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1.
Introduction
There are two scenarios for the MME/S4-SGSN failure, one is the MME/S4-SGSN failure with restart and the other is MME/S4-SGSN failure without restart. However there is no agreement on what the definition of the MME/S4-SGSN failure without restart is and how to detect the MME/S4-SGSN failure without restart by the peer SGW. This paper only discusses the MME failure with restart. 
There are five solutions for the MME/S4-SGSN restart.  If the solution for the normative work can be selected in this meeting, then it is possible to complete the whole normative work including stage2 and stage3 in the Rel-10.  Since the MME/S4-SGN restart is not frequent, the solution selected for the normative work shall have minimal impact on the normal operation before the MME/S4-SGSN restarts. 
Solutions 1, 2, 4 and 5 require the SGW to maintain the bearer contexts after the SGW detects the MME/S4-SGSN restarts.  However how to maintain the bearer context in these solutions is different.  How to maintain the bearer context is a separate issue and can be discussed independently. Generally, this can be based on the operator’s policy. If this policy is configured in the SGW, there will be no impact on the S11 and S5 messages. If the policy is configured in the MME/S4-SGSN, there will be some impact on the information elements in the S11/S4 and S3/S10/16 messages. If the policy is configured in the PGW/PCRF, there will be some impact on the information elements in the S5 messages.
This paper will analyse the five solutions for the MME/S4-SGSN restart in detail.
2.
Discussion
Solution 1 DLDTA with IMSI paging
When the MME/S4-SGSN is normal, the MME/S4-SGSN sends the UE’s latest TAI list/RAI to the SGW. After the SGW detects the MME/S4-SGSN is restarted, the SGW maintains the bearer contexts, IMSI and TAI list/RAI if the DLDTA timer which value may be equal to UE’s period TAU/RAU timer value is not expired. The downlink data packets on the maintained bearers will trigger the SGW to send the enhanced downlink data notification message including the IMSI and TAI list/RA. The MME will trigger IMSI paging in the TAI list. The solution 1 can be described in the table 1.
	Before MME/S4-SGSN restarts and when the MME/S4-SGSN is normal
	After MME/S4-SGSN restarts

	Description
	Enhancement to the protocol
	Description
	Enhancement to the protocol

	UE’s latest TAI list/RAI is sent to the SGW in the intra MME intra SGW procedure.
	The TAI list/RAI is sent from the MME to the SGW in the Create Session Request in the attach, TAU/RAU/Handover with SGW change procedure or Modify Bearer Request message in the inter MME/S4-SGSN TAU/RAU/HO without SGW change procedure. 
If the UE’s TAI list/RAI is updated in the intra MME/S4-SGSN intra SGW TAU/RAU/Handover, the MME will update the TAI list /RAI in the Modify Bearer Request or Change Location Request.
This change has impact on the TS23.007 and TS29.274
	The SGW maintains the bearer contexts, IMSI and TAI list/RAI if the DLDTA timer is not expired.
	This change has impact on TS23.007.

	The MME/S4-SGSN may activate the DLDTA flag for the bearers based on the QCI, priority level and/or APN.

See NOTE
	DLDTA flag in the bearer context IE is sent to the SGW in the Create Session Request in the attach, TAU/RAU/Handover with SGW change procedure or in the Modify Bearer Request in the TAU/RAU/Handover without SGW procedure or in the Create Bearer Response in the Dedicated bearer activation procedure. 

This change has impact on the TS23.007 and TS29.274
See NOTE
	The DL packets trigger the SGW to send the enhanced Downlink Data Notification with TEID “0” including two information elements: IMSI and TAI list/RAI.
	The enhanced Downlink Data Notification with TEID “0” is sent from SGW to the MME/S4-SGSN. This message includes IMSI and TAI list/RAI.
This change has impact on the TS23.007 and TS29.274

	Source MME shall forward the DLDTA flag in the EPS bearer context to the new MME  during the mobility management procedure

See NOTE
	DLDTA flag in the bearer context IE is forwarded to the target MME in the Context Response or Forward Relocation Request. 
This change has impact on the TS23.007 and TS29.274

See NOTE
	The MME/SGSN performs the IMSI paging in the TAI list/RA.
	This change has impact on TS23.007.

	NOTE: If the policy of maintaining bearer context after MME/S4-SGSN restart is configured in the SGW, there will be no impact on the S11/S4 and S13/S10/S16 messages.


