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1. Introduction
Current solution for PGW failure is MME/S4 SGSN releasing the PDN connections and asking the UE to re-activate the PDN Connection or re-attach to the network according to the NAS cause value "reactivation required" or the "explicit detach with reattach required". The SGW notifies the corresponding MME/S4 SGSN if the PGW is failed. 
The above solution depends on the failure detection mechanism in the SGW and the processing after the PGW failure is known in the SGW, e.g. scans the affected PDN connections. All of these may cost 20 minutes or even more. During this period, if the MT service is arrived, network is unable to find the UE, which is not good for the performance of the network and the QoE of the user.
Things are similar for the SGW failure; it depends on the failure detection implementation in the MME/S4 SGSN.
2. Reason for Change
Introduce a new solution for triggering the UE re-activating the PDN Connections or Re-attaching to the network if the SGW/PGW is restarted.
3. Conclusions

4. Proposal

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

6.3
Alternative Solutions for SGW failure

6.3.1
Solution 1 for SGW failure by MME/S4-SGSN re-establishing resources with a new SGW

6.3.1.1

Description
The solution enables the UE not to reattach to the EPS after SGW failure or restart. The solution includes the following steps:

1)
The MME/S4-SGSN and PGW maintain the bearers and MM contexts after detection of SGW failure
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. The MME/S4- SGSN needs 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 signaling between MME and PGW. This makes it possible for the MME/S4-SGSN to select a new SGW for the UE. 

2)
The MME/S4-SGSN selects a new SGW for the ECM_IDLE UE.
The MME/S4-SGSN selects a new SGW for the ECM_IDLE 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 will send a Modify Bearer Request message to the PGW to update the bearer context in the PGW. 

3)
The MME/S4-SGSN releases S1/Iu resources and selects a new SGW for the ECM_CONNECTED UE.
The MME/S4-SGSN firstly releases S1/Iu resources of ECM_CONNECTED UE. Then the MME/S4-SGSN will handle the UE as the same way for the ECM_IDLE UE. If the eNodeB detects the SGW failure or restart, the eNodeB will request the MME to release the S1-U resource.

4)
The MME/S4-SGSN establishes the S1 connection for the ECM_CONNECTED UE as specified in the subclause 5.3.4.3 of 3GPP TS 23.401[6].
6.3.1.2

Evaluation
6.3.1.2.1

Pros

This subclause lists the pros of solution 1 by MME/S4-SGSN re-establishing resources with a new SGW as following:

….

6.3.1.2.2

Cons
This subclause lists the cons of solution 1 by MME/S4-SGSN re-establishing resources with a new SGW as following:
Maintained resources in the MME/S4-SGSN and PGW after SGW failure or restart detection: The MME/S4-SGSN and PGW maintain resources (MM contexts and bearer contexts) for each UE after SGW failure or restart detection during the procedure of re-establishing resources with a new SGW;

PLMN dependency for inbound roaming UE: The MME/S4-SGSN needs to know whether the PGW in the HPLMN supports the capability to maintain the old PDN connection after SGW failure or restarts, vice versa;
6.3.x
Solution x for SGW failure by Downlink Data triggered SGW re-selection
6.3.x.1

Description
The solution re-selects a SGW to establish the UE context triggered by the downlink data. The solution includes the following steps:
1) Notify the MME/S4 SGSN if the downlink data is arrived
Downlink Data sends to the restarted SGW, SGW feedbacks the Error Indication message to the PGW as no corresponding bearer is found. PGW detects the SGW restarts by referring to restart counter, instead of removing associated resources; the PGW maintains the PDN Connection context.
PGW sends message to the HSS including the user’s IMSI and the information that the SGW is restarted, the HSS forwards message to the corresponding MME/S4 SGSN.
2)
The MME/S4-SGSN selects a new SGW for the ECM_IDLE UE.
After receiving the message from the HSS, the MME/S4-SGSN selects a new SGW for the ECM_IDLE 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 UE contexts. The new SGW will send a Modify Bearer Request message to the PGW to update the PDN Connection context in the PGW. The MME/S4-SGSN maintains the UE contexts after detecting the SGW restart event.
3)
The MME/S4-SGSN releases S1/Iu resources and selects a new SGW for the ECM_CONNECTED UE.
The MME/S4-SGSN firstly releases S1/Iu resources of ECM_CONNECTED UE. Then the MME/S4-SGSN will handle the UE as the same way for the ECM_IDLE UE. If the eNodeB detects the SGW failure or restart, the eNodeB will request the MME to release the S1-U resource.

4) The MME/S4-SGSN establishes the S1 connection for the ECM_CONNECTED UE as specified in the subclause 5.3.4.3 of 3GPP TS 23.401[6].
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Figure 6.3.x.1-1: Downlink Data triggered SGW re-selection solution
NOTE1:
The MME/S4- SGSN needs to know whether the PGW supports the capability listed in the solution after SGW restart, vice versa: which can be learned based on local configuration or new signalling between MME and PGW.  

