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Fallback to CS
1 Introduction

At the Ad-Hoc meeting regarding GERAN-LTE Handovers held in January 2007, a number of alternative solutions to Fallback to CS were presented.

Fallback to CS is in essence a procedure by which the voice component of an LTE packet switched connection is handed over to the CS Domain of a GERAN system.

This paper is proposing the Fallback to CS solution outlined in LGW-070009 presented at the GERAN-LTE Ad-Hoc meeting held in January. The solution would fall into scenario 5 (without DTM support) and scenario 7 (with DTM support) according to the agreed scenarios table from the Ad-Hoc meeting.

2 PS Handover

If an operator sees a need for a Fallback to CS solution, this indicates that the operator is envisaging a roll-out of LTE that will require an overlying GERAN system for coverage.

LTE is a high speed packet switched system that will allow an operator to offer a range of packet switched data services. It is probably safe to assume that service continuity of packet switched data services will be of equal or even bigger importance to LTE than service continuity of voice services. As an example, certain non-speech public safety and emergency services would require fast and secure mobility between the two systems.
In light of the above, it is the opinion of Ericsson that any LTE operator planning to use an overlying GERAN system for coverage should implement PS Handover as mobility solution for packet switched data services between LTE and GERAN.
If PS Handover can be assumed as an essential part of the network configuration described above, then impacts to LTE can be avoided by utilising the PS Handover feature for initiating a Fallback to CS.
3 Fallback to CS

3.1 Reservation of CS Resources

In all Handover scenarios, it is preferable that radio resources are reserved in the target cell before the actual cell 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. 
3.2 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 use the PS radio resources for sending a Combined RA/LA Update procedure to update its location in the Core Network.

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. 

3.3 CS Bearer Establishment

3.3.1 DTM not supported

When DTM is not supported in the mobile station or network, the mobile station shall not use the PS radio resources included in the relevant Handover Command message for user plane transfer. Instead 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 over the random access channel.

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.

3.3.2 DTM supported
When DTM is supported in both the mobile station and the network, the PS radio resources are used for user plane transfer during the preparation of the CS bearer.

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 over the random access channel.
The voice call is re-established on the CS bearer using VCC (“make-before-break”), see [1].
4 Conclusion
In this paper, a solution to Fallback to CS 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. Depending on the capabilities of the target GERAN (e.g. whether EDGE is supported or not), this could possibly lead to a somewhat degraded speech quality during approximately two seconds followed by an interruption of below the maximum allowed 300 ms.
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