Solution 2 Reattachment with HSS interaction  
When the MME/S4-SGSN is normal, there is no special action for the network except the maintaining policy for the S5/S8 bearers. After the MME/S4-SGSN restarts, the SGW will maintain the bearer contexts and IMSI. The DL data will trigger the SGW to send the enhanced DDN to the MME/S4-SGSN including the IMSI. The MME/S4-SGSN checks if the UE has been attached to another MME/S4-SGSN. If the MME/S4-SGSN is still in this MME/S4-SGSN, the MME/S4-SGSN will perform the IMSI paging in the whole serving area. This solution can be described in the table 2.
	Before MME/S4-SGSN restarts and when the MME/S4-SGSN is normal
	After MME/S4-SGSN restarts

	Description
	Enhancement to the protocol
	Description
	Enhancement to the protocol

	How to maintain the S5/S8 bearers is based on the maintaining policy which is decided by the MME or PCRF during the bearer establishment procedure. 

See NOTE
	If this policy is configured on the MME, the impact will be the same as the DLDTA flag in the solution1.
If the policy is configured in the PGW/PCRF, the flag will be sent from the PGW to the SGW in Create Session Response in the attach and Modify Bearer Response in the TAU/RAU/Handover with SGW change procedure or the Create Bearer Response in the Dedicated bearer activation procedure.
This change has impact on the TS23.007 and TS29.274.
See NOTE
	The SGW maintains the bearer contexts, IMSI if the timer is not expired.
	This change has impact on TS23.007.

	
	
	The DL packets trigger the SGW to send the enhanced Downlink Data Notification with TEID “0” including only one information element: IMSI
	The enhanced Downlink Data Notification with TEID “0” is sent from SGW to the MME/S4-SGSN. This message includes IMSI.

This change has impact on the TS23.007 and TS29.274

	
	
	The MME/SGSN checks if the UE has been attached to another MME/SGSN by sending the enhanced Update Location Request to the HSS.
	The MME/S4-SGSN sends the enhanced Update Location Request message to the SGW.
This change will impact on TS23.007, TS29.272 and TS29.002

	
	
	If the UE has not been attached to another MME/SGSN, the MME/SGSN will perform the IMSI paging in the whole serving area.
	This change has impact on TS23.007.

	NOTE: If the policy of maintaining bearer context after MME/S4-SGSN restart is configured in the SGW, there will be no impact on the S11/S4 and S13/S10/S16 messages.


Solution 3 Proactive paging
When the MME/S4-SGSN is normal, the MME/S4-SGSN activates the URCR status based on the operator’s policy and provides this URCR status to the SGW. The MME/S4-SGSN will also provide the latest DAIP to the SGW. After the SGW detects the MME/S4-SGSN restarts, the SGW will send the enhanced Downlink Data Notification with TEID “0” including the IMSI and DAIP. The MME/S4-SGSN will perform the IMSI paging in the DAIP area. This solution can be described in table 3.
	Before MME/S4-SGSN restarts and when the MME/S4-SGSN is normal
	After MME/S4-SGSN restarts

	Description
	Enhancement to the protocol
	Description
	Enhancement to the protocol

	The MME/S4-SGSN provides the UE Requiring Context Reestablishment (URCR) status to the serving SGW based on the operator’s policy;
	The URCR status in the bearer context in the Create Session Request in the attach, TAU/RAU/Handover with SGW change procedure or in the Modify Bearer Request in the TAU/RAU/Handover without SGW procedure or in the Create Bearer Response in the Dedicated bearer activation procedure.
See NOTE.
	The SGW checks the URCR status and sends the enhanced Downlink Data Notification with TEID “0” including two information elements: IMSI, DAIP.
	The enhanced Downlink Data Notification with TEID “0” is sent to the MME/S4-SGSN including IMSI and DAIP.
This change has impact on TS23.007 and TS29.274;

	If the URCR is activated, the MME/S4-SGSN will provide the data to assist IMSI paging (DAIP) to the SGW in the intra MME/S4-SGSN intra SGW.
	The DAIP is sent from the MME to the SGW in the Create Session Request in the attach, TAU/RAU/Handover with SGW change procedure or Modify Bearer Request message in the inter MME/S4-SGSN TAU/RAU/HO without SGW change procedure. 

If the DAIP is updated in the intra MME/S4-SGSN intra SGW TAU/RAU/Handover, the MME will update the DAIP in the Modify Bearer Request or Change Location Request.
This change has impact on the TS23.007 and TS29.274
	The MME/SGSN will perform the IMSI paging in DAIP area.
	This change has impact on TS23.007;

	NOTE: If the operator’s policy is configured in the SGW, there will be no impact on the S11/S4 and S3/S10/S16 messages.


