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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 when ISR is activated for the UEs.  The possible enhancement on the Partial failure should be included as part of Study of EPC Nodes Restoration.      
2. Reason for Change
As agreed at CT4#55 meeting, the enhancement to the Partial failure feature when it interworks with ISR function should be included in this TR.  
Based on the existing requirement in 3GPP TS 23.007, the S4-SGSN doesn’t support Partial failure function. This will bring some problems to interwork with ISR function.

Example:

1) UE attaches to E-UTRAN. The selected MME, SGW and PGW supports partial failure feature and hence it is “activated” (by each node providing its own FQ-CSID and storing FQ-CSID of the peer nodes) for the UE/PDN connection as illustrated in the following figure step 1.
2) UE moves to UTRAN access in idle mode, and performs Routing Area Updating towards an S4-SGSN.  
3) (including 3a, 3b, 3c) The S4-SGSN sends Context Request message to the old MME starting Context Transfer procedure, if the MME and S4-SGSN support ISR, the ISR is activated for the UE by the S4-SGSN and MME.
4) (including 4a, 4b) The S4-SGSN sends Modify Bearer Request message over S4 to the SGW and also indicates ISR is activated with ISRAI flag. This message will not contain FQ-CSID of S4-SGSN (since it does not support this feature).   The SGW forwards the Modify Bearer Request message to PGW (since change in RAT type needs to be informed to the PGW). In this Modify Bearer Request message over S5/S8, the SGW shall include SGW FQ-CSID.  

5) (including 5a,5b) The PGW is aware of RAT change and considering the mobility management node may be changed, and then may remove the old MME FQ-CSID. However the PGW will still keep SGW FQ-CSID even if it is not present in the Modify Bearer Request. The SGW should still store the MME FQ-CSID since the MME still has the UE context/PDN connection data. 

Up to now for this PDN connection: 

The MME has SGW FQ-CSID, PGW FQ-CSID and MME FQ-CSID itself; 
The SGW has MME FQ-CSID, PGW FQ-CSID and SGW FQ-CSID itself; 
The PGW has SGW FQ-CSID and PGW FQ-CSID itself. 

6) TAU Accept message is sent back to the UE and also indicates the ISR is activated.

The following figure illustrates the signalling diagram for the attach procedure with Partial failure supported and Routing Area updating with activation of ISR, the interworking between Partial failure and ISR function is also depicted, and in the end, signalling flow when the UE perform another inter SGSN RAU without the SGW relocation.

Note: the highlighted text is proposed as the enhancement to the problems. (Conclusion 2 below)
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Let’s further have a look at what happen if MME, SGW and PGW take place a Partial failure:

The precondition to the analysis below is that for the affected PDN connections:

The MME has SGW FQ-CSID, PGW FQ-CSID and MME FQ-CSID itself; 
The SGW has MME FQ-CSID, PGW FQ-CSID and SGW FQ-CSID itself; 
The PGW has SGW FQ-CSID and PGW FQ-CSID itself.
And the SGW and the PGW shall not change its assigned FQ-CSID before ISR is activated
PGW partial failure

The SGW will receive Delete PDN connection Set Request with PGW FQ-CSID, the SGW can retrieve all the PDN connections associated with PGW FQ-CSID and send Delete PDN connection set request to the MME, at the same time the SGW can send Delete Bearer Request per PDN connection to the S4-SGSN.  The MME and S4-SGSN may perform detach or deactivate PDN connection with the cause code Re-attach required or Reactivation required as part of implementation specific actions.

Conclusion 1: It seems there is no problem except sending Delete Bearer Request per PDN connection may cause massive signalling over S4.

MME partial failure


The SGW will receive Delete PDN connection set request with MME FQ-CSID, the SGW can retrieve all the PDN connections associated with MME FQ-CSID and maintain some of PDN connections if they are subject to the Network Triggered Service Restoration procedure if it is supported; for the rest of PDN connections are not eligible to NTSR procedure, the SGW may delete PDN connection locally or send Delete Session Request per PDN connection. When it receives Downlink data on the maintained bearer context, it performs Network triggered Service Restoration procedure as specified in the subclause 25.3 in 3GPP TS 23.007. 

If the SGW doesn’t support Network triggered Service Restoration procedure, it may send Delete Bearer Request to remove hanging PDN connections in S4-SGSN and it may send Delete Session Request per PDN connection to remove hanging PDN connections in the PGW since the PGW has removed MME FQ-CSID. 

Conclusion 2: It seems there is no problem except sending Delete Bearer Request per PDN connection may cause massive signalling over S4 and sending Delete Session Request may cause massive signalling over S5/S8 per PDN connection, if the network doesn’t support NTSR feature.

