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1
Introduction

At RAN2#66bis two contributions proposing CS Fallback delay improvements [1][2] for release 9 were discussed. While there was some interest in reducing the CS Fallback Delay it was concluded that a better understanding of the current delay performance and potential improvements was required before a decision could be made. This paper presents figures for the existing performance and potential performance improvement.

2
Delay components of CS Fallback procedure
Figure 1 shows the procedure for CS Fallback to GERAN/UTRAN for a mobile originated voice call starting from E-UTRA RRC_IDLE. The call setup delay is shown divided into 5 delay components T1 - T5, the values of which will vary depending on the case being considered.
T1
This is the delay for the idle to active transition, starting from the transmission of the RRC Connection Request message up to the transmission of the RRC Connection Reconfiguration Complete message. Based on [3] this analysis will use a value of 145ms. The annex provides a little more detail how this value was derived.

T2
This is the delay associated with performing the inter-RAT measurements up to the point that an inter-RAT measurement event is triggered. This is the most significant delay contribution that the proposed improvements are aiming to reduce and will be looked at in more detail in section 4.
T3
This is the delay from the transmission of the RRC Measurement Report until the reception of the RRC Mobility from E-UTRA command. 


For CS Fallback to UTRAN where PS handover is used then this time includes the handover preparation with the target RAT. For this analysis a value of 150ms is used, the same value as used in [2].


For CS Fallback to GERAN using CCO with NACC to GERAN then no handover preparation is required. Hence the delay is just that of the transmission of the UL and DL message plus the eNB processing time. For this analysis a value of 20ms is assumed. 
T4
This is the delay associated with accessing the target system from the reception of the RRC Mobility from E-UTRA command. 

For CS Fallback to UTRAN using PS handover, this delay corresponds to the RRC processing delay plus the handover interruption time. The minimum performance requirement, as specified in 36.133, is 190ms for the case that the target cell is known before the handover command is received. This is not expected to vary significantly depending on the radio conditions of the target cell.

For CS Fallback to GERAN using CCO with NACC this is the delay up to the point in time were the UE is camped on the indicated GERAN cell and is ready to initiate a CS call establishment. It is assumed that the UE will already have timing synchronisation towards the target cell (as it has recently reported on the cell) and the eNB has provided all the system information necessary for the UE to initiate CS call establishment. Currently 36.133 does not have any minimum performance specified for CCO with NACC. However, given the stated assumptions it should be reasonable to reuse the minimum performance specified for E-UTRAN to GERAN handover which is 90ms for the case that the UE is already synchronised to the cell. 
T5
This is the delay to establish the CS call on the target RAT including all NAS signalling up to the point where the UE received the CC Alerting message.


For CS Fallback to UTRAN, a value of 1600ms obtained from [4] is used. This is the CS call setup delay in CELL_DCH state using a 3.4kbps SRB, from the transmission of  CS domain Initial Direct Transfer containing the CM Service Request until the reception of CC Alerting message. 

For CS Fallback to GERAN, a value of 4000ms obtained from [5] is used
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Figure 1: Delay components of CS Fallback procedure

3
Cases considered

The analysis in the paper will consider the following cases for CS Fallback:  

Case G1:
CS Fallback to GERAN using the release 8 procedure.
Case G2:
CS Fallback to GERAN where the Inter-RAT measurement at step 6 are performed using a measurement gap with 100% duty cycle instead of performing them during measurements gaps.
Case G3:
CS Fallback to GERAN where the measurements of GERAN cells that may have been performed in RRC_IDLE are reused by the UE when it is configured to perform connected Inter-RAT measurements at step 6. With this approach the existing connected mode signalling to configure measurement and send measurement reports is used but the UE will be able to report more quickly due to the reuse of measurement information from idle mode.

Case G4:
CS Fallback to GERAN where the measurements of GERAN cells that may have been performed in RRC_IDLE are reported by the UE as soon as it inters RRC_CONNECTED. This approach would require signalling changes compared to release 8. 

