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1. Introduction
This paper is to conclude the SGW failure
2. Reason for Change
There are two solutions on the SGW failure. In the section 7.3, the comparison is made between these two solutions.  In this paper it is proposed to use the solution 1 as basis and solution 2 as a complement for the normative work.
3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR23.857 v1.6.0.
*******
* * * First Change * * * *

7.3.2
Conclusion

Through the preceding technical investigation within this technical report, it is concluded that certain serious misoperations can occur upon SGW failure with the procedures currently specified in 3GPP, e.g. a subscriber may not be able to receive any IMS terminating call until other procedures make the UE reattach to the network, which introduces extra signalling over radio network. 

It is recommended to standardize the following combined solution to provide service resiliency after a SGW failure. 
This combined solution enables the UE to reconnect to the EPS by selecting a new SGW, either based on its own initiative, i.e. uplink NAS message or triggered by downlink data packets or signaling received at the PGW after the SGW failure/restarts. This solution includes the following steps:

1)
The MME/S4-SGSN and PGW maintain the bearers and MM contexts after detection of SGW failure/restart
If the MME/S4-SGSN detects the SGW failure or restarts by referring to restart counter, instead of removing associated resources, the MME/S4-SGSN and PGW maintain the bearers and MM contexts. However the PGW shall stop the charging for the affected UEs. The MME/S4- SGSN may need to know whether the PGW supports the capability to maintain the old PDN connection after SGW failure or restarts, vice versa: which can be learned based on local configuration or new signalling between MME and PGW. This makes it possible for the MME/S4-SGSN to select a new SGW for the UE. 
The MME/S4-SGSN and PGW which support this optimized SGW failure/restart handling shall start a timer controlling the maximum duration during which those bearers shall be maintained. There is one operator configurable timer, which may be equal to the periodic tracking area update timer (timer T3412) as specified in 3GPP TS 24.301 [4] or the periodic routing area update timer (timer T3312) as specified in 3GPP TS 24.008 [4]. After the expiry of such a timer the MME/S4-SGSN and the PGW should delete any EPS bearer contexts that have not been relocated to a new SGW or the old SGW if it is recovered from the failure/restart. 
NOTE 1:
The PGW discards the downlink packets before the PDN connection has recovered and if the PGW does not support the downlink trigger mechanism.    
If the SGW and PGW support the downlink trigger mechanism by using Supported Feature Notification procedure, the PGW may send the Paging Request to the MME/S4-SGSN via a SGW when the downlink data packets or signaling arrives at the PGW. 
NOTE 2:
The SGW indicates its support to the downlink trigger mechanism only when all connected MME(s)/S4-SGSN(s) within the MME/S4-SGSN pool by local configuration support also Downlink trigger mechanism.
For PMIPv6 based S5/S8, the PGW selects a SGW and send an enhanced PMIP message Binding Revocation Indication with new Mobility options, e.g. Operation Indication to indicate it is PGW initiated Paging request message, the IMSI and optional MME ID, the SGW shall acknowledge with Binding Revocation Acknowledge message with also a new Mobility Option indicating the SGW shall be able to carry out the paging request. 
After receiving the Paging Request message or enhanced PMIP message Binding Revocation Indication with new Mobility options, the SGW shall send the Paging Request message to the MME(s)/S4-SGSN(s) within the MME/S4-SGSN pool by local configuration, if the MME/S4-SGSN could not find UE context corresponding the IMSI included in the paging request, it simply regarded UE is not handled by itself and reject the paging request but the MME/S4-SGSN which is handling that UE shall perform S-TMSI/P-TMSI paging.
NOTE 3:
If the MME/S4-SGSN Identifier is included in the Paging Request message over S5/S8 interface, the SGW sends the Paging Request message only to the identified MME/S4-SGSN.
2)
The MME/S4-SGSN selects a new SGW or the old SGW if it is recovered from the failure/restart for the ECM_IDLE/PMM-IDLE/GPRS STANDBY UE.
The MME/S4-SGSN should prioritize the SGW relocation for those UEs that are engaged in a Service Request or other mobility procedures, e.g. TAU/RAU/HO over the UEs that are not.  The MME/S4-SGSN selects a new SGW or the old SGW if it is recovered from the failure/restart for the ECM_IDLE/PMM-IDLE/GPRS STANDBY UE based on the last visited TAI/RAI. Then MME/S4-SGSN sends a Create Session Request message to the new SGW to establish the bearer contexts. The new SGW sends a Modify Bearer Request message for the GTP based S5/S8 interface or Proxy Binding Update message for the PMIP based S5/S8 interface to the PGW to update the bearer/PDN context in the PGW. As a result of the Modify Bearer Request for the GTP based S5/S8 interface, the PGW may initiate signalling towards the PCRF as already specified in 3GPP TS 23.401[6]. The SGW relocation signalling corresponds to Steps 8-11 in Section 5.3.3.1 in 3GPP TS 23.401[6].
For the Idle UEs, the MME/S4-SGSN should prioritize the SGW relocation for UEs based on the local policy e.g. APN, QCI, ARP or the subscriber type.
3)
The MME/S4-SGSN releases S1/Iu resources and selects a new SGW or the old SGW if it is recovered from the failure/restart for the other ECM_CONNECTED/PMM-CONNECTED/GPRS READY UEs which are not engaged in the TAU/RAU/HO procedure or the Service Request procedure.
The MME/S4-SGSN firstly releases S1/Iu resources of other ECM_CONNECTED/PMM-CONNECTED/GPRS READY UEs which are not engaged in the TAU/RAU/HO procedure or the Service Request procedure. Then the MME/S4-SGSN shall handle the UE as the same way for the ECM_IDLE/PMM-IDLE/GPRS STANDBY UE. If the eNodeB detects the SGW failure or restart, the eNodeB may request the MME to release the S1-U resource.
NOTE 4:
For EUTRAN or UTRAN with direct tunnel, the MME/S4-SGSN may not need to perform an explicit S1/Iu release procedure towards the eNodeB/RNC because eNodeB and RNC can also detect the SGW failure or restart.

