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1．Introduction

In TSG SA #38, there was consensus in TSG SA that the solution for CS support in EPS in Release 8 timeframe will be CS Fallback [1]. In LS [2] from SA2 there gives the agreements of CS fallback solution in SA2.
This document gives some performance analysis for this solution from RAN2 perspective.
2．Discussion
2.1 
Latency 
In this section, we investigate the latency of CS fallback in each use cases. 
2.1.1
MO in Active, PS handover to GERAN
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Fig-1
MO in Active, fallback to GERAN
Fig-1 illustrates that a UE which has an ongoing PS service in LTE system originates a voice call, and PS handover to GERAN system. Then we estimate the latency as following:
T1：signalling time for CS call request.
According to [3], duration of step 1 is 2.5ms, duration of step 2 is 3ms, and processing delay in eNB is about 4ms. Then T1 is about 10ms.
T2: time for IRAT measurement. 
For estimating the IRAT measurement time, the following assumptions are taken:

- 
As definition as RAN4, 2 kinds of gap can be applied: gap1 = 6ms in each 40ms period or gap2 = 6ms in each 120ms. Since gap1 takes shorter time for measurement, so here we assume gap1 is adopted for CS fallback.
- 
For each gap, assuming 2*0.5 ms for implementation margin. [7]
- 
There has 1 frequency layer in UTRAN.
Then the measurement period is [7]:
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TMeasurement_Period UTRAN_FDD = Max {480ms, 50*480/60*1} = 480ms;

And: 
- 
According to [7], UE physical layer shall be capable of reporting 6 inter-frequency cells measurements to higher layers with the measurement period.

- 
In general, a UTRAN cell has 15~18 UTRAN neighbour cells; since LTE cell is a little bit smaller than UTRAN cell, then there are fewer neighbour UTRAN cells for a LTE cell. Here we assume a LTE cell has 15 neighbour UTRAN cells;
Then there at least 3 measurement periods for UTRAN neighbour cells are needed. That is 480ms * 3 = 1440ms are needed for UTRAN neighbour cell measurement.
For IRAT measurement for GERAN cell, according to [7], measurement period for GERAN is 480ms. It is not determined in RAN4 how many GERAN neighbour cells can be report to higher layer in one measurement period. So it is difficult to estimate the time a UE in LTE measuring neighbour GERAN cells. But it is estimated that about 4~12s for a UE in UTRAN cell measuring all neighbour GERAN cells. 
Assuming that GERAN neighbour cells and UTRAN neighbour cells can be measured in parallel, then:

 T2 = Max {measurement time for UTRAN cells, measurement for GERAN cells} = Max {1440ms, measurement for GERAN cells}. If the measurement time for GERAN cells is shorter than UTRAN cells, then T2 = 1440ms.
T3: time for PS handover preparation. 
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Fig-2
PS handover preparation (for latency estimation)
For estimating the time for PS handover preparation, the following assumptions are taken: 
-
Processing duration in eNB is about Ta = 4ms;
-
Processing duration in MME is about Tb = 15ms;

-
Signalling duration between eNB and MME is about 2~15ms [3], here assuming it is about Tc = 8ms;
-
Processing duration in NodeB is about Td = 80 ms;

-
Processing duration in RNC is about Te = 50ms;
-
Processing duration in SGSN is about Tf= 20ms;
-
Signalling duration between SGSN and RNC is about 5ms;
-
Signalling duration between SGSN and NodeB is about5ms
Then T3 = 2*Ta + 2*Tb + 2*Tc + Td + 2*Te + 2*Tf + 2*Tg + 2*Tf = 294ms
T4: service interruption time.
In [4], it is said that:

c)
The interruption time during a handover of real-time services between E-UTRAN and UTRAN is less than 300 msec
d)
The interruption time during a handover of non real-time services between E-UTRAN and UTRAN should be less than 500 msec

e)
The interruption time during a handover of real-time services between E-UTRAN and GERAN is less than 300 msec
f)
The interruption time during a handover of non real-time services between E-UTRAN and GERAN should be less than 500 msec
So here Service interruption time is estimated as 400ms

T5: time for CS call establishment in established RRC connection in GERAN. 
A normal CS call establishment procedure is estimated as 3.5s not including AKA procedure. The time for CS call establishment in established RRC connection in GERAN has almost the same duration of a normal CS call establishment time.
Then the total latency is:
T1+T2+T3+T4+T5 = 5.7s. And has additional 2.2s latency.
2.1.2
MO in Idle, PS handover to GERAN
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Fig-3:
MO in Idle, fallback to GERAN
Fig-3 illustrates that a UE in idle mode originates a voice call, and PS handover to GERAN system.

