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[bookmark: _Toc462478989]Abstract of the contribution: This contribution introduces how to reducing packet loss during EAS relocation in EAS IP replacement.
1 Discussion
Captured in clause 9.2.5 of TR 23.748, it is proposed to use EAS IP replacement to enable EAS rediscovery variants where UE does not take an active role and can be used on any connectivity model. But in original solution, it doesn’t describe the continuity of EAS relocation in EAS IP replacement. For the situation of EAS relocation in EAS IP replacement, there exists three traffic rules in L-PSA: original routing to source EAS, buffer FAR and out header FAR (derived from EAS IP replacement information received from AF). How to deal with these rules should be discussed.
After AF provides new EAS IP address via traffic influence or notification response, SMF will reselect new L-PSA or UL CL and generate FAR (outer header). While in order to reduce the packet loss and guarantee the continuity of business, firstly, SMF will indicate FAR (buffer) to the selected L-PSA to buffer the uplink traffic and establish the N9 tunnel (forwarded FAR) between L-PSAs and UL CLs. As for the FAR (outer header), it has three strategies. 
Firstly, according to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR (outer header) but not sends to L-PSA. After receiving the EAS relocation accomplishment in notification response, SMF sends the FAR in N4 procedure to L-PSA and replace the buffer FAR.
Secondly, another alternative way, according to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR and sent to L-PSA. But due to the EAS relocation is not accomplished, one way is to indicates the L-PSA to not use the forwarding FAR. Another way is to set the limitation in L-PSA to decide whether to use this forwarding FAR. Only when the L-PSA don’t buffer uplink packet or L-PSA buffers uplink packet and receives indication of performing FAR from SMF, L-PSA will apply new forwarding FAR and replace the buffer FAR.
At last, when SMF firstly received EAS IP replacement, SMF doesn’t derive FAR. Only when SMF receives positive late notification response from AF that has accomplished EAS relocation, SMF derives FAR and sends to L-PSA to replace buffer FAR.
2 Proposal
This proposal focuses on the procedure of reducing packet loss during EAS relocation using EAS IP replacement. 
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This proposal applies the function of reducing packet loss to three scenarios. 
The first scenario is the EAS relocated in the same DNAI and the user plane functions don’t relocate. The second scenario is the EAS relocated to the different DNAI and the L-PSA also needs relocated. But the UL CL keeps unchanged. The last scenario is the EAS relocated to the different DNAI and the related L-PSA and UL CL are all needs to be relocated. 
For the situation of EAS relocation in EAS IP replacement, there exists three traffic rules in L-PSA: original routing to source EAS, buffer FAR and out header FAR (derived from EAS IP replacement information received from AF). How to deal with these rules should be discussed below: 
[bookmark: _GoBack]The traffic rules to source EAS is determined by the source EAS IP address, and this rule is lower priority than FAR (including buffer and outer header) in PSA. And if the buffer FAR and outer header co-exists in PSA, it should define the priority in PSA. Another existing alternative is one FAR updated by other FAR. So, if SMF receives the EAS IP replacement information from AF, when to derive FAR and apply to PSA depends on whether the EAS relocation accomplished.
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Figure 6.3.3.3.1-1: Intra-DNAI EAS relocation with user plane function unchanged using EAS IP replacement
1.	Local PSA performs "Outer Header Creation" and " Outer Header Removal" FARs as instructed by SMF, which results in EAS IP address replacement:
-	For UL traffic, the destination IP address and port number are replaced with the old Target EAS IP address and port number;
-	For DL traffic, the source IP address and port number are replaced back with the Source EAS IP address and port number.
2.	AF determines and detects the EAS relocation due to load balance or fault migration. 
3.	AF decides to influence the traffic routing in 5GC. The potential new EAS IP replacement information which has no DNAI changed is sent to the SMF within the AF Influence information and the SMF reconfigures the UL CL UPF and Local PSA with EAS IP replacement information.
