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1. Introduction
According to 23.007, when a SGW receives a Modify Bearer Request from MME during inter MME intra SGW HO procedure, the SGW behavior is as follows:
· If new MME supports partial failure feature and has included FQ-CSID in the Modify Bearer Request and the SGW is required to send a Modify Bearer Request to the PGW, the SGW includes both SGW FQ-CSID and the new MME FQ-CSID in Modify Bearer Request to PGW.

· If new MME supports partial failure and has included FQ-CSID in the Modify Bearer Request and the SGW is required to send a Modify Bearer Request to the PGW, the SGW sends a Update PDN Connection Set Request with the SGW FQ-CSID and the new MME FQ-CSID.

· If the new MME does not support partial failure, and the SGW is required to send a Modify Bearer Request to the PGW, the SGW includes only the SGW FQ-CSID in the Modify Bearer Request to PGW. The PGW deregisters the MME FQ-CSID from the UE context.
· If the new MME does not support partial failure, and the SGW is not required to send a Modify Bearer Request to the PGW, the SGW includes only the SGW FQ-CSID in the Update PDN Connection Set Request to PGW.

Currently the specification does not handle the inter-RAT handover/RAU scenarios from MME to S4-SGSN for cases where ISR is enabled or disabled. Similarly, the specification does not specify how to handle the FQ-CSID for ISR enabled UEs which has context in both MME and SGSN.

2. Reason for Change
When ISR is not enabled, an UE moving from MME area to SGSN area (either handover or RAU procedure), the SGSN sends a Modify bearer Request along with the RAT type. The SGSN obviously does not support partial failure and will not include FQ-CSID in the Modify Bearer Request message. Although this is not explicitly specified, the expected behavior of the SGW should be such that the Modify Bearer Request message which is sent to the PGW does not include MME FQ-CSID. Thus PGW clears the FQ-CSID. Any Delete PDN Connection Set request message due to MME partial failure will not impact the UE PDN connections.
Proposal 1: We propose to clarify in the TS 23.007 that when SGW receives a Modify Bearer Request during inter-RAT RAU or HO procedure without FQ-CSID, the SGW does not include MME FQ-CSID in the Modify Bearer Request, thus deregistering the MME FQ-CSID from the UE context. Please note that since RAT is always included during these procedures, the SGW always sends Modify Bearer Request to the PGW.
Consider the case where the UE is attached via SGSN. During TAU procedure, the MME activates the ISR and also allocated a FQ-CSID for the UE in the modify bearer request. According to current specification, the SGW should send a Modify Bearer Request to the PGW including both SGW FQ-CSID and MME FQ-CSID. 
While in the case where the UE is attached via MME and the UE performs an inter-RAT RAU procedure where ISR is enabled, the SGSN does not include FQ-CSID in the Modify Bearer Request. The expected behavior of the SGW is not well specified. Similarly, if for an ISR enabled UE, the SGSN sends a Modify Bearer Request (say due to change in timezone) the specification is not clear whether or not MME FQ-CSID is included in the message from SGW to PGW. The SGW has 2 possible options when it sends Modify bearer Request to the PGW when ISR is enabled for the UE. 

· (Option 1) Always include MME FQ-CSID and SGW FQ-CSID when the ISR is enabled, although this message may have been triggered by SGSN as long as ISR Is enabled for the UE and MME supports partial failure.

· (Option 2) Include the MME FQ-CSID only if the message is triggered by MME which supports partial failure.

According to Option 1, the partial failure is enabled as long as the ISR is enabled. However when the ISR is disabled by SGSN (or for example, implicit detach occurs in MME), additional signaling is required to PGW to remove the FQ-CSID. 
According to Option 2, whether the SGW and PGW context are associated with MME FQ-CSID is context dependent. If MME initiated the last signaling with SGW/PGW, then partial failure is enabled, else it is disabled. Therefore when MME partial failure occurs some UEs are deleted while others are not deleted creating an inconsistent user experience.
Proposal 2: We propose to use Option 1; i.e. When ISR is enabled for a UE and the ISR associated MME has enabled partial failure, the SGW should always include MME FQ-CSID and SGW FQ-CSID in the Modify Bearer Request message to PGW.
In TR 23.857, we have studied the solutions for service restoration after MME partial failure. The Solution 2 and 3 are similar in nature except the step where the SGW cleans up the context after DLDTA timer expires. According to Solution 3 the SGW sends a Delete PDN Connection Set request to PGW along with the MME FQ-CSIDs which have been impacted. However it is not clear whether the PDN connections of the UEs which have performed RAU in SGSN area would be unnecessarily deleted.

The below figure describes the problem:
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As shown the figure the scenario as specified currently, a UE which is ISR attached faces partial failure of MME. As long as UE is in SGSN area, any periodic RAU (while TAU timer is still running), does not trigger Modify Bearer Request towards SGW. When TAU timer expires while the UE is still in SGSN area, UE disables the ISR locally. Thus when the RAU occurs the next time (step 8) UE sends P-TMSI as the temporary identifier. This indicates to SGSN that UE has locally disabled ISR. The SGSN sends Modify Bearer Request to the SGW without setting the ISRAI flag. The RAA indicated to the UE that network has also disabled the ISR. However, although the UE has ISR disabled, the PDN GW still associates the PDN connection with the failed FQ-CSID. Thus when DLDTA timer expires, the SGW forwards the Delete PDN Connection Set Request to the PGW thus deleting the sessions for UEs which are not registered.
Proposal 3: We can solve this issue by:

· Recommending the DLDTA timer to be twice the length of Maximum (RAU, TAU). This allows for all UEs which are in SGSN area to perform at least one RAU procedure after the UE has locally disabled ISR (due to TAU timer expiry).
· Clarifying that when SGW receives a Modify Bearer Request from SGSN which disables ISR the SGW should unregister the MME FQ-CSID in the PGW either by sending Modify Bearer Request or Update PDN Connection Set Request with only the SGW FQ-CSID. 

