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	Reason for change:
	Several Editor’s Note remains in clause 6.7 of I-SMF/V-SMF restoration procedure, and appropriate improvements to the solution shall be taken.

It is proposed to take the solutions described in C4-214210, to solve these Editor’s Note:

#1, How does the AMF know the SMF SET info and the SMF capability
- The AMF can get the SMF SET info and SMF SET deployment from the SMF profiles retrieved from the NRF, or from local configuration.
- The AMF can get the SMF capability from the SMF profile, or SBI signalling exchanged.

#2, How to handle the case where the N3 tunnel has previously been established
- The AMF can store the UP connection state received from the SMF during interaction with the SMF;
- The AMF sets upCnxState to REACTIVATING (new value) to the new I-SMF/V-SMF, if it knows the N3 tunnel has been established.
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#3, How to continue using the old I-UPF/V-UPF
- In procedures involving I-SMF/I-UPF, the I-SMF/V-SMF provides I-UPF/V-UPF info to the AMF, and the AMF stores it;
- In I-SMF/V-SMF restoration procedure, the AMF provides the old I-UPF/V-UPF info to the new I-SMF/V-SMF.

#4, How to handle the potential issue caused by GTP-U Error Indication
- The old I-UPF/V-UPF is configured to defer sending GTP-U Error Indication to the UPF(PSA), if I-SMF/V-SMF restoration procedure is deployed.
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* * * First Change * * * *
[bookmark: _Toc73952345]6.7	I-SMF/V-SMF Restoration Procedures
[bookmark: _Toc57026755][bookmark: _Toc73952346]6.7.1	General
The procedures specified in clause 6.5 shall be used to re-select an alternative I-SMF or V-SMF, when the I-SMF or V-SMF is deployed in a SMF Set, or where an SMF instance supports sharing contexts across its service instances.
This clause specifies an optional procedure for supporting I-SMF/V-SMF restoration, which shall only apply to the case where SMF set is not supported, or where an SMF instance does not support sharing contexts across its service instances.
To support the I-SMF/V-SMF restoration procedure specified in clause 6.7.2 and clause 6.7.3, it requires:
-	the anchor SMF shall be able to keep the SM context information even after an I-SMF/V-SMF insertion;
NOTE:	How the anchor SMF can store the SM context information, e.g. from the PDU session context, is implementation specific.
-	the AMF shall know the SMF SET information of the SMF(s) (e.g. I-SMF/V-SMF/anchor SMF), either from local configuration or from the SMF profile by NRF query;
-	the AMF shall know the capability of the anchor SMF for supporting the I-SMF/V-SMF restoration procedure, either from the NRF or from the supported features during signalling exchanges;
-	the AMF shall re-select a new I-SMF/V-SMF supporting the I-SMF/V-SMF restoration procedure, if determining to trigger the I-SMF/V-SMF restoration procedure.
[bookmark: _Toc57026756]Editor's Note:	It needs to be further check how the AMF knows there is no SMF Set support or the old I-SMF/V-SMF is not in an SMF Set. The AMF may get such knowledge from the following possible way: from the local configuration, from the SMF Profiles via NRF query, or from the exchanged SBI signalling, etc.
[bookmark: _Toc73952347]-	the AMF shall store the UP connection state received from the SMF, during interaction procedures with the SMF.
6.7.2	Restoration Procedure for I-SMF/V-SMF Restart
When an I-SMF/V-SMF fails and restarts, it may indicate recovery time to the peer NF (e.g. the AMF), as specified in clause 6.3.2.
Once detecting the restart of an I-SMF/V-SMF, the AMF should consider the SM Context in the I-SMF/V-SMF is invalid. The AMF may re-select a new I-SMF/V-SMF to perform I-SMF/V-SMF restoration procedure, as specified in clause 6.7.3. Or, the AMF may determine to re-use the existing I-SMF/V-SMF for the PDU session, but still need to perform the I-SMF/V-SMF restoration procedure specified in clause 6.7.3.
[bookmark: _Toc57026757][bookmark: _Toc73952348]6.7.3	Restoration Procedure for I-SMF/V-SMF Failure without Restart
When detecting the I-SMF/V-SMF is unreachable, the AMF shall re-select a new I-SMF/V-SMF with I-SMF/V-SMF restoration capability for the PDU session.
Once the new I-SMF/V-SMF is selected, the AMF shall perform the I-SMF/V-SMF restoration procedure, as described in Figure 6.7.3-1:


