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*****  First Change  *****
4.5.7
High latency communication

Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions e.g. UE Power Saving Mode (see clause 4.5.4) or Extended Idle mode DRX (see clause 4.5.Y) depending on operator configuration. "High latency" refers to the initial response time before normal exchange of packets is established. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).

High latency communication is handled by an extended buffering of downlink data in the Serving GW controlled by the MME/S4-SGSN or in the Gn/Gp-SGSN. The MME/S4-SGSN asks the Serving GW to buffer downlink data until the UE is expected to wake up from its power saving state and signal with the network e.g. for a periodic TAU (PSM) or as a response to a page by the MME/S4-SGSN (eDRX). The Gn/Gp-SGSN similarly buffers downlink data until the UE is expected to wake up from its power saving state. If a Serving GW change or a Gn/Gp-SGSN change is invoked, the buffered packets are forwarded and will not be lost. The number of packets to buffer is decided by the Serving GW or Gn/Gp-SGSN, but the MME/S4-SGSN may optionally provide a suggestion for the number of downlink packets to be buffered based on e.g. subscription.

High latency communication may also be handled by notification procedures (see clause 5.7). The SCS/AS requests notification when a UE wakes up from its power saving state and sends downlink data to the UE when the UE is reachable. Especially for infrequent mobile terminated communication this may be suitable. This notification procedure is available based on two different monitoring events:

-
Monitoring event: UE Reachability; or

-
Monitoring event: Availability after DDN failure.

An SCS/AS may request a one-time "UE Reachability" notification when it wants to send data to the UE. Alternatively the SCS/AS may request repeated "Availability after DDN failure" notifications where each notification is triggered by a DDN failure i.e. the SCS/AS sends a downlink packet which is discarded by Serving GW but which triggers the MME/SGSN to send an event notification to the SCS/AS next time the UE wakes up.

The length of the power saving intervals used by the network decides the latency for sending DL data to a UE. An SCS/AS, which has a specific requirement on the maximum latency for UEs it communicates with, may provide its maximum latency requirement to the network. This is done by interaction with the application in the UE and setting of appropriate time values in the UE (i.e. periodic RAU/TAU time, active time, extended I-DRX cycle, maximum latency). These values are sent to the network in Attach and TAU/RAU NAS signalling. The maximum latency may alternatively be provided at the configuration of the "UE reachability" monitoring event (if used) (see clause 5.7).

The tools for High latency communication make the behaviour of the 3GPP network predictable when sending mobile terminated data to UEs applying power saving functions. The network will deliver downlink packets with high reliability for both stationary and mobile UEs when the UE wakes up from its power saving state. Therefore SCS/AS can adapt its retransmissions to reduce the load on both the SCS/AS itself and the network.
*****  Next Change  *****
5.6.3.3
Reporting Event: UE reachability

1a.
This monitoring event is detected as of step 1a of clause 5.6.3.1, which is when the UE changes to connected mode, e.g. for sending MO data, or when the UE signals to the network, e.g. RAU/TAU (for UE using Power Saving Mode or Extended Idle mode DRX), or when the UE becomes reachable for paging (for UE using Extended Idle mode DRX).


If Maximum Response Time was included in step 5 of clause 5.6.1.4, then the MME/SGSN keeps the corresponding S1-U/Iu-PS connections of the UE for a duration of at least the Maximum Response Time less the UE's PSM Active Timer value.

2a.
Step 2a of clause 5.6.3.1 is executed.

3.
Step 3 of clause 5.6.3.1 is executed.

*****  Next Change  *****
5.6.3.8
Reporting Event: Availability after DDN failure

1a.
This monitoring event is detected as of step 1a of clause 5.6.3.1, which is when the MME/SGSN becomes aware of UE availability after DDN failure. "UE availability" is when the UE subsequent to a DDN failure changes to connected mode, e.g. for sending MO data, or when the UE subsequent to a DDN failure signals to the network, e.g. RAU/TAU (for UE using Power Saving Mode or Extended Idle mode DRX), or when the UE subsequent to a DDN failure becomes reachable for paging (for UE using Extended Idle mode DRX).
2a.
Step 2a of clause 5.6.3.1 is executed.

