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Abstract of the contribution: It discusses the problems for SMS over SGs handling, especially for MO SMS scenario, which has big impact on user’s experience for SMS sending. A simple solution is also proposed to be adopted.
Discussion:

According to the current principle of SMS over SGs, the network can not recover quickly to handle SMS over SGs if some problems take place in the network, which has big impact on user’s experience, e.g. the user can not send MO SMS for a long duration (i.e. possibly not shorter than the period of periodic TAU timer value) in the case of VLR failure. Such problems are described in detail as follows.
Problem 1: For MO SMS over SGs case, it is possible that the user can not send SMS for long period
The following Figure1 is the illustration for this problem, i.e., there is no valid context for the UE in the MSC/VLR, e.g. after VLR failure:
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Figure 1: MO SMS over SGs handling when UE context is invalid in the MSC/VLR
The user tries to send a MO SMS from step 1 (e.g. press the sending button) as specified in TS 23.272.

In step 4, when the MSC/VLR receives the Uplink Unitdata message which encapsulates the MO SMS sent by the UE, it ignores the Uplink Unitdata message and responses a SGs Release Request with specific cause (step 5) due to no valid context for the UE in the MSC/VLR, e.g. subscriber data does not exist or no SGs association, which has been captured and specified in TS 29.118 as follows:
>>>>>>>>>>>>>>>>>>  Begin of excerption from TS 29.118  <<<<<<<<<<<<<<<<<<<<<

The following abnormal cases can be identified:

i)
subscriber data does not exist or is not confirmed by HLR

If the VLR receives an SGsAP-UPLINK-UNITDATA message from the MME for a UE for which subscriber data does not exist or is not confirmed by HLR, then the VLR shall ignore the received message, and return an SGsAP-RELEASE-REQUEST message to the MME with an SGs cause information element indicating "IMSI unknown".

ii)
subscriber data exists, but there is no SGs association for the UE at the VLR


If the VLR receives an SGsAP-UPLINK-UNITDATA message from the MME for a UE for which no SGs association exists, then the VLR shall ignore the received message, and return an SGsAP-RELEASE-REQUEST message to the MME with an SGs cause information element indicating "IMSI detached for non-EPS services".

>>>>>>>>>>>>>>>>>>  End of excerption from TS 29.118  <<<<<<<<<<<<<<<<<<<<<

In this case, the MME sets the "VLR-Reliable" MM context variable to "false" according to the SGs cause, and waiting for next TAU procedure to request the UE to re-attach to the MSC/VLR (step 6), which also has been captured and specified in TS 29.118.

>>>>>>>>>>>>>>>>>>  Begin of excerption from TS 29.118  <<<<<<<<<<<<<<<<<<<<<
Upon receipt of an SGsAP-RELEASE-REQUEST message with an SGs cause information element indicating "IMSI unknown" or "IMSI detached for non-EPS services", the MME shall set the "VLR-Reliable" MM context variable to "false".
4.3.2
MM context variables at the MME

VLR-Reliable:

Boolean set to "false" when the MME has received a reset indication from the VLR. The MME may request the UE, upon reception of the next tracking area update (periodic or combined) procedure, to re-attach to non-EPS services if the UE is still IMSI attached to non-EPS services. Alternatively, the MME may, upon reception of a periodic or combined tracking area update request from a UE that is still attached for non-EPS services, perform immediately the location update for non-EPS services procedure.

>>>>>>>>>>>>>>>>>>  End of excerption from TS 29.118  <<<<<<<<<<<<<<<<<<<<<

So the problem happens. As the UE (i.e. SMS application residing in the UE) does not receive any response from the MME for the ongoing MO SMS handling, i.e. failure report, the SMS application will retry to send such MO SMS based on the current mechanism, but the MME and MSC/VLR still can not transfer the SMS and also no response to the UE/SMS application. After retrying for several times (e.g. 3 times), the UE/SMS application stop sending MO SMS and reports failure to the user. 
The user is not aware of what happens in the network and consider it is an unlucky abnormal case for him, so It is possible that the user will try again to press the sending button, but unfortunately, the user will be informed failing to send the MO SMS, as the MME is waiting for the TAU request message.
This problem can be recovered only after performing TAU procedure (e.g. periodic TAU). In other words, the user can not send any MO SMS for a long period, e.g. for several hours, which has big impact on the user’s experience of sending SMS and will possibly make the user unhappy. So it shall be solved as early as possible (e.g. from R9 onwards).
There are several solutions to solve this problem:

