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1. Discussion

This paper discusses another alternative way to solve the problem that the IMS Voice terminating call will be affected  for the UEs which were in the idle state, when the MME/S4-SGSN have got a node failure.  The problem has been described in detail in the NEC discussion paper EPC node failure in the C4-101116. Ericsson agrees that the IMS based voice service shall not deteriorated when UE is camping on the LTE access, UE should be reachable by the network after MME/S4-SGSN gets restarted. 
2. IMS services (Including Voice service) via EPS when MME restarted

When the MME has restarted, the MME loose all PDN connections/MM Contexts for all UEs which were registered in the MME.  UEs which were in the idle state will not detect that the corresponding PDN connection(s) has been removed in the SGW, thus UE will be not reachable by the network, i.e. IMS system. In the worst case, until the Periodic TAU timer is expired, UEs are then forced to re-attach to the network and regain the IP Connectivity through EPC network by performing Periodic TAU/RAU update. This discussion paper propose an alternative solution to shorten the UEs unreachable time, to allow UE re-connect to the network as long as the MME/S4-SGSN restart is finished.
2.1 PGW Issued Paging Request
Whether to allow the UE to re-connect back to the network faster is subject to Policy control and also connected to the subscription.  PDN-GW or GGSN, which is served as PCEF, have better knowledge and proper role to decide this based on the interaction towards PCRF, which has access to the user subscription database. 
Based on the operator's policy and deployment strategy on per APN, per IMSI number series and so on, the PCRF can be configured to subscribe the relevant Event Triggers, to request the PDN-GW to start Change Location Reporting. Hence the PGW/PCRF will get the detailed user location information, which gives the possibility to initiate a paging request together with IMSI and Paging Area, i.e. TAI.
The extra benefit to use PDN-GW/PCRF as the nodes to decide whether the UE should be paged, is that PCRF will know if the UE move to another MME and attach to network via another SGW and PGW, since it shall be possible to deploy a network so that the same PCRF can be allocated for all PDN connections for a UE. In that case, PCRF will not indicate the old PGW to issue the Paging Request if the UE has been connected to network through another SGW/PGW.   
With this solution, there is no extra memory needed to store TA list for SGW, which is also NOT part of SGW functionalities specified in the stage 2 specifications. Another point is that there is no need to let SGW hold the PDN connections for certain time until there is downlink data arrives or the timer expires itself, and it is assumed that this timer should be as long as the Periodic TAU/RAU timer, which wastes the resource in the SGW and PGW. 
With this solution, the resource allocated for the existing PDN connections associated with restarted MME can be freed in the SGW and PGW as long as the incremented MME/S4-SGSN restart counter is notified and no matter the decision for PGW issued paging request is made or not. 
With this solution the idle UEs will get the IP Connectivity faster and be ready for any IMS terminating call, which further shorten the IMS call setting up time.
The diagram illustrates how PGW issue paging request works.
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1. The MME gets restarted. After it recovers from the Restart, it will include its incremented Restart Counter to SGW either through Echo Request/response message or along with a new PDN connection establishment signaling.

2. The SGW sends the Delete Session Request message to PGW to remove the PDN connection associated with the restarted MME, in this message the SGW shall indicate the UE was in the idle state and MME has restarted. 

Note: SGW shall send Delete Session Request message to PGW for all the PDN connections if the 
UEs were in the idle state. To avoid high signaling load, this messages should be throttled and running 
at the background.
3. The PGW informs the PCRF about the MME gets restarted. 

Note: The PGW may use CCR-final to terminate the existing Gx session, however the information 
that MME restart shall be informed. 

4. The PCRF acknowledges the termination of IP-CAN session, however it may indicate whether PGW shall perform the PGW issued paging request. 

Note: When the UE have multiple PDN connections established through different PDN-GW, however 
the same PCRF can be selected. So it is possible for PCRF to make a decision to select only one 
PDN-
GW to perform IMSI based paging when other PDN-GW inform that the MME has been restarted 
and 
the PDN connection from that PDN-GW to be deleted. 

5. The PGW replies SGW with Delete Session Response and at the same time the PGW indicates if the subsequent Paging message will be issued, if it gets such instruction from the PCRF or the configured/stored previous decision.
6. The PGW sends the Downlink Data Notification as a Paging Request including the IMSI and TAI which may be received during the other procedures if the Change Location Reporting is subscribed.
7. The SGW shall forward the Downlink Data Notification to the restarted MME. Note: SGW should keep MME information since it received the indication from Delete Session Request message in the step 5.

8. The MME starts IMSI based paging using the received TAI in the Downlink Data Notification Request message, which is modified Network Initiated Service Request procedure.

9. UE reply the paging request which followed by a forced re-attach procedure and the PDN connection is restored.

3. Decision
This paper proposed an alternative solution to allow the idle UE to re-connect to the network faster when the MME/S4-SGSN gets restarted.
If CT4 agrees on this proposal, Ericsson would like to provide necessary contributions to the next CT4 meeting with the TEI-10.
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8. Paging
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9. Service Request Procedure & E-UTRAN Initial Attach Procedure








