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Introduction

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.
Ericsson has presented similar solutions to “Fallback to CS” at the GERAN-LTE Ad-Hoc meeting in January 2007, at GERAN#33 in Seoul and at GERAN#33bis in Montreal.

The current solution is proposing that the mobile station shall be DTM capable and that the network utilizes this MS capability during Fallback to CS to achieve the service requirement of maximum 300 ms interruption. The solution does however not require support for the DTM feature on the target network side since the Fallback to CS feature in itself contains the functions necessary on the target network side.
The proposed solution falls into scenario 5 (PS Handover support), scenario 6 (EDGE and PS Handover support), scenario 7 (DTM and PS handover support), scenario 8 (DTM, EDGE and PS Handover support), scenario 10 (DTM, DTM Enhancements and PS Handover Support) and scenario 11 (DTM, DTM Enhancements, EDGE and PS Handover support) according to the agreed scenarios table from the Ad-Hoc meeting held in January 2007.

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

When utilising an overlying GERAN system for coverage, the offered packet switched services (e.g. streaming services) will require some type of continuity solution between LTE and GERAN. 

There are currently two standardised mechanisms for Inter-RAT PS continuity that would fulfil the continuity requirements of most PS services, Network Assisted Cell Change (standardised only in the direction from UTRAN to GERAN) and PS Handover. Both these mechanisms impact the Core Networks as well as the Radio Access Networks of the involved RATs.

From an LTE product and time to market perspective, it would be beneficial if one of these mechanisms is prioritised in standardisation.

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 to be an essential part of PS continuity between LTE and GERAN, then impacts to LTE from a Fallback to CS solution can be avoided completely by utilising the PS Handover feature for moving the voice component of an LTE connection to the CS Domain of GERAN.

Fallback to CS

Overview
The following changes are proposed to the network side in order to prepare the mobile station for a Fallback to CS already during the preparation phase of PS Handover. An Inter-RAT PS Handover from LTE to GERAN is used in the example below.
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Figure 1: PS Handover Preparation Phase; Inter-RAT/mode,
Inter-SGSN case  (LTE ( GERAN A/Gb mode)

In step 4, the target network decides based on local policies (and network/mobile station capabilities, radio resource situation etc.) to initiate a Fallback to CS.

In step 5, both PS and CS resources are allocated according to the capabilities of the mobile station.

In step 6, the allocated resources are included in a new message (e.g. Inter-Domain Handover Command) that in turn is included in the Target BSS to Source BSS Transparent Container. 

Assuming that the mobile station supports DTM, it will be able to utilise the PS resources included in the Inter-Domain Handover Command for user plane transfer in parallel with setting up the CS bearer as described below.

Note that if an Inter-Domain change is to be standardised within GERAN (i.e. a mobile station can move from a GERAN PS bearer utilised for VoIP to a GERAN CS bearer), this can be achieved in the same way as described above with the difference that the PS resources can be omitted from the Inter-Domain Handover Command message.
Reservation of CS Resources
In all Handover scenarios, it is preferably so that radio resources are reserved in the target cell before the actual cell change is performed.

If CS radio resources are not reserved before the cell change, there is no guarantee that the mobile station can be granted the requested quality of service upon arrival in the target cell.  If CS radio resources are not available after a call has been handed over to GERAN and maintained in the PS domain, the subscriber may experience poor speech quality and the operator would potentially see an increase in the dropped call ratio. The situation would also lead to poorer network resource utilisation.

Furthermore, the reservation and assignment of CS and PS resources in the target cell makes it possible for a DTM capable mobile station to utilise the assigned CS and PS resources in parallel, in the target cell, after successful cell change.

Note that while the CS resources are reserved and assigned in parallel with the PS resources as part of the Fallback to CS functionality, there is no requirement on the target network to support the DTM feature.  
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.
A new message (Inter-Domain Handover Command) will carry the CS and PS resource descriptions from the target network to the mobile station, this message will be included in the Target BSS to Source BSS Transparent Container.

Location Updating
The fact that an Inter-Domain Handover 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. 
CS Bearer Establishment
While the mobile station shall be DTM capable, it may use the PS radio resources 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.

The voice call is re-established on the CS bearer using VCC (“make-before-break”), see [1]. Note that the CS bearer can be the media transport bearer for IMS Centralized Services, see [5].
Feature Enhancements
There are some features, according to the introduction of this document, which would improve the proposed Fallback to CS solution in different ways.

If the DTM feature is supported in the target network, PS resources can be kept in parallel to the CS resources after that VCC has been performed.

If EDGE is supported in the network, the speech quality will be better during the time the mobile station is transmitting speech frames over the PS resources.
Conclusion

In this paper, a solution to Fallback to CS has been presented.
It has been concluded that an LTE operator planning to use GERAN for coverage must have support for some Inter-RAT PS continuity mechanism and that PS Handover is the natural choice for delivering such services in both directions between LTE and GERAN. 
The proposed Fallback to CS 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 component of a connection should continue in the CS Domain already when accepting a PS Handover from e.g. LTE.
The CS resources to which the voice component shall be transferred are allocated already in the preparation phase of PS Handover and sent to the mobile station in the new Inter-Domain Handover Command message included in the Target BSS to Source BSS Transparent Container. While the mobile station must be DTM capable, it will be able to utilise the PS resources for voice transmission while establishing the CS bearer.
The advantages of this solution would include the possibility of Fallback to CS, without network support of the DTM feature, with an estimated interruption time below the required 300 ms.
The Fallback to CS capabilities would be further enhanced by adding support for features such as EDGE and DTM to the target GERAN network.
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