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1. Introduction

The present discussion on CSFB enhancements has been triggered by Vodafone’s discussion paper S2-100550, which raises some concerns on the performance of the CSFB procedures. That paper discusses various proposals for CSFB enhancement in Rel. 9.  Several other proposals to enhance CSFB have been discussed also earlier in SA2 but were not agreed for Rel. 9 in SA2.
Since the main goal of these proposals is to reduce the call set-up latency for CSFB, this document tries to shed some light on what is the current call set-up delay of CSFB to GERAN/UTRAN in comparison  to native call setup latency from GERAN and UTRAN. We discuss the main sources of delay, and provide an assessment of what can be gained from optimizing certain parts of the CSFB procedure. 
Various CSFB enhancement proposals from Qualcomm and other companies are reviewed, and an estimate of the delay reduction is given.
2. Estimation of CSFB call set-up delay 
It is a main point of contention  whether or not CSFB will represent an acceptable  voice solution for LTE  in terms of voice call set-up delay. This section provides an estimation of mobile-originated (MO) call set-up delay for CSFB to UTRAN and CSFB to GERAN, and a comparison with the “native” call setup latencies when setting up MO calls from UTRAN and GERAN. 

The intention is to clarify as to where CSFB is standing now with regards to call latency and to show the sources of delay that could be improved, and how much gain an optimization would potentially bring. 
2.1 CSFB to UTRAN

Table 1 lists the various parts of the native and CSFB call-setup procedures and their contribution to the overall delay in the UTRAN case. Both types of CSFB are considered, CSFB based on PS Handover and CSFB based on RRC release. It is assumed that LAU is not required in the CSFB procedures, and that no roaming retry is necessary. 
In Table 1 the largest individual contribution denoted “End-to-end NAS procedures” refers to the actual CS call setup procedure, starting with the CM Service Request message (or equivalent message in case of PSHO based procedure) and ending with Connect Acknowledge message. The largest portion of this contribution is due to call setup procedure between sending of the ISUP Initial Address message (IAM) and reception of the Address Complete Message (ACM) by the MSC.
The amount of this delay contribution depends on the call scenario, (mobile-to-land, mobile-to-mobile) and network deployment. The shortest call setup latency can be achieved in the mobile-to-land call scenario. The larger call setup values occur in mobile-to-mobile scenarios with change of RAT (3G mobile to 2G mobile) and with change of operator. 

It can be further observed that in case of CSFB based on PS HO, call set-up delay is similar or even slightly better than for native call setup in UTRAN. This is due to the fact that the time required for UTRAN RRC connection setup is saved and reading of system information is not necessary.

In the case of CSFB based on RRC release, a main cause of delay is the need to read the system information in UTRAN, which takes typically 1.3 seconds.  Note that we assume SIB7 can be read in parallel with SIB1, SIB3 and SIB5, and does not add delay. Also, we think inter-RAT measurement is not necessary in the case of CSFB based on RRC release.  
The estimation of delay for E-UTRAN Idle to Active Transition and Extended service request procedure is actually quite pessimistic. 
Table 1: Delay budget for native call setup and CSFB to UTRAN
	Sub-procedures
	native call setup from UTRAN
latency [ms]
	PS HO case
latency [ms]
	RRC release
latency [ms]

	E-UTRAN Idle to Active Transition
	0
	100
	100

	Extended service request procedure
	0
	150
	150

	Inter-RAT Measurement
	0
	320
	0

	PS HO procedure
	0
	400
	0

	RRC release procedure
	0
	0
	50

	Tune to UTRAN
	0
	0
	150

	Read MIB
	0
	0
	100

	Read SIB1, SIB3, SIB5
	0
	0
	1280

	Read SIB7 (access parameters)
	320
	0
	0

	UTRAN RRC connection setup
	750
	0
	750

	End-to-end NAS procedures
	2000-5000
	2000-5000
	2000-5000

	Total
	3070-6070
	2970-5970
	4580-7580

	Difference between native and CSFB call setup
	
	-100
	+1510


From the delay analysis in Table 1 we can summarize the following observations:
Observation 1:
CSFB to UTRAN based on PS HO presents similar call set-up delay than a native call from UTRAN.

