3GPP TSG CT WG1 Meeting #108





C1-180285
Gothenburg (Sweden), 22-26 January 2018
Source:
InterDigital
Title:
Discussion on Periodic TAU & PSM Setting Changes
Agenda item:
SAES6 – 15.2.9.1
Document for:
Discussion and Decision
1. Introduction
As per the current specifications, the UE can request the use of Power Saving Mode (PSM) during an Attach or Tracking Area Update (TAU) procedure. The response from the network (Attach Accept or TAU Accept) indicates whether PSM is allowed for the UE. If allowed, the MME provides a timer T3324 with a value not set to “deactivated”. In this case, the UE in EMM-Idle activates PSM after the active timer (T3324) expires.

The UE may deactivate PSM when its periodic registration timer expires or when the UE has mobile originated (MO) signaling or data to send. 

When the UE’s periodic registration timer expires, the UE will perform an TAU and either ask to resume using PSM or decide to continue without PSM. When the UE has mobile originated signaling or data to send, UE will send the MO data or signaling and, after all MO data and signaling has been sent, continue to use the TAU and T3324 timer values that were provided at the last Attach or TAU. 

The SCS/AS is able to use the T8 interface to provide Maximum Latency and Maximum Response Time parameters which influence the values that are used for setting the TAU and T3324 timers. This paper describes a problem that could arise where, after receiving new values from the SCS/AS, the network will not be able to apply new values for the timers. As such, the AS may not be able to achieve reachability in the manner desired by the AS logic. 

Discussion
Starting from Release 13 study and work items on MTC in SA2, new requirements and agreements were introduced related to service exposure and interactions between the Application Servers (ASs) and the 3GPP system via the Service Capability Exposure Function (SCEF). The following is an excerpt from TS 23.682 V13.9.0:

5.6.1.4
Specific Parameters for Monitoring Event: UE reachability
UE reachability indicates when the UE becomes reachable for sending either SMS or downlink data to the UE, which is detected when the UE transitions to ECM_CONNECTED mode (for a UE using Power Saving Mode or extended idle mode DRX) or when the UE will become reachable for paging (for a UE using extended idle mode DRX). This monitoring event supports Reachabilty for SMS and Reachability for Data. Only a One-time Monitoring Request for Reachability for SMS is supported. The SCS/AS may include the following parameters in the Monitoring Event configuration request to the SCEF:

-
Reachability Type indicating whether the request is for "Reachability for SMS", or "Reachability for Data", or both.

-
Optionally, Maximum Latency indicating maximum delay acceptable for downlink data transfers. Maximum Latency is used for setting the periodic TAU/RAU timer for the UE as it sets the maximum period after which a UE has to connect to the network again and thereby becomes reachable. Determined by the operator, low values for Maximum Latency may deactivate PSM.
-
Optionally, Maximum Response Time indicating the time for which the UE stays reachable to allow the SCS/AS to reliably deliver the required downlink data. Maximum Response Time is used for setting the Active Time for the UE. When the UE uses extended idle mode DRX, the Maximum Response Time is used to determine how early this monitoring event should be reported to the SCS/AS before the next Paging Occasion occurs.

-
Optionally, Suggested number of downlink packets indicating the number of packets that the Serving Gateway shall buffer in case the UE is not reachable.

NOTE 1:
As the Maximum Latency determines the order of magnitude of the Periodic Update timer, the network should ensure that this Maximum Latency and thereby the periodic TAU/RAU timers for the UE remain above lower bound values both for preserving the battery of the UE and for managing the signalling load of the network. So for UEs with battery constraints, it should not be a small time (e.g. on the order of only a few minutes). Even for UEs without battery constraints, trying to fulfil a Maximum Latency on the order of a few minutes can only apply to a limited number of UEs due to the cost of signalling induced by this feature.

NOTE 2:
The Maximum Latency is on the order of 1 minute to multiple hours.

1.
The SCS/AS sets Monitoring Type to "UE Reachability", and includes Reachability Type, optionally Maximum Latency, and optionally Maximum Response Time prior to sending the Monitoring Request to the SCEF as in step 1 of clause 5.6.1.1.

2.
The SCEF executes step 2 of clause 5.6.1.1. In addition, it checks whether the Maximum Latency and the Maximum Response Time are within the range defined by operator policies. If not, then depending on operator policies, the SCEF rejects the request by performing step 9 of 5.6.1.1 with an appropriate cause value.

3.
When "Reachability for SMS" is requested, the SCEF subscribes with the HSS by executing step 3 of 5.6.1.1 to get notified when the HSS is notified that the UE is reachable. The HSS performs the UE Reachability Notification Request procedure for getting a UE Activity Notification as described in TS 23.401 [7], and/or uses the UE Reachability function as described in TS 23.060 [6], and/or sets the Mobile-Station-Not-Reachable-Flag (MNRF) in the VLR as described in TS 23.040 [12], depending on the registration status of the UE.