Case U1:
CS Fallback to UTRAN using release 8

Case U2:
CS Fallback to UTRAN where the Inter-RAT measurement at step 6 are performed using 100% duty cycle instead of performing them during measurements gaps.
Case U3:
CS Fallback to UTRAN where the measurements of UTRAN cells that may have been performed in RRC_IDLE are reused by the UE when it is configured to perform connected Inter-RAT measurements at step 6. 

Case U4:
CS Fallback to UTRAN where the measurements of UTRAN cells that may have been performed in RRC_IDLE are reported by the UE as soon as it inters RRC_CONNECTED. 

Note that for the GERAN cases only CS Fallback to GERAN using Cell Change Order with NACC is considered as it is believed that this option is more likely to be deployed than PS Handover to GERAN. For the UTRAN cases only CS Fallback to UTRAN using PS handover is considered as this is the only option available in release 8. 

4
Analysis of delay for considered cases
As stated earlier, T2 is a significant component of the delay and is the part which the proposed improvements aim to reduce. It is possible to derive the worst cases values of T2 from the minimum performance requirements specified in 36.133 but in many cases it can be expected that the value of T2 will be much better. During discussion in RAN2#66bis some companies requested that the CS Fallback delay should be analysed using 'typical' values. 

The following sections will estimate both a 'typical' value and a worst case value for each of the cases under consideration.
4.1
Case G1 - Release 8 CS Fallback to GERAN

T2 is estimated based on the following assumptions:
-
The eNB will configure the measurement gap configuration with a 40ms gap period in order to maximise measurement opportunities.
-
The eNB configures the UE to measure on inter-RAT GERAN cells only (i.e. the measurement gaps are not shared for making inter-frequency or inter-RAT UTRAN measurements).
-
The measurement period as specified in 36.133 is 480ms. Even if the maximum 32 GERAN carriers are configured the UE should be able to perform the necessary RSSI measurements on all carriers within this time.

-
After the end of one measurement period the UE will start BSIC identification on the strongest GERAN carrier. Tidentify,gam as specified in 36.133 is 2160ms.
-
Time to trigger is configured to be 0ms. With this setting a measurement event will be triggered and a report sent as soon as the BSIC of the strongest GERAN carrier has been identified.

With these assumptions the worst case value of T2 (i.e. based on the minimum performance requirements) is:

T2 (worst case) = 480 + 2160 = 2640 ms
The Tidentify,gsm value from 36.133 is based on the assumption that the UE has 2 attempts to decode the BSIC. In good signal conditions the BSIC could be decoded with one attempt thus halving the time for BSIC identification. Furthermore, as the delay is due to the relative timing of the measurement gaps and the GSM SCH then the delay will be evenly distributed, so an average delay value can be obtained by halving it again.
T2 (average in good signal conditions) = 480 + 2160/4 = 1020 ms

Range of the total delay is:

Ttotal = 5275 to 6895 ms
4.2
Case G2 - CS Fallback to GERAN with 100% measurement gap

T2 is estimated based on the following assumptions (if not stated then the same assumptions as case G1 applies):

-
The measurement period remains 480ms. Thus even though the UE has 100% measurement gap it will still take this length of time for the UE to perform appropriately filtered measurements on all GERAN carriers.

-
Using the same assumption as used for Tidentify,gsm in Rel-8, the UE has 2 SCH decode attempt in order to identify the BSIC of the strongest GERAN carrier. This gives a total BSIC identification time of 2x51 = 102 ms.

With these assumptions the worst case value of T2 is:

T2 (worst case) = 480 + 102 = 582 ms

Similarly to case G1,  an average value of T2 in good signal conditions such that a single decode attempt is sufficient:
T2 (average in good signal conditions) = 480 + 51/2 = 505 ms

Range of the total delay is:

Ttotal =  4760 to 4837 ms

4.3
Case G3 - CS Fallback to GERAN with reuse of idle mode measurements
T2 is estimated based on the following assumptions (if not stated then the same assumption as case G1 applies):