Observation 2: 
CSFB to UTRAN based on RRC release has around 1.5 seconds longer call set-up delay on average than a native call from UTRAN. The main source for delay is the need to read the system information. 
2.2. CSFB to GERAN
Table 2 shows our call set-up delay estimation for CSFB to GERAN, for the three specified CSFB types, based on PS HO, based on RRC release and based on RRC redirection with NACC. The assumptions are the same as for CSFB to UTRAN as described above.
In the case of CSFB to GERAN, in particular when based on PS HO or using NACC, the inter-RAT measurements becomes a major source of delay, which can contribute more than 2.5 seconds.

For the case of RRC release, although inter-RAT measurements can be skipped, reading the system information adds a delay of around 2 seconds.

Overall, CSFB to GERAN has an call set-up extra delay with respect to native GERAN of 2 seconds or more. 

Table 2: Delay budget for native call setup and CSFB to GERAN
	Sub-procedures
	native call setup from GERAN

latency [ms]
	PS HO case
latency [ms]
	RRC release
latency [ms]
	NACC
latency [ms]

	E-UTRAN Idle to Active Transition
	0
	100
	100
	100

	Extended service request procedure
	0
	150
	150
	150

	Inter-RAT measurement
	0
	2640
	0
	2640

	PS HO procedure
	0
	400
	0
	0

	RRC release procedure
	0
	0
	50
	50

	Tune to GERAN
	0
	0
	594
	94

	Read SI1 and SI3
	0
	0
	2000
	0

	GERAN Channel assignment
	1000
	0
	1000
	1000

	NAS procedures (M2M)
	2000-5000
	2000-5000
	2000-5000
	2000-5000

	Total
	3000-6000
	5290-8290
	5894-8894
	6034-9034

	Difference between native and CSFB call setup
	
	+2290
	+2894
	+3034


From the delay analysis in Table 1 we can summarize the following observations:
Observation 3: 
For PS HO case and NACC cases, inter-RAT measurement in CSFB to GERAN represent a major source of delay, it can add more than 2.5 seconds to the call latency. 

Observation 4: 
For CSFB to GERAN based on RRC release, reading the system information is the major source of delay (around 2 seconds).

Observation 5: 
All current types of CSFB to GERAN have an average call set-up delay which is 2 or more seconds longer than in case of a native call from GERAN.  

3. CSFB enhancements and estimated delay reduction

In this section, some potential CSFB enhancement proposals are discussed.
3.1 Sending system information in RRC release

At RAN2#68bis (R2-100528) NTT DoCoMo has proposed to include the system information of a single UTRA FDD cell into the RRC Connection Release message. This would save the need to read the SIB information once camping in UTRAN. 
Since reading SIB1, SIB3 and SIB5 can take around 1.3 seconds, this proposal has potential for substantial  delay saving. However, limiting it to one single cell is probably too restrictive, since the eNB has to blindly select a UTRA cell to provide the system information. This works in the case where E-UTRA and UTRA cells are collocated and provide similar coverage.  If the coverage area of the source cell is larger than that of the target cell, call drops would occur frequently. To prevent this, SIB information for all target cells in the coverage area of the source cell should be provided.
We propose to extend the original proposal from NTT DoCoMo and allow the eNB to send the system information of multiple UTRA cells in the same frequency can be included in the RRC Connection Release message. The UE then only needs to identify which cell it has selected and use the corresponding system information.  Networks that decide to select one cell and include it in the RRC Connection Release (NTT DoCoMo’s proposal), can still choose to do so. 

Conclusion 1:
We propose that the system information of one or multiple UTRA cells in the same frequency is conveyed to the UE by the eNB. This can be included in the RRC Connection Release message. This can reduce call set-up delay by around 1 second.
3.2 LAU in CSFB issue analysis
In S2-100550, a series of possible optimizations regarding LAU avoidance in CSFB have been proposed. Our understanding of the problem is depicted in Figure 1. 