NOTE 5:
For UTRAN without direct tunnel and GERAN, the S4-SGSN may perform the SGW relocation even the UE is in PMM-CONNECTED/GPRS-READY state because S4 user plane is used. In other words SGW restart is not visible to the radio network.
4)
For a UE which is in ECM-IDLE/PMM-IDLE/GPRS STANDBY state and initiates Service Request procedure, the MME/S4-SGSN shall perform the SGW relocation procedure first and then continue with Service Request procedure since MME/S4-SGSN has no valid SGW F-TEID to be included in Initial Context Setup Request towards the eNodeB or in RAB Assignment Request message towards RNC if Direct Tunnel is used.  
5)
For a UE which initiates an intra MME or an intra S4-SGSN or a periodic TAU/RAU during/after the SGW failure/restart, the MME/S4-SGSN, upon the NAS TAU/RAU Request message, performs the SGW relocation procedure.  If the TAU/RAU signaling involves an MME/S4-SGSN change, the source MME/S4-SGSN should indicate to the target MME/S4-SGSN in GTPv2 Context Response message that an SGW relocation procedure is needed due to the SGW failure/restart. Upon reception of such indication the target MME/S4-SGSN performs TAU/RAU with SGW relocation procedures. 

6)
When the old MME/S4-SGSN receives Handover Required or SRNS Relocation Required messages from RAN for an UE for which PDN connection is terminated in the failed or restarted SGW, where the MME/S4-SGSN change is needed, the source MME/S4-SGSN should also indicate to the target MME/S4-SGSN in the GTPv2 Forward Relocation Request message that an SGW relocation procedure is needed due to the SGW failure/restart. Upon reception of such indication the target MME/S4-SGSN performs handover/SRNS relocation with SGW relocation procedures.

It is further recommended that Stage 2 and Stage 3 work be specified within existing specifications as defined within Annex A.
* * * Next Change * * * *

Annex A (informative):
Impacts to Specifications

Table A.1 identifies the existing specifications within CT Working Groups that require modification to define the MME/S4-SGSN Node Restoration procedure recommended by this feasibility study.

Table A.1 Impacts for MME/S4-SGSN restoration with or w/o ISR
	Existing Specification
	Responsible WG
	Brief summary of impacts

	3GPP TS 23.007
	CT4
	Without ISR: 
The steps 1, 2 and 3 in the subclause 7.1.2  will be specified.
The possible examples in the NOTE1 to reduce the impact on the radio resources will NOT be specified in TS 23.007 

With ISR: 

The principles described in subclause 6.5.2.1.1 will be specified.

	3GPP TS 29.274
	CT4
	A supported feature is defined for the Downlink Data Notification with TEID “0”
Extension to TEID “0” Downlink Data Notification message to contain the IMSI.

With ISR:

The Modify Bearer Request message shall be sent as part of the network triggered service restoration procedure with ISR during an intra MME TAU and an intra S4-SGSN RAU procedure for UEs that had ISR active before either the MME or the S4-SGSN has restarted.

The Serving Network and Rat Type IEs are sent within the Modify Bearer Request message during the TAU/RAU without MME/SGSN and SGW change.



No new specifications are required. 
Table A.2 identifies the existing specifications within CT Working Groups that require modification to define the SGW Restoration procedure recommended by this feasibility study.

Table A.2 Impacts for SGW restoration
	Existing Specification
	Responsible WG
	Brief summary of impacts

	3GPP TS 23.007
	CT4
	Define the stage 2 conclusion along with the principle documented in subclause 7.3.2



	3GPP TS 29.274
	CT4
	The CSR and MBR message shall be part of the SGW restoration procedure.

If the DL triggering is supported, the Node feature and new messages need be defined.
Context Response and Forward Relocation Request message will be impacted due to the invalid source SGW.

	3GPP TS 29.275
	CT4
	The PBU message shall be part of the SGW restoration procedure.
If the DL triggering is supported, an enhanced PMIP message is used to trigger the SGW and MME/S4-SGSN to page the UE.


No new specifications are required. 
Table A.3 identifies the existing specifications within CT Working Groups that require modification to define the PGW Restoration procedure recommended by this feasibility study.

Table A.3 Impacts for PGW restoration
	Existing Specification
	Responsible WG
	Brief summary of impacts

	3GPP TS 23.007
	CT4
	Define the stage 2 enhancement along with the principle documented in subclause 6.4.1.1 and 6.4.2.1.



	3GPP TS 29.274
	CT4
	Extend the PGW Restart Notification message with a new Cause IE allowing the SGW to notify the MME/S4-SGSN that the peer PGW has failed and not restarted.


No new specifications are required. 
Table A.4 identifies the existing specifications within CT Working Groups that require modification to define the procedure to restore CS services after an MME failure recommended by this feasibility study.

Table A.4 Impacts for Restoration of CS services after an MME failure
	Existing Specification
	Responsible WG
	Brief summary of impacts

	3GPP TS 23.007
	CT4
	Define stage 2 requirements along the principles documented in subclause 6.6.2.1.

	3GPP TS 29.118
	CT1
	Define stage 3 requirements along the principles documented in subclause 6.6.2.1.

	3GPP TS 23.018
	CT4
	The VLR may signal MTRF support in the MAP Update Location request it signals to the HLR upon the establishment of the SGs association.


No new specifications are required. 

* * * End of Changes * * * *