T6: RRC connection establishment time in LTE.
According to [3], T6 is less than 100ms. For convince, here assuming T6 is 100ms.

T2/T3/T4/T5: have the same meaning and the same figure with Fig-1.
Then the total latency is:

T6+T2+T3+T4+T5 = 5.8s. And has additional 2.3s latency.
2.1.3
MT in Active, PS handover to GERAN
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Fig-4
MT in Active, fallback to GERAN
Fig-4 illustrates that a UE which has an ongoing PS service in LTE system receiving a CS call paging, and PS handover to GERAN system.

T7: time for paging in active mode.
Processing time in MME: less than 10ms; 
Signalling time from MME to eNB is about 2~15ms [3], here assuming it is about Tc = 8ms;
Processing time in eNB: less than 5ms;
Then T7 = 210ms +8ms + 5ms = 23ms.
The total latency: T7+T2+T3+T4+T5 = 5667ms. And has additional 2.2s latency.
2.1.4
MT in Idle, PS handover to GERAN
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Fig-5
MT in Idle, fallback to GERAN
Fig-5illustrates a UE in idle mode receives a CS call paging, and PS handover to GERAN system.

T8: time for paging in idle mode.
Processing time in MME: less than 10ms;

Signalling time from MME to eNB is about 2~15ms [3], here assuming it is about Tc = 8ms;

Processing time in eNB: (DRX duration)/2 + radio scheduling time.

In LTE system, the UE specific DRX is defined as 320ms/ 640ms/ 1280ms/ 2560ms. For different DRX, the paging time is different. For convenience, here assuming the DRX duration is 1280ms typically. Then the Processing time in eNB is:
Processing time in eNB = (DRX duration)/2 + radio scheduling time = 1280ms/2+1ms = 641ms. 
Then T8 = 10ms +8ms + 641ms = 659ms.
The total latency: T8+T1+T2+T3+T4+T5 = 6303ms. 
Considering that the DRX in GERAN is typically 1200ms, the paging time in GERAN is about 600ms.
The additional latency is 2.1s.
2.1.5
NACC to GERAN
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Fig-6
NACC to GERAN
If PS handover or DTM is not supported in GERAN, NACC mechanism shall be applied for CS fallback.

T9: time for cell reselection.
Duration for RRC signalling: 3ms;
Duration for eNB processing: 4ms;

Duration for UE processing: 3ms.
Then T9 = 3ms*2+4+3 = 13ms
T10: time for call establishment in GERAN. 
It is a normal CS call establishment procedure, and is estimated as 3.5s not including AKA procedure. 
If MO in active mode NACC to GERAN, the total time is T2+T9+T10 = 5s. Additional 1.5s latency due to CS fallback is introduced.
If MO in Idle mode NACC to GERAN, the total time is T6 + T2+T9+T10 = 5.1s. Additional 1.6s latency due to CS fallback is introduced. 
If MT active mode NACC to GERAN, the total time is T7+ T2+T9+T10 = 5s. Additional 1.5s latency due to CS fallback is introduced.
If MT idle mode NACC to GERAN, the total time is T8+ T6+T2+T9+T10 = 5.7s. Additional 1.5s latency due to CS fallback is introduced.
2.1.6
MO in Active, PS handover to UTRAN

[image: image8.emf]UE MSC MME RNC eNB

2. Measurement Control

1. CS call Request

4. MEASUREMENT REPORT

8. RADIO BEARER RECONFIGURATION

T1

5. PS handover preparation phase

3. IRAT Measurement

6. MOBILITY FROM E-UTRA COMMAND

T2

T3

T4

7. interruption time

T11

9. CS call establishment procedure on established RRC connection


Fig-7
MO in Active, fallback to UTRAN
Fig-7 illustrates that a UE which has an ongoing PS service in LTE system originates a voice call, and PS handover to UTRAN system.

