the target PSA, and forward uplink packets from UL CL to the target PSA. 

UPF acting as a target PSA:
- 
Buffer uplink packets until EAS relocation is completed.

-
For Option 1, optionally send the packets to the target EAS in-order based on the End Marker.  
AF:

-
Optionally, include a 'seamless Edge relocation' indication in the AF request sent to the PCF.

-
Optionally, indicating that buffering of uplink traffic in the target PSA is required in Early Notification response to SMF.

-  For Option 2, include Flow End Marker information in positive AF response sent to the SMF.
PCF:
-
Optionally, include the 'seamless Edge relocation' indication in the PCC rule sent to the SMF.
* * * * End of changes * * * *[image: image5.png]
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