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Abstract:
Considering the increasing interest by the operator community about CSFB and its deployment as the first option for voice on LTE, we think that it is important to highlight the performance aspects in particular, the impact of call set-up time longer than GSM/UMTS R99 CS calls on the end-user experience and their perceptions of LTE voice quality. We propose to discuss the implications of not taking  the opportunity - in the time left for Rel-9 – to look at sensible optimizations to make Rel-8/Rel-9 CSFB a fully satisfactory option.
1. Introduction
3GPP has specified two voice solutions for LTE, one solution based on IMS/MMTel and a second solution called Circuit Switched Fallback (CSFB). 

CSFB enables fallback from E-UTRAN access to GERAN/UTRAN CS domain access and to CDMA 1x RTT CS domain access, and then the reuse of voice and other CS-domain services (e.g. CS UDI video / SMS/ LCS / USSD) available on legacy CS domain.

Considering the increasing interest by the operator community about CSFB and its deployment as the first option for voice on LTE, we think that it is important to highlight the performance aspects in particular, the impact of call set-up time longer than GSM/UMTS R99 CS calls on the end-user experience and their perceptions of LTE voice quality. We propose to discuss the implications of not taking  the opportunity - in the time left for Rel-9 – to look at sensible optimizations to make Rel-8/Rel-9 CSFB a fully satisfactory option.

Why do we consider Rel-9 here rather than Rel-10? We think CSFB will be deployed in early LTE roll-out, and may not be considered as a long term solution i.e. a feature that will require enhancements over releases. We believe that Rel-10 would probably miss the market window of CSFB optimization.
According to our analysis (see next section), the call setup time using CSFB to GERAN/UTRAN would be longer than that of native 2G and 3G CS Call Setup by several seconds. Such delay is clearly visible to the end user and will have negative impact on not only LTE voice service but also  the  LTE overall.

Discussion happened in SA2 last month on enhancing CSFB performances – trigerred by [1] – the discussion has shown a clear interest from many companies including operators but at this stage of Rel-9 and without guidance from SA this work is expected to head toward Rel-10. 
Similar discussion on enhancing CSFB performances happened in RAN2 last month, the discussion focused on the measurement aspects - please refer to [2] and [3] for more details. Note that in our analysis below we have assumed that certain measurement optimizations would be agreed otherwise the overall connect time has to be increased by additional several seconds.
2. Performance Analysis
We found that in CSFB to GERAN/UTRAN the call setup time would be longer than that of native 2G/3G CS Call Setup because the UE should perform additional 4 Steps:
1. Access LTE network to inform to do CSFB
2. LTE preparation for CSFB (i.e. PS HO, NACC or RRC Redirection)
3. Acquire and synchronize UTRAN or GERAN
4. In some case initiate Roaming Retry procedure (when there is TA/LA misalignment)
Inter RAT processing i.e. steps 2, 3 and 4 above are the dominant contributors of CSFB call set-up time increase (see annexes A and B for more details)
E.g. in figure 2-1 below, step 1 in YELLOW; step 2 in LIGHT BLUE&REDorPINK, step 3 in GREEN
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Figure 2-1 UTRAN MO Case (No Roaming Retry)         Figure 2-2 GERAN MO Case (No Roaming Retry)
All the steps are done in sequence as shown in the figures above thus the additional steps that are required for CSFB to GERAN/UTRAN are simply added on top of a native CS call, there is no optimization considered here. But and as an example if we adopt a similar principle as for CSFB to 1xRTT and SRVCC and allocate CS resources before or in parallel of the handover to GERAN/UTRAN we would get a significant gain on the overall call set-up time.
a. Fallback to UTRAN Case
Here below is an extract from the details analysis given in the Annex A of this document

For Native UTRAN i.e. the UE is camped on UTRAN in idle mode, a typical Mobile Originating (MO) CS call set-up time is around 2.5 seconds while for Mobile Terminating (MT) CS call set-up time is around 3.1 seconds.
For CSFB when using PS-HO, CS call set-up time would increase to 4.4 seconds and 5 seconds respectively for MO and MT.
For CSFB when using RRC release, CS call set-up time would increase even further to 5.6 seconds and 6 seconds respectively for MO and MT.
b. Fallback to GERAN Case