4. 	5GC finds the new EAS IP address is in the same DNAI and determines there is no UL CL and L-PSA relocation. The SMF sends buffer FAR to L-PSA to buffer the packet from UE towards old target EAS.
5a.  Optional step: According to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR but not sends the forwarding FAR to L-PSA. After receiving the EAS relocation accomplishment in notification response in step 8, SMF sends the FAR in N4 procedure to L-PSA and applies.
5b.  Optional step: According to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR and sent to L-PSA. But due to the EAS relocation is not accomplished, one way is to indicates the L-PSA to not use the forwarding FAR. Another way is to set the limitation in L-PSA to decide whether to use this forwarding FAR. Only when the L-PSA don’t buffer uplink packet or L-PSA buffers uplink packet and receives indication of performing FAR from SMF, L-PSA will apply new forwarding FAR and replace the buffer FAR.
	After L-PSA begins to buffer uplink packet, L-PSA generates flow end marker and sends them to old target EAS. When the Flow End Marker is received, the old target EAS knows that no more uplink packet from the old path for the QoS Flow.
6.	SMF notifies AF about the user plane preparation has accomplished and triggers the EAS relocation procedure.
7.	AF performs EAS relocation and context migration to new target EAS.
8. 	The AF sends a positive response to the SMF.
9. 	After receiving positive response from AF, if there is no forwarding FAR generated for new target EAS in previous step, the SMF can derive the forwarding FAR according to the EAS IP replacement information provided by AF in step 3. And SMF sends the forwarding FAR to L-PSA to replace the buffer FAR. 
	If in step 5a, the forwarding FAR has already generated by SMF and do not sent, in this step, SMF sends the forwarding FAR to L-PSA to replace the buffer FAR. 
	If in step 5b, the forwarding FAR has already generated by SMF and sent to L-PSA, in this step, SMF sends the indication of performing forwarding FAR to L-PSA. After receiving the performing indication, L-PSA finds the condition is satisfied and begin to use the new forwarding FAR and removes the old buffer FAR. 
10.	 Local PSA starts to perform "Outer Header Creation" and " Outer Header Removal" FARs as instructed by SMF, which results in EAS IP address replacement:
-	For UL traffic, the destination IP address and port number are replaced with the new Target EAS IP address and port number at Local PSA;
-	For DL traffic, the source IP address and port number are replaced back with the Source EAS IP address and port number at Local PSA.
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Figure 6.3.3.3.2-1: Inter-DNAI EAS relocation with L-PSA relocated
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-	For UL traffic, the destination IP address and port number are replaced with the old Target EAS IP address and port number;
-	For DL traffic, the source IP address and port number are replaced back with the Source EAS IP address and port number.
2.	Due to UE moving, 5GC determines to relocate the L-PSA and the UL CL keeps unchanged. 
3.	The SMF sends early notification to AF. This message may sent via NEF. The SMF may include the target DNAI list towards the AF.
4. 	The AF may determine the target DNAI from the target DNAI list, prepares the EAS relocation and determines the new EAS IP address. The Old target EAS continue to serve.
5.	The AF sends Nnef_TrafficInfluence_AppRelocationInfo to SMF. This message may be sent via NEF. This message may include the selected target DNAI and the potential EAS IP replacement information. 
6.	Based on the target DNAI if the SMF determines the L-PSA needs to be relocated, the SMF selects a local PSA2 and establishes an N4 session. Due to the EAS relocation isn’t accomplished, the SMF generates buffer FAR and sends to L-PSA2. L-PSA2 will buffer the packet from UE towards old target EAS. 
7. 	SMF generates new forwarding FAR to L-PSA1 to forward the packet from UL CL to L-PSA2. SMF sends an N4 Session Modification Request to the L-PSA1 to establish forwarding tunnel towards L-PSA2. The L-PSA1 starts to forward the received uplink packets to the L-PSA2 via the tunnel. The old forwarding FAR that generated by old EAS IP replacement information will be replaced or revoked.
