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Considerations on CS Fallback to GERAN
1. Introduction
SA agreed that the following features, relevant for GERAN/E-UTRAN Interworking are to be retained for Release 8:

· Single Radio VCC

· CS Fallback

SRVCC relies on the availability of a 3GPP voice service in E-UTRA and is to provide a single radio solution to ensure voice call continuity upon change to another 3GPP RAT during an ongoing voice call. On the contrary, a main assumption
 for CS Fallback is the lack of 3GPP voice service in E-UTRA so that means are available to redirect the UE to a RAT (UTRAN, GERAN) where CS voice is provided: as such CS Fallback does not provide voice call continuity given the voice call will not take place in E-UTRA.
It is therefore of interest to evaluate the impact of CS Fallback on call set-up time (and PS service), given extra delay will be introduced upon redirection to another 3GPP RAT before call set-up can take place. Note that such redirection may be performed autonomously by the UE or ordered by the network.
2. Scenarios

In order to evaluate the impact of CS Fallback on call set-up time different scenarios need to be addressed, depending on whether a service is ongoing in E-UTRA and the features supported in the target GERAN network.
Table 1 below lists different cases for mobility, further expanded in Table 2.
	UE State 
in E-UTRA
	Features supported in GERAN

	
	No DTM
	DTM
	DTM + DTM Enh.

	
	No PS HO
	PS HO(1)
	No PS HO
	PS HO(1)
	No PS HO
	PS HO(1)

	Idle
	Case 1
Cell re-selection
	N/A
	Case 2
Cell re-selection
	N/A
	Case 3
Cell re-selection
	N/A

	Connected
	Case 4
Cell re-selection
	Case 7(2)
PS Handover
	Case 5
Cell re-selection
	Cases 8a, 8b
PS Handover
	Case 6
Cell re-selection
	Cases 9a, 9b
PS Handover

	NOTES:

(1): PS Handover from E-UTRAN to GERAN

(2): This scenario is relevant in case of NMO I (combined LAU/RAU with IMSI attach request can be made: it is assumed IMSI attach has not occurred while in E-UTRA, given VCC is not used)


Table 1. Mobility mechanisms from E-UTRA to GERAN for CS Fallback
	Mobility case
	Description
	Call Set-up time
	Impact on PS Service
	Service Impact

	Case 1
	No data service ongoing in E-UTRA

Cell re-selection to GSM

RR Connection Establishment

LAU (IMSI Attach)

CS Call control
	CST0
	None (none ongoing)

No PS Service can be established in the GSM cell for the duration of the call
	Largest call set-up time

No PS service

	Case 2
	No data service ongoing in E-UTRA

Cell re-selection to GSM

RR Connection Establishment

LAU (IMSI Attach)

CS Call control
	
	None (none ongoing)

PS Service can be established in the GSM cell (DTM)
	Largest call set-up time

DTM allows PS service establishment during the call

	Case 3
	No data service ongoing in E-UTRA

Cell re-selection to GSM

RR Connection Establishment

LAU (IMSI Attach)

CS Call control
	
	None (none ongoing)

PS Service can be established in the GSM cell (DTM)
	Same as case 2

	Case 4
	Data service ongoing in E-UTRA

Cell re-selection to GSM

RR Connection Establishment

LAU (IMSI Attach)

CS Call control
	CST1

(CST1 < CST0)
	PS Service interrupted for the duration of the call
	(2nd) Largest call set-up time

No PS service

	Case 5
	Data service ongoing in E-UTRA

Cell re-selection to GSM

RR Connection Establishment

LAU (IMSI Attach)

CS Call control

PS Service can be resumed in GSM when in dedicated mode using DTM procedures (requires RAU)
	
	PS Service interrupted until resumed in the GSM Cell using DTM
	(2nd) Largest call set-up time

PS Service can be resumed once in the GSM Cell

	Case 6
	Data service ongoing in E-UTRA

Cell re-selection to GSM

RR Connection Establishment

LAU (IMSI Attach)