When "Reachability for Data" is requested, the SCEF executes step 3 of 5.6.1.1. In addition, if provided, it includes Maximum Latency, and Maximum Response Time.

4.
The HSS executes step 4 of clause 5.6.1.1. In addition, if acceptable, the HSS sets the subscribed periodic RAU/TAU timer to the value of Maximum Latency, if it is provided. If the requested timer value is not acceptable, the HSS rejects the request. If the subscribed periodic RAU/TAU timer was previously set by a different Monitoring Request identified by a different SCEF Reference ID for the same UE then, depending on operator configuration, the HSS either performs step 8 to reject the Monitoring Request with an appropriate Cause or accepts the request. In the case that the HSS accepts the request, then it cancels the previously accepted Monitoring Request.

5.
The HSS executes step 5 of clause 5.6.1.1. In addition, the HSS includes the subscribed periodic RAU/TAU timer (if modified), Maximum Response Time (if provided).

6.
The MME/SGSN executes step 6 of clause 5.6.1.1 and starts watching for the UE entering connected mode. At every subsequent TAU/RAU procedure, the MME/SGSN applies the subscribed periodic RAU/TAU timer.

7-9.
Steps 7-9 of clause 5.6.1.1 are executed.

The highlighted text shows how some timer values received from the AS (via the network nodes) can be used to make changes to PSM settings e.g. (de)activating the use of PSM, or setting the active timer accordingly, in order to make the UE reachable as required by the AS. 

The stage 2 text also indicates that the network applies the subscribed period TAU/RAU timer in subsequent TAU/RAU procedure. The network also applies the new active time accordingly in the TAU Accept (if the Maximum Response Time is provided by the HSS/SCEF, see section 4.5.4 of TS 23.682).

While all of the above is fine, there is one more case that needs to be considered when new values related to Maximum Latency and Maximum Response Time should be applied. The case is broken down as follows:

· A UE (with its access stratum functions deactivated) comes out of PSM for the purpose of sending data or to perform signaling, and this happens with the service request procedure. 

· After sending its data or signaling, the UE eventually goes back to idle mode, it resets its periodic TAU timer. 

· Again, before the next periodic TAU is reached, the UE may deactivate PSM due to data or signaling. The process may be repeated several times such that the UE does not actually perform a TAU over a long time!

In the scenario described above, the network will not be able to use new values for the timers corresponding to the received Maximum Latency and Maximum Response Time. As such, the AS may not be able to achieve reachability in the manner desired by the AS logic. 

This problem becomes even more severe if the active time has a value of zero i.e. in this case the UE activates PSM immediately after transitioning to idle mode (no chance for paging is possible in this case).

It is also important to note that the problem is not limited to the active timer only but also affects the setting for the periodic TAU timer.

Observation 1: the network may receive timer values from the AS that should be used to determine timer values for the UE’s periodic registration timer and active timer.

Observation 2: since the periodic timer and the active timer can only be changed during TAU or attach, a UE that initiates a service request procedure before the periodic TAU is due will not enable the network to apply new timer values.

Proposal 1: a mechanism is needed to address the scenario described above so that the network can apply new timer values even when the UE uses the service request procedure to transition to connected mode.

To address proposal 1, it is best to re-use the existing mechanisms to update the timers that are mentioned above. Specifically, this document proposes to re-use the Attach procedure that already allows the network to allocate periodic TAU timers and PSM parameters. 

Thus, when the UE initiates a service request procedure, and the MME has new timers to apply for the periodic registration or the active timer, the MME should reject the service request message with a cause code that triggers the UE to re-attach to the system. The MME can then provide the required timers in the attach accept message.

To do so, the MME can use an existing cause, namely cause “#10 – implicitly detached” in which case the UE enters enter the state EMM-DEREGISTERED.NORMAL-SERVICE. The UE then performs an attach and the network applies the timer values discussed above accordingly.
Conclusion

This paper presented stage 2 specifications that require and support the change of timers related to periodic registration and active timer for PSM. The existing specifications do not address how the network will apply new timer values for a basic and obvious case when the UE exists PSM with a service request procedure.

The paper discussed a solution for doing so that uses an existing mechanism, i.e. re-attach procedure, to trigger a registration by the UE and hence enable the MME to change timer values accordingly.

The paper concludes that the network shall reject a service request from a UE, with a cause code “#10 – implicitly detached”, in order to force an immediate registration by the UE when the MME has new timers to apply for periodic registration or for the active timer that is used for PSM.

A companion CR implementing the conclusion is presented in C1-180290 and C1-180294 for TS 24.301 and 24.008 respectively.
