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	SMF scalability and resiliency can be supported for PDU sessions in 5GS using the SMF set concept, e.g. this enables an AMF, PCF or UPF to reselect a different SMF from the SMF set when an SMF fails, restarts or is de-instantiated (scale-in operation), without interrupting the services and PDN connectivity of UEs. 

Inter-system mobility between 5GS and EPS relies on combo PGW-C/SMF.

However, no PDN connection restoration procedure has been defined in EPS, which defeats the benefits of the SMF set concept since: 
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· An MME cannot reselect a different PGW-C/SMF from the set for an on-going PDN connection if one PGW-C/SMF fails or restarts. All PDN connections are lost and need to be re-established. 
· A PCF or PGW-U/UPF cannot reselect a different PGW-C/SMF instance from a set since no procedure exists enabling to update the SGW and MME with new PGW-C/SMF information. 
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X	Restoration of PDN connections after an PGW-C/SMF failure, restart or scale-in operation
[bookmark: _Toc19630505][bookmark: _Toc27226709][bookmark: _Toc36115890]X.1	General
The procedure specified in this clause enables to restore in the EPC the PDN connections affected by an PGW-C/SMF failure with or without restart or scale-in operation, and thus to maintain the UE connectivity to the PDN and corresponding services with minimum service interruption and minimal signalling in the network (e.g. no signalling wih the UE).
The procedure specified in this clause is optional to support for the MME, SGW and PGW-C/SMF.
This procedure applies for combo PGW-C/SMF that are deployed in an PGW-C/SMF set (i.e. a set of PGW-C/SMF instances that are functionally equivalent and inter-changeable and that share the same contexts, see clause 5.21.3 of 3GPP TS 23.501 [x]). When a PGW-C/SMF fails with or without restart, or when a PGW-C/SMF is de-instantiated from the SMF set (scale-in operation), other PGW-C/SMFs from the same PGW-C/SMF set may take over the control of the PDN connections that were served by the PGW-C/SMF that failed or that was de-instantiated. 
The procedure also supports the restoration of Home Routed PDN connections, if the VPLMN and HPLMN support this procedure. If the VPLMN or HPLMN does not support this procedure, the existing behaviour applies, e.g. the MME and SGW clears all PDN connections of the PGW-C/SMF when detecting the failure or restart of the PGW-C/SMF and the MME may request UEs to release and reactivate some PDN connections (e.g. IMS PDN connections).
The procedure relies on the following principles.


Figure X.1-1: Restoration of PDN connection after a PGW-S/SMF failure, restart or scale-in operation, with MME reselecting a PGW-C/SMF from the same PGW-C/SMF set
1.	During the PDN connection establishment, or when a PDU session is moved from 5GS to EPS without the N26 interface, the MME may signal in the Create Session Request that it supports this procedure by including a PGW Set Support Indication. The SGW shall relay this information towards the PGW. 
2.	If the Create Session Request indicated support of this procedure, the PGW-C/SMF may return a PGW Set FQDN in the Create Session Response. The SGW shall relay this information towards the MME. This indicates to the SGW and MME that this procedure is supported for the PDN connection and that alternative PGW-C/SMF instances may be found using the PGW Set FQDN if the PGW-C/SMF becomes no longer reachable.
3.	The PGW-C/SMF fails with or without restart or is de-instantiated from the PGW-C/SMF set (scale-in operation).
4.	When detecting that the PGW-C/SMF has failed with or without restart, the SGW-C shall send a PGW Restart Notification to the MME as specified in clause 16.1A.2. During a PGW-C/SMF scale-in operation, the PGW-C/SMF may send an Echo Request to the SGW with an incremented restart counter to speed up the restoration of the PDN connections that were supported by this PGW-C/SMF.
When detecting that a PGW-C/SMF has failed, the SGW-C and MME shall maintain the contexts of the PDN connections served by that PGW-C/SMF for which this procedure is supported. 
5, 6.	The MME should then select an alternative PGW-C/SMF using the PGW Set FQDN and send a Modify Bearer Request towards the newly selected PGW-C/SMF via the SGW, including the UE's identity (IMSI or IMEI if no IMSI is available) and the Linked EPS Bearer Identity (identifying the default EPS bearer identity of the PDN connection). 
Editor's Note: Details on the DNS procedure to reselect an alternative PGW-C/SMF using the PGW Set FQDN need to be specified in 3GPP TS 29.303.
7.	The new PGW-C/SMF shall identify the corresponding PDN connection context using the UE's identity and Linked EPS Bearer Identity and if it can take over the PDN connection, it shall return the new S5/S8 PGW F-TEID for control plane and its PGW node name in the Modify Bearer Response towards the MME.
8. 	The SGW and MME shall store the new S5/S8 PGW F-TEID for control plane for subsequent control plane signalling to the PGW-C/SMF. The MME shall also update the PGW identity in the HSS.
Any subsequent control plane procedure between the MME, SGW and PGW shall take place as defined in existing procedures.
Likewise, when a PDU session is moved from 5GS to EPS with the N26 interface, the MME may signal in the Modify Bearer Request that it supports this procedure by including a PGW Set Support Indication. The SGW shall relay this information towards the PGW. If the Modify Bearer Request indicated support of this procedure, the PGW-C/SMF may then return a PGW Set FQDN in the Modify Bearer Response, that the SGW shall relay towards the MME. This indicates to the SGW and MME that this procedure is supported for the PDN connection and that alternative PGW-C/SMF instances may be found using the PGW Set FQDN if the PGW-C/SMF becomes no longer reachable. Then the principles described above shall also apply to this PDN connection.
When a PGW-C/SMF fails, restarts or is de-instantiated (scale-in operation), a new PGW-C/SMF from the same PGW-C/SMF set may also be reselected for the PDN connection upon request from another entity than the MME, e.g. upon request from the PCF or the PGW-U/UPF. If this happens before the MME has reselected the PGW-C/SMF (steps 5 and 6 of Figure X.1-1), the new PGW-C/SMF shall send an Update Bearer Request message towards the MME including the new S5/S8 PGW F-TEID for control plane and its PGW node name, as described in Figure X.1-2.


Figure X.1-2: Restoration of PDN connection after a PGW-S/SMF failure, restart or scale-in operation, with PCF reselecting a PGW-C/SMF from the same PGW-C/SMF set

1 to 4.	Same as steps 1 to 4 of Figure X.1-1. 
5.	An entity interacting witht the PGW-C/SMF (e.g. PCF or PGW-U/UPF) reselects an alternative PGW-C/SMF from the same PGW-C/SMF set. 
6.	The new PGW-C/SMF taking over the PDN connection shall send an Update Bearer Request towards the MME via the SGW, including the new S5/S8 PGW F-TEID for control plane and its PGW node name. 
7. 	The SGW and MME shall store the new S5/S8 PGW F-TEID for control plane for subsequent control plane signalling to the PGW-C/SMF.
8.	Same as step 8 of Figure X.1-1


* * * End of Changes * * * *
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