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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. 
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.857 v1.4.0. The section 6.Z.2 is same as the conclusion of MME failure/restoration as included in section 7.1.2 of TR 23.857. The procedural changes required to align the solution for partial failure, are marked with yellow highlight.
* * * First Change * * * *

5.Z
MME Partial failure

5.Z.1
Introduction
This section will analyse the scenarios for MME partial failure and corresponding consequences according to the current procedures.
MME failure will be detected by the receipt of the Delete Connection Set request along with the MME FQ-CSID by SGW as per the procedure specified in 3GPP TS 23.007 [2]. 

According to current mechanisms in 23.007 [2], when a SGW receives a Delete Connection Set request from MME, it shall forward the Delete PDN Connection Set request to PDN GW. Additionally, it shall delete locally all the PDN Connection data corresponding to the MME FQ-CSID. The PDN GW also deletes the PDN Connections locally corresponding to the MME FQ-CSID received in the Delete PDN connection Set Request.
Since there are no bearer/MM contexts in the SGW, the mobile terminated service cannot be delivered to the UE for long time. The UE will reattach to the network only when the UE has uplink signalling or data to send
* * * Next Change * * * *

6.Z.2
Solution 1 – Based on Network Triggered Service Request for complete MME failure
6.Z.2.1
Description 
1)
The SGW maintains the IMSI and S5/S8 bearers after Receipt of Delete Connection Set Request from MME
If the SGW receives Delete Connection Set Request from MME, instead of removing associated resources and sending S5/S8 Delete Connection Set Request to PGW(s), the SGW marks and maintains the retrieved S5/S8 bearers configured to be maintained. This makes it possible for the SGW to receive downlink data packets or signalling from the PGW or PCRF in case of PMIP based S5/S8. Which S5/S8 bearers are to be maintained/marked in the SGW after an MME restart is based on the operator's policy.
When an SGW marks the S5/S8 bearers, the SGW shall start a timer. The timer value is based on the pre-configuration. The value may be equal to the periodic tracking area update timer (timer T3412) as specified in 3GPP TS 24.301 [4]. If the timer expires, the maintained resources shall be locally deleted. 

If the SGW receives the Create Session Request message for the UE while the timer is running, the SGW shall delete all bearers for this UE and then proceeds with the Create Session Request message handling as specified in 3GPP TS 29.274 [3].

2)
Downlink data packets or signalling arrives at the SGW while the timer in the step1) is still running.

If the SGW receives a downlink data packet or a control plane message on the marked bearer, the SGW shall send an enhanced Downlink Data Notification message including the IMSI to the associated MME.  The SGW shall discard the received downlink data packet or reject the signalling message (received from the PGW or PCRF in case of PMIP based S5/S8) with an appropriate cause value.
3)
The MME pages and forces the UE to re-attach to the network. The paging area and subscriber's identity i.e. IMSI or S-TMSI used during the paging procedure is implementation dependent. Upon receiving a page message with the IMSI, the UE starts the reattach procedure as specified in subclause 5.6.2.2.2 of 3GPP TS 24.301 [4]. Upon receiving a page message with the S-TMSI, the UE starts the Service Request procedure, this will be rejected by the MME which triggers the UE to reattach to the network as specified in subclause 5.6.2.2.1 of 3GPP TS 24.301 [4].
NOTE 1:
Paging in the MME serving area will cause excessive use of radio resources. How to reduce the impact on the radio resources is implementation dependent. As an example, the MME can send the paging area in the Private Extension IE to the SGW in an existing S11 message. After MME restarts, the SGW can send the paging area in the Private Extension IE in the Downlink Data Notification message with the IMSI to the MME. Then the MME can page the UE in this paging area contained in the Private Extension IE. This may enable a reduction in the size of the paging area to be addressed. As another example, the MME may store and recover the IMSI, S-TMSI, TAI list, SGW/PGW FQDN and other necessary information in a proprietary way (e.g. in an internal non-volatile memory or in an external proprietary server, etc.
NOTE 2:
If a UE re-attaches to another MME, whilst this MME has  failed (out of service) and some DL user plane packet are still received on the old maintained S5/S8 bearers, paging the UE with the IMSI forces the UE (if in idle mode) to re-attach once more to the EPS.

Additionally, when ISR is activated for the UE, the following procedure is followed:

-
the SGW maintains all S5/S8 bearers after detecting an MME partial failure;

-
when receiving subsequent DL user plane packet or control plane signalling, the SGW initiates the network trigger service request procedure towards the SGSN (i.e. normal Downlink Data Notification message), and sends an enhanced Downlink Data Notification message with IMSI to the node that restarted;
-
the restarted node forces the UE to re-attach to the EPC; the node that did not fail performs a normal paging procedure. 

* * * End of Changes * * * *
