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1. Introduction

According to the current TS 23.007, when the SGW detects the MME/SGSN has restarted, the SGW will releases all the bearers/MM contexts associated MME/SGSN. This will cause the outage of EPS services to the UE anchored at the failed MME/SGSN. 

In this paper, a pro-active paging based solution for MME/SGSN failure is proposed. 
2. Reason for Change

To introduce the pro-active paging based solution for reestablishment of the UE context in the event of MME/SGSN node failure.
3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.857 v0.0.0
* * * Start of 1st Change * * * *

6.1.X
Solution X Pro-active Paging based approach for MME Failure
In the event of failure of the MME failure, the network may initiate the paging for EPS services using IMSI as specified in 3GPP TS 24.301 [X]. The network initiating paging using IMSI as soon as the MME failure and/or restart is detected is termed as Pro-active paging. The trigger for this type of paging is detection of the failure and/or restart of the MME. 
Following terms are used for the depiction of this solution.

Anchor MME – The MME which has the UE’s Bearer/MM context, and hence anchoring the UE before the failure, is termed as Anchor MME. 
Paging MME – The MME which is selected by the SGW to perform IMSI based paging procedure is termed as Paging MME. If the SGW is not configured with the MME pool then the Anchor MME and Paging MME are same. In case of the MME pool, the SGW can select any MME or set of MMEs from the MME pool as Paging MME(s).
6.1.X.1 General

Pro-active paging approach based UE Context Reestablishment (UCR) is divided into following two phases:
· Preparation phase: During this phase, the MME is in good health and has a valid UE context. The Anchor MME prepares the SGW to assist the MME to reestablish the UE’s context in the event of the Anchor MME’s failure. This phase is characterized by the following functions.
i. Based on various criteria, the Anchor MME decides to enable/disable the context reestablishment for a particular UE, which is referred as "UE Requiring Context Reestablishment" (URCR) status. The URCR status "enabled" indicates that the UE is subjected to context reestablishment. The UE’s URCR status is provided by the Anchor MME to the associated SGW.

ii. For the UE with URCR status enabled, the Anchor MME provides the associated SGW with the Data to Assist IMSI Paging (DAIP). The associated SGW stores the URCR status and the latest DAIP for each UE as provided by the Anchor MME.

· Execution phase: This phase is executed only when the SGW detects failure and/or restart of the Anchor MME. If the SGW is configured with the MME pool, this phase can be triggered as soon as the SGW detects failure of the Anchor MME. However, in the absence of the MME pool, this phase can be triggered only on the detection of the Anchor MME restart. This phase is characterized by the following functions. 

i. For UEs with URCR status enabled, the SGW provides DAIP to the Paging MME for each UE. In case of the MME pool, the SGW can select different Paging MME for different UEs and hence parallelizing the IMSI based paging procedure.
ii. On the reception of the UE’s DAIP, the MME initiates "Paging for EPS/GPRS services using IMSI" as specified in 3GPP TS 24.301 [X].

iii. On reception of the "Paging using IMSI", the UE initiates "Initial Attach" procedure and hence reattaches to the network. As the UE’s context is reestablished in the network, the EPS services can be delivered to the UE.

6.1.X.2 Preparation phase
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Figure 6.1.X.2-1: UE Context Reestablishment procedures, Preparation phase

1)
During session establishment and session modification procedures, the Anchor MME decides to enable/disable URCR status of the UE based on various criteria as given below.
-
Subscription profile;

-
Currently active PDN connection, currently active bearer’s QCI values etc;

-
Operator’s local policy;