3.
Step 3 of clause 5.6.3.1 is executed.

*****  Next Change  *****
5.7
High latency communications procedures

5.7.1
Availability Notification after DDN Failure

5.7.1.1
General

In this feature, the AS subscribes once and then gets notification only when there has been some data delivery failure followed by the UE becoming reachable.

This feature involves an entry in the subscription for a UE for "network application triggering when the UE is available after a DDN failure". This is a different monitoring event from the "UE is reachable" monitoring event. This information is provided to the serving node (MME/SGSN) at registration. The serving node notes this and sets a Notify-on-available-after-DDN-failure flag after a DDN failure. If the flag is set when the UE next contacts the network or becomes reachable for paging e.g. after an eDRX power saving cycle, the serving node notifies the SCEF that the UE is reachable, and will clear the flag.

An important use case for this feature is the application that wants to communicate with a UE that sleeps for a long time. If downlink packets from the application are not delivered, the application recognizes that the UE is not available by lack of response within a reasonable time from the UE, and then await notification from the network (i.e. from the MME/SGSN via the SCEF) of UE reachability.

NOTE:
The solution is particularly suitable when there is just one SCS/AS.

5.7.1.2
Event Configuration

The figure 5.7.1.2-1 below provides the Event configuration procedure.
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Figure 5.7.1.2-1: Event Configuration - Availability Notification after DDN Failure

NOTE 1:
Steps 1 and 4 are outside the scope of 3GPP, but shown for information purposes only.

1.
The application requests that the SCEF register a trigger to be notified when the UE becomes available after downlink data delivery fails.

2.
The SCEF sends a Monitoring Request message to the HSS to request notification when the UE becomes available after a DDN failure.

NOTE 2:
The Monitoring Request message includes the parameters specified in clause 5.6.1.2.

3.
The HSS provides the monitoring event request to the MME/SGSN according to steps 5-7 in Figure 5.6.1.1-1.

4.
The HSS internally notes the request, and sends Monitoring Response message to the SCEF.

5.
The SCEF responds to the SCS/AS regarding the trigger request.

5.7.1.3
Notification

The figure 5.7.1.3-1 below provides the notification procedure. This figure is relative to EUTRAN, but the equivalent figure for UTRAN can be directly derived from this.
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Figure 5.7.1.3-1: Notification - Availability Notification after DDN Failure

NOTE 1:
Steps 1, 9 and 10 are outside the scope of 3GPP, but shown for information purposes only.

1.
The application sends downlink data.

2.
The PGW forwards the data to the SGW. The SGW sends a Downlink Data Notification (DDN) message to the MME requesting that UE be paged.

3.
The MME initiates paging for UE 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 the UE, and sets a Notify-on-available-after-DDN-failure flag. Not every DDN failure triggers this event. This event may be triggered only when the UE is in PSM.

6.
At some later time, the UE becomes reachable for paging after an eDRX power saving cycle, or the UE contacts the network, e.g., to perform a TAU, or as it executes a service request to send MO data.

7.
The MME notes that UE is available and that the Notify-on-available-after-DDN-failure flag for the UE is set.

8.
The MME sends a Monitoring Indication to the SCEF that the UE is available, according to clause 5.6.3.1. The MME also resets the Notify-on-available-after-DDN-failure flag for the UE.

9.
The SCEF notifies the application that the UE is available.

10.
The application decides to resend data it has queued for the UE.

11.
The application sends the queued data toward the UE.

5.7.2
Notification using Monitoring Event "UE Reachability"

If an SCS/AS wants to send downlink packet(s), the SCS/AS can request a One-time "UE Reachability" monitoring event by sending Monitoring Request message indicating Reachability Type as "Reachability for Data". The MME/SGSN sends a notification when the UE contacts the network, e.g. for sending MO data, or performing a RAU/TAU (for UE using Power Saving Mode or Extended Idle mode DRX), or when the UE becomes reachable for paging (for UE using Extended Idle mode DRX).The SCS/AS sends the packet data when it receives the notification that the UE is reachable. If the SCS/AS optionally wants to fine-tune the delivery of the downlink data within the time-window when the UE is reachable, the SCS/AS can configure optional parameter 'Maximum Response Time' with proper value (as detailed in clause 5.6.1.4).
*****  End of Changes  *****
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6. UE contacts the network, e.g. TAU, or becomes reachable for paging after an eDRX power saving cycle
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