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[bookmark: _Toc533190519]* * * First Change * * * *
[bookmark: _Toc2673811]16.1A.3	SGW-C Failure
The SGW-U will receive the SGW-C recovery time stamps of the PFCP entity(ies) in the SGW-C in Sx association setup Request/Response and PFCP heartbeat requests/responses messages.
When an SGW-U detects that a peer PFCP entity in the SGW-C has restarted, the SGW-U shall delete all its Sx session contexts and the Sx Association affected by the SGW-C restart. When the SGW-U receives a GTP‑U PDU not matching any PDRs, it shall discard the GTP‑U PDU and return a GTP error indication to the originating node (the PGW, the eNodeB, the S4-SGSN, or if Direct Tunnel is established, the RNC); as an exception, if the restoration of PDN connections after an SGW failure is supported as specified in clause 27, the SGW-U shall not send Error indication message for a configurable period after the SGW-C restart in the SGW-C.
NOTE:	The period needs to be longer than the time required for the peer node to detect the restart of the SGW-C, e.g. the interval between two echo request messages. This ensures that the MME/SGSN or PGW does not deactivate the bearers before it detects the SGW-C failure and triggers the restoration procedure.
When a SGW-U detects that a peer PFCP entity in the SGW-C is not reachable for a preconfigured time, the SGW-U shall delete all session contexts and the PFCP association contexts affected by the unreachability of the peer PFCP entity in the SGW-C that it may have stored.

* * * Next Change * * * *
[bookmark: _Toc2673812]16.1A.4	SGW-U Failure
The SGW-C will receive the SGW-U recovery time stamps of the PFCP entity(ies) in the SGW-U in Sx association setup Request/Response and PFCP heartbeat requests/responses messages.
After and an SGW-U restart, the Sx association between SGW-C(s) and the SGW-U has to be re-aestablished. 
NOTE:	The SGW-C can determine to reestablish the Sx Association if it receives the cause code "No established PFCP Association" in a response message, or if it detects all peer PFCP entities in the SGW-U have restarted.
Restoration of Sx sessions includes:
-	if re-establishment of Sx association is required, the SGW-C may start immediately after the Sx association setup procedure, and then;:
-	if the restoration is supported in the SGW-C on a proactive basis, the SGW-C may start re-establishing Sx sessions matching any PDRs.
-	if the restoration is supported in the SGW-C on a reactive basis: 
-	the SGW-C shall establish an Sx session with a wildcarded PDR to instruct the UP function to forward G-PDU packets which are not matching any other PDRs to the CP function (to a F-TEID uniquely assigned in the CP function for this Sx-u tunnel); 
-	upon receipt of G-PDUs from this Sx-u tunnel, the CP function shall then check if it has an active session for each received G-PDU packet:
-	if so, the CP function shall perform Sx Session establishment procedures to re-establish the corresponding Sx sessions in the SGW-U;
-	otherwise the CP function shall generate a GTP-U Error Indication with a destination address set to the source IP address of the received G-PDU, and send it to the UP function. The UP function shall forward this GTP-U Error Indication transparently. The CP function shall delete the G-PDU after the check for active sessions.
NOTE 1:	The SGW-U can filter the G-PDU packets with same target F-TEID and send only one such G-PDU to the CP function.
NOTE 2:	Such Sx-u tunnel to forward GTP-U Error Indication can be established per UP function and can also be used to send End Marker packets generated by the CP function. See subclause 5.3.2 of TS 29.244 [43]
The SGW-U shall not send Error indication message for a configurable period after a PFCP entity restart in the SGW-U restart  when the SGW-U receives G-PDU not matching any PDRs.
NOTE 3:	If restoration on a reactive basis is used, the period needs to be longer than the time required by the SGW-C to detect the SGW-U restart, establish the Sx association and provision the wildcarded PDR. Otherwise, the period needs to be longer than the time required by the SGW-C to restore all the Sx sessions on a proactive basis.
When the SGW-C detects the failure of an SGW-U without a restart, the SGW-C may select an alternative SGW-U which can take over the IP addresses of the failed one to restore the Sx sessions in the UP function. How this is performed is implementation specific.
* * * Next Change * * * *
[bookmark: _Toc2673832]17.1A.3	PGW-C Failure
The PGW-U will receive the PGW-C recovery time stamps of the PFCP entity(ies) in the PGW-C in Sx Association Setup Request/Response and PFCP heartbeat requests/responses.
When a PGW-U detects that a peer PFCP entity in the PGW-C has restarted, the PGW-U shall delete all session contexts and the Sx association contexts affected by the restart that it may have stored. .
When a PGW-U detects that a peer PFCP entity in the PGW-C is not reachable for a preconfigured time, the PGW-U shall delete all session contexts and the PFCP association contexts affected by the unreachability of the peer PFCP entity in the PGW-C that it may have stored.
* * * Next Change * * * *
[bookmark: _Toc2673833]17.1A.4	PGW-U Failure
The PGW-C will receive the PGW-U recovery time stamps of the PFCP entity(ies) in the PGW-U in Sx Association Setup Request/Response and PFCP heartbeat requests/responses.
Immediately after the re-establishment of an Sx association between the PGW-C and the PGW-U, Tthe PGW-C may start restoring Sx sessions in the PGW-U and it may:
-	if re-establishment of Sx association is required, immediately re-establish the Sx association between the PGW-C and the PGW-U;
-	re-establish Sx sessions affected by the PGW-U failure. 
NOTE:	The PGW-C can determine to reestablish the Sx Association if it receives the cause code "No established PFCP Association" in a response message, or if it detects all peer PFCP entities in the PGW-U have restarted.
When a PGW-C detects the failure of a PGW-U without a restart, the PGW-C may select an alternative PGW-U to restore the Sx sessions in the UP function. How this is performed is implementation specific.
* * * End of Changes * * * *