Alternate Proposal:

The discussion so far in this paper makes it clear that the interaction between ISR and Partial Failure is not well specified. Further interactions are complicated by S4-SGSN not supporting Partial Failure procedures. There are historical reasons why SGSN was not enhanced to support Partial Failure feature. We can however compare the impact of a partial failure of the MME for UEs which are ISR enabled. In this section we compare the downgrade of user experience when Node Restoration is not supported by the SGW and/or MME.
Consider the case when an MME complete failure occurs:
· When node restoration is not supported in SGW, a UE whose context got deleted in MME, is still able to receive the service while it is in SGSN service area. When the TAU timer expires for this UE, the UE performs RAU and completely normal service resumes for this UE.

This minimizes the service interruptions by MME failure/restart. If a UE is in SGSN service area, the service is provided as usual. However, unfortunately this is not the case for partial failure:

· For the case when Node Restoration is not supported, a UE in SGSN service area will have its context deleted. And the UE will not be able to receive downlink service for the time before the RAU/UE Initiated Service Request is triggered. By doing this, we are degrading the user experience for UEs which would have received normal service if MME partial failure feature had not been enabled.

Additionally the registration/deregistration of the FQ-CSIDs causes additional signaling in the network which results in degradation of signaling saved due to partial failure feature.
Therefore, in the interest of better user experience, we propose the following:

· An MME shall not enable partial failure for ISR enabled UE.

· An SGW should de-register the partial failure when it receives modify bearer request with ISRAI bit set to 1. The PGW also should be informed of this de-registration.

In this approach when SGW does not support node restoration feature, a UE which has lost its context in MME would be unreachable for downlink service only if it is in MME service area. The UEs in SGSN service areas are not impacted. The disadvantage of this solution is that there will be a few hanging PDN connections left in PGW of those UEs which did not perform NAS signaling in the SGSN or MME area.
Proposal 4:

We would like to seek comments from CT4 experts on this proposal.

3. Conclusions

We propose to include Proposals 3 as part of solution 3 in section 6.8.1.3 of TR 23.857.
Juniper Networks would be happy to prepare CRs for Proposal 1 and 2 for TS 23.007.

We also seek opinions and comments on Proposal 4. 
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.857.
*******
* * * First Change * * * *

6.8.1.3
Solution 3 – Based on Network Triggered Service Restoration for complete MME failure with delayed sending of Delete PDN Connection Set Request to PGW
6.8.1.3.1
Description 
The solution for network triggered service restoration is same as explained in Section 25 of 3GPP TS 23.007[2] where the PDN connection which are associated with the FQ-CSID received in delete PDN connection set request which are eligible for network restoration. The SGW processes Delete Connection Set Request received from the MME but does not relay to the PDN GW.

The SGW starts a timer is started upon receipt of the Delete PDN Connection Set Request. When this timer expires, the SGW sends a delete PDN Connection Set Request along with the FQ-CSID received from the MME to PDN GW. The solution requires that the MME does not reallocate the same CSID to new PDN connections established after the MME partial failure before the SGW timer expiry. Once the PDN GW receives the Delete PDN Connection Set Request, all the PDN Connections related to the failed FQ-CSID are deleted.

The impacted UEs which performed a TAI or service request procedure before the timer expired, would have re-established the PDN connections (with new MME FQ-CSID(s)). The other UEs which perform RAU in SGSN area after the TAI timer in the UE expired would have ISR disabled. 
The UE for which the TAU timer has expired starts implicit detach timer. Once the implicit detach timer expires while the UE is still in SGSN service area, the UE disables the ISR. When RAU timer expires for the ISR disabled UE, the SGSN sends Modify Bearer Request with ISRAI bit not set.

An SGW which receives a Modify Bearer request from the SGSN without ISRAI set, shall deregister the MME FQ-CSID which is registered for the UE by sending Modify Bearer Request message or Update PDN Connection Set Request. This clears the MME FQ-CSID in the PDN GW. Thus these UEs PDN connections will not get deleted when SGW forwards the Delete PDN Connection Set Request.

NOTE:
The value of the timer in SGW may be equal to twice the value of periodic tracking area update timer (timer T3412) or routing area update timer (whichever is higher) as specified in the 3GPP TS 24.301 [4]. There is one DLDTA timer in the SGW

6.8.1.3.2
Evaluation
6.8.1.3.2.1
Pros
No Hanging PDN connection in PDN GW or Signaling overload: Since no individual session level signaling is done for cleaning up of resources, there are no hanging PDN connections or risk of signaling overload (once the timer in SGW expires). 

EPS Service after MME Partial failure: This approach enables UEs to make the re-attach to the EPS possible triggered by an arrival of the downlink packet after the MME has partial failed
6.8.1.3.2.2
Cons

Maintained resources in the SGW and PGW after MME Partial failure detection: This approach requires reservation of UE resource (S5/S8 bearer contexts) until downlink packets arrives for the UE or timer set in SGW expires.  However comparing the network resources allocated for the affected UEs before and after the MME partial failure, the network(SGW and PGW) doesn't allocate any extra resource.

Delayed Deletion for PDN connection not eligible for restoration: If same CSID is used by the MME for the PDN connections which are eligible for restoration and those not eligible for restoration, the PDN connections not eligible for restoration will only get deleted after the SGW timer expires.
* * * End of Changes * * * *
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