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1．Introduction

Based on discussion in [9], we can see some additional latency is caused by CS fallback. And we also see IRAT measurement time is around 1.44s, it is quite long, and is a main factor of additional latency introduced by CS fallback. So reduction of measurement time is quite necessary. Here we give some ways to reduce this latency.
2．Some ways to reduce measurement time
2.1 
Omitting the IRAT measurement
If the serving cell has only one clear neighbor 2G/3G cell, UE can be redirected to this clear neighbor 2G/3G cell directly. No IRAT measurement is needed [10].
Conclusion: By this way, all IRAT measurement time can be saved, that is 1.44s of latency can be reduced.

2.2

Some ways to reduce measurement time

If the IRAT measurement has to be performed, we also need to minimize the measurement time. Here some possible ways to reduce measurement time:
2. 2.1 Measure only fewer of neighbor cells
According to [7], UE physical layer shall be capable of reporting 6 inter-frequency cells measurements to higher layers within the measurement period. This measurement period is 480ms.
For CSFB, if the neighbor cells need to be measured are less than 6, then all these neighbor cells can be measured in one measurement period. That is IRAT measurement time is 480ms.

In [9], IRAT measurement time is estimated as 3 measurement periods, which is 1440ms. So we can see that if neighbor cells to be measured are less than 6, two measurement periods, i.e. 960ms, can be saved.
An eNB can determine a subset of all IRAT neighbor cells for CS fallback by configuration. And if the IRAT measurement is triggered for CS fallback, UE shall measurement only cells in this subset.
Conclusion: 960ms latency can be reduced.
2.2.2 Measure the neighbor cell as early as possible 
The following 3 figures give different measurement trigger time. Fig-1 illustrates the IRAT measurement is triggered after S1 establishment. In most case, measurement can be triggered at this time point.
Fig-2 shows an improved solution, measurement can be triggered before S1 establishment. After receiving RRCConnectionSetupComplete message, eNB will trigger the measurement. It is estimated that S1 procedure may takes about 17~45ms in [3], then this time can be saved.
Fig-3 gives a further improvement, eNB gives the measurement configuration in BCCH, and when UE receives a paging or when UE initiates a CS voice call, the measurement for CS fallback can be triggered. In this way, it is estimated about 51.5ms ~ 77.5 ms can be saved.
Conclusion: 

If IRAT measurement is triggered before S1 setup, about 17~45ms latency can be reduced

If IRAT measurement is triggered before RRC connection setup, about 51.5ms ~ 77.5 ms latency can be saved. For performance improvement estimation, we assume the average value 65ms time is saved.
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Fig-1:
Measurements trigger time
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Fig-2:
Measurements trigger time
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Fig-3:
Measurements trigger time
2.3 
Latency of redirection using RRCConnectionRelease to GERAN 
System information in target system needs to be read for accessing if a UE is redirected by RRCconnectionRelease message. For more detailed analysis of the latency, we give the comparison between NACC and redirection using RRCConnectionRelease below.
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Fig-4:
Rredirection using RRCConnectionRelease
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Fig-5:
NACC solution
Comparison of latency:

· T7: Paging time for both NACC and Redirection using RRCConnectionRelease are the same.

· T6: RRC Connection establishment time is quite close in these two solutions. For NACC solution, if IRAT measurement is triggered before RRC connection setup, this time can be saved.
· T2: IRAT measurement time: for NACC, IRAT measurement is performed at active mode, according to subsection 2.2.1, one measurement period, which is 480ms, is needed. 
For Redirection using RRCConnectionRelease solution, according to [7], at least two measurements shall be spaced by at least half the minimum specified measurement period. And the measurement period is multiple of DRX cycle. Assuming the typical DRX cycle is 1280ms, IRAT measurement time in idle mode is at least 640ms. 
Then we can get the conclusion that IRAT measurement time in idle mode has more 640ms – 480ms = 160ms time than IRAT measurement in active mode.
· T12: Cell reselection time. Same;

· T13: Reading system Information time. For Redirection using RRCConnectionRelease solution, if the target cell is a GERAN cell, it is estimated that about 2s are needed for reading system information. If the target cell is a UTRAN cell, then only the SIB7 needs to be read for access, it may take about 80ms ~ 160ms. For NACC this time is not needed.

· T14: mobility decision time: it is estimated less than 10ms [3]. This time is quite close in these two solutions.

