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1. Introduction
2. Reason for Change
As part of Rel-10, CT4 has specified solutions for Network Triggered Service Restoration for MME failure including MME failure with Restart and MME failure without restart. However partial failure of MME was not considered for Network Triggered Service Restoration during the Rel-10 timeframe.

Therefore we are in a situation where upon complete failure/restart of MME the UE service interruption can be minimized by following the procedures described in section 25 of 23.007. But when partial failure occurs, the impacted UEs remain out of service for considerable amount of time.

We propose a solution for service restoration upon partial failure of MME which is based on Network Triggered Service Restoration as described Clause 25 of 23.007 for complete MME failure. 
Cleaning up of FQ-CSID in PDN GW:
In solution 1, since SGW never forwards the Delete PDN connection Set request to the PGW, the cleaning up of FQ-CSID is not required.
For solution 2, if we make the assumption that the MME does not reallocate the same FQ-CSID for the time during which SGW timer for restoration is ongoing, we need not take any extra precaution of cleaning up of FQ-CSID. 
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.857 v1.4.0. 
* * * First Change * * * *

6.X
EPC Node Restoration for Partial Failure of EPC nodes
6.X.1
Alternative Solutions for MME Partial Failure
Editor’s Note: The interaction of MME partial failure and ISR may need further analysis. This may impact the solutions described below when ISR is enabled.
6.X.1.Y
Solution P – Based on Network Triggered Service Restoration for complete MME failure w/o sending Delete PDN Connection Set Request to PGW
6.X.1.Y.1
Description 
The solution for network triggered service restoration is same as explained in Section 25 of  3GPP TS 23.007 where the PDN connection which are associated with the FQ-CSID received in delete PDN connection set request which are eligible for network restoration. The SGW processes Delete Connection Set request received from the MME but does not relay to the PDN GW.
The SGW starts a timer upon receipt of the Delete PDN Connection Set request. When this timer expires, the SGW locally deletes all the PDN connections affected by the MME partial Failure which were not restored. The SGW may additionally clean up the PDN GW context by sending Delete Session Requests for individual PDN connections.
Editor’s Note: The value of the timer in SGW may be equal to the periodic tracking area update timer (timer T3412) as specified in the 3GPP TS 24.301 [4]. There is one DLDTA timer in the SGW
6.x.1.Y.2
Evaluation
6.x.1.Y.2.1
Pros
Works with pre-rel-11 MME and PGW: Since this procedure does not change the behavior in MME and PGW, this procedure will work with Rel-10 MME which supports Network Triggered Restoration and a Rel-8 PGW.;
EPS Service after MME Partial failure: This approach enables UEs to make the re-attach to the EPS possible triggered by an arrival of the downlink packet after the MME has partial failed
6.x.1.Y.2.2
Cons
Hanging resources or signalling overload in the SGW and PGW: If SGW does not send Delete Session Requests for individual PDN connections, this mechanism causes hanging PDN connection in PDN GW. Else it may cause signaling overload in SGW and PGW. 
Maintained resources in the SGW and PGW after MME Partial failure detection: This approach requires reservation of UE resource (S5/S8 bearer contexts) until downlink packets arrives for the UE or timer set in SGW expires.  However comparing the network resources allocated for the affected UEs before and after the MME partial failure, the network(SGW and PGW) doesn't allocate any extra resource.
6.X.1.A
Solution Q – Based on Network Triggered Service Restoration for complete MME failure with delayed sending of Delete PDN Connection Set Request to PGW
6.X.1.A.1
Description 
The solution for network triggered service restoration is same as explained in Section 25 of  3GPP TS 23.007 where the PDN connection which are associated with the FQ-CSID received in delete PDN connection set request which are eligible for network restoration. The SGW processes Delete Connection Set request received from the MME but does not relay to the PDN GW.
The SGW starts a timer is started upon receipt of the Delete PDN Connection Set request. When this timer expires, the SGW sends a delete PDN Connection Set Request along with the FQCS-ID received from the MME to PDN GW. The solution requires that the MME does not reallocate the same CSID to new PDN connections established after the MME partial failure before the SGW timer expiry. Once the PDN GW receives the Delete PDN Connection Set Request, all the PDN Connections related to the failed FQ-CSID are deleted.
The impacted UEs which performed a TAI or service request procedure before the timer expired, would have re-established the PDN connections (with new MME FQ-CSID(s)). The other UEs which perform RAU in SGSN area after the TAI timer in the UE expired would have ISR disabled. If the RAU signalling (Modify Bearer Request) is received by PGW, the CSID is cleared in PGW for the sessions. Only those UEs which perform RAU while the TAU timer is valid would still have ISR active and would still have CSID active. These UEs would get impacted if SGW sends Delete Connection Set Request after timer expires.
Editor’s Note: The value of the timer in SGW may be equal to the periodic tracking area update timer (timer T3412) as specified in the 3GPP TS 24.301 [4]. There is one DLDTA timer in the SGW
Editor’s Note: It is FFS if the disabling ISR when UE performs RAU in SGSN cleans up the CSID in PDN GW.
6.x.1.A.2
Evaluation
6.x.1.A.2.1
Pros
No Hanging PDN connection in PDN GW or Signaling overload: Since no individual session level signaling is done for cleaning up of resources, there are no hanging PDN connections or risk of signaling overload (once the timer in SGW expires). 
EPS Service after MME Partial failure: This approach enables UEs to make the re-attach to the EPS possible triggered by an arrival of the downlink packet after the MME has partial failed
6.x.1.A.2.2
Cons
Some UEs may get service interrupted: As explained above, when Delete Connection Set Request is triggered, some sessions for restored UEs may get deleted.
Editor’s Note: This happens in a very corner case where UE is in SGSN area and performs periodic ISR before TAU timer expiry. Thus during RAU, there is no SGW interaction. Can this be handled by having sufficiently large SGW timer is FFS
Maintained resources in the SGW and PGW after MME Partial failure detection: This approach requires reservation of UE resource (S5/S8 bearer contexts) until downlink packets arrives for the UE or timer set in SGW expires.  However comparing the network resources allocated for the affected UEs before and after the MME partial failure, the network(SGW and PGW) doesn't allocate any extra resource.
* * * End of Changes * * * *