NOTE2:
MME/ S4 SGSN/PGW may maintain contexts for minimal number of EPS bearers. For example, in order to ensure the IMS terminating call, context for those of EPS bearers which has the QCI=5 (IMS Signalling) is maintained. Or in order to ensure the high priority user, contexts for the high priority users is maintained.
For the MO procedure, after detecting the restart event of the SGW, the MME/S4-SGSN selects a new SGW during the procedure, sends a Create Session Request message to the new SGW to establish the UE contexts. The new SGW will send a Modify Bearer Request message to the PGW to update the PDN Connection context in the PGW.
6.3.x.2

Evaluation
6.3.x.2.1

Pros

This subclause lists the pros of solution 2 of SGW failure as following:
EPS Service after SGW Restart: This approach enables MME/S4 SGSN to re-select a SGW triggered by an arrival of the downlink packet after the SGW has restarted; this approach enables UEs to continue the MO/MT services after the SGW have restarted.
6.3.x.2.2

Cons
This subclause lists the cons of solution 2 of SGW failure as following:

Maintained resources in the MME/S4-SGSN and PGW after SGW restart detection: The MME/S4-SGSN and PGW maintain resources for each UE after SGW restart detection;

PLMN dependency for inbound roaming UE: The MME/S4-SGSN needs to know whether the PGW in the HPLMN supports the capability listed in the solution after SGW restarts, vice versa;
* * * Next Change * * * *

6.4
Alternative Solutions for PGW failure

6.4.1
Solution 1 for PGW failure
6.4.1.1

Description

When the MME/S4-SGSN detects the PGW has restarted, the MME should release the PDN connections. If the UE has multiple PDN connections, the MME/S4-SGSN shall send the release cause "reactivation required" to the UE. If the UE has only one PDN connections, the MME/S4-SGSN shall send the release cause "explicit detach with reattach required" to the UE.
6.4.1.2

Evaluation
6.4.1.2.1

Pros
This subclause lists the pros of solution 1 for PGW failure as following:

Service recovery soon: The service will be recovered soon if the release cause "reactivation required" or "explicit detach with reattach required" is sent to UE.

6.4.1.2.2

Cons
This subclause lists the cons of solution 1 for PGW failure as following:

Possible RAN overload: When the MME/S4-SGSN detects the PGW has restarted, the MME/S4-SGSN may perform cleanup external resources including at eNodeB/RNC and UE. This may cause RAN overload.
6.4.x
Solution x for PGW failure
6.4.x.1

Description

The solution enables UEs to re-attach to the EPS or Re-activate the PDN Connection triggered by an arrival of the downlink packet after the PGW has restart. The solution includes the following steps:

1) Notify the MME/S4 SGSN if the downlink data is arrived

Downlink Data sends to the restarted PGW, PGW sends message to the HSS including the user’s IMSI, PGW identity and the information that the PGW is restarted, the HSS forwards message to the corresponding MME/S4 SGSN.

2)
The MME/S4-SGSN asks the UE re-establish the PDN Connection or re-attach.
After receiving the message from the HSS, the MME/SGSN should release PGW related PDN connections for the ECM-CONNECTED UE. If the UE has multiple PDN connections, the MME/S4-SGSN shall send the release cause "reactivation required" to the UE. If the UE has only one PDN connections, the MME/S4-SGSN shall send the release cause "explicit detach with reattach required" to the UE.
MME/S4 SGSN sends the delete session request message to the SGW to release the PGW related PDN Connections in parallel.
The MME/S4-SGSN maintains the PGW related PDN Connections after detecting the PGW restart event.
3) The MME/S4-SGSN paging the UE in ECM-IDLE state and do the same handling listed in step 2 after the UE comes into ECM-CONNECTED state.
4) UE re-attach to the network or re-activate the PDN Connection.
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Figure 6.3.x.1-1: Downlink Data triggered UE re-attach/PDN Connection re-establish solution
NOTE1:
The MME/S4- SGSN needs to know whether the PGW supports the capability listed in the solution after PGW restart, vice versa: which can be learned based on local configuration or new signalling between MME and PGW.  

NOTE2:
MME/ S4 SGSN may maintain contexts for minimal number of EPS bearers. For example, in order to ensure the IMS terminating call, context for those of EPS bearers which has the QCI=5 (IMS Signalling) is maintained. Or in order to ensure the high priority user, contexts for the high priority users is maintained.
For the MO procedure, after detecting the restart event of the PGW, the MME/S4-SGSN enables the UE re-attach or re-activate the PDN Connections during this procedure.
6.4.1.2

Evaluation
6.4.1.2.1

Pros
This subclause lists the pros of solution 2 of PGW failure as following:

EPS Service after PGW Restart: This approach enables UEs re-attach/re-activate the PDN Connection triggered by an arrival of the downlink packet after the PGW has restarted. The service will be recovered soon if the release cause "reactivation required" or "explicit detach with reattach required" is sent to UE.
6.4.1.2.2

Cons
This subclause lists the cons of solution 2 of SGW failure as following:
Maintained resources in the MME/S4-SGSN after PGW restart detection: The MME/S4-SGSN maintains resources for each UE after PGW restart detection;

PLMN dependency for inbound roaming UE: The MME/S4-SGSN needs to know whether the PGW in the HPLMN supports the capability listed in the solution after PGW restarts, vice versa;
* * * End of Change * * * *
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