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1. Introduction
This paper proposes to enhance the Alternative 1 (DLDTA) for the MME failure and restart.
2. Reason for Change
It was identified during the CT4#51 and following phone conferences that the IMSI page due to downlink packet arrival to the old IP address may force UE to re-attach to EPS again if UE has successfully re-attached to the EPC after the MME failure. This is captured as the negative factor of the DLDTA solution since this IMSI page may cause a service disruption if UE is in active state or at least UE may have to re-attach twice to the EPS. This P-CR proposes a small update to fix this issue.
Solution:

From the restarted MME point of view, there are basically two ways to know that UE has been successfully attached to the EPS after the MME failure, 1) UE re-attachment to the same MME or 2) receiving the Cancel Location Request message from the HSS. This solution uses these information in order NOT to page UE after the UE re-attachment. See below for the key enhancements.
· MME manages a new timer common for all serving UEs. This timer starts right after the MME restarted and expires around 54 minutes later. Let’s call this timer as "re-attached IMSI timer" in this contribution.
· MME manages new IMSI table. Let’s call this table as "re-attached IMSI table" in this contribution. This table is cleared when the "re-attached IMSI timer" is expired.
· MME registers the IMSI to the "re-attached IMSI table" if the MME receives the Cancel Location Request message from the HSS while the "re-attached IMSI timer" is running.
· If the MME receives the Downlink Data Notification message with IMSI, the MME shall take the following action.
· The case where a UE has been successfully re-attached to the other MME: If the IMSI on the Downlink Data Notification message has been registered to the "re-attached IMSI table", MME does not send page message over the S1-MME interfaces and reply the Downlink Data Notification Acknowledge to the SGW with new cause "Re-Attach Success". With this reply, the SGW releases the corresponding resources when new cause is received.
· The case where a UE has been successfully re-attached to the same MME: If the MME receives the Downlink Data Notification message with IMSI to the UE who has a valid subscriber data, MME does not send page message over the S1-MME interfaces and reply the Downlink Data Notification Acknowledge to the SGW with new cause "Re-Attach Success". With this reply, the SGW releases the corresponding resources when new cause is received.
This solution targets the situation where the MME receives the Downlink Data Notification message with IMSI after the MME knows that UE has been successfully re-attached in the EPS. This resolves the issue occurs where UE receives a packet toward the old PDN connection (Key Issue C in 
MME failure discussion status). 
The following pictures illustrate how this solution works.
· This picture illustrates the situation where the DL packet arrives with the original (old) PDN connection after the UE has been successfully re-attached to the other MME due to periodic TA update procedure (Note: oMME and nMME is the same entity for the case where UE re-attached to the same MME).
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· This picture illustrates the situation where the subsequent DL packet arrives with the original (old) PDN connection after the UE has been successfully re-attached to the other MME triggered by the initial DL packet arrival. (Note: oMME and nMME is the same entity for the case where UE re-attached to the same MME).
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3. Conclusions

With this enhancement, most of unnecessary IMSI page can be avoided if the MME failure is short time of period. 
Note that this solution cannot avoid the IMSI page if the MME receives the Cancel Location Request message from the HSS while the MME is failed (out of service).
In addition, it seems this enhancement can be adapted to all solutions with reactive approach.

4. Proposal
It is proposed to add the following changes to 3GPP TR 23.857 v0.2.0 if CT4 sees this enhancement as feasible.
* * * Start of 1st Change * * * *

6.1.1
Solution 1 Down Link Data Triggered Attach (DLDTA)
6.1.1.1
Description 
The Down Link Data Triggered Attach (DLDTA) is an optional feature for MME, S4-SGSN and SGW.
6.1.1.1.1
Down Link Data Triggered Attach (DLDTA) procedure
The DLDTA enables UEs to make the re-attach to the EPS possible triggered by an arrival of the downlink packet after the MME has restarted. The DLDTA is composed of the following components.

a)
The MME marks an EPS bearer as the subject for the DLDTA:


When EPS bearer is established, based on the operator policy the MME marks an EPS bearer as the subject for the DLDTA by setting the DLDTA flag in the EPS bearer Context. The MME may activate the DLDTA for all EPS bearers or based on QCI, Priority Level or/and APN.

