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++++++++++++++ FIRST CHANGE ++++++++++++++
5.4
Solution 4: Availability Notification after DDN Failure

5.4.1
General

Editor's note:
Describe the solution. Clause(s) may be added to capture details, procedural flow, etc.

In this solution, the AS subscribes once and then gets notification only when there has been some Data delivery failure.
This solution involves an entry in the subscription for a UE for "network application triggering when the UE is available after a DDN failure". This information will be provided to the serving node (MME/SGSN) at registration. The serving node will note this and will set a flag after a DDN failure. If the flag is set when the UE next contacts the network, the serving node will notify the HSS that the UE is reachable, and will clear the DDN failure flag. The HSS will then notify any application(s) that may have registered to be notified of that event, and the application can begin to communicate with the UE.

++++++++++++++ SECOND CHANGE ++++++++++++++
5.4.2
Architecture

In this architecture, the MME is informed about the subscription to "network application triggering when the UE is available after a DDN failure" by the HSS as part of the normal registration process. The application registers with the HSS, e.g., via an interface defined as part of AESE, to be notified of DDN failure.
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Figure 5.4.2-1: Availability Notification after DDN Failure architecture

++++++++++++++ THIRD CHANGE ++++++++++++++
5.4.3
Registration

The figure below provides the registration procedure.
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Figure 5.4.3-1: Registration - Availability Notification after DDN Failure

1.
The UE subscription in the HSS includes the option "notify on available after DDN failure".

2a.
The application requests that the SCEF register a trigger to be notified when downlink data delivery fails.

2b.
The SCEF registers with the HSS to be notified when the UE becomes available after a DDN failure for APN A.

3a.
The HSS internally notes the request, and sends an acknowledgement to the SCEF.
3b.
The SCEF responds to the AS regarding the trigger request.
4.
This information is made known to the MME/SGSN via existing mechanisms: via an Insert Subscriber Data Operation when the UE is already associated with a MME/SGSN or at some later point in time, when the UE issues a register that causes the MME/SGSN to receive a set of subscription information for the UE that contains the "notify on available after DDN failure" option for APN A.

NOTE:
this procedure can be executed by a number of applications. The HSS shall notify these applications individually when the UE becomes reachable.

++++++++++++++ FOURTH CHANGE ++++++++++++++
5.4.4
Notification

The figure below provides the registration procedure. This figure is relative to EUTRAN, but the equivalent figure for UTRAN can be directly derived from this.
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Figure 5.4.4-1: Notification - Availability Notification after DDN Failure

1.
The application sends down link data relative to APN A.

2.
The PGW forwards the data to the SGW. The SGW sends a Down link data notification (DDN) message to the MME requesting that UE-1 be paged.

3.
The MME initiates paging for UE-1 but receives no response or the UE is in Power Saving Mode.

4.
The MME sends a DDN failure indication to the SGW.

5.
The MME notes the subscription option for notification of availability after DDN failure for APN A for UE-1, and sets a flag.

6.
If the "DDN failure" flag for the corresponding APN was not set, it is set by the serving Node of the UE and the HSS is notified that the UE is un-reachable for this APN). The HSS sets a local "DDN failure" flag for the corresponding APN, and the Serving Node acts as if it had received from the HSS an indication "that the HSS has requested to be notified when the UE has become reachable" (equivalent to the reception of a S6a/S6d ISD message with the IDR flag "UE Reachability Request" set, refer to TS 29.272 Table 7.3.103/1).

NOTE 1:
The notification to the HSS allows the HSS to deal with a failure of the Serving Node of the UE. In case of such failure, the mechanisms of steps 8 and 9 ensure that the subscribed network application(s) ends up being notified.


If it was the first APN of the UE for which the "DDN failure" flag has been set and the UE is served by another Serving Node, the HSS requests this other serving Node to be notified when the UE has become reachable.