CS Call control

PS Service can be resumed (DTM) – requires RAU 
	
	PS Service interrupted until resumed in the GSM cell using DTM
	Same as case 5

	Case 7
	Data service ongoing in E-UTRA

PS Handover to GSM

NMO I only: Combined LAU/RAU with IMSI Attach Request

RR Connection Establishment

CS Call Control
	CST2

(CST2 < CST 1)
	PS Service interrupted for the duration of the call
	Short call set-up time
PS Service interrupted for the duration of the call

	Case 8a 


	Data service ongoing in E-UTRA

PS Handover to GSM (PS resources)

NMO I only: combined LAU/RAU with IMSI Attach Request

RR Connection Establishment (Drop PS service)

CS Call control; PS Service can be resumed (DTM)


	
	PS Service interrupted until resumed in the GSM cell using DTM
	Short call set-up time
PS Service interrupted until resumed in the GSM Cell

	Case 8b
	Data service ongoing in E-UTRA

PS Handover to GSM (PS and CS resources) (1)
NMO I / NMO II

CS call control while in DTM
	CST3 

(CST3 < CST1)
	No interruption of the PS service
	Short call set-up time

No interruption of the PS Service

	Case 9a
	Data service ongoing in E-UTRA

PS Handover to GSM (PS and CS resources) (1)
NMO I / NMO II

CS Call control while in DTM
	
	No interruption of the PS Service
	Same as case 8b

	Case 9b
	Data service ongoing in E-UTRA

PS Handover to GSM (PS Resources)
NMO I / NMO II
RR Connection Establishment using DTM Enhancements

CS Call contol


	CST4 

(CST4 < CST1)
	No interruption of the PS Service
	Short call set-up time
No interruption of the PS Service

	NOTE: (1): Similar to interdomain handover procedure, however there is no domain transfer in this case!


Table 2. Call set-up time and Impact on PS Service

Based on table 2, the following observations can be made:
Means should be investigated in RAN groups to minimize the impact of CS fallback in idle mode (i.e. minimize CST0). It should be investigated whether autonomous cell reselection is applicable in this case, and if so whether any changes are necessary. It could also be considered to avoid camping on an E-UTRA cell in idle mode.
The reduction of the call set-up time when CS Fallback is operated in connected mode, can be done by reducing CST1 (eNACC from E-UTRAN to GERAN could e.g. reduce the call set-up time by a few seconds), however when NMO I is used, PS Handover (cases 7 and 8a) could contribute to minimizing the call set-up time, even if of no benefit to the PS Service itself i.e. whether DTM is supported or not. It can also be observed that PS Handover and DTM or PS Handover and DTM and DTM Enhancements would allow minimizing not only the call set-up time but also the impact on the PS service. Case 9a, 8b, 9b provides the best possible service continuity among CS fallback scenarios. For cases 8b and 9a, allowing the inclusion of CS resources in a PS Handover Command, similar to what was proposed for interdomain handover, but only preserving the radio related signaling (domain transfer is not used), would help reducing the call set-up time while achieving the best PS service continuity. If this optimization is not available, case 9b (using PS Handover, DTM and DTM Enhancements) provides a suitable combination.
3. Conclusions

This contribution has addressed a few considerations regarding CS fallback, in terms of call set-up time and impact on PS service.

RAN groups should investigate means to minimize the impact of CS fallback on call set-up time, in idle mode, and in particular whether any change is necessary to autonomous cell reselection in this context.
In connected mode, eNACC would allow to reduce by a few seconds (expected) the call set-up time vs. traditional cell reselection. However, it should be noted that only PS Handover allows reaching the shortest call set-up times, whether DTM is supported or not, and further allows to optimize the PS service continuity when combined with DTM (and possibly DTM Enhancements), and could be considered the preferred approach for operating CS Fallback in connected mode.
� Note that this is not a restriction and CS Fallback could be used even if a 3GPP voice service were available in E-UTRA.
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