Here below is an extract from the details analysis given in the Annex B of this document

For Native GERAN i.e. the UE is camped on UTRAN in idle mode, a typical Mobile Originating (MO) CS call set-up time is around 2.4 seconds while for Mobile Terminating (MT) CS call set-up time is around 3 seconds.
For CSFB when using PS-HO, CS call set-up time would increase to 3.8 seconds and 4.2 seconds respectively for MO and MT.
For CSFB when using NACC, CS call set-up time would increase to 4.9 seconds and 5.3 seconds respectively for MO and MT.
For CSFB when using RRC release, CS call set-up time would increase even further to 6.4 seconds and 6.8 seconds respectively for MO and MT.
c. Conclusion

Based on the above, we can see that Rel-8 CSFB to GERAN/UTRAN adds several seconds compared to 2G and 3G native CS calls – between 2 to 4 additional seconds - 

In our analysis we did not consider the additional time in the case a roaming retry procedure occurs i.e. depend where the UE is, there is a possible misalignment between 2G/3G Location Area and the LTE Tracking Area that can induce the UE to fall-back on non-CSFB capable MSC. 
As mentioned in the introduction part we also have assumed that certain measurement optimizations currently under discussion in RAN would be agreed otherwise the overall connect time has to be increased by an additional several seconds.
3. Proposal
We propose that SA grant an exception to SA2 for the next 3 months to look at possible and sensible optimizations for "CSFB to GERAN/UTRAN" with the following focus:
· Changes that reduce the call set up time when falling back to GERAN and UTRAN,

· Changes would be allowed on Rel-9 but such changes should remain backward compatible with Rel-8,

· Changes should be reasonably simple that would ensure stage 3 completion in a timely manner. 

4. References
[1] S2-095143 “CSFB optimization based on SRVCC”, Huawei, China Unicom, SA2#75, Kyoto, Japan.
[2] R2-093711 “Measurement for CS fallback”, Qualcomm, RAN2#66bis, Los Angeles, US.
[3] R2-094514 “Analysis of CS fallback”, Ericsson, ST-Ericsson, RAN2#67, Shenzhen, China.
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Annex A: Performance Analysis: UTRAN Case
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Figure 5-1 CSFB Setup Time Analysis – UTRAN Case in idle mode 

Editor Notes: 

· SRVCC solution means CSFB solution based on SRVCC procedure as optimized CSFB solution – as proposed in [1] -
· PS HO case means Rel-8 CSFB solution based on PS HO procedure as specified in TS 23.272
· RRC Release case means Rel-8 CSFB solution based on RRC redirection procedure as specified in TS 23.272
(1) PS HO and UTRAN Traffic Channel (Tch) assignment in parallel 
· PS HO Procedure and UTRAN Tch assignment (i.e. SRVCC PS to CS HO) are executed in parallel, so MAX (260, 350) will be used when calculating total CSFB connect time.

(2) Assumption for Page Cycle
· LTE Page Cycle: 1.28sec/16 paging UE ID

· UTRAN Page Cycle: 1.28sec/8 paging UE ID (i.e. DRX cycle=(2^7)*10ms=1280ms where K is configured to 7)

· Considered as average time of above as well as the number of paging UE ID:

· Assume average EPC paging Reception time = 1.28/2=0.64sec

· Assume average UETRAN paging Reception time = 1.28/2=0.64 sec

(3) Assumption for Measurement
· It is assumed here that sort of optimization for Measurement for CS fallback will be done in future (e.g. continuous gap or longer gap lengths or using DRX to do measurement).
· For the simplicity of discussion, we directly refer to [2] and [3] about measurement in case of continuous gap for CSFB measurement. 

· Please refer to [5] and [6] and [7] for Measurement Gaps for Inter-RAT measurements.
Also note that we assume that no authentication and ciphering procedure is used for UTRAN native call. However, in practice, those two procedures may be needed, which will add 2 seconds.
Also, since the UE is camping on LTE, after UE retuning to UTRAN by SRVCC PS to CS HO procedure, the authentication and ciphering procedure has been executed in E-UTRAN side and does not need to be executed in UTRAN side any more, not like the native 2/3G native call.
For example, in Table 5.1 above, 4440ms+2000ms=6440ms, 5600ms+2000ms=7600ms for PS HO case and RRC Release case, respectively.
Note that Roaming Retry procedure is not included when calculating total Rel-8 CSFB connect time. If Roaming Retry occurs, about additional 2 seconds has to be added to Rel-8 CSFB connect time. 