NOTE 2:
This request reuses the existing Insert Subscriber Data procedure over S6a/S6d (3GPP TS 29.272) and does not require an update of the definition of the S6a/S6d interface

NOTE 3:
This is to deal with the case where, when it comes out of PSM, the UE is served by another Serving Node / RAT (e.g. over 2G and served by a SGSN) than the Serving Node / RAT (e.g. LTE and served by a MME) that had been used when the DDN failure occurred.

7.
At some later time, UE-1 contacts the network, e.g., to perform a TAU, or as it executes a service request of MO data.

8.
The MME notes that UE-1 is available and that the DDN failure flag for UE-1 for APN A is set.

9.
The MME sends an indication to the HSS that UE-1 is available. The MME also resets the DDN failure flag for UE-1 for APN A.

10a.
The HSS notifies the SCEF that UE-1 is available. The HSS resets its local DDN flag.

10b.
The SCEF notifies the AS that UE-1 is available.
11.
The application decides to resend data it has queued for UE-1.

12.
The application sends the queued data toward UE-1.

5.4.5
Solution Impacts on Existing Nodes

Editor's note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

The HSS must be modified to:

-
Support the "notify on available after DDN failure" event on a per APN basis, including:

-
application registration,

-
sending the subscription option to the MME/SGSN,

-
receiving the availability information from the MME/SGSN, and

-
notifying the application of UE availability.

The MME/SGSN must be modified to:

-
Receive the subscription option from the HSS and store it with the subscription;

-
Check the option after a DDN failure to determine if the flag should be set;

-
Check whether any DDN failure flags are set when the UE again contacts the network, and for which APNs;

-
If the DDN failure flag is set for an APN for which the UE has a bearer, reset the flag and notify the HSS.

5.4.6
Solution Evaluation

This solution provides the ability to notify an application of the availability of a UE that may be a high latency UE.

This solution is particularly applicable for operators who choose to support notifications to the application level primarily via the HSS.

It may be more tailored to the case of PSM than e-DRX idle mode as the latter may entail more frequent HSS interactions.

This solution incorporates the MONTE monitoring method of Solution 3 and provides the details used at the MME to determine when to send “available” and “not available” indications for the UE to the HSS. In particular, the use of an internal indication of whether the HSS needs to be notified avoids the need for the MME/SGSN to send an indication to the HSS that the UE is unavailable every time that paging fails, and it also provides the ability to send a notification that the UE is available once only also after a paging failure.
PROS:

-
Applications are only notified when they are registered for the event, and only for specific APNs, thus minimising the number of notifications that the HSS has to send.

-
This solution applies to cases where downlink data is not often sent to a UE, e.g., water meters and similar devices that rarely receive downlink data, and are usually sending uplink data (albeit not too frequently). This class of devices comprises a large segment of M2M traffic.

-
The application does not need to be aware of power saving mode (PSM) intervals.

-
The registration can be done once and allowed to remain for a long period of time.

-
The application can made a determination about whether to queue data or to take other actions, depending on application logic, thus avoiding unnecessary complexity that a 3GPP-defined entity may incur.

-
There are no impacts to the PGW/GGSN, SGW, eNB, or SMSC.

-
Network signalling is minimised:

-
Signalling from the HSS to the MME is included in the subscription update procedure.

-
Signalling from the MME to the HSS is limited to the notification of the first DDN failure and to the notification of re-establishment of the radio contact with the UE.

CONS:

-
The HSS storage and processing will be impacted, depending on how many UEs are given this subscription option, and to what extent it is used by applications. Therefore, this solution applies to cases where downlink data is not often sent to a UE.

-
The MME storage and processing will be impacted. If the option is not present for a given subscription, the only impact will be checking on the existence of the option upon DDN failure. If the option is present for a given subscription, processing will be used when a DDN failure occurs, and whenever the UE (re)connects with the network to check the flag and possibly to send an event report to the HSS.

-
Not suitable for applications where frequent UL data is sent which may cause too many transitions of state to involve the HSS)

++++++++++++++ END CHANGES ++++++++++++++
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