NOTE1:
MME may activate the DLDTA for minimal number of EPS bearers. For example, in order to make the IMS terminating call to be a trigger for the UE re-attachment, the DLDTA is only activated for those of EPS bearers which has the QCI=5 (IMS Signalling).
b)
The SGW maintains the IMSI, latest TA-list per UE:


If the UE has at least one EPS bearer that has the DLDTA flag active and the latest TA list is changed , for example due to the mobility management procedure, the MME transfers the latest TA list to the corresponding SGW by the Create Session Request message or/and the Modify Bearer Request message. 

If the SGW receives the dedicated Modify Bearer Request message from the MME only for the purpose of updating the latest TA list, the SGW shall not forward the Modify Bearer Request message to the PGW. Instead, the SGW sends the Modify Bearer Response message to the MME.

NOTE2:
The TA list is essential in case of MME restart since it allows avoiding the IMSI page for the entire coverage of an MME (which is extremely stressful for the EPS system, since a large number of eNBs is typically covered by one MME).
c)
The SGW maintains the S5/S8 bearers after the MME has restarted:


If the SGW detects the MME restart by referring to the increase of the restart counter, instead of removing associated resources, the SGW maintains the S5/S8 bearers if the DLDTA flag is active. This makes it possible for the SGW to receive a down link packet from the PGW.

When SGW starts maintaining the S5/S8 bearers, SGW starts the DLDTA timer for corresponding MME. If the DLDTA timer expires, the maintained resources due to the DLDTA shall be locally deleted. This treatment is required in case the other SGW is chosen when UE re-attaches to the EPC after the MME failure. A value of the DLDTA timer may be equal to the periodic tracking area update timer (timer T3412) as specified in the 3GPP TS 24.301 [4]. There is one DLDTA timer per MME in the SGW.

When SGW receives the Create Session Request message from the UE while the DLDTA timer is running, the SGW deletes all DLDTA related resources for the UE and then proceeds with the Create Session Request message handling.

d)
Downlink data packet/ Control signal message arrives to the SGW while the DLDTA timer is running:

When SGW receives the downlink data packet/ Control signal message from the PGW using the EPS bearer that has the DLDTA flag active, the SGW sends the enhanced Downlink Data Notification message with the IMSI and TA list to the MME in order to page UE. The TA list on the enhanced Downlink Data Notification message is used by MME for sending the page message over the S1-MME interface if the MME does not have a valid UE context. 
The SGW shall reject the control message received from the PGW with an appropriate cause value.
If the MME receives the Downlink Data Notification message with the IMSI to a UE either who has the valid UE context or the MME has received the Cancel Location Request message for that UE after the MME restarted, the MME does not send page message over the S1-MME interface and replies the Downlink Data Notification Acknowledge to the SGW with cause value "Re-Attach Success". In this case, the SGW releases the corresponding internal resources and may perform bearer deactivation procedure toward the P-GW according to TS 23.007[xx].
NOTE3:
In case the HSS sends the Cancel Location Request message to the MME while MME is being failed (out of service), the Downlink Data Notification message with the IMSI triggers the IMSI page unfortunately.
Upon receiving a page message with IMSI, UE starts the re-attach procedure as specified in subclause 5.6.2.2.2 of the 3GPP TS 24.301 [4].e)
The SGW pages UE again if MME cannot find the UE context when the Data Notification message is received:
When the SGW receives the Downlink Data Notification Acknowledge message with error cause "context not found" from the MME for the EPS bearer that has the DLDTA flag active, then the SGW re-sends the enhanced Down Link Data Notification with IMSI and TA list. This procedure is required in case the downlink packet arrives from the PGW right before the SGW detects the MME restart.

f)
The other mobility related procedures:
When the MME is changed due to the mobility management, source MME shall forward the DLDTA flag in the EPS bearer Context to new MME.

When the SGW is changed due to the mobility management, the latest TA list is informed to new SGW.
g)
The ISR related procedures:
If the ISR is active, the SGW maintains both the latest TA list and the latest RAI.

The procedure d) in this subclause can be executed per S4/S11 interface independently irrespective of the ISR activation status. The figure 6.1.1-1 outlines the overall DLDTA procedure.
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Figure 6.1.1.1.1-1: The overall DLDTA procedure
* * * End of 1st Change * * * *
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