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*******
* * * First Change * * * *
[bookmark: _Toc90129811]31.1	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, ePDG supporting S2b over GTPv2, 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 [45]).
In scenarios where a PGW-C/SMF becomes no longer available (e.g. PGW-C/SMF failure without restart, scale-in operation causing a PGW-C/SMF to be de-instantiated from the PGW-C/SMF set) or that require to change the PGW-C/SMF of a PDN connection, 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 is no longer available. When a PGW-C/SMF fails with restart, the restarted PGW-C/SMF should continue supporting the same PDN connections, if possible. When a PGW-C/SMF of a PGW-C/SMF set fails with or without restart, the Recovery (Restart Counter) shall not be incremented over S5/S8 (assuming the PDN connection context is still available in the PGW-C/SMF set).
The restoration of a PDN connection may be triggered by the MME (e.g. when the SGW detects and reports to the MME that the PGW-C has failed) or by the ePDG supporting S2b over GTPv2, or by the PGW-C/SMF (e.g. scale-in operation or PGW-C/SMF reselection by another network function such as PCF).
The procedure 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).
Clause 31.6 defines procedures to enable to restore a set of PDN connections affected by a PGW-C/SMF failure with or without restart, or scale-in operation, associated with specific FQ-CSIDs, Group IDs or PGW-C/SMF IP addresses.

* * * Next Change * * * *
[bookmark: _Toc90129812]31.2A	PDN connection establishment or mobility to EPC/ePDG
The PDN connection shall be established as defined in clause 7.2.4 of 3GPP TS 23.402 [18] with the following additions.


Figure 31.2A-1: PDN connection establishment
1.	During the PDN connection establishment or when a PDU session is moved from 5GS to EPC/ePDG, the ePDG may signal in the Create Session Request that it supports this procedure by including a PGW Set Support Indication. 
2.	If the Create Session Request indicates support of this procedure, the PGW-C/SMF may return a PGW Change Info IE in the Create Session Response. The PGW Change Info IE shall contain the PGW Set FQDN or Alternative PGW-C/SMF FQDN or IP Addresses of PGW/SMFs in the set; receipt of this information indicates to the ePDG that this procedure is supported by PGW-C/SMF for the PDN connection and that alternative PGW-C/SMF instances may be found using the PGW Set FQDN or the Alternative PGW FQDN or IP addresses, if the PGW-C/SMF becomes no longer reachable.
Likewise, a PDU session shall be moved from 5GS to EPC/ePDG as defined in clause 4.11.4 of 3GPP TS 23.502 [46] with the following additions:
-	the ePDG may signal that it supports this procedure by including a PGW Set Support Indication in the Create Session Request during handover from 5GS to EPC/ePDG (see clause 4.11.4.2 of 3GPP TS 23.502 [46]); and
-	If the Create Session Request received by the PGW-C/SMF indicates support of this procedure, the PGW-C/SMF may return a PGW Change Info IE (with the same content as described above) in the Create Session Response to provides the same indication as described above to the ePDG.

* * * Next Change * * * *
[bookmark: _Toc90129813]31.3A	ePDG triggered PDN connection restoration
The ePDG supporting S2b over GTPv2 may trigger a PDN connection restoration to move the PDN connection to a different PGW-C/SMF, e.g. when detecting that the PGW/SMF is not reachable, as defined in this clause.


Figure 31.3A-1: ePDG triggered PDN connection restoration
1.	The PGW-C/SMF fails without restart from the PGW-C/SMF set.
2.	The ePDG detects that the PGW-C/SMF has failed as specified in clause 20.1.