For example, in second table for MT case, 5080ms+2000ms=7080ms, 6040ms+2000ms=8040ms for PS HO case and RRC Release case, respectively.
Annex B: Performance Analysis: GERAN Case
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Figure 5-2 CSFB Setup Time Analysis –GERAN Case in idle mode 
Editor Notes: 

· SRVCC solution means CSFB solution based on SRVCC procedure as optimized CSFB solution – as proposed in [1] -
· PS HO case means Rel-8 CSFB solution based on PS HO procedure as specified in TS 23.272
· NACC case means Rel-8 CSFB solution based on NACC procedure as specified in TS 23.272
· RRC Release case means Rel-8 CSFB solution based on RRC redirection procedure as specified in TS 23.272
 (1) PS HO and GERAN Traffic Channel (Tch) assignment in parallel 

· PS HO procedure and GERAN Tch assignment (i.e. SRVCC PS to CS HO) are executed in parallel, so MAX (280, 350) will be used when calculating total CSFB connect time.

(2) Assumption for Page Cycle
· LTE Page Cycle: 1.28sec/16 paging UE ID
· GERAN Page Cycle: 1.44sec/4 paging UE ID (i.e. 6×51×（120/26）ms = about 1440 ms where BS_PA_MFRMS is configured to 6)

· Considered as average time of above as well as the number of paging UE ID:

· Assume average EPC paging Reception time = 1.28/2=0.64 sec

· Assume average GERAN paging Reception time = 1.44/2 =0.72 sec
(3) Assumption for Measurement
· It is assumed here that sort of optimization for Measurement for CS fallback will be done in future (e.g. continuous gap or Longer gap lengths or using DRX to do measurement )

· For the simplicity of discussion, we directly refer to [4] about measurement in case of continuous gap for CSFB measurement
· Please refer to [5] and [6] and [7] for Measurement Gaps for Inter-RAT measurements

Note that we assume that no authentication and ciphering procedure is used for GERAN native call. However, in practice, those two procedures may be needed, which will add 2 seconds.
Also, since the UE is camping on LTE, after UE retuning to GERAN by SRVCC PS to CS HO procedure, the authentication and ciphering procedure has been executed in E-UTRAN side and does not need to be executed in GERAN side any more, not like the native 2/3G native call.
For example, in Table 5.2 above, 3770ms+2000ms=5770ms, 4900ms+2000ms=6900ms, 6400ms+2000ms=8400ms for PS HO case and RRC Release case, respectively.

Also note that Roaming Retry procedure is not included when calculating total Rel-8 CSFB connect time. If Roaming Retry occurs, about additional 2 seconds has to be added to Rel-8 CSFB connect time. 

For example, in second table for MT case, 4210ms+2000ms=6210ms, 5340ms+2000ms=7340ms, 6840ms+2000ms=8840ms for PS HO case and NACC case and RRC Release case, respectively.
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		MO case		Ext SR Procedure		Measurement		PS HO procedure		RRC Release procedure		Tune to UTRAN		URTAN  Tch Assignment		TOTAL

		UTRAN  native mode		0		0		0		0		0		2500		2500ms

		SRVCC  solution		150		1400		260		0		130		350		2030ms

		PS HO Case		150		1400		260		0		130		2500		4440ms

		RRC Release Case		150		1400		0		50		1500		2500		5600ms



		MT case		EPC Page Reception		UTRAN Page Reception		Ext SR Procedure		Measurement		PS HO procedure		RRC Release procedure		Tune to UTRAN		URTAN  Tch Assignment		TOTAL

		UTRAN  native mode		0		640		0		0		0		0		0		2500		3140ms

		SRVCC  solution		640		0		150		1400		260		0		130		350		2670ms

		PS HO Case 		640		0		150		1400		260		0		130		2500		5080ms

		RRC Release Case		640		0		150		1400		0		50		1500		2500		6040ms













































































Chart1


			UTRAN  native mode			UTRAN  native mode			UTRAN  native mode			UTRAN  native mode			UTRAN  native mode			UTRAN  native mode			UTRAN  native mode			UTRAN  native mode


