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Abstract of the contribution: Three timers, TAU timer at UE & MME, inactivity timer at eNB and inactivity timer at P-GW, are used for the handling of emergency attached UEs once an emergency call is completed. This contribution aims to discuss the interaction of these timers and the resulting sub-optimal handling of the procedure of moving emergency attached UEs to deregistered state in certain cases. Depending on the value of the timers set, it is shown that three scenarios result. In the first configuration scenario, P-GW timer and inactivity detection for emergency bearers will never be used. In the second configuration scenario, UE will always need to be paged to be detached. In the third configuration scenario, UE will never use the TAU timer to move to deregistered state unless it is out of coverage.

1. Introduction
The paper analyzes the interaction of the inactivity timers and finds that for certain configurations of the timers, the system may not have ideal behaviour, particularly in a configuration where all emergency attached UEs needs to be paged in order to be detached fro the network.

2. Assumptions

The paper makes the following assumptions to further analyze the use case identified:

1. There is an inactivity timer running in the eNB that detects inactivity in the UE and it results in subsequent signalling to release the S1 and RRC signalling connection. The UE thereafter moves to idle mode, stores the bearer contexts present at that point of time and starts running the TAU (periodic) timer. For an emergency attached UE, the UE shall move to deregistered state once the timer expires. The MME also changes the UE state to deregistered state.

2. The P-GW also runs an inactivity timer. After the inactivity timer expires, it requests the MME to release all the emergency bearers. The MME as a result proceeds to detach the UE explicitly.

a. Reference: 23.401, section 5.4.4.1

i. Step 1: “For an emergency PDN connection the PDN GW initiates the deactivation of all bearers of that emergency PDN connection when the PDN connection is inactive (i.e. not transferring any packets) for a configured period of time or when triggered by dynamic PCC.”

ii. After step 11: “If all bearers of an emergency attached UE are deactivated the MME may initiate the explicit MME-Initiated Detach procedure. Regardless of the outcome of any explicit Detach procedure the MME changes the EMM state of the UE to EMM-DEREGISTERED and the MME sends the S1 Release Command to the eNodeB if it is not yet released.”

3. Notations used:

a. TAUT : Timer used by emergency attached UE and MME. Timer started after moving to idle mode. After expiry, UE state is moved to deregistered state.

b. eNB-inactiveT: Timer used by eNB to judge inactivity of UE. Started after eNB senses no packet activity by UE. On expiry, the MME is informed of inactivity, after which MME initiates S1 signalling release and eNB performs RRC connection release. Value of this timer is internal to eNB and not signalled.

c. P-GW-inactiveT: Timer used by P-GW to judge inactivity of a particular bearer. Started after P-GW senses no packet activity by UE. On expiry, the MME is requested to release bearerValue of this timer is internal to eNB and not signalled.

4. The timers (or combination of timers) that can move UE to deregistered state after end of emergency call are as follows:

a. eNB-inactiveT + TAUT : After eNB-inactiveT, UE is moved to idle mode. After TAU timer expiry, UE moves to deregistered state.

b. P-GW-inactiveT: After expiry of this timer, MME will be notified and detach procedures follows.
3. Configurations possible
Case A: (eNB-inactiveT + TAUT)  < P-GW-inactiveT

In this case, eNB-inactiveT occurs first and UE moves to idle mode. TAU timer runs after expiry of which UE state is changed to deregistered by UE and MME. MME will then inform P-GW about change to deregistered state as specified in steps of MME initiated detach. 

In this scenario, P-GW initiated bearer release and subsequent explicit detach is never performed.
Case B: (eNB-inactiveT + TAUT)  > P-GW-inactiveT
There are two sub cases here. (eNB-inactiveT < P-GW-inactiveT) and (eNB-inactiveT < P-GW-inactiveT) depending on value of TAUT . Lets take each case separately.
Case B.1: (eNB-inactiveT < P-GW-inactiveT)

In this case, UE will move to idle mode and TAU timer will be running when P-GW-inactiveT expires and MME will need to initiate explicit detach. 

In this scenario, MME will need to page the UE. UE will respond with service request with emergency cause value. MME will then proceed to detach the UE irrespective of whether the UE has responded to paging or is actually attempting another emergency call. This case must be avoided as much as possible.
Case B.2: (eNB-inactiveT > P-GW-inactiveT) 

In this case, MME receives the P-GW-inactiveT while the UE is in connected mode and proceeds with explicit detach procedures.

In this scenario, the functionality of special handling for emergency attached UE of TAU timer after moving to idle mode is never used as the UE is always explicitly detached by the network. However, in case of the UE being out of coverage, the timer may be used to move to deregistered state. 
4. Conclusion & Proposal

It is clear that case B.1 should be avoided. It is also clear that providing a reasonable TAUT solves the requirement of giving the UE enough time to perform another emergency call. It would be simpler to follow the configuration in case A as a general principle for timers.

Hence, it is proposed that the P-GW inactivity timer should be configured to be longer than the sum of the inactivity timer in the eNB and TAU periodic timer. This may be configured through O&M procedures.
Result of above proposal: An emergency attached UE will move to idle mode due to S1 signalling connection resulting from UE inactivity detected by eNB. After expiry of TAU timer, UE state will implicitly move to deregistered state in the UE and MME. So, MME will not need to request UE to detach explicitly because P-GW will not initiate bearer release due to inactivity before the UE moves to idle mode and subsequently to deregistered state. 
3GPP

SA WG2 TD