Based on the above criteria, the Anchor MME can decide to change the current URCR status to "enabled" or "disabled". Hence the previously "enabled" URCR status can be "disabled" dynamically by the Anchor MME; the previously "disabled" URCR status can be "enabled" by the Anchor MME based on the EPS services currently activated by the UE.
2)
During the existing S11 interface signaling for the session establishment and/or session modification, the MME sends the URCR status to the associated SGW. If the URCR status is "enabled", the Anchor MME may provide the latest DAIP to the SGW. The DAIP is a container to hold UE paging related information, which can be used by the Paging MME to initiate IMSI based paging request message to the UE in the event of Anchor MME failure. From the SGW point of view, the DAIP is just transparent container whose content is specific to the implementation of the Anchor MME and Paging MME. 
3)
The SGW shall store the URCR status and latest DAIP for the UE, if it receives from Anchor MME. If the latest DAIP is not provided then the SGW assumes old value of DAIP as the latest value of DAIP. The Anchor MME shall provide the DAIP when the URCR status for a particular UE is enabled for the first time.
6.1.X.3 Execution phase
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Figure 6.1.X.3-1: UE Context Reestablishment procedures, Execution phase

1)
The SGW detects failure and/or restart of the associated Anchor MME as specified in section 3GPP TS 23.007 [X] and 3GPP TS 29.274 [X].
2)
On the detection of the failure and/or restart of Anchor MME, the SGW performs restoration procedure as specified in 3GPP TS 23.007 [X] sec. 16.1.1. Additionally, the SGW checks the URCR status of the affected UEs. If the URCR status of the UE is enabled then the SGW sends "Paging Indication Request" message to the Paging MME. The SGW shall provide the latest DAIP to the Paging MME in "Paging Indication Request" message.

In case of the MME pool, the selection of the Paging MME(s) is left to the SGW implementation. The simplest approach can be to select different MMEs as Paging MMEs (from the MME pool) for different UEs in round robin cycle. The Paging MME(s) in the MME pool automatically acts as a load balancing MMEs and helps in executing the IMSI based paging procedure simultaneously. 
3) 
The Paging MME acknowledges the reception of the Paging Indication message by sending "Paging Indication Response" message to SGW.
4)
The Paging MME initiates IMSI based paging based on the information received in the DAIP for the specified IMSI. Please refer to 3GPP TS 24.301 [X] for IMSI based paging procedure.
5) On reception of the paging request message with IMSI as UE identity, the UE shall deactivate any EPS bearer context(s) locally and initiates "Initial Attach" procedure. On the successful completion of the initial attach procedure the UE is reattached to the network and hence able to receive any EPS services.

* * * Next Change * * * *

6.3.Y
Solution Y Pro-active Paging based approach for SGSN Failure
In the event of failure of the SGSN failure, the network may initiate the paging for EPS services using IMSI as specified in 3GPP TS 24.008 [X]. The network initiating paging using IMSI as soon as the SGSN failure and/or restart is detected is termed as Pro-active paging. The trigger for this type of paging is detection of the failure and/or restart of the SGSN. 

Following terms are used for the depiction of this solution.

Anchor SGSN – The SGSN which has the UE’s Bearer/MM context, and hence anchoring the UE before the failure, is termed as Anchor SGSN. 

Paging SGSN – The SGSN which is selected by the SGW to perform IMSI based paging procedure is termed as Paging SGSN. If the SGW is not configured with the SGSN pool then the Anchor SGSN and Paging SGSN are same. In case of the SGSN pool, the SGW can select any SGSN or set of SGSNs from the SGSN pool as Paging SGSN(s).

6.3.Y.1 General

Pro-active paging approach based UE Context Reestablishment (UCR) is divided into following two phases:

· Preparation phase: During this phase, the SGSN is in good health and has a valid UE context. The Anchor SGSN prepares the SGW to assist the SGSN to reestablish the UE’s context in the event of the Anchor SGSN’s failure. This phase is characterized by the following functions.

iii. Based on various criteria, the Anchor SGSN decides to enable/disable the context reestablishment for a particular UE, which is referred as "UE Requiring Context Reestablishment" (URCR) status. The URCR status "enabled" indicates that the UE is subjected to context reestablishment. The UE’s URCR status is provided by the Anchor SGSN to the associated SGW.

iv. For the UE with URCR status enabled, the Anchor SGSN provides the associated SGW with the Data to Assist IMSI Paging (DAIP). The associated SGW stores the URCR status and the latest DAIP for each UE as provided by the Anchor SGSN.