Figure 6.7.3-1 I-SMF/V-SMF Restoration Procedure
1)	The AMF detects the old I-SMF/V-SMF is not reachable.
2)	The AMF re-selects a new I-SMF/V-SMF for this PDU session.
3)	The AMF invokes Create SM Context service operation towards the new I-SMF/V-SMF, carrying the PDU Session ID and an I-SMF/V-SMF restoration indication. The NF Instance ID of the anchor SMF and the API URI of the anchor SMF shall also be included in the request, which are used by the new I-SMF/V-SMF to locate the PDU session resource in the anchor SMF.
	If user plane is required to be activated, e.g. as requested by the UE initiated Service Request, the upCnxState shall be included and set to ACTIVATING.
	If the AMF knows the user plane has been activated in previous procedures, the upCnxState shall be included and set to REACTIVATING.
Editor's Note:	It is FFS on how to handle the case where the N3 tunnel is already established. Whether and how the AMF knows the N3 tunnel is already established, and how to provide such information to the new I-SMF/V-SMF.
	The smContextRef attribute shall not be included in the request. Thus, the new I-SMF/V-SMF shall not invoke Retrieve SM Context service operation towards the anchor SMF or towards the old I-SMF/V-SMF, on detecting the I-SMF/V-SMF restoration indication.
	To assist the new I-SMF/V-SMF to rebuild SM context, the AMF should provide other related information in the Create SM Context service operation.
	If the AMF knows the previous selected I-UPF/V-UPF, it shall provide the I-UPF/V-UPF info in the Create SM Context service operation.
4)	The new I-SMF/V-SMF may select a new I-UPF/V-UPF to serve the PDU session.
Editor's Note:	It is FFS whether it is possible to make the new I-SMF/V-SMF know the identity of the old I-UPF/V-UPF, so as to avoid selecting a new I-UPF/V-UPF and possibly loose user plane packets.
	If the previous selected I-UPF/V-UPF is provided by the AMF, the new I-SMF/V-SMF should continue using this I-UPF/V-UPF to serve the PDU session.
5)	If new I-UPF/V-UPF is selected, the new I-SMF/V-SMF establishes N4 session towards the new I-UPF/V-UPF.
6)	The new I-SMF/V-SMF invokes Create service operation towards the anchor SMF, carrying the PDU Session ID and the I-SMF/V-SMF restoration indication received from the AMF. The NF Instance ID and the callback URI of the I-SMF/V-SMF shall also be included in the request. In addition, if new I-UPF/V-UPF is selected, the N9 tunnel info of the new I-UPF/V-UPF shall also be included in the request.
7)	The anchor SMF shall detect the request is used to trigger the I-SMF/V-SMF restoration procedure based on I-SMF/V-SMF restoration indication, thus update the I-SMF/V-SMF information for this PDU session, and prepare the SM context related information which is to be send back to the new I-SMF/V-SMF.
8)	If the N9 tunnel info of the new I-UPF/V-UPF is provided, the anchor SMF shall send PFCP Session Modification to the UPF(PSA), to update the N9 tunnel info of the I-UPF/V-UPF.
9)	The anchor SMF sends Create Response to the new I-SMF/V-SMF, carrying the information related to SM context. The N9 tunnel info of the UPF(PSA) shall also be included in the response. 
10)	The new I-SMF/V-SMF updates N4 session towards the new I-UPF/V-UPF to update the N9 tunnel info of the UPF(PSA).
11)	The new I-SMF/V-SMF sends Create SM Context Response to the AMF. 
If the upCnxState is set to ACTIVATING in Create SM Context Request (i.e. user plane is requested needs to be activated by the UE), the new I-SMF/V-SMF establishes N3 tunnel User Plane resources for the PDU Session, and shall include the following information in the response message:
-	the upCnxState attribute set to ACTIVATING;
-	N2 SM information to request the 5G-AN to assign resources to the PDU session (see PDU Session Resource Setup Request Transfer IE in clause 9.3.4.1 of 3GPP TS 38.413 [11]), including the N3 tunnel information of the I-UPF/V-UPF.
If the upCnxState is set to REACTIVATING in Create SM Context Request (i.e. user plane is requested to be restored by the AMF), the new I-SMF/V-SMF establishes N3 tunnel User Plane resources for the PDU Session, and shall include the following information in the response message:
-	the upCnxState attribute set to ACTIVATING;
-	N2 SM information to request the 5G-AN to assign resources to the PDU session (see PDU Session Resource Modify Request Transfer IE in clause 9.3.4.3 of 3GPP TS 38.413 [11]), including the N3 tunnel information of the I-UPF/V-UPF.
12)	The AMF sends N2 Message to the RAN, if needed.
13~15)	The AMF sends UpdateSMContext Request to the new I-SMF/V-SMF, to update the N3 tunnel info of the RAN, if user plane is activated.
Editor's Note:	When downling data arrives at the old I-UPF/V-UPF, if the old I-UPF/V-UPF detects the failure of old I-SMF/V-SMF, it may send GTP-U Error Indication towards the UPF(PSA). The UPF(PSA) may trigger the anchor SMF to release the PFCP session, and thus release the PDU session. It creates race condition to the I-SMF/V-SMF restoration procedure, and introduces unpredictable system behaviour. How to solve this problem is FFS.
6.7.x	Handling of GTP-U Error Indication in the I-UPF/V-UPF
When the I-SMF/V-SMF restoration procedure is triggered by the AMF, downlink data may still be transmitting. If the old I-UPF/V-UPF receives downlink data but detects failure of the old I-SMF/V-SMF, it may send GTP-U Error Indication to the UPF(PSA). The UPF(PSA) is triggered to send PFCP session report to the anchor SMF to report the GTP-U error. The anchor SMFmay thus release the PFCP session and the PDU session, while the I-SMF/V-SMF restoration procedure may go to the anchor SMF. In this case, it creates race condition to the I-SMF/V-SMF restoration procedure, and introduces unpredictable system behaviour.
To avoid race condition in the anchor SMF, an operator should configure the I-UPF/V-UPF to defer sending GTP-U Error Indication to the UPF(PSA) when detecting I-SMF/V-SMF failure, if the I-SMF/V-SMF restoration procedure is deployed in the network.
* * * End of Changes * * * *
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