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1. Introduction
CT4 is working on enhanced restoration procedures for EPC node failure with or without restart to minimize the impact of such failure on the services provided to the subscribers. EPC node partial failure, where there is no restart, should be regarded as one of variant of failure without restart. The existing requirements on the Partial failure impair the restoration of PS services; especially on IMS services (e.g. IMS terminated voice calls). The possible enhancement on the Partial failure should be included as part of Study of EPC Nodes Restoration.      
2. Reason for Change
According to the existing requirements on Partial failure, a GTP entity, when it detects that it has undergone a partial failure, it shall verify that one or more corresponding CSID(s) are present for the component(s) undergoing a partial fault and shall send a GTPv2 Delete PDN Connection Set Request containing all the CSID(s) of the failed component(s) to the peer GTP entity that support the feature. When the peer GTP entity receives a GTPv2 Delete PDN Connection Set Request message, it shall retrieve all the PDN connections corresponding to each of the FQ-CSID(s) present in the message and shall delete all the retrieved PDN connections and the associated resources. 

This PCR presents a solution for the enhancement on the SGW partial failure. 
3. Conclusions

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.857 v1.4.0.
* * * First Change * * * 
6.y
Alternative Solutions for SGW Partial failure
6.y.1 
Solution 1 : SGW relocation at the SGW Partial Failure
6.y.1.1


Description
The solution makes it is possible that the terminating service such as IMS voice could be delivered to the affected UE(s) even after SGW partial failure and the solution also enables those affected UE due to the SGW partial failure need not perform re-attach to the EPS to allow the service continuity. The MME, SGW and PGW can use the existing Partial Failure procedures to exchange the capability to support this solution and as well as related information to make sure that the solution works with the same logic. In addition, the Notification of supported features between peer GTP-C entities allow PGW could even use another alternative SGW to relay Paging Request message. The solution includes the following steps:

1)
The MME and PGW maintain the bearers and MM contexts after detection of SGW partial failure
If the MME/PGW detects the SGW partial failure by receiving Delete PDN Connection Set Request message, instead of removing associated resources, the MME and PGW maintain the bearers and MM contexts up to an operator configurable timer expiry. This makes it possible for the MME/S4-SGSN to re-select a SGW for the UE.  The timer may be set to Periodic TAU timer.  
NOTE 1:   For the UE with multiple active PDN connections, it is possible that some of the MME/SGW/PGWs support the SGW partial failure solution while others do not support the same. In such a heterogeneous network, for the PDN connections for which the PGW does not support the SGW failure solution, the handling of these PDN connections by the MME is as specified in 3GPP TS 23.007 [2].  
NOTE 2:
The PGW discards the downlink packets received on the bearer contexts which are not eligible to PGW initiated paging request before the PDN connection has relocated.     
2)   Downlink Data packets or signaling arrives at the PGW
The PGW sends a new Paging Request message including IMSI and MME identifier to a SGW which supports the new message, when downlink data or signalling is received at the PDN connection/bearer context which is eligible to perform the paging request based on operator’s configuration.  The SGW forwards the Paging Request message to the MME indicated by MME identifier. The MME performs normal S-TMSI paging. 
3)
The MME selects a SGW to relocate PDN connection(s) when it receives uplink NAS message from affected UEs which are in ECM_IDLE. 
When the MME receives TAU request, the MME sends a Create Session Request message to the SGW to re-establish the PDN connections in the SGW.  The SGW then sends a Modify Bearer Request message to the PGW to update the PDN connections in the PGW. As a result of the Modify Bearer Request, 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].  If the TAU/RAU signaling involves an MME change, i.e. the source MME receives Context Request for the affected UEs, the old/source MME should indicate to the target MME/S4-SGSN in GTPv2 Context Response message that an SGW relocation procedure is needed due to the SGW partial failure. Upon reception of such indication the target MME/S4-SGSN performs TAU/RAU with SGW relocation procedures.
When the MME receives Service Request message from UE, either based on UE own initiative or as the result of PGW initiated paging request, the MME performs the SGW relocation procedure first and then continue with Service Request procedure since MME has no valid SGW F-TEID to be included in Initial Context Setup Request towards the eNodeB.  
4)
The MME releases S1 resources and selects a SGW to relocate PDN connection(s) for the UEs in ECM_CONNECTED.
The MME firstly releases S1 resources for those affected UEs in ECM_CONNECTED. Then the MME will handle the UEs as the same way for the ECM_IDLE UEs. 

NOTE 3:  The MME may not need to perform an explicit S1 release procedure towards the eNodeB because eNodeB will also detect the SGW failure and request the MME to release the S1-U resource.
5)
When the old MME receives Handover Required for S1 based handover from eNodeB for an UE for which PDN connection is affected by the SGW partial failure, where MME/S4-SGSN change is needed, the old/source MME may 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 partial failure. Upon reception of such indication the target MME/S4-SGSN performs handover/SRNS relocation with SGW relocation procedures. If the S1 based handover doesn’t require MME change, the MME performs the SGW relocation procedure first and then continue with Handover Resource Allocation since MME has no valid SGW F-TEID to be included in Handover Request message towards the eNodeB.  When the old MME receives Path Switch Request for X2 based handover, the MME should perform X2-based handover with Serving GW relocation procedure.
6.3.1.2

Evaluation
6.3.1.2.1

Pros

This subclause lists the pros of solution 1 - SGW relocation at the SGW Partial Failure as following:

Re-establishments of resources in SGW transparent to the UE:  The MME performs the SGW relocation signalling within the network nodes.  In other nodes, unless PGW/PCRF changes any bearer or its properties, the SGW relocation signalling due to SGW partial failure does not require any signalling between the UE and the network.
The terminating services can be delivered to the idle UEs: The PGW triggered paging request upon receiving downlink data at the SGW partial failure makes sure the terminating services can be delivered to the idle UEs.
6.3.1.2.2

Cons
This subclause lists the cons of solution 1- SGW relocation at the SGW Partial Failure as following:
Maintained associated resources in the MME and PGW after SGW partial failure detection: The MME and PGW maintain resources (MM contexts and bearer contexts) for the affected UE(s) after SGW partial failure detection during the procedure of re-establishing resources with a SGW in comparison with the existing requirement that the affected PDN connections are deleted. However comparing the network resources allocated for the affected UEs before and after the SGW partial failure, the network (PGW and MME) doesn't allocate any extra resource.
* * * End of Change * * *