When detecting that a PGW-C/SMF has failed, the ePDG shall maintain the contexts of the PDN connections served by that PGW-C/SMF for which this procedure is supported.
3.	The ePDG should select an alternative PGW-C/SMF using the PGW Change Info received earlier from the PGW-C/SMF.
4.	The ePDG shall send a Create Session Request including a PGW Change Indication towards the newly selected PGW-C/SMF. The ePDG may defer doing so until it needs to send signalling to the PGW-C. The PGW Change Indication tells the PGW-C/SMF that this is a request to move an existing PDN connection to the new PGW-C/SMF.
5.	The new PGW-C/SMF shall identify the PDN connection context using the UE's identity (i.e. IMSI or IMEI) and the Linked EPS Bearer Identity received in the Create Session Request. If it can take over the PDN connection, it shall return a Create Session Response towards the ePDG (including, among others, the new S5/S8 PGW F-TEID for control plane, its PGW node name and S2b PGW F-TEIDs). The PGW-C/SMF shall not change the UE's IP address.
[bookmark: _PERM_MCCTEMPBM_CRPT64890027___3]	The ePDG shall update their PDN connection context with the information received from the PGW-C/SMF. Any subsequent control plane procedure between the ePDG and PGW shall take place as defined in existing procedures.
6.	The new PGW-C/SMF shall update the PGW identity in the 3GPP AAA Server, and the 3GPP AAA server will further populate the PGW identity to the HSS as specified in clause 12.1.4 of 3GPP TS 23.402 [18]. The new PGW-C/SMF shall update the PGW identity to the UDM as specified in clause 4.11.4.3.6 of 3GPP TS 23.502 [46] if S6b is not deployed between SMF+PGW-C and 3GPP AAA Server.

* * * Next Change * * * *
[bookmark: _Toc90129814]31.4A	PGW triggered PDN connection restoration towards ePDG
The PGW-C/SMF currently supporting a PDN connection, or a new PGW-C/SMF from the same PGW-C/SMF set, may trigger a PDN connection restoration to move the PDN connection to a different PGW-C/SMF as defined in this clause.
This may happen e.g. when a PGW-C/SMF is de-instantiated (scale-in operation), or when a new PGW-C/SMF from the same PGW-C/SMF set is reselected for the PDN connection upon a request from the PCF or the PGW-U/UPF and, more generally, when the PGW-C/SMF supporting a PDN connection is no longer available and a new PGW-C/SMF of the same PGW-C/SMF set needs to send signalling to the ePDG, before the ePDG has triggered a PDN connection restoration.


Figure 31.4A-1: PGW triggered PDN connection restoration towards ePDG
1.	The PGW-C/SMF currently supporting the PDN connection or another PGW-C/SMF from the same PGW-C/SMF set determines that the PDN connection needs to be moved to a different PGW-C/SMF, e.g. during a PGW-C/SMF set scale-in operation, or e.g. due to PCF or PGW-U/UPF reselecting an alternative PGW-C/SMF from the same PGW-C/SMF set due to the PGW-C/SMF serving the PDN connection being unavailable and this triggers bearer signalling towards the ePDG.
2 or 3.	The PGW-C/SMF currently supporting the PDN connection or the new PGW-C/SMF taking over the PDN connection may send an Update Bearer Request (or a Create Bearer Request or a Delete Bearer Request) towards the ePDG, either immediately or only when the PGW-C/SMF needs to send signalling (Create, Update or Delete Bearer Request) towards the ePDG, including the PGW Change Info IE. The PGW Change Info IE shall contain the new S2b PGW IP address for control plane.
4.	Same as step 4 of Figure 31.3A-1, with the ePDG including in the Create Session Request the new S5/S8 PGW-C/SMF IP address received in the PGW Change Info.
5.	Same as step 5 of Figure 31.3A-1.
6.	Same as step 6 of Figure 31.3A-1.
* * * Next Change * * * *
[bookmark: _Toc90129818]31.6.1	General
To reduce signalling latency and achieve a better load balancing among PGW-C/SMFs in a Set, an PGW-C/SMF, MME, ePDG supporting S2b over GTPv2 and UPF may support the procedures specified in this clause. These procedures enable an SMF/PGW-C to request MME/ePDG supporting S2b over GTPv2/UPF to move PDN connections and PFCP sessions associated with certain FQ-CSIDs (when partial failure handling is supported), Group IDs or PGW-C/SMF IP Addresses, to (another) PGW-C/SMF(s) in the set, without causing massing signalling.
NOTE:	The FQ-CSID can only be used in the procedure specified in this clause when the partial failure feature (using FQ-CSID) is deployed and used (not to force the NF to use a Group ID). For a network where the partial failure feature is not deployed, a Group ID or a PGW-C/SMF IP address needs to be used.
The requirements specified in this clause shall apply in addition to the previous requirements specified in clause 31.

