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Fallback to CS
1 Introduction

As discussed in T-doc LGW-070008 “Continuity of Voice Calls”, the preferred Fallback to CS solution would be using a modified Changing Room approach by which a PS Handover is performed from LTE and after which the target system decides if the call should be sent to the CS Domain or not. 
In some scenarios the target system will know already when accepting the PS Handover from LTE that it wants the call to continue in the CS Domain (e.g. EDGE support is missing). In such scenarios, it could be beneficial to enhance the PS Handover feature to see to that the transition from LTE to the CS Domain of the target system can be started already at the time of PS Handover (to allow for a shorter interruption time).

In this paper, a solution is proposed on how the PS Handover feature could be enhanced so that the transition from LTE to the CS Domain of the target system is started already in the preparation phase of PS Handover. This solution could be seen as a combination of the Changing Room and the Call Re-establishment approaches outlined in 3GPP TR 23.882. It will see to that it is the target system that initiates the Fallback to CS procedure at the same time as it will shorten the interruption time of the Call Re-establishment solution.
2 Reservation of CS Resources

In all Handover scenarios, it is preferable that radio resources are reserved before the actual channel change is performed.

If the target system decides to perform Fallback to CS, it should thus reserve the CS radio resources together with the PS radio resources during the PS Handover preparation phase.

The PS Handover Command message from the target BSS to the mobile station is updated to include a CS radio resource description in parallel with the PS radio resource description. As an alternative, a new message (e.g. a “Handover to CS Domain Command” looking like the DTM Handover Command message) could be used to transfer both the PS and the CS radio resource descriptions to the mobile station. 
It should be noted that although both PS and CS radio resources are allocated, DTM is not necessarily a requirement for this solution to function. 
3 Location Updating
The presence of CS radio resources in the PS Handover Command message (or the fact that a “Handover to CS Domain Command” is received) will indicate to the mobile station that a Fallback to CS is taking place. 

During Fallback to CS, the mobile station shall not use the PS radio resources included in the relevant Handover Command message for user plane transfer but should instead use them for sending a Combined RA/LA Update procedure to update its location in the Core Network.

Alternatively, the PS radio resources could be used for user plane transfer during the preparation of the CS bearer but this would require DTM support in the mobile station and network.
4 CS Bearer Establishment
When the Combined RA/LA Update procedure has been completed over the PS radio resources, the mobile station will start to establish the CS bearer. 
If a solution that does not require DTM support is chosen, the PS radio resources are released after the completion of the Combined RA/LA Update procedure.

Since the CS radio resources are already reserved, the mobile station can perform the normal call establishment procedures over those resources avoiding unnecessary interruption time from radio resource allocation via random access.
The voice call is re-established on the CS bearer using a somewhat modified VCC, see [1]. The needed modification of VCC would be to allow for “break before make” behaviour.
5 Conclusion
In this paper, a solution to Fallback to CS using a modified Changing Room approach by which the target system is in control of deciding if an ongoing voice call in the LTE system should continue in the CS or PS Domain has been presented.
The proposed solution is suggesting some smaller optimisations of the PS Handover feature to allow for a more optimised handover when the target system knows that the voice call should continue in the CS Domain already when accepting a PS Handover from e.g. LTE.

The advantages of this solution would include the possibility of Fallback to CS without DTM support but with an estimated interruption time of around only 2 seconds. This should be compared to the pure Call Re-establishment solution where the estimated interruption time is around 4-5 seconds.
The solution could be further enhanced if DTM is supported in both the mobile station and the network. With DTM support, the PS radio resources can be used to transport user plane data during the time it takes the mobile station to re-establish the call through the CS Domain. This could possibly lead to a somewhat degraded speech quality during approximately two seconds followed by an interruption below 300 ms.
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