T11: time for call setup on established RRC connection in UTRAN system.
According to our investigation, the whole Call setup procedure needs about 2 s in UMTS, including RRC Connection setup duration, which needs about 460ms [8]. In this case, since RRC Connection has established, then the duration for RRC Connection establishment can be deducted, then T11 = 2s – 460ms =1.54s
The time of the neighbour cell search is not included in the measurement time. For a neighbour UTRAN cell, T2 should be appended with 800ms or so.
The total latency: T1+T2+T3+T4+T11 = 3.74s. Additional 1.74s latency due to CS fallback is introduced.
2.1.7
MO in Idle, PS handover to UTRAN
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Fig-8
MO in Idle, fallback to UTRAN
The total latency: T6+T2+T3+T4+T11 = 3.84s. Additional 1.84s latency due to CS fallback is introduced.
2.1.8
MT in Active, PS handover to UTRAN
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Fig-9
MT in Active, fallback to UTRAN
The total latency: T7+T2+T3+T4+T11 = 3.74s. Additional 1.74s latency due to CS fallback is introduced.
2.1.9
MT in Idle, fallback to UTRAN

[image: image11.emf]UE

MSC MME

RNC eNB

3. Paging+ measurement control

T8

4. The same procedure with MO in Idle, fallback to UTRAN

T1+T2+T3+T4+T11

2. CS paging

1. CS paging


Fig-10
MT in Idle, fallback to UTRAN
The total latency:T8+T2+T3+T4+T11 = 4.34s. 
Since DRX in CS domain in UMTS system is 1280ms, paging time in UMTS is also about 650ms, then the additional 1.68s latency due to CS fallback is introduced.
2.1.10 Summarization and Conclusion
Table-1
Summarization on latency
	NO.
	Use case
	Total latency (s)
	Additional latency due to CS fallback (s)

	1
	MO in Active, PS handover to GERAN
	5.7
	2.2

	2
	MO in Idle, PS handover to GERAN
	5.8
	2.3

	3
	MT in Active, PS handover to GERAN
	5.7
	2.2

	4
	MT in Idle, PS handover to GERAN
	6.3
	2.1

	5
	MO in Active, NACC to GERAN
	5
	1.5

	6
	MO in Idle, NACC to GERAN
	5.1
	1.6

	7
	MT in Active, NACC to GERAN
	5
	1.5

	8
	MT in Idle, NACC to GERAN
	5.7
	1.5

	9
	MO in Active, PS handover to UTRAN
	3.74
	1.74

	10
	MO in Idle, PS handover to UTRAN
	3.84
	1.84

	11
	MT in Active, PS handover to UTRAN
	3.74
	1.74

	12
	MT in Idle, PS handover to UTRAN
	4.34
	1.68


Conclusion:
· PS handover to GERAN will cause around 2.2s additional latency;
· NACC to GERAN will cause around 1.5s additional latency;

· PS handover to UTRAN will cause around 1.7s additional latency;

· Since the IRAT measurement performance for GERAN is not determined in RAN4, here assumes IRAT measurement for GERAN takes shorter or the same time with UTRAN. If GERAN measurement needs more time. The latency shall be longer.
2.2 
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-11:
Redirection using RRCConnectionRelease
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Fig-12:
NACC solution
2.2.1 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 2 seconds or so are needed. 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.

2.2.2 Comparison of signalling overhead:

By comparing these two signaling flows, it can be seen 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.

With respect to processing load, NACC needs to do some SMC process, which is not needed by Redirection using RRCConnectionRelease solution.

2.2.3 Conclusion：

- On latency: If the target cell is a GERAN cell, Redirection using RRCConnectionRelease has about 2.16s（2s + 160ms）latency compared with NACC; If the target cell is a UTRAN cell, Redirection using RRCConnectionRelease has about 240~320ms latency compared with NACC.
- On savings of signalling overhead: Redirection using RRCConnectionRelease solution has a little bit savings of signalling overhead than NACC solution.
2.3 
TA/LA mapping
2.2.1
Why is it difficult for TA/LA mapping?

