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1. Introduction
3GPP specifications have defined several mechanisms/procedures for the failure of core network (CN) nodes. Most defined mechanisms/procedures mainly cater for the cases of failure with restart, e.g. several data restoration procedures were described in TS 23.007 [1] for the restart of CN nodes after the failure. However, the fatal failure due to various reasons (e.g. equipment destruction due to natural disasters, aging, etc.) can not be avoided. In such cases, the CN node can not restart after the failure, or fails for very long time. This was also identified in TR 23.857 [2] and several alternative solutions were studied in CT4 for the EPC nodes failure without restart.
The restoration of CS services after MME failure with/without restart in LTE has also discussed in CT1/CT4. For the MME failure without restart, both CT1 and CT4 have agreed a new feature, i.e. Mobile terminated CS service delivery via an alternative MME in MME pool, which enable the MT CS services could also delivered after one of MME in MME pool fails without restart, or for a very long time. This feature does enhance the robustness and stability of core network and ensure the better user experience even in the network failure cases.

However, no attention paid on the restoration of CS services after VLR failure without restart. This discussion paper attempts to show the problems in the case of VLR failure without restart, analyse the possible solutions for restoration of CS services, and finally propose a way forwards.
2. Discussion

2.1 Problems in VLR failure without restart
Considering the following scenario:

1) A UE has successfully combined registered to an MME and a VLR via SGs interface. UE camps in LTE and is in idle mode;

2) VLR is failed without restart or fails for a long duration;

3) The MME can detect the associated VLR was no longer in service, e.g. if there is no SCTP associations in service with the VLR. However, the MME does not perform any action and not inform the affected UEs after detection of the failure of associated VLR;

4) The UE in idle mode will not be aware of the failure of registered VLR until uplink data/signalling is required to send (e.g. combined TAU or MO-SMS);

5) HLR is also not aware of the failure of stored VLR until it needs to contact the VLR for MT CS services (e.g. PRN).
In the above scenario, the main problem was both MT CS call and MT/MO-SMS will fail after the failure of registered VLR. This was unacceptable from user point of view due to the user is aware of the UE was still registered to CS domain.
One more important thing needs to be born in mind was currently 3GPP has already agreed to re-use the MT-SMS for delivering of device trigger for the M2M communications. Considering a very large number of M2M devices registered in a VLR, the MT-SMS delivery failure due to the failure of registered VLR will result in the large scale of interruption M2M communication which is a BIG disaster for M2M service providers.
So, it is beneficial to ensure the restoration of CS services as soon as possible after the registered VLR fails without restart, or fails for long duration. Note that we have already provided the restoration mechanism after the registered MME fails without restart to ensure the delivery of MT CS services successful.
For the case the UE in GERAN/UTRAN NMO I and combined registered to a SGSN and a VLR via Gs interface, the same problem does exist after the registered VLR fails without restart, or fails for long duration. Hence, the below solution analysis catered for the MME could also apply to the SGSN.
2.2 Solution analysis
The simple logic we keep in mind for the solution was to ensure the restoration of CS services as soon as possible. In other words, we should try to let the affected UEs re-register to the CS domain quickly. Following this logic, two ways can be found based on different mode for triggering the CS re-registration. 
2.2.1 Triggering the CS re-registration immediately
The main idea can be shown in Figure 1:
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Figure 1

A UE has successfully combined registered to the MME and VLR1. Thereafter, the VLR1 is failed without restart or fails for a long duration. The MME can detects the VLR1 is no longer in service, e.g. if there is no SCTP associations in service with VLR1. If the UE is in the idle mode, the MME shall first page the UE to make it entering the connected mode. If the UE is already in or enters the connected mode, the MME immediately initiates the IMSI detach procedure to request the UE to initiate the combined TAU procedure in order to register to the CS domain again. During the combined TAU procedure, the MME will select an alternative VLR (VLR2 in Figure 1) in service to ensure the UE register to the CS domain successful. 
In order to cover the cases in which the UE in idle mode was not paged by the MME due to e.g. temporarily out of coverage, a similar flag as “EMM Combined UE Waiting Flag” added by CR [3] at the SGSN could also be set at the MME.
2.2.2 Triggering the CS re-registration when UE is contacted
The main idea can be shown in Figure 2:
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Figure 2
A UE has successfully combined registered to the MME and VLR1. Thereafter, the VLR1 is failed without restart or fails for a long duration. The MME can detects the VLR1 is no longer in service, e.g. if there is no SCTP associations in service with VLR1. Then at this time, the MME waits for the subsequent signalling from the affected UEs based on which to perform further actions. Two types of signalling can be received from the affected UEs:
Alt. I:  The PTAU request or Service Request message: the MME initiates the IMSI detach procedure to request the UE to initiate the combined TAU procedure in order to register to the CS domain again. During the combined TAU procedure, the MME selects an alternative VLR (VLR2 in Figure 2) in service to ensure the UE register to the CS domain successful. 

