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1. Discussion

This paper discusses the MME node failure in case the failed MME accommodates eDRX UEs.

While eDRX UEs are main target for discussion in this paper, some aspects are also equally valid to the PSM (Power Saving Mode) UEs.

Three technical aspects are examined in this paper.

· Section 2: The MME node failure and recovery for eDRX UEs
· Section 3:  Paging to eDRX UE
· Section 4: The MME restart while DL data are buffered in the SGW for eDRX UE.

2. The MME node failure and recovery
This section describes how the MME recovers subscriber data after the MME restart. It reviews how the MME node failure works for regular UEs first and reviews if this procedure is equally applicable to eDRX UEs.
2.1 Subscriber data re-installation to the MME by the periodic TAU procedure. 
Subscriber data recovery after the MME failure relies on the periodic TAU procedures that are performed by each UEs.

Each UE sends TAU request message to the MME periodically. A period of TAU can be managed by network operator by setting periodic TAU timer (T3412). This timer can be per UE and the Default value of the T3412 is 54 minutes according to the 3GPP TS 34.301. As each UE has its own cycle of the periodic TAU procedure, the MME can re-install each subscriber data gradually without having burst traffic of TAU after the restart.
Figure 1 shows how the Periodic TAU procedure triggers subscriber data re-installation to the MME from the HSS after the MME restart.
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Figure 1: subscriber data re-installation from the HSS after the MME restart
2.1 Subscriber data re-installation (For regular UEs)
Figure 2 illustrates how subscriber data for regular UEs can gradually be re-installed to the MME by the periodic TAU procedure.
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Figure 2: Example: How subscriber data are re-installed by the periodic TAU procedure.

The period between T2 and T3 corresponds to the Periodic timer T3412. Let’s assume that all UEs are regular UEs and have T3412 set to 54 minutes. With this example, all subscriber data can be successfully re-installed to the MME within 54 minutes after the MME has restarted.
Observation 1: The MME can recover all subscriber data within the T3412 timer value (54 minutes in this example). The recovery time (=54 minutes) is reasonable good for the MME as it does not cause any congestion in the MME due to this recovery.
2.2 Subscriber data re-installation (For eDRX UEs)
Figure 3 illustrates how subscriber data for eDRX UE can gradually be re-installed to the MME by the periodic TAU procedure.
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Figure 3: Example: How subscriber data are re-installed by the periodic TAU procedure.

The period between T2 and T3 corresponds to the Periodic timer T3412 extended value. Let’s assume that all UEs are eDRX capable UEs and have T3412 extended set to 413 days. With this example, all subscriber data can be successfully re-installed to the MME within 413 days after the MME has restarted.
On the other hands, Mobile origination can be a trigger to install subscriber to the MME.

Unless eDRX UE originates after the MME restart, eDRX UEs are out of services for a long time (Maximum 413 days).
Observation 2: It takes too long for eDRX UEs to recover. Thus, current MME restoration procedure does not really work for eDRX UEs which do not originate frequently.

Note: MT only terminals exist in the market. For example, Speed limit display at roadside. (Speed limit vary with whether condition. for example, 40KM/H in case of snowing.)
Conclusion 1: In order recover eDRX UEs after the MME restart within a reasonable time, the Network triggered service restoration procedure as described in section 25 3GPP TS 23.007 is useful as an MT call can be a trigger for recovery.

Conclusion 2: In order for the SGW to keep DL packet data long enough until the next periodic TAU to come from the eDRX UE, the T3412 extended value for each eDRX UE should be available in the SGW. 

Note: In current TS 23.007, the periodic tracking area update timer (timer T3412) is mainly considered how long the SGW holds the DL packet data.
3. Paging to eDRX UEs
3.1 Paging ID to use
According to the agreed R2-165778 (in RP-161762 package at RANP#73), the S-TMSI (a sub-filed of GUTI) is used to calculate PH (Paging Hyperframe) and PTW_Start for paging to eDRX UE. The MME also uses the S-TMSI for calculation of PH (Paging Hyperframe) and PTW_Start.
Observation 3: The MME must have a valid GUTI to perform paging to eDRX UE.

3.2 When the MME Pages eDRX UE

In order to synchronize paging timing between the MME and the UE, the 3GPP TS 24.008 defines the extended DRX parameters (eDRX parameters) in section 10.5.5.32. This parameter is set by UE in the ATTACH/TAU request message and the MME examines it and the MME returns a final negotiated eDRX parameters to the UE in the ATTACH accept/TAU accept message.
Observation 4: The MME must have a negotiated eDRX parameter to perform paging to eDRX UE.

Then, let’s consider how the Network triggered service restoration procedure as described in section 25 3GPP TS 23.007 works for eDRX UE. 

As the MME lost both GUTI and negotiated eDRX parameters that has been assigned to the eDRX UE before the failure, the Network triggered service restoration procedure does not work for eDRX UE due to lack of Key parameters in the MME.
Conclusion 3: In order to perform the Network triggered service restoration procedure to eDRX UEs, the GUTI and negotiated eDRX parameters that the MME assigned to the eDRX UE before failure have to be available when the MME pages eDRX UE.
4. The MME restart while DL data are buffered in the SGW for eDRX UE
In current 3GPP TS 23.007, there is no description so far for the case where the SGW finds the MME restart while the SGW holds the DL data buffered for eDRX UE.

In our view, this condition is not rare case at all due to the facts that (1) A massive number of eDRX UEs to be accommodated to the MME, (2) The SGW may hold DL data for a long time, maximum approximately 44 minutes according to section 4.5.13.3.0 3GPP TS 23.682.

With this view, it would be worth for the SGW to initiate the Network triggered service restoration procedure with the condition that the SGW finds the MME restart while the SGW holds the DL data buffered for eDRX UEs that have an association with the restarted MME.
This logic provides better user experiences against the MME failure.

Conclusion 4: The SGW may initiate the Network triggered service restoration procedure with the condition that the SGW finds the MME restart while the SGW holds the DL data buffered for eDRX UE.
5. Decision
This paper discusses the MME node failure in case the failed MME accommodates eDRX UEs.

In this paper, there are four conclusions that NEC sees them worth being standardized in 3GPP in order to provide better user experiences to eDRX UEs in case of the MME failure.

NEC would like CT4 to discuss three technical issues and four associated conclusions in this paper to find a way forward for standardization. If CT4 would conclude to standardize these items, NEC is happy to contribute. 
These are possible impacts to the 23.007/29.274 that NEC sees.

· Impacts to the stage 2 (23.007)

· The Network triggered service restoration procedure as described in section 25 3GPP TS 23.007 needs to update for taking care of eDRX UEs.

· Add new trigger in SGW to initiate the Network triggered service restoration procedure. I.e. The case where the SGW finds the MME restart while the SGW holds the DL data buffered for eDRX UE.
· Add some clarification texts. For example, a situation where the MME receives the DDN request message from the SGW with GUTI after the MME restart while the MME has already assigned the same GUTI value to other UE after the restart. 
· Impacts to S11(S4) interface (29.274)

· Create session request/Modify bearer request message from MME to SGW carries GUTI, eDRX parameters and T3412 extended value.
· DDN Request message carries GUTI and eDRX parameters.
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