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1. Introduction
CT1 has discussed a typical CSFB scenario that:

1. The UE sends an Extended Service Request to the MME to initiate a CSFB procedure.

2. If the UE or the network does not support inter-RAT PS handover from E-UTRAN to GERAN/UTRAN, other procedures (e.g. CCO/Redirection) need to be performed to fall the UE back to 2G/3G CS domain.

3. If the target RAT is GERAN and DTM is not supported or the UE does not support DTM, the serving eNodeB shall indicate the MME that PS service is not available in the target cell.

4. The MME deactivates GBR bearers towards S-GW and P-GW, and starts the preservation and suspension of non-GBR bearers.

5. If the UE fails to fall back to 2G/3G network due to either cannot find a suitable GERAN or UTRAN cell or received a CSFB service cancellation request from the higher layer, this CSFB procedure will fail, and the UE cannot contact the MSC/VLR in 2G/3G CS domain.

6. The UE shall perform existing cell selection/reselection procedures and return to an E-UTRAN TA stored in the TA list.

CT1 has further agreed the UE based solution to solve a big problem existing in the above scenario, i.e. if the UE does not initiate an TAU procedure after returning back LTE, the subsequent MT CS services and PS services may fail due to the PS services are still suspended and the MME is unaware of the UE being back in LTE until the next UE initiated uplink signalling.
The agreed UE based solution was: after returning back LTE, the UE shall set the EPS update status to EU2 NOT UPDATED and enter the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE [1, 2]. Then CT1 further added a new TAU trigger for the UEs in the state EMM-REGISTERED.ATTEMPTING-TO-UPDATE [3]:
“-
shall initiate tracking area updating if the EPS update status is set to EU2 NOT UPDATED, and timers T3411 and T3402 are not running.”
The above UE based solution applies to Rel-12 onwards UEs only. That is to say the pre-Rel-12 UEs (e.g. the legacy UEs already in the field) will still not initiate a TAU procedure after returning back LTE in the above typical scenario.

It is important to bear in mind that the netwok is not aware of the release of the UE for which the current ongoing CSFB procedure was initiated. So for the legacy UEs, the same problem does exist and cannot be fully resovled by the UE based solution.

So we believe it is required to find a backward compatibility solution to completely resovle the above problem for all the UEs. This discussion paper attempts to provide a workable network based solution and suggest a way forward in CT1.
2. Network based solution

The key point of the problem above is that the MME is not aware of the CSFB procedure has failed at the UE side and the UE has returned to the same LTE TA without triggering TAU procedure.

However, at the VLR side, the thing is much different from the MME side. For the MT CSFB procedure, current 3GPP TS 29.118 has defined a UE fallback supervision procedure (see subclause 5.15) used by the VLR to monitor the success of the UE fallback procedure, after the VLR has sent an SGsAP-PAGING-REQUEST message to the MME. As per specified in TS 29.118 subclause 5.15.1, the VLR will start a supervision timer (Ts14) and at the expiry of this timer, the VLR can treat the current MT fallback is failed and release the call resources.
For the MO CSFB procedure, current 3GPP TS 29.118 also has defined an MO CSFB indication procedure (see subclause 5.16) used by the MME to inform the associated VLR that the UE initiated a service request for MO CS fallback if the network is configured to support the return to the last used E-UTRAN PLMN after CS fallback. During this procedure, the VLR needs also start a supervision timer (Ts15) to supervise the success of the UE fallback. At expiry of this timer, the VLR considers the MO CSFB to have failed and does not apply specific handling related to support of the return to the last used E-UTRAN PLMN after CS fallback. 
So one can see for both MT CSFB and MO CSFB procedure, the VLR can start a supervision timer to supervise the success of the UE fallback. Therefore, in the typical scenario in section 1, if UE fails to fall back to 2G/3G network due to either cannot find a suitable GERAN or UTRAN cell, or received a CSFB service cancellation request from the higher layer, even the UE does not trigger a TAU procedure after returning back to the same TA, the VLR can determine the UE fallback is failed finally at the expiry of the supervision timer. So the VLR can further notify the associated MME that the failure of the UE fallback based which the MME can perform the resuming procedure for the suspended PS services.
For the MT CSFB procedure, the proposed network based solution works as shown in figure 1.
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Figure 1: Network based solution for MT CSFB procedure
For the MO CSFB procedure, the proposed network based solution works as shown in figure 2.
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Figure 2: Network based solution for MO CSFB procedure
The key steps are highlighted as blue. At step 1e in figure 1 or step 1c in figure 2, the VLR starts a supervision timer (Ts14 or Ts15) as per TS 29.118. At the expiry of the supervision timer, in addition to perform the existing handling as per TS 29.118, the VLR needs explicit notify the associated MME that the current UE fallback is failed. Upon receipt of such notification, if the UE context in the MME indicates that UE is in suspended status, the MME informs the S-GW and P-GW(s) to re-activate the EPS bearers for the UE via explicit resuming procedure as specified in TS 23.272, i.e. by sending a Resume Notification message to the S-GW/P-GW.
For the step 4b, two possible ways can be used by the VLR to send fallback failure notification: (1) to re-use an existing SGs message, typically to re-use the SGsAP-RELEASE-REQUEST message including a new SGs cause value to indicate the fallback failure; or (2) to define a new SGs message.
Note that once the UE successfully falls back to the 2G/3G, then the UE can contact the VLR via A/Iu-cs interface which results in the VLR to stop the running supervision timer as per TS 29.118.
The race condition may happen in case of the UE returns to another TA rather than the stored TAI list after failing back to 2G/3G and TAU procedure is triggered. In this case:

(a) If the MME is not changed:

· if the MME receives the fallback failure notification from the VLR before receiving TAU request from the UE, the MME can proceed the TAU procedure as well;

· if the MME receives the fallback failure notification from the VLR after receiving TAU request from the UE, the MME can ignore the notification and proceed the TAU procedure.

(b) If the MME is changed:
· if the old MME receives the fallback failure notification from the VLR before receiving the Context Request message from the new MME, the old MME can proceed the Context Request message as well;

· if the old MME receives the fallback failure notification from the VLR after receiving the Context Request message from the new MME, the old MME can ignore the notification and proceed the Context Request message. If the UE was already marked as detached in the old MME, the old MME can simply discard the received fallback failure notification from the VLR.
So the network based solution can still work well in case of the UE returns to another TA rather than the stored TAI list after failing back to 2G/3G and TAU procedure is triggered without impact the existing TAU procedure.
3. Conclusion
The UE based solution is not a backward compatibility solution for the legacy UEs to fully resolve the MT PS/CS services failure problem in case of UE fallback failure. Hence a network based solution is required to provide a backward compatibility solution for all the UEs. 

A network based solution was proposed which based on the existing handling on the supervision of the success of MT/MO CSFB procedures. The VLR can determine the failure of the MT/MO CSFB and then explicitly notify the associated MME which trigger the MME to resume the suspended PS services for the UE.

Considering the whole network based solution includes to use the existing explicit PS services resuming procedure defined in stage 2 TS 23.272, it proposes CT1 to first discuss the proposed network based solution and send an LS to SA2 to inform the necessity of enhancing the existing CSFB procedures.
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