-
The measurement period remains 480ms. Although the UE will already have RSSI measurements performed in idle mode it will still need to perform measurements over a measurement period in order to meet the measurement accuracy requirements specified in 36.133. Hence the measurements from idle mode do not reduce this time.
-
While in idle mode the UE will have identified the BSIC of the strongest GERAN carriers and so this process will not need to be performed after the connected mode measurements have been performed. 
-
There is not expected to be a big variance in the value of T2 depending on the signal level of the target cell and hence only a single value is estimated for this case instead of a range.
With these assumptions T2 is:
T2 = 480 ms

Total delay is:

Ttotal =  4735
4.4
Case G4 - CS Fallback to GERAN with reuse of idle mode measurements and modified reporting
With reuse of the idle mode measurements and a modified reporting whereby the measurements performed in idle mode can be reported as soon as the UE enters connected mode there will be no delay contribution T2. Hence the total delay will be:


Ttotal =  4255
4.5
Case U1 - Release 8 CS Fallback to UTRAN

T2 is estimated based on the following assumptions:

-
The eNB will configure the measurement gap configuration with a 40ms gap period in order to maximise measurement opportunities

-
The eNB configures the UE to measure on inter-RAT UTRAN cells on a single carrier (i.e. the measurement gaps are not shared for making inter-frequency or inter-RAT GERAN measurements)

-
Tidentify,UTRA_FDD as specified in 36.133 is 2400ms. 

-
The measurement period as specified in 36.133 is 480ms. 
-
Time to trigger is configured to be 0ms. With this setting a measurement event will be triggered and a report sent after identification of one UTRA cell and one measurement period.
With these assumptions the worst case value of T2 (i.e. based on the minimum performance requirements) is:

T2 (worst case) = 2400 + 480 = 2880 ms

Tidentify,UTRA_FDD is highly dependent on the signal strength of the cell being identified and in the case of a very strong signal the identification can be performed very quickly It is very difficult to define a 'typical value' but we will choose a value with the aim of showing the range of delays that might be experienced. For this analysis we assume a typical value might be 200ms corresponding to 5 measurement gaps.
T2 (good signal conditions) = 200 + 480 = 680 ms

Range of the total delay is:

Ttotal = 2765 to 4965
4.6
Case U2 - CS Fallback to UTRAN with 100% measurement gap

T2 estimate is based on the following assumptions (if not stated then the same assumption as case U1 applies):

-
With a 100% measurement gap the UTRA cell identification time is assume to be equal to Tbasic_identify,UTRA_FDD as specified in 36.133 to be 300ms

 -
The measurement period remains 480ms. Thus even though the UE has 100% measurement gap it will still take this length of time for the UE to perform appropriately filtered measurements.


With these assumptions the worst case value of T2 is:

T2 (worst case) = 300 + 480 = 780ms

Under good signal conditions we assume that a typical UTRA cell identification time could be reduced to 20ms

T2 (good signal conditions) = 20 + 480 = 500 ms

Range of the total delay is:

Ttotal = 2585 to 2865
4.7
Case U3 - CS Fallback to UTRAN with reuse of idle mode measurements

T2 is estimated based on the following assumptions (if not stated then the same assumption as case U1 applies):

-
While in idle mode the UE will have performed UTRA cell identification on the best UTRA cells. Hence on moving into connected mode there will be need for the cell identification process to be repeated. 

-
The measurement period remains 480ms. Although the UE will already have UTRA RSCP measurements performed in idle mode it will still need to perform measurements over the measurement period in order to meet the measurement accuracy requirements specified in 36.133. Hence the measurements from idle mode do not reduce this time

-
There is not expected to be a big variance in the value of T2 depending on the signal level of the target cell and hence only a single value is estimated for this case instead of a range.