1) The MSC/VLR provides a failure report to the UE/SMS application

In this case, the MSC/VLR responses a failure report (e.g. DataMissing) to the UE via the MME in addition to send the SGs Release Request to the MME. So that the SMS application requests the UE to perform combined TA/LA update procedure to re-attach to the MSC/VLR immediately.
However, the MSC/VLR and UE need to be updated accordingly. The MSC/VLR needs to response a failure report to the UE in addition to send the SGs Release Request message to the MME. In the UE side, the SMS application needs to request the UE to perform combined TA/LA update procedure, but how to distinguish the SMS over SGs and normal SMS handling (e.g. CS SMS handling) is a problem. So it assumes there will be big impact on the UE/SMS application.
2) The MME requests the UE to re-attach to the MSC/VLR
When the MME receives the SGs Release Request message with such special SGs cause from the MSC/VLR during to the ongoing SMS handling, the MME sends Detach Request message to the UE, indicating “IMSI Detach”, and the UE performs combined TA/LA Update procedure according to the IMSI detach indication, which has been specified in the TS 24.301.
>>>>>>>>>>>>>>>>>>  Begin of excerption from TS 24.301  <<<<<<<<<<<<<<<<<<<<<
When receiving the DETACH REQUEST message and the detach type indicates "IMSI detach", the UE shall not deactivate the EPS bearer context(s) including the default EPS bearer context. The UE shall set the MM update status to U2 NOT UPDATED. A UE may send a DETACH ACCEPT message to the network, and shall re-attach to non-EPS services by performing the combined tracking area updating procedure according to subclause 5.5.3.3, sending a TRACKING AREA UPDATE REQUEST message with EPS update type IE indicating "combined TA/LA updating with IMSI attach"
>>>>>>>>>>>>>>>>>>  End of excerption from TS 24.301  <<<<<<<<<<<<<<<<<<<<<

The only change for this solution is the MME behaviour modification comparing to the current specification, i.e. sending Detach Request message to the UE immediately instead of waiting for the next TAU procedure.

There is no modification for the UE. And it assumes that the MO SMS resending timer value (e.g. for 3 times) is longer than the period of combined TA/LA update procedure, so it enables the SMS application to complete the sending of MO SMS before reporting failure to the user. Even it fails finally, the user is still able to press the button to resend the MO SMS as today.
3) The UE re-attaches to the MSC/VLR when it fails to send MO SMS
Shortly, the SMS application requests the UE to perform the combined TA/LA update procedure when it fails to send MO SMS due to no response from the network.
This is the UE local solution, the impact on the UE is similar with that for solution 1.
Comparing to the above three solutions, the second solution is better than the others, i.e. with the less impact for the system. So it proposes to adopt the second solution, i.e. the MME requesting the UE to re-attach to the MSC/VLR.
Problem 2: For MT SMS over SGs case, it is possible that the UE could not be charged or legal interception
If there is no valid context for the UE in the MSC/VLR, e.g. due to VLR failure, the MSC/VLR sends a SGs Paging Request message without including the LAI and TMSI when it receives the MT SMS message. 
According to the current assumption, it assumes that in the case of SGs Paging with IMSI for MT SMS, the MME performs normal EPS paging procedure (i.e. paging with S-TMSI and PS domain indicator), and responses SGs Service Request message to the MSC/VLR. In this case it is able for the MSC/VLR to send the MT SMS to the MME which is encapsulated in the Downlink Unitdata message even there is no valid context for the UE, and then the MT SMS will be transferred to the UE via Downlink NAS Transport message.
If we follow the mechanism as described as above, it is possible that the MSC/VLR could not generate correct CDR for this MT SMS, and it is also unable to perform legal interception for this MT SMS. So there will be problem for the system, and it needs to be solved.
1) The MSC/VLR stops the MT SMS transmission
As most of the SMS messages are time-tolerant, it is possible that the MSC/VLR can resend the MT SMS when the UE is reachable again, e.g. after next combined TA/LA update procedure.

In this case, the MSC/VLR decides not to page the UE via SGs interface, e.g. there is no valid context for the UE, However, the MSC/VLR could still page the UE via A/Iu interface as the MSC/VLR may not know whether the UE camps in LTE or not. If there is no response from A/Iu interface, then the MSC/VLR can provide failure report to the SMS-GMSC/SM-SC, and then the SM-SC can resend the SMS later.
2) The MME stops the MT SMS transmission
It is similar with solution 1, but it is MME instead of the MSC/VLR to make the decision.
In this case, the MSC/VLR still sends paging message without LAI to the MME via SGs interface, and the MME needs to be updated to reject the SGs Paging request for SMS which does not include LAI with new specific reject cause. 
According to the specific reject cause, the MSC/VLR stops to page the UE via A/Iu interface and sets the MNRF for the UE and reports failure to the SMS-GMSC/SMS-SC, so that SMS-SC can resend the MT SMS when the UE is reachable again. However, it is possible that the MSC/VLR could not set the MNRF due to no UE context. Anyway it depends on the implementation and can not be guaranteed.

3) The MME requests the UE to re-attach to the MSC/VLR
It is the same as the second solution for the MO SMS scenario. 
If the UE is in active status when the MME receives the SGs paging request message without LAI, the MME sends a Detach Request message indicating “IMSI detach” to the UE. If the UE is in idle status, then the MME performs normal EPS paging, and then sends a Detach Request message to the UE. So that the UE will performs combined TA/LA update procedure to re-attach to the MSC/VLR, and then the MSC/VLR can transfer the MT SMS after UE registration.

The above third solution is better than others, as there is less impact on the network and it can also be used to solve the problem 1.

Conclusion:

The above two problems have big impact on user’s experience and network system, which will block the SMS over SGs deployment, so it proposes to solve them as early as possible, e.g. from Rel-9 onwards.
It proposes to adopt the solution that the MME requests the UE to re-attach to the MSC/VLR to solve the above two problems. This solution has no impact on the UE as it has been specified in the TS 24.301, the only minor modification is for the MME behaviour, i.e. the MME sends Detach Request immediately rather than waiting for TAU Request in this case.
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