Conclusion of latency comparison: 
· If the target cell is a GERAN cell, Redirection using RRCConnectionRelease has about 2s + 160ms = 2.16s more latency than NACC. 
· If the target cell is a UTRAN cell, Redirection using RRCConnectionRelease has about 240~320ms more latency than NACC.

Comparison of signalling and processing load:

By compared these two signaling flow, we can see that: 
Redirection using RRCConnectionRelease solution needs 10 signaling in LTE for supporting CSFB. NACC needs 13 signaling. Then NACC has 3 more signaling than Redirection using RRCConnectionRelease solution.
W.r.t processing load, NACC needs to do some SMC process, which is need not by Redirection using RRCConnectionRelease solution.
Conclusion of signalling and processing load comparison: 
NACC solution has a little bit more signaling and processing load than Redirection using RRCConnectionRelease solution. 
3．Conclusion
Based on the discussion above, we give a summarization on performance improvement as following:
Table-1 shows the performance if IRAT measurement is omitted.

Table-2 shows the performance if IRAT measurement has been improved. Assuming 960ms can be saved by subsection 2.2.1, 65ms can be saved by subsection 2.2.2
Table-1
performance of omitting IRAT measurement
	NO.
	Use case
	Baseline (s)
	Omit the IRAT measurement (s)

	
	
	Total
	Additional
	Total
	Additional

	1
	MO in Active, PS handover to GERAN
	5.7
	2.2
	4.26
	0.76

	2
	MO in Idle, PS handover to GERAN
	5.8
	2.3
	4.36
	0.86

	3
	MT in Active, PS handover to GERAN
	5.7
	2.2
	4.26
	0.76

	4
	MT in Idle, PS handover to GERAN
	6.3
	2.1
	4.86
	0.66

	5
	MO in Active, NACC to GERAN
	5
	1.5
	3.56
	0.06

	6
	MO in Idle, NACC to GERAN
	5.1
	1.6
	3.66
	0.16

	7
	MT in Active, NACC to GERAN
	5
	1.5
	3.56
	0.06

	8
	MT in Idle, NACC to GERAN
	5.7
	1.5
	4.26
	0.06

	9
	MO in Active, PS handover to UTRAN
	3.74
	1.74
	2.3
	0.3

	10
	MO in Idle, PS handover to UTRAN
	3.84
	1.84
	2.4
	0.4

	11
	MT in Active, PS handover to UTRAN
	3.74
	1.74
	2.3
	0.3

	12
	MT in Idle, PS handover to UTRAN
	4.34
	1.68
	2.9
	0.24


Table-2
performance of improving IRAT measurement
	NO.
	Use case
	Baseline (s)
	Improving IRAT measurement (s)

	
	
	Total
	Additional
	Total
	Additional

	1
	MO in Active, PS handover to GERAN
	5.7
	2.2
	4.68
	1.18

	2
	MO in Idle, PS handover to GERAN
	5.8
	2.3
	4.78
	1.28

	3
	MT in Active, PS handover to GERAN
	5.7
	2.2
	4.68
	1.18

	4
	MT in Idle, PS handover to GERAN
	6.3
	2.1
	5.28
	1.08

	5
	MO in Active, NACC to GERAN
	5
	1.5
	3.98
	0.48

	6
	MO in Idle, NACC to GERAN
	5.1
	1.6
	4.08
	0.58

	7
	MT in Active, NACC to GERAN
	5
	1.5
	3.98
	0.48

	8
	MT in Idle, NACC to GERAN
	5.7
	1.5
	4.68
	0.48

	9
	MO in Active, PS handover to UTRAN
	3.74
	1.74
	2.72
	0.71

	10
	MO in Idle, PS handover to UTRAN
	3.84
	1.84
	2.82
	0.81

	11
	MT in Active, PS handover to UTRAN
	3.74
	1.74
	2.72
	0.71

	12
	MT in Idle, PS handover to UTRAN
	4.34
	1.68
	3.31
	0.65


Then we can get conclusion that:
1. If IRAT measurement can be omitted, then around 1.44s IRAT measurement time can be saved, the additional latency due to CSFB is about 0.06~0.86 s.
2. If the configuration of measured neighbor cells is less than 6, then around 960ms IRAT measurement time can be saved.
3. If the IRAT measurement is triggered at the beginning of RRC connection establishment, then about 65ms can be saved.

4. Compared with NACC, Redirection using RRCConnectionRelease solution has more 2.2s time for CSFB to GERAN cell, or more 240ms~320ms time for CSFB to UTRAN, but has a little bit less signaling and processing load than NACC.
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