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1 Introduction
The SGs/Gs interface restoration procedures are defined in 3GPP TS 23.007 clause 4 and clause 26. However there are some issues with the MSC initiated SGs restoration upon receiving MT call, and those issues may seriously impact on UE voice service. This discussion paper provides some analysis and then proposes some changes to enhance the MSC initiated SGs restoration procedure, to minimize the UE service impact.
2 Discussion 
2.1 Existing SGs restoration procedures
The CS voice centric UEs will attach for the EPS and non-EPS services in E-UTRAN, and for the GPRS and non-GPRS services in UTRAN/GERAN. Correspondingly, the MME/SGSN establishes the SGs/Gs association with the VLR. 
When there is a SGs path failure, the MSC/VLR will behave as specified in TS 23.007, clause 26:

When the VLR has to page the UE for a mobile terminated CS service (e.g. upon receipt of an incoming CS call), if the VLR detects that the MME serving the UE is no longer in service, the VLR should send an SGs paging request with a CS restoration indicator to one alternative MME in the same MME pool. 

The MME shall accept the SGs paging request and proceed as follows upon receipt of an SGs paging request including the CS restoration indicator: 

- if the IMSI is unknown by the MME, or if the IMSI is known and the UE is marked as EMM-DEREGISTERED,  the MME shall send the paging request with the location information provided by the VLR, regardless of the value of the "MME-Reset" indicator. If no such location information is provided, the MME may either page the UE in all the tracking areas corresponding to that MME or in the tracking areas served by the MME and by the VLR, or reject the paging request per operator policy. The paging request shall include the IMSI and the CN domain indicator set to "PS" to request the UE to re-attach; 

- if the IMSI is known by the MME and the UE is considered to be attached to both EPS and non-EPS services or for SMS only (for an SGs paging request with an 'SMS indicator'), the MME shall page the UE based on the location information stored in the MME.

Upon receipt of a paging request including the IMSI and the CN domain indicator set to "PS", the UE re-attaches to one MME of the pool (that may not be necessarily the MME that initiated the paging procedure towards the UE) and a new SGs association is established with the VLR. This may be a different VLR than the VLR that initiated the SGs paging procedure, e.g. if Intra Domain Connection of RAN Nodes to Multiple CN Nodes is deployed for GERAN or UTRAN (see 3GPP TS 23.236 [24]).
2.2 Problems
The above MSC initiated SGs restoration procedure upon receiving MT call has some issues since the selected alternative MME will perform IMSI paging with the CN domain name set to "PS", and this will force the UE to re-attach to one of MME in the same MME pool if UE is able to respond the IMSI paging, however:
1. The VLR detection of an MME serving the UE is no longer in service may be caused that the communication at interface SGs is broken, i.e. transportation failure, while the MME is still operating normally. The on-going PS service will be destroyed, especially when the SGs paging is triggered by supplementary service, e.g. MT-USSD, the PS service may be more important to the UEs.

2. The MME with failed SGs link may be selected again while this MME may not be possible to find an available MSC to reestablish SGs association. And this will leads extra signaling for re-attach anyway.
3. The most important, for the UEs in connected mode, according to TS 36.331, chapter 5.3.2 as excerpted below, those UEs can only handle the paging message if it is for updating system information, ETWS and CMAS, otherwise they will not handle the page message at all, hence the CSFB service can’t be restored at all. Considering traffic model in LTE, UEs often stay in connected mode. This makes the MSC initiated SGs restoration procedure upon receiving MT call not work in most of time.
"5.3.2.3
Reception of the Paging message by the UE

Upon receiving the Paging message, the UE shall:

1>
if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:

2>
if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:

3>
forward the ue-Identity and the cn-Domain to the upper layers;

1>
if the systemInfoModification is included:
2> re-acquire the required system information using the system information acquisition procedure as specified in 5.2.2.

1>
if the etws-Indication is included and the UE is ETWS capable:
2>
re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary;

2>
if the schedulingInfoList indicates that SystemInformationBlockType10 is present:

3>
acquire SystemInformationBlockType10;

2> if the schedulingInfoList indicates that SystemInformationBlockType11 is present:

3>
acquire SystemInformationBlockType11;

1>
if the cmas-Indication is included and the UE is CMAS capable:

2>
re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary as specified in 5.2.1.5;

2>
if the schedulingInfoList indicates that SystemInformationBlockType12 is present:

3>
acquire SystemInformationBlockType12;

1>
if in RRC_IDLE, the eab-ParamModification is included and the UE is EAB capable:

2>
consider previously stored SystemInformationBlockType14 as invalid;

2>
re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary as specified in 5.2.1.6;
2>
re-acquire SystemInformationBlockType14 using the system information acquisition procedure as specified in 5.2.2.4;

" 
2.3 Path failure

The path failure over various interfaces is detected either by a mechanism in the protocol used for the corresponding interface, e.g. using Echo Request/Response in the GTP and considering the path is down when the configured maximal path failure timer expires, or relying on the transportation network, e.g. if there are no more SCTP associations in service with that VLR for a given period over SGs interface. Of course O&M based methods can always be used, though it has some extra latency.

However, the path failure may be due to a complete hardware failure of the peer node, or transportation failure somewhere in the backbone network between two entities. According to the reports from various operators network, a transportation failure is a much more common failure scenario than an EPC node complete hardware failure, e.g. one of router/switch is broken, mis-configuration in a router/switch, an Ethernet cable is plugged out and so on. So that when the serving MSC detects SGs path failure, the serving MME may still work, i.e. SGs path failure is just due to a transportation failure, the serving MME may still be able to communicate with other peers, e.g. other MMEs, SGWs, PGWs.
3 Proposal

Based on the above analysis, the existing MSC initiated SGs restoration for SGs should be at least enhanced as following: 

1. When the VLR has to page the UE for a mobile terminated CS service (e.g. upon receipt of an incoming CS call) and if the VLR detects that the MME serving the UE is no longer in service, the VLR should send the SGs paging request with a CS restoration indicator together with the Serving MME FQDN to one alternative MME in the same MME pool. Inclusion of the Serving MME FQDN is to avoid IMSI paging if the selected MME is able to communicate with the Serving MME. 
2. A new GTP message should be introduced or an existing GTP message is used to allow the selected MME as relay MME to encapsulate SGs Paging Request message and send to the current serving MME.
3. When the MME currently serving UE receives forwarded SGs-Paging-Request message, it shall continue the procedure per existing requirements as specified in 3GPP TS 23.272 and 3GPP TS 29.118.

It is proposed to agree the accompany CR on TS 23.007 for the MSC initiated SGs restoration procedure.