Alt. II: The combined TAU request message: the MME selects an alternative VLR (VLR2 in Figure 2) in service to ensure the UE register to the CS domain successful.
2.2.3 Solution evaluation
The pros. and cons. of above two alternative solutions in section 2.2.1 and 2.2.2 can be summarised in below table.
	Solutions
	Pros.
	Cons.

	Solution I (section 2.2.1)
	· UE is not impacted;
· Less impact on MME;

· Fast restoration of CS registration.
	· Paging is always initiated for idle mode UEs which increases unnecessary paging overhead;
· The idle mode UE may not be paged which needs more handling at the MME;
· May result in signalling storm when the MME requests a large number of UEs for CS registration at the same time.

	Solution II (section 2.2.2)
	· UE is not impacted;
· Less impact on MME;

· Paging is avoided;

· Less signalling due to the restoration of CS registration is performed only when the UE is contacted.
	· The restoration of CS registration is delayed to the next contact of the UE. During this delay, the MT call/MT-SMS may still fail.
· Not apply for the UEs in connected mode.


2.2.4 Proposed solution
As evaluated in section 2.2.3, none of provided solutions could handle the problem perfectly. Solution I in section 2.2.1 can provide the fast restoration of CS registration for connected mode UEs but has many drawbacks for idle mode UEs. Solution II in section 2.2.2 has less signalling for restoration of CS registration for idle mode UEs but delays the restoration of CS registration and can not work well for connected mode UEs.
Hence, one better way forwards is to combine Solution I in section 2.2.1 and Solution II in section 2.2.2 as shown in Figure 3:
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Figure 3
Note that for this combined solution, the restoration of CS registration may also be delayed for idle mode UEs which may result in MT call/MT-SMS failure. However, considering the above shown cons. of immediate triggering the CS re-registration for idle mode UEs and it is not very often for an MT call/MT-SMS arrived before the next contact of idle mode UE (e.g. PTAU or Service Request), this could not be a big deal.
One more thing needs to be born in mind that the immediate triggering the CS re-registration for connected mode UEs would not impact the ongoing PS services due to only IMSI detach was triggered.
3. Conclusion

This discussion paper showed the problem when the registered VLR fails without restart, or fails for a long duration. The problem was both MT CS call and MT/MO-SMS will fail after the failure of registered VLR but the UE still keeps CS registration. 
The possible solutions were analysed based on the logic that how to ensure the restoration of CS registration as soon as possible. Two alternatives were provided: (1) triggering the CS re-registration immediately and (2) triggering the CS re-registration when the UE is contacted. Based on evaluation, none of alternatives could handle the problem well, thus a combined solution was proposed.
It was proposed that after detection of associated VLR not in service due to failure without restart, or fails for a long duration, the MME performs different actions based on the current UE connection state. For UEs in connected mode, the MME triggers the CS re-registration immediately while for the UEs in idle mode, the MME only triggers the CS re-registration when the UE was contacted. Such combined solution would handle the problem well without the risk of signalling storm. 

Considering TS 23.007 was a bible for CN node restoration and the restoration of CS services for MME failure without restart was already defined in TS 23.007, it is proposed to provide the similar restoration of CS services for VLR failure without restart in TS 23.007. Furthermore, the procedural description of the MME and SGSN behaviour does also need to be defined in TS 29.118 and TS 29.018 respectively.
The proposed solution is shown in CR C4-121913 for TS 23.007, C1-123530 for TS 29.118, and C1-123530 for TS 29.018.
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