8a.  Optional step: According to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR but not sends the forwarding FAR to L-PSA2. After receiving the EAS relocation accomplishment in notification response in step 12, SMF sends the FAR in N4 procedure to L-PSA2 and applies.
8b.  Optional step: According to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR and sent to L-PSA2. But due to the EAS relocation is not accomplished, one way is to indicates the L-PSA2 to not use the forwarding FAR. Another way is to set the limitation in L-PSA2 to decide whether to use this forwarding FAR. Only when the L-PSA2 don’t buffer uplink packet or L-PSA2 buffers uplink packet and receives indication of performing FAR from SMF, L-PSA2 will apply new forwarding FAR and replace the buffer FAR.
	After the N9 tunnels established between L-PSA1 and L-PSA2, the uplink data flow is: from UE to UL CL and to L-PSA1 and to L-PSA2. L-PSA2 buffers the uplink traffic.
9. 	SMF indicates UL CL to deliver the packets to L-PSA2. After UL CL begins to deliver, the UL CL generates end marker towards L-PSA2 and flow end marker towards old target EAS.
	When the End Marker is received, the L-PSA2 knows that no more uplink packet from the old path for the QoS Flow.
	When the Flow End Marker is received, the old target EAS knows that no more uplink packets from the UE. The old target EAS stops to handle packets and EAS relocation can be started.
	After UL CL begins to deliver uplink packets to L-PSA2, the uplink data flow is: from UE to UL CL and to L-PSA2. L-PSA2 buffers the uplink traffic.
10.	 The SMF sends a Late Notification to the AF.
11.  AF performs EAS relocation and context migration to new target EAS.
12.  The AF sends a positive late notification response to the SMF.
13.  After receiving positive response from AF, if there is no forwarding FAR generated for new target EAS in previous step, the SMF can derive the forwarding FAR according to the EAS IP replacement information provided by AF in step 5. And SMF sends the forwarding FAR to L-PSA2 to replace the buffer FAR. 
	If in step 8a, the forwarding FAR has already generated by SMF and do not sent, in this step, SMF sends the forwarding FAR to L-PSA2 to replace the buffer FAR. 
	If in step 8b, the forwarding FAR has already generated by SMF and sent to L-PSA2, in this step, SMF sends the indication of performing forwarding FAR to L-PSA2. After receiving the performing indication, L-PSA2 finds the condition is satisfied and begin to use the new forwarding FAR and removes the old buffer FAR. 
	After the buffered data can be delivered to new target EAS, the L-PSA1 is released by SMF. 
14.	 Local PSA starts to perform "Outer Header Creation" and " Outer Header Removal" FARs as instructed by SMF, which results in EAS IP address replacement:
-	For UL traffic, the destination IP address and port number are replaced with the new Target EAS IP address and port number at Local PSA;
-	For DL traffic, the source IP address and port number are replaced back with the Source EAS IP address and port number at Local PSA.


6.3.3.3.3	Inter-DNAI EAS relocation with both UL CL and L-PSA relocated


Figure 6.3.3.3.3-1: Inter-DNAI EAS relocation with both UL CL and L-PSA relocated
1.	Local PSA performs "Outer Header Creation" and " Outer Header Removal" FARs as instructed by SMF, which results in EAS IP address replacement:
-	For UL traffic, the destination IP address and port number are replaced with the old Target EAS IP address and port number;
-	For DL traffic, the source IP address and port number are replaced back with the Source EAS IP address and port number.
2.	Due to UE moving, 5GC determines to relocate the L-PSA and the UL CL. 
3.	The SMF sends early notification to AF. This message may be sent via NEF. The SMF may include the target DNAI list towards the AF.
4. 	The AF may determine the target DNAI from the target DNAI list, prepares the EAS relocation and determines the new EAS IP address. The Old target EAS continue to serve.
5.	The AF sends Nnef_TrafficInfluence_AppRelocationInfo to SMF. This message may be sent via NEF. This message may include the selected target DNAI and the potential EAS IP replacement information. 
