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1. Introduction
In Release 10, we have introduced the MM back-off timer to alleviate signaling congestion. In introducing this timer, we have associated the back-off timer with the mobile reachable timer. This paper will discuss issues with how these two timers are associated.
2. Discussion
2.1 Stage-2 text related to mobile reachable timer

The following text is taken from stage‑2:

If the MME rejects Tracking Area Update request or Service request with a Mobility Management back-off timer which is larger than the sum of the UE's periodic TAU timer plus the Implicit Detach timer, the MME should adjust the mobile reachable timer and/or Implicit Detach timer such that the MME does not implicitly detach the UE while the Mobility Management back-off timer is running.
There are a couple of important points about this text to keep in mind :

· It does not specify that a particular timer should be set a certain way, but only suggests (strongly) that the implementation should take care to not implicitly detach the UE while the back-off timer is running.
-
It states that the MME should adjust the mobile reachable timer (MRT) and/or the Implicit Detach timer (IDT), implying that the implementation should flexibility in determining the best course of action, i.e. adjusting one or both of the MRT and IDT.
2.2 Association of mobile reachable timer with the MM back-off timer.

Prior to the introduction of the MM back-off timer, we specified that the default value for the mobile reachable timer is four minutes greater than the periodic update timer. The reasoning behind this is that normal network behavior when the mobile reachable timer expires is to clear the Paging Proceed Flag (PPF), thereby inhibiting the network from paging the UE until the UE resumes connectivity with the network.
Figure 1 MRT before MM Back-off shows the relationship between the Periodic Update Timer and the MRT prior to the introduction of the MM back-off timer. In this case, the default value for the MRT is four minutes greater than the value of the periodic update timer; however, this value is flexible, and may be changed based on operator configuration or implementation. 
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Figure 1 MRT before MM Back-off
Figure 2 MRT with MM back-off timer (below) shows the relationship between the mobile reachable timer and the MM back-off timer when the MM back-off time is greater than the periodic update time. In this case, the network is mandated to set the MRT to four minutes greater than the back-off timer. As illustrated, an operator may wish to inhibit paging earlier or later than four minutes after expiry of the back-off timer. For example, some groups of devices may be known to be fixed, or exhibit “limited mobility”. For these devices, it may make sense to continue paging even though no periodic update has been received. Other devices, however, may be highly mobile, and hence sending out pages for these devices would potentially waste resources when the network does not have a good idea of the UE’s location. The periodic update timer is shown to illustrate the time on which the MRT would be based in the absence of the back-off timer, and therefore point (plus four minutes) at which the network would normally inhibit paging.
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Figure 2 MRT with MM back-off timer
As shown in the figure below, Figure 3 Mobile reachable timer < MM back-off timer, one argument for forcing the MRT to be greater than the MM back-off timer is that, if the MRT is not adjusted, but only the IDT is, the UE may be in a “limbo” state for the remainder of the time that the MM back-off timer is running on the UE. At the same time, it should be noted that, during that “limbo” time, network resources are conserved by limiting paging to UEs that are not backed off. Considering that network congestion is the trigger for setting the back-off timer in the first place, this configuration should be considered valid. Additionally, since the UE is not allowed to initiate even normal RAU/TAU procedures, the validity of the networks idea of the UE’s location will be in question from the moment the MM back-off timer is sent to the UE; hence, a UE that is mobile, may be in a limbo state even earlier than is shown in the figure. 

Let us consider the case in which a device is low priority, but is and also highly mobile. In this case, if the network is somehow aware of this UE’s characteristics, the network may want to just assume that the UE’s location information is invalid, and therefore wish to inhibit paging quite soon after issuing the back-off timer.
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Figure 3 Mobile reachable timer < MM back-off timer
In conclusion, the contributors propose that, since SA2 has decided that the network should be given the flexibility to adjust the MRT and IDT based on implementation and/or configuration, this flexibility should be reflected in the CT1 specifications. It is clear that the operator and implementation must carefully consider the implications of whatever configuration is chosen; however, it is the contributors’ view that the specifications should not override or preclude operator preferences.
2.3 Resumption of MRT after emergency call
Another case that is covered in the stage-3 specs is when the UE establishes emergency bearers while the MM back-off timer is running. Currently, we mandate that, after the emergency PDN connection is disconnected, the MRT is set to four minutes greater than the remaining value of the MM back-off timer. Apart from maintaining the inflexibility that was introduced for the non-emergency case, this mandated behavior also requires that the core network keeps a record of the MM back-off time (or some equivalent data structure) for every UE that has been given a back-off timer value.
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Figure 5 Resumption of MRT after emergency PDN connection
Without the requirement to reset the MRT based on the value of the MM back-off timer, the network may or may not take into account the MM back-off time when resetting the MRT after the emergency PDN connection is released. At the same time, the network should still ensure that the UE is not implicitly detached before the back-off timer expires on the UE.
It should also be pointed out that, in the case of mobility to the coverage area of another MME/SGSN, the new MME/SGSN will not be aware that the UE is running a back-off timer, and hence will have no basis for adjusting the MRT and IDT.

While the contributors do agree that the implementation should take care to not implicitly detach the UE prior to the expiry of the MM back-off timer, we also propose that the onus should be on the implementation, not the specifications, to dictate how this behavior should be accomplished.
3. Conclusions

As discussed in the sections 2.2 and 2.3 above, the contributors proprose the following :
a)
The implementation and operator should be allowed the flexibility to set the mobile reachable timer and the implicit detach timer as they deem appropriate. Introduction of the MM back-off timer should not be cause for the settings of these timers to be dictated by the specifications 

b)
In the case that an emergency PDN connection is established while the MM back-off timer is running, the implementation should be allowed to determine the best setting for the mobile reachable timer and the implicit detach timer after the PDN connection is released.
4. Proposal

CRs will be provided once the course of action is agreed.
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