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1. Introduction
When a UE has ISR enabled, the MME and SGSN share the UE context. When total MME failure occurs, the peer nodes (SGSN and SGW) become aware of the failure as Restart Counter is incremented (if MME restarts) or due to loss of GTP Echo Responses (if MME does not restart). When network based restoration is not enabled, the SGW and SGSN clean up the MME related context, but the PDN connection stays on.

However during the partial failure of MME (when SGW and PGW support partial failure handling), the MME sends a Delete PDN Connection Set message to SGW. The SGW sends the Delete PDN Connection Set message to the PGW. The PGW and SGW clean up all the PDN connections associated with the ID received in the Delete PDN Connection Set message.

The SGSN cannot detect the partial failure. The SGSN is not aware that the UE related context has been cleaned up in SGW and PGW. Therefore UE is left with unusable PDN Connection for as long as the UE does not initiate a service request or inter-SGSN or inter SGW RAU/TAU procedure.
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Figure 1: Usecase describing the scenario when UE/SGSN are left with hanging PDN connections when MME partial failure occurs
The figure above specifies the scenario under which the UE is left with a hanging PDN connection. 

· The UE has ISR active. This means that the MME and SGSN contain active context for the UE. The MME, SGW and PGW are capable of handling partial failure. The CS-ID has been exchanged already between MME, SGW and PGW.

· MME fails partially, the UE context is lost. The MME sends Delete PDN connection set request indicating that the connection set belonging to the UE has been lost (along with other UE contexts).

· The SGW relays the Delete PDN Connection Set Request. It also cleans up the UE context corresponding to the CS-ID.

· The PGW also cleans up the PDN connection corresponding to the CS-ID. The Delete PDN Connection Set response completes the procedure.

· SGSN is not aware of any of this:

· GTP peer failure has not occurred

· SGW does not intimate clean up of UE context to SGSN

According to the 23.007, Section 16.2.4 does not mandate any behaviour from SGW. The specification specifies that “Other implementation-specific actions may be performed.” This allows the SGW to just locally clean up the S4 related information while *not* informing the SGSN. In such a case, the PDN connections remain in hanging state as long as SGSN is not triggered to communicate with SGW. As the PDN connection information in PGW/SGW are lost, this can occur only when:

· Inter SGSN or inter SGW RAU procedure

· UE initiated service request procedure

Therefore an inactive UE (e.g. UE which does not generate any IMS calls) may remain unreachable forever if it never moves or performs a UE initiated Service Request.

2. Reason for Change
As explained above, during the partial failure of MME, the UE would be out of service completely (including all PDN connections). 
In Rel-11 as part of EPC node restoration, CT4 has worked to reduce the interruption time experienced by the UE. As part of the EPC node restoration we will be specifying the solution for minimizing the service interruption for the UE when MME partial failure is observed. However it would be beneficial to propose a solution which minimizes the service interruption when either MME or SGW does not support Network Triggered Service Restoration feature.

In order to reduce the interruption time we propose a solution in which the SGSN is informed of the UE detach. This limits the service interruption for the UE to RAU timer in case UE is in SGSN area. It is obvious that with this feature the service interruption time is not eliminated. However, the interruption time can be minimized by mandating the SGW to cleanup the SGSN.
3. Proposal

It is proposed to agree the following changes to 3GPP TR23.857 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
6.X.1.B
Solution R S4-SGSN Clean up when SGW or MME does not support Network Triggered Restoration for MME partial failure
6.X.1.B.1
Description 
This solution is to solve the case when the MME and/or SGW does not support Network Triggered Restoration procedure and SGW receives a Delete PDN Connection Set Request from MME containing FQ-CSID corresponding to partial failure.

6.X.1.B.1.1
Clean-up initiated by SGW procedure
When the MME or SGW does not support Network Triggered Restoration, the SGW upon receipt of Delete Connection Set Request from the MME:

1. Retrieves all the PDN connections corresponding to each of the MME FQ-CSID(s). The SGW shall send S5/S8 Delete PDN Connection Set Request (or PMIPv6 Binding Revocation Indication with the G bit set) containing the FQ-CSID(s) received from the MME to PDN GW as described in 3GPP TS 23.007 [2].

2. Initiates Delete Bearer Request towards ISR associated S4-SGSN associated with the UE for all the retrieved PDN connections affected by the partial failure in MME. All the PDN connections for the UE would be deleted. When the UE initiates a Service Request/RAU procedure, the UE would be forced to reattach to the PDN connections. 

3. SGW also locally deletes all the PDN connections as indicated by the MME FQ-CSID(s) and also forward the Delete PDN connection request to PDN GW.
6.x.1.B.2
Evaluation
6.x.1.B.2.1
Pros
This subclause lists the pros of solution R:
Works with legacy S4-SGSNs: This solution does not expect any additional support for S4-SGSN;
6.x.1.B.2.2
Cons
This subclause lists the cons of solution R:
May cause signalling overload on S4 interface: Since individual sessions have to be deleted from SGSN, the procedure can cause signaling overload on S4 interface.
* * * End of Changes * * * *
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