It is still FFS on how TA/LA mapping; in fact, exact TA/LA mapping is difficult to achieve for the following reasons:
· A TA may map to multiple LAs: 
Fig-11 illustrates the case one TA may overlap on multiple LAs. In this case, when a UE attaches or performs TAU procedure in one LTE TA, it is difficult to decide which LA the UE locates in, and as a consequence, difficult to map the TA into a certain LA and difficult to decide the certain MSC/VLR by TAI. Then as a result, the UE may attach a wrong MSC/VLR.
In general, since TA/LA is planed in each network separately, this case may be very often.
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Fig-13
TA/LA mapping
· TA list concept;

TA list concept is introduced in LTE/SAE system. When a UE performs an Attach/TAU procedure, UE may be granted a list of TA, and when UE moves in all these TA, no TAU procedure is needed. It cause more difficult to decide a LA for UE registration from TAI.
TA list concept cause more inaccurate of LA/TA mapping.
· SON for TA optimization.
In LTE system, Tracking Area may be optimized by SON, which means Tracking Area may be changed dynamically. This gives additional difficult of TA/LA mapping.
2.2.2
The possible solution for TA/LA mapping
Since LA/TA mapping is not accurate in this solution, the target MSC/VLR which UE will send CM service Request message to may be not its served MSC/VLR.
To address this question, it is supposed that UE will send the L3 message (CM service request for MO, Paging response for MT) directly to the target MSC/VLR regardless if the target MSC/VLR is the served MSC/VLR. 
-
If the target MSC/VLR is the served MSC/VLR and the target LAI is the same with LAI stored in UE itself, this is OK;

-
If the target MSC/VLR is the served MSC/VLR and the target LAI is different with LAI stored in UE itself, a LA update procedure is needed after the call establishment. 

-
If the target MSC/VLR is different with Served MSC/VLR, 

-
For originating call, the target MSC/VLR can reject the CM service Request, and then UE shall initiate a LA update procedure.
-
For terminating call, the target MSC/VLR can reject the Paging response, and then a roaming retry procedure is needed [5] [6].
The signalling procedure can be illustrates as following:
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Fig-14
misaligned LAs/TAs for MO
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Fig-15
misaligned LAs/TAs for MT
2.2.3
The additional latency due to TA/LA mapping

T12: time for LA update; 
Time for a round of CM service request/reject needs about 150ms;
Time for Location update in active mode needs about 500ms;

Then the T12 = 150m+500ms = 650ms

T13: time for roaming retry;
It is roughly estimated as 3s. The annex gives a signaling flow of roaming retry.
Conclusion:

In some area, if MSC changing occur due to LA/TA misaligning when a CS call occurs, then some additional latency introduced.
2.4 
Some other performance considerations
Additional latency causes more power consumption, more radio resource occupying and more signaling load. In the following case this performance becomes more outstanding:
No answer case
If there is no answer for terminating call, the UE also has to fallback to 2G/3G system, and then back to LTE system.

Hung up the terminating call

If a user doesn’t want to answer the terminating call, he/she may hang up the call. But according to this solution, UE has to fallback to 2G/3G first. And then back to LTE system.

2.3.1
Radio resource occupation
Long access time means more radio resource occupying. From the investigation above, we can see that there needs at least 1.8s (T6+T2+T3) additional time for CS fallback, it is the same duration of a TAU procedure (it is estimated that a TAU procedure needs 1.5~2s in idle mode). We take much effort to reduce radio resource occupying and signalling load in LTE system such as ISR, TA optimization…, but CS fallback counteracts all these effort.
2.3.2
Power consumption
Based on the same reason mentioned in 2.3.1, Long access time means more Power consumption. Besides that, when the UE back to LTE system, an additional IRAT measurement is also needed, which needs more power consumption.
2.3.3 PS Service continuity
If a user doesn’t want to answer the terminating call, he/she may hang up the call. But according to this solution, UE has to fallback to 2G/3G first. If there is an ongoing PS service and DTM is not supported in target GERAN system, fallback to GERAN will release the PS service. Then the service continuity is broken.
3．Conclusion

We have given some performance analysis for CS fallback in this contribution, especially from latency point of view. From this analysis, we can see that:
· CS fallback will introduce 1.5 s~2.2 s additional latency compare to a normal CS call;
· The IRAT measurement time is the main factor of this additional latency.

Therefore we suggest that:

· We shall try to minimize the IRAT measurement time to deduce the latency.
· 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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Annex：Roaming retry signalling flow:

The following gives the roaming retry signalling flow, which is abstracted from section 5.2.1 in 3GPP TS23.018.
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