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1	Introduction
[bookmark: _Hlk48630882]Last CT4-122 meeting discussed the restoration procedure for split PDU session and sent a LS to RAN3 in [1], as specified as follows. 
	1. Overall Description:
CT4 discussed the restoration procedures when the UPF receives a GTP-U Error Indication from a 5G-AN for a split PDU session and when the UPF detects a user plane path failure towards a 5G-AN which affects one or more split PDU sessions. 
CT4 agreed the attached CR specifying that, for a split PDU session, the SMF may report those errors to the NG-RAN using a PDU session resource modification procedure, so that the NG-RAN may allocate a new N3 DL tunnel or move the QoS flows conveyed by the failed GTP-U tunnel to the other healthy GTP-U tunnel.

2. Actions:
To RAN3
ACTION: 	CT4 kindly asks RAN3 to take the above information into consideration, provide feedback if any, and update their specification accordingly.




This contribution provides the impact on network interfaces according to the above CT4 agreements.  
2	The case when the UPF receives a GTP-U Error Indication from a 5G-AN 
As specified in CT4 agreed CR in [2], the partial failure may happen when the NG-RAN (i.e., the GTP-U entity at the NG-RAN node) loses some session contexts. In such case, the NG-RAN node can return a GTP-U Error Indication to the UPF to report that the context is unknown.  To our understanding, this partial failure case should be considered as rare abnormal and failure cases. 
There are different handlings for the SMF. 
· For non-split PDU session case, the SMF can trigger PDU Session Resource Release procedure. 

· For a split PDU session, the SMF can trigger the PDU Session Resource Modify procedure, containing the N3 DL tunnel address and an indication that the UPF has received a GTP-U Error Indication.  Based on this, the NG-RAN node may allocate a new N3 DL F-TEID or move the QoS flows conveyed by the failed GTP-U tunnel to the other GTP-U tunnel. This change is copied in the following. 
	2.	The 5G-AN returns a GTP-U Error Indication if it does not have a corresponding GTP-U context (see clause 5.2).
<Skip the irrelevance >
5.	If the user plane connection of the PDU session is seen as activated by the SMF, the SMF shall initiate an Namf_Communication_N1N2MessageTransfer service operation to request the 5G-AN to release the PDU session's resources, as specified in clause 4.3.7 of 3GPP TS 23.502 [5]. 

If the affected PDU session is a split PDU session, the SMF may instead initiate an Namf_Communication_N1N2MessageTransfer service operation including the "PDU Session Resource Modify Request Transfer" IE containing the N3 DL F-TEID and an indication that the UPF has received a GTP-U Error Indication for that N3 DL F-TEID.
6.	Upon receipt of an Namf_Communication_N1N2MessageTransfer request to transfer the PDU Session Resource Release Command, the AMF shall:
-	proceed with the request, as specified in clause 5.2.2.3.1 of 3GPP TS 29.518 [6], if the UE is in CM-CONNECTED state for the Access Network Type associated to the PDU session;
-	otherwise, reject the request with an error indicating that the UE is in CM-IDLE state for the Access Network Type associated to the PDU session.
6a.	The AMF shall send a PDU Session Resource Modify Request to the 5G-AN if it receives the "PDU Session Resource Modify Request Transfer" IE in step 5.
7.	If the AMF sent a PDU Session Resource Release Command to the 5G-AN, the PDU session's resource release is acknowledged to the SMF. 
	If the AMF sent a PDU Session Resource Modify Request to the 5G-AN, the 5G-AN may allocate a new N3 DL F-TEID or move the QoS flows conveyed by the failed GTP-U tunnel to the other GTP-U tunnel and indicate so in the "PDU Session Resource Modify Response Transfer".




For the split PDU session, the CT4 agreed CR does not indicate to which NG-RAN node (i.e., the MN or the SN) the session contexts would be lost, thus returns a GTP-U Error Indication. It is our understanding both session contexts lost at the MN and at the SN should be considered. 
Note that in the case that the UP-error cases happen simultaneously at the MN and SN, the SMF should trigger the PDU session release procedure instead, which is in essence the same as PDU session non-split case. 

[bookmark: _Toc135998684][bookmark: _Toc160525629][bookmark: _Toc163051983]RAN3 to consider the session contexts lost either at the MN or at the SN for the split PDU session.

2.1	NGAP impact
The NGAP impact has been specified in the CT4 agreed CR [2]. When the UPF receives the GTP-U error indication from the NG-RAN node, the CN (SMF) can trigger the PDU session resource modify request procedure, containing the following two information. 
· The DL tunnel address
· The indication that the UPF has received a GTP-U Error Indication for that N3 DL F-TEID
The first DL tunnel address can indicate to which the GTP-U tunnel the CN has received the GTP-U Error Indication. Typically, it can indicate whether the MN or the SN loses some session contexts. Hence this IE should be always present when the SMF sends the UP-failure indication. 
The indication, to our understanding, is more like accurate information when the SMF sends the UP-failure indication. 