* * * Next Change * * * *
31.6.2	Allocation of Group Id or FQ-CSID to a PDN connection or a PFCP session
To optimize the resource utilization for PDN connection(s) and/or PFCP session(s), e.g. to meet different traffic requirements for different APNs/DNNs and/or DCNs/Network Slices, and also to facilitate moving a (sub)set of PDN connections/PFCP sessions among a PGW-C/SMF set, e.g. for a partial or complete PGW-C/SMF failure or a scale-in operation, a PGW-C/SMF in a PGW-C/SMF Set may:
-	allocate a globally unique Group Id in the PGW Change Info IE in the Create Session Response message for a PDN connection during a PDN connection creation procedure and mobility procedure moved from 5GC without N26, or in the Modify Bearer Response for a PDN connection moved from 5GC with N26, and update the Group Id associated to the PDN connection, if necessary, in subsequent Create/Update/Delete Bearer Request messages (see also 3GPP TS 29.274 [13]);
-	allocate a globally unique Group Id in the PFCP Session Establishment Request message for a PFCP session during a PFCP session establishment procedure and update the Group Id, if necessary, in subsequent PFCP Session Modification Request messages (see also clause 5.22.X of 3GPP TS 29.244 [43]).
Alternatively, if partial failure handling is supported and deployed, the PGW-C/SMF may assign an FQ-CSID to a PDN connection and/or a PFCP session as specified in clause 23.
Subsequently, e.g. when a partial or a complete failure takes place affecting all PDN connections and PFCP sessions which are sharing either the same FQ-CSID or the same Group ID (see clause 31.6.1), a PGW-C/SMF in a PGW-C/SMF Set may trigger the restoration procedure for those affected PDN connections/PFCP sessions as specified in clauses 31.6.3 and 31.6.4.

* * * Next Change * * * *
[bookmark: _Toc90129820]31.6.3	Restoration of PDN connections associated with an FQ-CSID, Group ID or PGW-C/SMF IP Address
When there is a need to change the PGW-C/SMF controlling certain PDN connections, e.g. when a partial or complete PGW-C/SMF failure takes place, in order to trigger the MME(s) to re-establish the PDN connections that need to be taken over by a different PGW-C/SMF (e.g. PDN connections affected by the partial or complete failure), a PGW-C/SMF (either the one which experienced the partial failure or is shutting down, or another one in the same set) may trigger the PGW triggered PDN connection restoration procedure specified in clause 31.4 towards the MME or in clause 31.4a towards the ePDG, with the following additional requirements:
-	in steps 2a or 2b, the PGW Change Info IE shall additionally include one or more PGW-C/SMF FQ-CSID(s) or one or more Group ID(s) or one or more PGW-C Control Plane IP Address(es), to request the MME/ePDG to re-establish all the PDN connections associated with the PGW-C/SMF FQ-CSID(s) or Group ID(s), or having their PGW S5/S8/ S2a/S2b F-TEID containing one of the PGW-C Control Plane IP Address(es), towards the new S5/S8/S2b PGW IP address for control plane. The PGW-C/SMF may instruct the MME/ePDG to move sessions associated with different PGW-C/SMF FQ-CSIDs, Group Ids or PGW-C/SMF Control Plane IP addresses to different PGW-C/SMF addresses.


* * * End of Changes * * * *
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