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1
Introduction
CS Fallback enables voice services to be provided to LTE capable UEs by moving them to a legacy 3G or 2G network where it can access CS voice services. When a UE camped on an E-UTRA cell needs to access a CS service it first enters connected mode on the E-UTRA cell and is then moved using PS handover, cell change order or redirection to the target 3G/2G system where normal procedures can be used to setup the CS service. A consequence of this approach is that the user will experience slower CS call setup time with E-UTRA than with the legacy 2G/3G systems. This paper explores some options by which extra delay associated with CS Fallback may be reduced in release 9.
2
Existing CS Fallback behaviour

Figure 1 shows a typical message sequence for a CS voice call initiated when the UE is idle on an E-UTRA cell. The following steps occur.
1
A page for a CS voice call, originating from the MSC (not shown) is sent to the MME to which the UE is registered. The MME then pages the UE using S-TMSI and including a 'CS domain indicator' to indicate that this page is actually originating from the CS domain. This step does not occur in the case of a mobile originated call.

2
RRC connection establishment procedure on the E-UTRA cell on which the UE was camping. The Connection Setup Complete message carries the NAS Extended Service Request message which is then forwarded on from eNB to the MME.

3
S1 context setup message from the MME to the eNB transfers stored UE context information from the MME to the eNB and includes an indicator that CSFB is requested.

4
eNB initiates Security Mode Command procedure to start AS security

5
eNB initiates Connection Reconfiguration procedure to setup the radio bearers. Additionally, as CSFB has been triggered the eNB could use this message to configure the UE to perform inter-RAT measurements on the target system and to configure the UE with measurement gaps in which to perform those measurements.

6
UE performs inter-RAT measurements according to the measurement configuration provided and using the measurements gaps provided. 

7
When an inter-RAT cell has been detected and measured and the measured value meets the criteria for reporting then the UE sends a measurement report to the eNB.
8
The eNB sends a Mobility from E-UTRA Command which instructs the UE to move to the target system. If the target system is UTRAN then the UE is moved by inter-RAT PS handover and if the target system is GERAN then the UE is moved by either inter-RAT PS handover or inter-RAT cell change order, possibly with additional NACC information. In the case of inter-RAT PS handover then there is an additional preparation phase within the network before RRC Mobility from E-UTRA Command can be sent to the UE.
9
The UE accesses the target system. In the case the target system is GERAN and the UE was moved by inter-RAT cell change order then the UE may have to acquire any necessary system information that was not included as part of the NACC information. 
10
The UE initiates the CS signalling on the target system to complete the answer to paging (in the case of an MT call) or to originate a call (in the case of an MO call)
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Figure 1: Message sequence for CSFB from RRC idle
Looking at the delay associated with the process it is noted that the transition from RRC idle to RRC connected (steps 2-5) should be relatively fast (150ms). The most significant part of the extra delay is likely to come from the inter-RAT measurements at step 6. In the case of inter-RAT CCO to GERAN where not all the necessary system information is provided by NACC then step 9 can also add very significant delay.
3
Potential improvements to CS Fallback delay

Based on the discussion in the previous section,  improvements in CSFB delay are most likely to come from reducing the delay associated with the inter-RAT measurements at step 6. Some options for possible improvement include:

1
Re-using measurement information obtained from cell reselection measurements performed while the UE was in idle mode. This could be achieved by a UE implementation re-using what information it has to speed up the connected mode measurements performed at step 6. Alternatively, it would be possible for the UE to send measurement information obtained in idle mode to the eNB immediately after entering RRC Connected.  

2
Allow the UE to perform the inter-RAT measurements at step 6 using 100% duty cycle instead of performing them during measurements gaps. Given that the UE was initially in RRC idle there should be no user plane traffic and it is reasonable for the UE to use all the time available  to perform the measurements.
3
In many cases the coverage of the E-UTRA cell may be a subset of the coverage of the 2G or 3G cell. This enables some possible optimisation within the E-UTRAN implementation, for example the eNB may choose to not configure any inter-RAT measurements and instead send move the UE directly to the 2G or 3G cells that is known to provide overlapping coverage. In such a deployment some further optimisation might also be possible whereby the E-UTRA cell could advertise the overlapping cell on system information thereby allowing a UE to move to that cell to initiate a CS voice call immediately on initiation of the call or reception of the page containing the CS domain indicator.  
4
Conclusion
It is highly undesirable that users will experience slower voice call setup times with LTE than they are used to experiencing with legacy 3G and 2G systems and we believe that this should be addressed in the release 9 time frame. This paper has shown that there are some relatively simple methods by which the CS Fallback delay could be reduced. It is proposed that some mechanism or mechanisms to reduce the CS Fallback delay should be introduced as part of the TEI9 work item and RAN2 should work on  the approaches outlined in section 3, and other potential solutions, in order to finalise the way forward. 
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