[bookmark: _Toc135998685][bookmark: _Toc160525630][bookmark: _Toc163051984]Over NG, in the PDU Session Resource Modify Request Transfer IE, the following IEs indicating UP-failure indication are included to indicate that the CN receives the GTP-U error indication from the NG-RAN node for the split PDU session.  
· The DL tunnel address
· The indication that the UPF has received a GTP-U Error Indication for that N3 DL F-TEID

2.2	XnAP impact
When the MN receives the UP-failure indication from the SMF within the PDU session resource modify procedure, according to the above proposal 1, the session contexts lost may happen at the MN or the SN side. The MN can decide which node is the failure source based on the received DL tunnel address, and perform the following actions. 
If the contexts lost happen at the SN side, the MN can perform the following actions based on its own implementations. 
· request the SN to move the impacted QoS flows to the MN;
· send the UP-failure indication to the SN, then the SN can allocate a new NG DL tunnel address. Similar to the NGAP, the information containing the DL tunnel address and the indication can be indicated in the SN modification request. 
· The DL UP-failure indication is especially useful to indicate the GTP-U tunnel for the redundant URLLC transmission.  
· While the latter indication can indicate the accurate failure cause.  
If the contexts lost happen at the MN side, the MN can perform the following actions, without further specification impacts. 
· perform QoS flow offloading to move the impact QoS flows to the SN;
· allocate a new DL tunnel address for the affected NG-U tunnel. 

Over Xn, if the session contexts lost happen at the SN side, the MN can send the UP-failure indication to the SN in the SN modification request message.  

2.3	E1AP impact
For the CU-CP/CU-UP split case, the MN-CU-CP can decide its actions based on the received tunnel address, and send the UP-failure indication in the bearer context modification request message. Specially, 
· if the session contexts lost happens at the MN side (i.e., the MN-CU-UP), the MN-CU-CP can send the UP-failure indication to the MN-CU-UP. Then the MN-CU-UP can assign a new DL tunnel address; 
· if the session contexts lost happens the SN side, the SN-CU-CP can send the UP-failure indication to the SN-CU-UP, then the new TEID is assigned.  

Over E1, if the session contexts lost happens at the MN side, the MN-CU-CP can send the UP-failure indication to the MN-CU-UP in the bearer context modification request message; if the session context lost happens at the SN side, the SN-CU-CP can send the UP-failure indication to the SN-CU-UP in the bearer context modification request message. 
3	The case when the UPF detects a user plane path failure towards a 5G-AN 

In addition, in section 5.4 of attached CR, the restoration procedures upon user plane failure is discussed. 
	[bookmark: _Toc19709733][bookmark: _Toc27253008][bookmark: _Toc44856096][bookmark: _Toc44857984][bookmark: _Toc51840309][bookmark: _Toc161046356]5.4	Restoration Procedures upon User Plane Path Failure
Upon detecting a GTP-U user plane path failure as specified in clause 5.2.2, the UPF shall report the user plane path failure to the SMF, by sending a PFCP Node Report Request (see 3GPP TS 29.244 [4]) including a User Plane Path Failure Report with the IP address of the remote GTP-U peer(s) towards which a failure has been detected. The UPF should also notify the GTP-U user plane path failure via the Operation and Maintenance system.
<Skip the irrelevance >
-	For each split PDU session affected by the user plane path failure, the SMF may use the procedure specified in clause 5.3.2.1 to report to the master 5G-AN node that a user plane path failure has been detected towards one 5G-AN (i.e. for one of the GTP-U tunnel of the split PDU session), in which case the SMF shall indicate, in the PDU Session Resource Modify Request Transfer" IE, the IP address of the remote 5G-AN GTP-U entity towards which a path failure has been detected.



It can be observed that for the split PDU session affected by the user plane path failure, the SMF shall indicate to the NG-RAN node, in the PDU Session Resource Modify Request Transfer" IE, the IP address of the remote 5G-AN GTP-U entity towards which a path failure has been detected. This IP address can point to either the MN or the SN side. 
Very similar to the discussion on the GTP-U Error indication, the proposals above are also applicable for UPF detecting a user plane path failure case. The difference is that the SMF can indicate the IP address of the NG-RAN node. 
The CR details can be discussed and concluded online.  
To take very similar proposals and changes over NG/Xn/E1 interfaces above for the case when the UPF detects a user plane path failure towards a 5G-AN.


4	Conclusion
This document proposes the following proposals for the two cases: 
The case when the UPF receives a GTP-U Error Indication from a 5G-AN
Proposal 1: RAN3 to consider the session contexts lost either at the MN or at the SN for the split PDU session.
Proposal 2: Over NG, in the PDU Session Resource Modify Request Transfer IE, the following IEs indicating UP-failure indication are included to indicate that the CN receives the GTP-U error indication from the NG-RAN node for the split PDU session.  
· The DL tunnel address
· The indication that the UPF has received a GTP-U Error Indication for that N3 DL F-TEID
Proposal 3: Over Xn, if the session contexts lost happen at the SN side, the MN can send the UP-failure indication to the SN in the SN modification request message.  
Proposal 4: Over E1, if the session contexts lost happens at the MN side, the MN-CU-CP can send the UP-failure indication to the MN-CU-UP in the bearer context modification request message; if the session context lost happens at the SN side, the SN-CU-CP can send the UP-failure indication to the SN-CU-UP in the bearer context modification request message. 
The case when the UPF detects a user plane path failure towards a 5G-AN
Proposal 5: To take very similar proposals and changes over NG/Xn/E1 interfaces above for the case when the UPF detects a user plane path failure towards a 5G-AN.

The corresponding NGAP, E1AP and XnAP CRs can be found in [3-5]. 
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