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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 discussion for this solution from RAN2 perspective.
2．Discussion
This section discuss the latency, power consumption, radio resource occupying and signalling load, and service continuity of SA2 CS fallback solution.
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.
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:

- Gap = 6ms in each 40ms period.
- For each gap, assuming 2*0.5 ms for implementation margin. [7]
- There has 1 frequency layer in UTRAN.
- In general, a UTRAN cell has 15~18 UTRAN neighbour cells; here assuming a LTE cell also has 15~18 neighbour UTRAN cells and 15~18 GERAN neighbour cells;
- According to [7], UE physical layer shall be capable of reporting 6 inter-frequency cells measurements to higher layers with the measurement period.
Then the measurement period is [7]:
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TMeasurement_Period UTRAN_FDD = Max {480ms, 50*480/60*1} = 480ms;
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.
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. But it is estimated that about 4~12s for a UTRAN cell measuring all neighbour GERAN cells. Here assuming it takes the same time with UTRAN measurement.
Assuming that GERAN neighbour cells and UTRAN neighbour cells can be measurement in parallel, and measurement filter is not applied in this case, then T2 is the 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 = 640ms/2+1ms = 321ms. Here assuming the DRX duration is 640ms (here assuming DRX duration is 640ms).
Then T8 = 210ms +8ms + 321ms = 339ms.
The total latency: T8+T1+T2+T3+T4+T5 = 5983ms. The additional latency is 2.4s.
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 = 5.4s. Additional 1.8s latency due to CS fallback is introduced.
2.1.6
MO in Active, PS handover to UTRAN
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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, 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 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
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Fig-10
MT in Idle, fallback to UTRAN
The total latency:T8+T2+T3+T4+T11 = 4.04s. Additional 2.04s 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
	2.5

	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
	5.4
	1.8

	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
	4.04
	2.04


Conclusion:
· PS handover to GERAN will cause around 2.3s additional latency;
· NACC to GERAN will cause around 1.6s additional latency;

· PS handover to UTRAN will cause around 1.6s additional latency;

· Since the IRAT measurement performance for GERAN is not determined in RAN4, here assumes IRAT measurement for GERAN takes the same time with UTRAN. If GERAN measurement needs more time. The latency shall be longer.
2.2 
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-11
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 wiil 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-11
misaligned LAs/TAs for MO
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Fig-12
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.
2.3

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:
SMS Service:

When a user sends out or receives a short message, according to this solution, the UE has to fallback to 2G/3G network. And then after SMS service, the UE has to back to LTE system.
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Fig-13 SMS service use case

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
Power consumption

When UE fall back to 2G/3G system, an IRAT measurement is needed, and when UE back to LTE system, UE has to do another IRAT measurement, which cause additional power consumption.
Considering that SMS is a very popular service and is used very frequently, it is estimated that there are more than 17 billion SMS in china spring festival, and statistics show that there are 600 billion SMS in 2007 in china; power consumption is remarkable in this case. 
Other use cases also introduce a little power consumption.
2.3.2
Radio resource occupying

Long access time means more radio resource occupying. From the investigation above, we can see that there needs at least 1.4s (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 more effort to reduce radio resource occupying and signalling load in LTE system such as ISR, TA optimization…, but CS fallback counteracts all these effort.
2.3.3 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 a 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:
· PS handover to GERAN will cause around 1.9s additional latency;

· NACC to GERAN will cause around 1.2s additional latency;

· PS handover to UTRAN will cause around 1.2s additional latency;
· Some additional energy consumption, additional radio resource occupying additional signaling load is introduced due to CS fallback;

· PS Service continuity may be not guaranteed in some cases of CS fallback.
Therefore we suggest that:

· RAN2 decides if the performance is acceptable from RAN2 point of view.
· If it is not acceptable then we should consider if RAN2 should try to optimize the latency and energy consumption.
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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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GMSC

HLR

Old VMSC/VLR

New VMSC/VLR

MS

SRI (B, GMSC@,call Ref.,Roaming retry)1

PRN (call ref.,GMSC@, Roaming retry)2

PRN ACK (MSRN)

SRI ACK

IAM (MSRN)

Paging

LocUpdate

Authentication Procedure

Update Location

Cancel Location3

Cancel Location Ack

RCH (call reference, roaming retry) 4

Insert Subscriber Data (multiple)

Insert Subscriber Data (continued)

Update Location Ack

Further procedures related to location update. E.g. ciphering, TMSI reallocation.

PRN

New VMSC/VLR may delay setup until location update procedure finishes.8

PRN ACK (MSRN’)7

IAM (MSRN’)

LocUpdate Accept

TMSI Realloc Cmplt

Setup

Call Confirmed

Normal MT call procedure follows.

Old MSC stops paging timer and inform GMSC

2nd SRI ACK (MSRN’)7

2nd SRI (B, basic call interrogation)5

REL

ACK

RLC

HLR delays the sending of PRN until location update procedure finishes. 6








