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1. Introduction
CT4 recently standardized solutions for restoration of EPC services upon MME node failure as part of EPC node restoration procedures (TR 23.857). However no restoration procedure has been defined on how the network can recover and support CSFB services after a long MME failure or MME failure without restart. As a consequence, CS terminated calls/SMS-MT can fail for a duration up to the periodic TAU timer (UEs in idle mode are not aware about the MME failure).  A solution is needed to address this.

This discussion paper discusses the issues in supporting CSFB and SMS MT services after a long MME failure and provides one possible solution to address the problem. 
2. Problem description
With the deployment of LTE in mobile networks, there is the risk that mobile terminated CS services (e.g. CS calls, SMS, Mobile termination Location request) can not be successfully delivered to the subscriber for a long period (up to the periodic Tracking Area Update timer e.g. 1 hour) after an MME failure without restart or a long MME failure. 
A UE under LTE that requires support of CS or/and SMS services performs a combined attach procedure to attach for both EPS and non-EPS services (i.e. CS services), or both EPS services and "SMS only" services, and a combined tracking area update procedure to update the registration of the actual tracking area (see 3GPP TS 23.401 and TS 24.301). During those procedures, the serving MME initiates a location update for non-EPS services procedure towards the VLR providing the CS or/and SMS services, thereby establishing an SGs association between the MME and VLR. Upon receipt of a subsequent CS terminated service (e.g. MT CS call or SMS), the VLR sends an SGs Paging Request message to the serving MME with a "CS call indicator" or an "SMS indicator" which triggers a CS Fallback procedure or SMS transfer via LTE (see 3GPP TS 23.272 and TS 29.118).
Restoration procedures are defined in 3GPP TS 29.118 clause 5.1.3 to maintain mobile terminated CS services (e.g. CS call or SMS) when an MME fails but restarts. They essentially rely on the principle that MME accepts SGs-paging request received for unknown UEs for a certain period after the MME restart whose duration typically covers the largest tracking area update timer assigned to UEs. During that period, the MME sets a system-wide parameter MME-reset to true. After that period, the MME sets the MME-reset parameter to false and stops accepting SGs paging request for unknown UEs.  
But if the MME fails without restart, or if the MME fails for a long duration, it is no longer possible for the VLR to page the UE via the MME. Since UEs in idle mode are not aware of the MME failure until they need to send some uplink data or signaling (e.g. periodic Tracking Area Update), they remain under LTE but can not receive any more mobile terminated services.
3. Proposed solution
Principle: The network should be able to continue delivering MT CS services (e.g. CSFB or SMSoSGs) to UEs via an alternative MME in the MME pool where the UE is located. 

The solution is illustrated in the following figure:
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 Figure 1: MT CS services delivery via an alternative MME in MME pool
It includes the following steps:
1) The VLR gets the knowledge of the identities of alternative MMEs in the MME pool.

During normal operations, the MME may signal to the VLR the identities of alternative MME(s) within the MME pool e.g. by sendng their MME names in the SGsAP Location Update Request or SGsAP Reset Indication message. 

Alternatively the VLR may be pre-configured with the set of MME identities pertaining to the same MME pool.

2)  Upon receipt of mobile terminated CS services (e.g. CS call), the VLR selects one of these alternative MMEs if it detects that the MME serving the UE is no longer in service and sends a SGs paging request to this (single) alternative MME with a new 'restoration indicator' flag in the message.

The VLR may detect that an MME is no longer in service  if there is no more SCTP associations in service with that MME. 

NOTE 1: 
Semi-permanent SCTP associations shall be established between the MME and VLR, i.e. the SCTP associations shall remain up under normal circumstances.

The VLR includes a new 'restoration indicator' flag in the SGs paging request it sends to the alternative MME to force the receiving MME to accept the SGs paging request and to proceed with the CSFB or SMS procedure even if the IMSI is unknown to this MME and even if the MME has not restarted recently, i.e. even in the 'MME-reset = false' state. 

NOTE 2:
Without the new 'restoration indicator', the receiving MMEs would reject the SGs paging requests, as per existing specifications, for unknown UEs to avoid that multiple MMEs page the UE if the VLR broadcasts the SGs paging request to multiple MMEs after an MSC/VLR restart

3)
Upon receipt of an SGs paging request including the new 'restoration indicator' flag, the MME proceeds with the existing procedures specified in 3GPP TS 29.118  in clause 5.1.3 for the case where it has restarted recently, but regardless of its own 'MME-reset' value.

The proposal has minimal impacts on the MME (one new ‘restoration flag’ to support, which if received lead to apply existing procedure when IMSI is unknown and MME-reset = false), and small impacts on the MSC/VLR (send SGs paging request to an alternative MME). 

4. Conclusion

It is proposed that CT1 (responsible for TS 29.118) discusses the proposed solution.  If CT1 supports the general principle of this solution (assuming CT4 does not have concerns either on the proposal), Alcatel-Lucent will be happy to bring related normative CRs at the next CT1 meeting.
The contribution was also submitted to CT4 (responsible for the stage 2 for restoration procedures). 