6.	Based on the target DNAI if the SMF determines the UL CL and L-PSA needs to be relocated, the SMF selects a local PSA2 and target UL CL. SMF establishes an N4 session to L-PSA2 and target UL CL. Due to the EAS relocation isn’t accomplished, the SMF generates buffer FAR and sends to L-PSA2. L-PSA2 will buffer the packet from UE towards old target EAS. 
7. 	SMF generates new forwarding FAR to both L-PSA1 and source UL CL to forward uplink packet to L-PSA2 and target UL CL respectively. SMF sends an N4 Session Modification Request to the L-PSA1 and source UL CL to establish forwarding tunnel towards L-PSA2 and target UL CL respectively. The L-PSA1 starts to forward the received uplink packets to the L-PSA2 via the tunnel. The source UL CL starts to forward the received uplink packets to the target UL CL via the N9 tunnels. The old forwarding FAR in L-PSA1 that generated by old EAS IP replacement information will be replaced or revoked.
8a.  Optional step: According to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR but not sends the forwarding FAR to L-PSA2. After receiving the EAS relocation accomplishment in notification response in step 12, SMF sends the FAR in N4 procedure to L-PSA2 and applies.
8b.  Optional step: According to the EAS IP replacement information provided by AF, the SMF can derive the forwarding FAR and sent to L-PSA2. But due to the EAS relocation is not accomplished, one way is to indicates the L-PSA2 to not use the forwarding FAR. Another way is to set the limitation in L-PSA2 to decide whether to use this forwarding FAR. Only when the L-PSA2 don’t buffer uplink packet or L-PSA2 buffers uplink packet and receives indication of performing FAR from SMF, L-PSA2 will apply new forwarding FAR and replace the buffer FAR.
	After the N9 tunnels established between L-PSA1 and L-PSA2, between source UL CL and target UL CL, the uplink data flow is: from UE to target UL CL and to source UL CL, and to L-PSA1 and to L-PSA2. L-PSA2 buffers the uplink traffic.
9. 	SMF indicates target UL CL to deliver the packets to L-PSA2. After target UL CL begins to deliver, the target UL CL generates end marker towards L-PSA2 and flow end marker towards old target EAS.
	When the End Marker is received, the L-PSA2 knows that no more uplink packet from the old path for the QoS Flow.
	When the Flow End Marker is received, the old target EAS knows that no more uplink packets from the UE. The old target EAS stops to handle packets and EAS relocation can be started.
	After target UL CL begins to deliver uplink packets to L-PSA2, the uplink data flow is: from UE to target UL CL and to L-PSA2. L-PSA2 buffers the uplink traffic.
10.	 The SMF sends a Late Notification to the AF.
11.  AF performs EAS relocation and context migration to new target EAS.
12.  The AF sends a positive late notification response to the SMF.
13.  After receiving positive response from AF, if there is no forwarding FAR generated for new target EAS in previous step, the SMF can derive the forwarding FAR according to the EAS IP replacement information provided by AF in step 5. And SMF sends the forwarding FAR to L-PSA2 to replace the buffer FAR. 
	If in step 8a, the forwarding FAR has already generated by SMF and do not sent, in this step, SMF sends the forwarding FAR to L-PSA2 to replace the buffer FAR. 
	If in step 8b, the forwarding FAR has already generated by SMF and sent to L-PSA2, in this step, SMF sends the indication of performing forwarding FAR to L-PSA2. After receiving the performing indication, L-PSA2 finds the condition is satisfied and begin to use the new forwarding FAR and removes the old buffer FAR. 
	After the buffered data can be delivered to new target EAS, the L-PSA1 and source UL CL are released by SMF. 
14.	 Local PSA starts to perform "Outer Header Creation" and " Outer Header Removal" FARs as instructed by SMF, which results in EAS IP address replacement:
-	For UL traffic, the destination IP address and port number are replaced with the new Target EAS IP address and port number at Local PSA;
-	For DL traffic, the source IP address and port number are replaced back with the Source EAS IP address and port number at Local PSA.
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