With these assumptions the T2 is:

T2 = 480 ms

Total delay is:

Ttotal =  2565
4.8
Case U4 - CS Fallback to UTRAN with reuse of idle mode measurements and modified reporting

With reuse of the idle mode measurements and a modified reporting whereby the measurements performed in idle mode can be reported as soon as the UE enters connected mode there will be no delay contribution T2. Hence the total delay will be:


Ttotal =  2085
5
Summary and discussion of results 
Table 1 summarises the call setup delays estimated in this document. In addition it shows the potential delay reduction compared to the release 8 baseline and the additional delay with respect to a call establishment on the target RAT for each of the potential mechanisms for improvement.
	Case
	Call setup delay/ms


	% delay reduction with respect to release 8
	% additional delay with respect to call originated on target RAT

	
	Worst case
	'Typical'
	Worst case
	'Typical'
	Worst case
	'Typical'

	G1 - Rel-8
	6900
	5300
	0
	0
	73
	32

	G2 - 100% gap
	4800
	4800
	42
	10
	21
	19

	G3 - Idle meas reused
	4700
	44
	10
	18

	G4 - Idle meas reported
	4300
	53
	19
	7

	U1 - Rel-8
	5000
	2800
	0
	0
	140
	34

	U2 - 100% gap
	2900
	2600
	42
	7
	39
	25

	U3 - Idle meas reused
	2600
	48
	7
	25

	U4 - Idle meas reported
	2100
	58
	25
	1


Table 1: Summary of delay analysis

Comments and observations regarding the summary of results:

-
To calculate the additional delay with respect to a call originated on UTRAN an RRC Connection Establishment delay of 460ms was used as estimated in [2]. This gives a total call setup delay for UTRAN of 460 + 1600 =2060ms.

-
Difference between G2/U2 and G3/U3 respectively is small. Cell detection time is reduced or eliminated by either the 100% measurement gap or by the reuse of cell identification information from idle mode leaving T2 to be dominated by the measurement period. The 100% measurement gap has the advantage that it can also be used when no idle mode measurements are available and when the CS fallback procedure is triggered in connected mode.  

-
The most significant benefit of reusing idle mode measurements is when the reporting is modified to allow a measurement report to be sent immediately the UE has entered RRC connected mode. Indeed in the case of UMTS the figures show total call setup time for a CS Fallback to UTRAN would be comparable to call originated from UTRA idle (because the E-UTRA idle to active plus PS handover delay is comparable to the RRC Connection Establishment in UTRA). The measurement accuracy of the measurements will not be as good as for connected mode measurements but should be sufficient for the purpose of CS fallback.  
6
Conclusions

Based on the 'typical' figures the CS Fallback procedure will add approximately 30% delay when compared to a call originated from idle on the target RAT. If the worst case figures which correspond to the RAN4 specified minimum performance requirements are considered then the additional delay is much greater (it may even double call setup time).

By adopting a 100% measurement gap the extra delay associated with CS Fallback will be brought down to about 20% for the 'typical' case. For the worst case figures there is a huge improvement by the adoption of this approach. By further adopting reporting of measurements performed in idle mode (case G4/U4) it is possible for call setup delays to be roughly comparable to a call initiated in idle on the target RAT. However this gain is only available if the CS Fallback is initiated from idle and UE while in idle has been performing measurements on the appropriate RAT and frequencies.

As shown, release 8 CS Fallback adds 30% extra to the call setup delay which is highly undesirable. It  is proposed that RAN2 should address this in release 9 by the introduction of a 100% measurement gap and the reporting of measurements performed in idle mode.
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Annex - T1 delay
[3] estimated the idle to active transition time to be:

47.5 ms – 151.5 ms + 2*T_S1 + T_UE_1 + T_UE_2

where:

T_S1


one way S1 delay (10ms assumed for this analysis)
T_UE_1

UE processing time for RRC Connection Setup




 (max value 15ms specified in 36.331, 10ms assumed for this analysis)

T_UE_2

UE processing time for SMC and RRC Connection Reconfiguration 




(max value 20s specified in 36.331, 15ms assumed for this analysis)  

The range of base values between 47.5ms and 151.5ms depends on the sustainable UL and DL data rate for the UE and is therefore dependent on the network planning and the location of the UE within the cell. For the purpose of this analysis we use a mid value of 100ms

Based on the assumed values T1 = 100 + 2*10 + 10 + 15 = 145ms
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