Solution 4 MME self-stored paging information
When the MME/S4-SGSN is normal, the MME/S4-SGSN stores the IMSI, S-TMSI, TAI list/RAI in the non-volatile memory. After the MME/S4-SGSN restarts, the SGW maintains the bearer, IMSI based on the local operator’s configuration if the timer is not expired. The DL data received on the maintained bearer will trigger the SGW to send the enhanced Downlink Data Notification with TEID “0” including IMSI. The MME/S4-SGSN will perform the S-TMSI paging in the TAI list/RAI. This solution can be described in table 4.
	Before MME/S4-SGSN restarts and when the MME/S4-SGSN is normal
	After MME/S4-SGSN restarts

	Description
	Enhancement to the protocol
	Description
	Enhancement to the protocol

	The MME/S4-SGSN stores the IMSI, S-TMSI, TAI list/RAI in the non-volatile memory.
	This change has impact on TS23.007;
	The SGW maintains the bearer contexts, IMSI if the timer is not expired. 
	Which S5/S8 bearer contexts to be maintained are based on the local operator's configuration in SGW such as APN, QCI and ARP.
This change has impact on TS23.007.

	
	
	The DL packets trigger the SGW to send the enhanced Downlink Data Notification with TEID “0” including only one information elements: IMSI.
	The enhanced Downlink Data Notification with TEID “0” including IMSI is sent to the MME/S4-SGSN.
This change has impact on TS23.007 and TS29.274.

	
	
	The MME/SGSN will perform the S-TMSI paging in the TAI list/RAI which is stored in the MME/S4-SGSN’s non-volatile memory.
	This change has impact on TS23.007.


Solution 5 DLDTA with S-TMSI paging

When the MME/S4-SGSN is normal, the MME/S4-SGSN sends the UE’s TAI list/RAI to the SGW. How to update the TAI list/RAI is an MME/S4-SGSN implementation. After the SGW detects the MME/S4-SGSN is restarted, the SGW maintains the bearer contexts, S-TMSI, IMSI and TAI list/RAI if the DLDTA timer which value may be equal to UE’s period TAU/RAU timer value is not expired. The downlink data packets on the maintained bearers will trigger the SGW to send the enhanced downlink data notification message including the IMSI and TAI list/RA. The MME will trigger S-TMSI paging in the TAI list. The solution 5 can be described in the table 5.

	Before MME/S4-SGSN restarts and when the MME/S4-SGSN is normal
	After MME/S4-SGSN restarts

	Description
	Enhancement to the protocol
	Description
	Enhancement to the protocol

	UE’s TAI list/RAI is sent to the SGW in the intra MME/S4-SGSN intra SGW procedure.
	The TAI list/RAI is sent from the MME to the SGW in the Create Session Request in the attach, TAU/RAU/Handover with SGW change procedure or Modify Bearer Request message in the inter MME/S4-SGSN TAU/RAU/HO without SGW change procedure. 

If the UE’s TAI list/RAI is updated in the intra MME/S4-SGSN intra SGW TAU/RAU/Handover, the MME will update the TAI list /RAI in the Modify Bearer Request or Change Location Request.
This change has impact on the TS23.007 and TS29.274
	The SGW maintains the bearer contexts, S-TMSI, IMSI and TAI list/RAI if the DLDTA timer is not expired.
	This change has impact on TS23.007

	UE’s latest S-TMSI is sent from the MME/S4-SGSN to the SGW
	S-TMSI is sent to the SGW in the Modify Bearer Request message if a new S-TMSI is allocated to the UE.
	The DL packets trigger the SGW to send the enhanced Downlink Data Notification with TEID “0” including three information elements: S-TMSI, IMSI and TAI list/RAI.
	The enhanced Downlink Data Notification with TEID “0” is sent to the MME/S4-SGSN. This message includes S-TMSI, IMSI and TAI list/RAI.
This change has impact on TS23.007 and TS29.274;

	The MME/S4-SGSN may activate the DLDTA flag for the bearers based on the QCI, priority level and/or APN.
	DLDTA flag in the bearer context IE is sent to the SGW in the Create Session Request in the attach, TAU/RAU/Handover with SGW change procedure or in the Modify Bearer Request in the TAU/RAU/Handover without SGW procedure or in the Create Bearer Response in the Dedicated bearer activation procedure. 

This change has impact on the TS23.007 and TS29.274

See NOTE
	The MME/SGSN performs the S-TMSI paging in the TAI list/RAI.
	This change has impact on TS23.007;

	Source MME shall forward the DLDTA flag in the EPS bearer context to the new MME  during the mobility management procedure
	DLDTA flag in the bearer context IE is forwarded to the target MME in the Context Response or Forward Relocation Request. 

This change has impact on the TS23.007 and TS29.274

See NOTE
	
	

	NOTE: If the policy of maintaining bearer context after MME/S4-SGSN restart is configured in the SGW, there will be no impact on the S11/S4 and S13/S10/S16 messages.


3. Conclusion

Since the MME restart is not frequent, the solution selected for the normative work shall have minimal impact on the normal operation. Any solution which has much impact on the normal operation shall not be selected for the normative work.