On a typical deployment, a location area will cover a greater geographical area than a tracking area. Therefore it is very likely that one location area spans multiple tracking areas. A possible LAI/TAI misalignment can occur at the E-UTRAN cells at the location area borders. Even with careful radio network planning, exact LAI/TAI alignment cannot be achieved due to the fact that different frequency bands for different RATs may be used, eNB’s may not be co-located with 2G/3G base stations, the tx power of BTS/NB/eNB may be different. For example, in Figure 1 the yellow E-UTRAN cells belonging to TA5 and TA3 would be mapped to LA1. However, these E-UTRAN cells overlap partly with 2G/3G cells belonging  to LA1 and cells belonging to LA2. It is therefore possible that while LA1 is stored in the UE, it may select a cell belonging to LA2 when performing CSFB. This would force the UE to perform a LAU before initiating the call setup, adding to the total call set-up latency. 
This problem arises at LA boundaries only. Therefore the fraction of UEs having to actually perform LAU in CSFB still should be rather small if the geographical area covered by the LA is large. 

In S2-100550, Vodafone has estimated that for CSFB to GERAN due to a MO call, the expected additional delay introduced by a LAU is at least 470 ms, and would be less in the case of MT calls.  We have conducted some quick measurements in both UTRAN and GSM networks. We found that LAU procedures starting with LAU request and ending with LAU accept typically require 600 ms in UTRAN when Identity check and Authentication are skipped. With Identity check and Authentication applied, a LAU takes around 2 seconds.  For GSM the measured delay for LAU with Identity check and Authentication can take up to around 2.4 seconds.
Conclusion 2:
The probability of performing LAUs in CSFB procedures is rather small. The additional delay created by a LAU relative to the overall call latency is acceptable when identity check and authentication can be avoided.  We believe therefore that for Rel. 9 it should be sufficient to consider just solutions that reduce the probability of performing identity check and authentication for CSFB users.
For CSFB based on PS HO there are other approaches to speed-up the latency of LAU procedures, e.g. by embedding the LAU into the CSFB procedure and implementing it as a type of a MME triggered LAU procedure over the SGs interface. However, such concepts require changes of NAS messages and should therefore be considered for Rel. 10 only.
Conclusion 3:
MME triggered LAUs, or other LAU optimizations, targeting at minimizing the contribution of LAUs to the overall call set-up delay should be discussed for Rel. 10.    
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Figure 1: Tracking area / location area misalignment

4. Conclusions

CSFB enhancements for Rel. 9 should focus on closing the gap between call set-up delay for CSFB and for native 2G/3G calls.  

CSFB based on PSHO to UTRAN presents similar call setup latency as native call setup in UTRAN when LAU is not required.
CSFB to UTRAN based on RRC release takes roughly 1.5 seconds longer on average than native call setup in UTRAN. However, this gap can be closed by providing the UE with the system information of one or multiple UTRA cells in the RRC Connection Release message. We estimate this enhancement could reduce the delay by around 1 second. Adding system information into RRC release has significant gain in latency reduction of Redirection based CSFB. So, it shall be accepted in R9.  
Proposal: 
We propose to agree in Rel. 9 to the way forward described in section 3.1, i.e. to allow the eNB to send the system information of one or multiple UTRA cells in the same frequency in the RRC Connection Release message. 

We expect the frequency of LAUs required in CSFB to be rather small, and the delay added by LAU to be relatively small relative to the overall call setup latency if the probability to perform identity check and authentication can be kept small. We expect that any solution to avoid identity check and authentication will have less impact on  Rel. 9 standards than any of the LAU avoidance proposals. Other potential enhancements, we believe should not be addressed in Rel. 9. LAU optimizations for CSFB, like MME triggered location updates or others, can be considered in Rel. 10. 
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