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1. Introduction
In current CSFB stage 3 specifcations, error handling of some cases during CSFB paging phase have been covered in TS 29.118, e.g. paging failure, UE unreachable or no paging response from UE. All the covered error cases only happen during paging procedure over SGs interface.

But successful paging procedure over SGs interface doen’t mean the whole paging is also successful since the UE may fail to fall back to UTRAN/GERAN due to some reasons before providing the final paging response. Such fallback failure will cause some other types of error cases, handling of which have not been covered or even considered in the specifications.
This document propose to analyze the possible error cases caused by fallback failure and provide suggestions on how to handle these cases.
2. case analysis
a) UE EMM mode is in EMM-CONNECTED and UE has no CFNRy and CFNRc subscription
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Issue analysis:

1. When the UE fails to fallback to UTRAN/GERAN, the call will be terminated only when Tx timer expires, by which the call is unnecessarily kept for a long time.
2. Furthermore, if the REL message terminating the call is not received by VLR due to some reason, e.g. linlage problem, which means there is no way to release the call in VLR.
b) UE EMM mode is in EMM-CONNECTED and UE has CFNRy and CFNRc subscription
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Issue analysis:
1. The call can be completed by call forwarding but the cause value of ANM message may not be correct if the UE does not alert the user by GUI interface before the call is forwarded. The incorrect cause value will have impact on network statistics.
c) UE EMM mode is in EMM-IDLE and UE has no CFNRy and CFNRc subscription
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Issue analysis:

1. When the UE fails to fallback to UTRAN/GERAN, the call will be terminated only when T7 timer expires, by which the call is unnecessarily kept for a long time.

2. Furthermore, if the REL message terminating the call is not received due to some reason, MSC for MO will not resend the message, which means there is no way to release the call in VLR.
d) UE EMM mode is in EMM-IDLE and UE has CFNRy and CFNRc subscription
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Issue analysis:

1. In this case, the UE has CFNRy and CFNRc subscriptions but the VLR does not have any event to trigger CFNRy or CFNRc handling procedure. The call then will be terminated only when T7 timer expires, by which the call is unnecessarily kept for a long time.

2. Furthermore, if the REL message terminating the call is not received by VLR due to some reason, e.g. linlage problem, which means there is no way to release the call in VLR.
3. summary
If the UE fails to fall back to UTRAN/GERAN during CSFB procedure after the successful procedure over SGs interface, it will cause different issues for UE in different modes and different subscriptions. Some issues may have remarkable imapcts on the system, e.g. the call not being able to release in VLR, or user experience is deteriorated.

A mechanism to solve the issues above need to be cosnidered in CSFB related specfications.
4. Proposal
It is proposed in TS 29.118 to define a new fallback timer in VLR to monitor the successness of  UE falling back to UTRAN/GERAN. The timer is started when the SGsAP-SERVICE-REQUEST message is received and stoped when paging response or any other message related the subscriber is received from UTRAN/GERAN/E-UTRAN.
When the timer expires, it triggers error handling in VLR based on current UE mode and subscription.
a) UE EMM mode is in EMM-CONNECTED and UE has no CFNRy and CFNRc subscription
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If the fallback timer expires, VLR will release the call to avoid possible call being hung-up.

Stopping the fallback timer when the final paging response is received from Iu/A interface is not shown in this figure.

b) UE EMM mode is in EMM-CONNECTED and UE has CFNRy and CFNRc subscription
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If the fallback timer expires, VLR will activate CFNRc handling with the cause value “call forwarded on unreachable” in ANM message.
If the final paging response is received from Iu/A interface before the fallback timer expires, the callback timer is stopped and the handling will based on CFNRy timer. It is not shown in the figure.
c) UE EMM mode is in EMM-IDLE and UE has no CFNRy and CFNRc subscription
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If the fallback timer expires, VLR will release the call to avoid possible call being hung-up.

Stopping the fallback timer when the final paging response is received from Iu/A interface is not shown in this figure.
d) UE EMM mode is in EMM-IDLE and UE has CFNRy and CFNRc subscription
The procedure is same with c) because there is no CFNRy or CFNRc that can be triggered.
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