· Execution phase: This phase is executed only when the SGW detects failure and/or restart of the Anchor SGSN. If the SGW is configured with the SGSN pool, this phase can be triggered as soon as the SGW detects failure of the Anchor SGSN. However, in the absence of the SGSN pool, this phase can be triggered only on the detection of the Anchor SGSN restart. This phase is characterized by the following functions. 

i. For UEs with URCR status enabled, the SGW provides DAIP to the Paging SGSN for each UE. In case of the SGSN pool, the SGW can select different Paging SGSN for different UEs and hence parallelizing the IMSI based paging procedure.

ii. On the reception of the UE’s DAIP, the SGSN initiates "Paging for EPS/GPRS services using IMSI" as specified in 3GPP TS 24.008 [X].

iii. On reception of the "Paging using IMSI", the UE initiates "Initial Attach" procedure and hence reattaches to the network. As the UE’s context is reestablished in the network, the EPS services can be delivered to the UE.

6.3.Y.2 Preparation phase
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Figure 6.3.Y.2-1: UE Context Reestablishment procedures, Preparation phase

1)
During session establishment and session modification procedures, the Anchor SGSN decides to enable/disable URCR status of the UE based on various criteria as given below.
-
Subscription profile;

-
Currently active PDN connection, currently active bearer’s QCI values etc;

-
Operator’s local policy;

Based on the above criteria, the Anchor SGSN can decide to change the current URCR status to "enabled" or "disabled". Hence the previously "enabled" URCR status can be "disabled" dynamically by the Anchor SGSN; the previously "disabled" URCR status can be "enabled" by the Anchor SGSN based on the EPS services currently activated by the UE.
2)
During the existing S4 interface signaling for the session establishment and/or session modification, the SGSN sends the URCR status to the associated SGW. If the URCR status is "enabled", the Anchor SGSN may provide the latest DAIP to the SGW. The DAIP is a container to hold UE paging related information, which can be used by the Paging SGSN to initiate IMSI based paging request message to the UE in the event of Anchor SGSN failure. From the SGW point of view, the DAIP is just transparent container whose content is specific to the implementation of the Anchor SGSN and Paging SGSN. 

3)
The SGW shall store the URCR status and latest DAIP for the UE, if it receives from Anchor SGSN. If the latest DAIP is not provided then the SGW assumes old value of DAIP as the latest value of DAIP. The Anchor SGSN shall provide the DAIP when the URCR status for a particular UE is enabled for the first time.
6.3.Y.3 Execution phase
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Figure 6.3.Y.3-1: UE Context Reestablishment procedures, Execution phase

1)
The SGW detects failure and/or restart of the associated Anchor SGSN as specified in section 3GPP TS 23.007 [X] and 3GPP TS 29.274 [X].

2)
On the detection of the failure and/or restart of Anchor SGSN, the SGW performs restoration procedure as specified in 3GPP TS 23.007 [X] sec. 16.1.1. Additionally, the SGW checks the URCR status of the affected UEs. If the URCR status of the UE is enabled then the SGW sends "Paging Indication Request" message to the Paging SGSN. The SGW shall provide the latest DAIP to the Paging SGSN in "Paging Indication Request" message.

In case of the SGSN pool, the selection of the Paging SGSN(s) is left to the SGW implementation. The simplest approach can be to select different SGSNs as Paging SGSNs (from the SGSN pool) for different UEs in round robin cycle. The Paging SGSN(s) in the SGSN pool automatically acts as a load balancing SGSNs and helps in executing the IMSI based paging procedure simultaneously. 
3) 
The Paging SGSN acknowledges the reception of the Paging Indication message by sending "Paging Indication Response" message to SGW.

4)
The Paging SGSN initiates IMSI based paging based on the information received in the DAIP for the specified IMSI. Please refer to 3GPP TS 24.008 [X] for IMSI based paging procedure.
5) On reception of the paging request message with IMSI as UE identity, the UE shall deactivate any EPS bearer context(s) locally and initiates "Initial Attach" procedure. On the successful completion of the initial attach procedure the UE is reattached to the network and hence able to receive any EPS services.

* * * End of Changes * * * *
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