SGW Partial failure

The MME will receive Delete PDN connection set request with the SGW FQ-CSID, the MME can retrieve all the PDN connections associated with SGW FQ-CSID and make the deletion for those affected PDN connection, additional implementation specific action can be taken e.g. detach or deactivate PDN connection.

The PGW will receive Delete PDN connection set request with SGW FQ-CSID, the PGW can retrieve all the PDN connections associated with SGW FQ-CSID and make the deletion for those affected PDN connection.

Conclusion 3: The S4-SGSN will not be informed about the SGW partial failure, and the affected UEs camping on UTRAN/GERAN, will be not able to receive any terminating services, even after periodic RAU timer expires since NO S4 message sent to the partial failure SGW. 

3. Conclusions
For the Conclusion 3, the solution has been captured as one of alternative solution to SGW Partial failure in 6.8.2.2.

For the Conclusion 2, the solution proposed as general enhancement for the Partial failure interworking with ISR, including the pre-condition to derive those conclusions, is present in this paper.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.857 v1.6.0.
* * * First Change * * * 
6.8.x
Solutions for general enhancement to the Partial Failure when ISR is active
6.8.x.1
Solution 1 : Keep MME FQ-CSID in the PGW when UE is ISR activated 

6.8.x.1.1


Description
The preconditions of this solution are 1) The MME, the SGW and the PGW support Partial failure feature; 2) The SGW, the MME and the S4-SGSN support ISR feature, and ISR will be activated for the UEs.
The solution avoids sending massive Delete Session Request messages over S5/S8 per PDN connection when the MME has a partial failure and if the network doesn’t support NTSR feature.
The solution makes it possible that the MME can still retrieve the affected PDN connection indicated by PGW FQ-CSID included in Delete PDN Connection Set Request message sent from the SGW to the MME if the PGW FQ-CSID is not changed or has been updated in the MME when the PGW experiences a Partial failure.
The solution also makes it possible that the MME can still retrieve the affected PDN connection indicated by SGW FQ-CSID included in Delete PDN Connection Set Request message sent from the SGW to the MME if the SGW FQ-CSID is not changed or has been updated in the MME when the SGW experiences a Partial failure.
The solution consists in following enhancements: 

1. During an inter MME to S4-SGSN RAU procedure, or an inter SGSN to MME TAU procedure, the ISR will be activated. When the SGW receives the Modify Bearer Request message where ISR is indicated to be activated, the SGW shall include the MME FQ-CSID and a new flag called RIPI (Restriction Indication for Partial failure when ISR active) in the Modify Bearer Request over S5/S8 to the PGW, where the RIPI flag indicates that some restrictions as below in the bullets c and d shall be applied for the PGW.  

2. After RAU/TAU procedure and as long as the ISR is activated, the following apply:

a. The SGW shall not change SGW FQ-CSID assigned before ISR activation if the undergoing procedure does not to involve the MME, i.e. MME can not updated the SGW FQ-CSID;

b. The SGW shall include either the existing MME FQ-CSID or a new MME FQ-CSID if received in a message over S5/S8 when the SGW FQ-CSID is to be included;
c. The PGW shall keep the MME FQ-CSID and the PGW shall not change PGW FQ-CSID assigned before receiving the Modify Bearer Request message with the RIPI flag since it is unsure if the changed PGW FQ-CSID can be updated in the MME;

d. The PGW may provide with a new PGW FQ-CSID in the response message when it receives a changed (new) MME FQ-CSID or the MME FQ-CSID is not present in a request message.

3. When the UE further moves to another SGSN, where the ISR will be deactivated, the SGW shall use Modify Bearer Request message or Update PDN Connection Set Request message when using Modify Bearer Request is not possible, without providing MME FQ-CSID to remove the stored MME FQ-CSID in the PGW. 
4. When the UE further moves to another MME, where the ISR will be deactivated, the SGW shall use Modify Bearer Request message or Update PDN Connection Set Request message when using Modify Bearer Request is not possible, together with the new MME FQ-CSID to update the old MME FQ-CSID in the PGW.
6.8.x.1.2

Evaluation
6.8.x.1.2.1

Pros

This subclause lists the pros of solution 1 - Keep MME FQ-CSID in the PGW when UE is ISR activatedas following:

The advantage of using Partial failure will remain even when ISR is activated: The solution solves problem that when ISR is activated, unsynchronized FQ-CSID(s) leads Partial failure feature can not be utilised, i.e. massive signalling over S11 and S5/S8 at EPC node partial failure.
6.8.x.1.2.2

Cons
This subclause lists the cons of solution 1- Keep MME FQ-CSID in the PGW when UE is ISR activated as following:
The SGW and PGW can not change the FQ-CSID assigned before ISR activation: In certain cases, the SGW and PGW can not change the FQ-CSID assigned before ISR activation since the MME may not be able to update those changes.
* * * End of Change * * *
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