			SRVCC  solution			SRVCC  solution			SRVCC  solution			SRVCC  solution			SRVCC  solution			SRVCC  solution			SRVCC  solution			SRVCC  solution


			PS HO Case			PS HO Case			PS HO Case			PS HO Case			PS HO Case			PS HO Case			PS HO Case			PS HO Case


			RRC Release Case			RRC Release Case			RRC Release Case			RRC Release Case			RRC Release Case			RRC Release Case			RRC Release Case			RRC Release Case





EPC Page Reception


UTRAN Page Reception


Ext Service Request Procedure


Measurement


PS HO procedure


RRC Release procedure


Tune to UTRAN


URTAN  Tch Assignment


0


2560


0


0


0


0


0


2300


1280


0


250


1400


0


0


130


350


1280


0


250


1400


260


0


130


2300


1280


0


250


1400


0


50


2600


2300





Sheet1


			MT case			EPC Page Reception			UTRAN Page Reception			Ext Service Request Procedure			Measurement			PS HO procedure			RRC Release procedure			Tune to UTRAN			URTAN  Tch Assignment			TOTAL


			UTRAN  native mode			0			2560			0			0			0			0			0			2300			4860


			SRVCC  solution			1280			0			250			1400			0			0			130			350			3410


			PS HO Case			1280			0			250			1400			260			0			130			2300			5620


			RRC Release Case			1280			0			250			1400			0			50			2600			2300			7880


																														7880
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			MO case			Ext Service Request Procedure			Measurement			PS HO procedure			RRC Release procedure			Tune to UTRAN			URTAN  Tch Assignment			TOTAL


			UTRAN  native mode			0			0			0			0			0			2500			2500


			SRVCC  solution			150			1400			0			0			130			350			2030


			PS HO Case			150			1400			260			0			130			2500			4440


			RRC Release Case			150			1400			0			50			1500			2500			5600
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			MT case			EPC Page Reception			UTRAN Page Reception			Ext Service Request Procedure			Measurement			PS HO procedure			RRC Release procedure			Tune to UTRAN			URTAN  Tch Assignment			TOTAL


			UTRAN  native mode			0			640			0			0			0			0			0			2500			3140


			SRVCC  solution			640			0			150			1400			0			0			130			350			2670


			PS HO Case			640			0			150			1400			260			0			130			2500			5080


			RRC Release Case			640			0			150			1400			0			50			1500			2500			6240





&L&G&C&F&RSecurity Level:


&L&D&CHUAWEI Confidential&RPage&Pof&N





Sheet1


			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0





EPC Page Reception


UTRAN Page Reception


Ext Service Request Procedure


Measurement


PS HO procedure


RRC Release procedure


Tune to UTRAN


URTAN  Tch Assignment





Sheet2


			





&L&G&C&F&RSecurity Level:


&L&D&CConfidential Information of Huawei. 
No Spreading without Permission&RPage&Pof&N





Sheet3


			





&L&G&C&F&RSecurity Level:


&L&D&CConfidential Information of Huawei. 
No Spreading without Permission&RPage&Pof&N











HUAWEI




HUAWEI








0 10000


UTRAN 


native


mode


PS HO


Case 


EPC Page Reception


UTRAN Page Reception


Ext Service Request Procedure


Measurement


PS HO procedure


RRC Release procedure


Tune to UTRAN


URTAN  Tch Assignment


0 2000 4000 6000


UTRAN  native mode


SRVCC  solution


PS HO Case 


RRC Release Case


0 2000 4000 6000 8000


UTRAN  native mode


SRVCC  solution


PS HO Case 


RRC Release Case





_1311746698.vsd
 


0


1000


2000


3000


4000


5000


6000(ms)


UTRAN  native mode


PS HO Case 


RRC Release Case


0


1000


2000


3000


4000


5000


6000


7000(ms)


GERAN  native mode


PS HO Case 


NACC Case


RRC Release Case


Extended Service Request  Procedure


Measurement


PS HO procedure


RRC Release procedure


Tune to GERAN/UTRAN


GERAN/UTRAN Tch Assignment




