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This paper discusses the issues related to the extra call set-up delay generated by CS fallback and identifies possible solutions by reusing SRVCC procedure.
1 Introduction

One relevant drawback of CS FallBack (CSFB) is the additional call set-up delay generated on Mobile Terminated (MT) and Mobile Originated (MO) calls. In the Sophia meeting, enhanced 1xCSFB by reusing 1xSRVCC procedure has been agreed, which can reduce call setup time for 1xCSFB significantly. Please Refer to [1] and [2] for more information for enhanced 1xCSFB.

Here, Huawei and supporting companies would like to discuss whether or not the same principle can be applied to LTE-2/3G CSFB procedure as well, i.e. LTE-2/3G CSFB optimization by reusing LTE-2/3G SRVCC and how much the performance can be improved in terms of call setup time and furthermore the possibility to remain it in Rel-9 or re-discuss it in early Rel-10.
2 Discussion

In CSFB, the call setup time would be longer than that of native 2/3G CS Call Setup due to additional 4 Steps:
(1) Access LTE network to inform to do CSFB
(2) LTE preparation for CSFB (i.e. PS HO or NACC or CCO or RRC Redirection)
(3) Acquire and synchronize UTRAN/GERAN
(4) Radio channel modification for speech channel allocation
(5) Roaming Retry procedure in case of TA/LA misalignment
Since Roaming Retry procedure will occur only in case of TA/LA misalignment, which highly depends on network design and planning. However, even without Roaming Retry procedure, as shown in figure below we still find CSFB connect time increases quite much and the inter RAT processing (i.e.step2/3/4) is the dominant contributor.
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Figure 2-1 UTRAN Case (No Roaming Retry)         Figure 2-2 GERAN Case (No Roaming Retry)
For purpose of reducing CSFB processing time, it is proposed to enhance the Call Setup Procedure by reusing SRVCC procedure just like what we have done for 1xCSFB:
(1) UE sends call origination and Page Response on LTE side, 
(2) Handover to GERAN/UTRAN is performed with already allocated CS resources by reusing SRVCC, which means the radio channel modification for adding the CS resource after the PS HO is not needed anymore with that SRVCC based CSFB.
3 SRVCC based CSFB solution
3.1. Architecture

[image: image2]
Figure 3.1-1 enhanced CSFB solution by reusing SRVCC
(1) Combining Sv with SGs interface between MME and MSC
(2) Only certain MSCs surrounding the areas where LTE is deployed (one in minimum) need to be updated to support SRVCC and CSFB

(3) SRVCC procedure will be executed to prepare the relevant CS resource in target 2/3G

(4) MO/MT CS call setup time could be shorter than or equivalent to native 2/3G CS call
3.2. Details
3.2.1. Call in active mode
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Figure 3.2-1 SRVCC based CSFB solution in active mode- MO
(1) Step1: UEs indicate enhanced CSFB capability in the EPS/IMSI Attach Request in the combined EPS/IMSI Attach Request and then MME will use a dedicated algorithm to select the SRVCC & CSFB capable MSC. The concept of "enhanced CSFB" indication is similar to concept of "SMS only" indication which has been agreed by Sophia meeting and please refer to [3] for more information. 
(2) Step3 and 4: UE sends Extended Service Request with B-Party number and MME sends S1-AP message UE CONTEXT MODIFICATION REQUEST with enhanced CSFB indicator, which as well as SRVCC operation possible indication are interpreted by eNB to request enhanced CSFB procedure.                                     

If CLIR (Calling Line Identification Restriction) is requested by UE, CLIR indicator needs to be added in Extended Service Request message, which will be conveyed by MME to MSC together with B-Party number and GERAN MS Classmark 3 (if GERAN access is supported), MS Classmark 2 (if GERAN or UTRAN access or both are supported) and Supported Codecs IE.
(3) Step6 and 7: eNB initiates SRVCC procedure by sending HO Required with SRVCC indication and MME sends SRVCC PS to CS HO Request with B-Party Number instead of STN-SR. 
(4) Step8 to 13: Normal SRVCC procedure is to be executed and UE tunes to UTRAN/GERAN.
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Figure 3.2-2 SRVCC based CSFB solution in active mode - MT

(1) Step1: UEs indicate SRVCC capability in the EPS/IMSI Attach Request as well as "enhanced CSFB" indication in the combined EPS/IMSI Attach Request and then MME will use a dedicated algorithm to select the SRVCC & CSFB capable MSC. 
(2) Step5 and 6: UE sends Extended Service Request with NULL Number and MME sends S1-AP message UE CONTEXT MODIFICATION REQUEST with enhanced CSFB indicator, which as well as SRVCC operation possible indication are interpreted by eNB to request enhanced CSFB procedure.
(3) Step8 and 9: eNB initiates SRVCC procedure by sending HO Required with SRVCC indication and MME sends SRVCC PS to CS HO Request with NULL Number instead of STN-SR.
(4) Step10 to 14: Normal SRVCC procedure is to be executed except that MSC won’t initiate IAM/ACM when receiving STN-SR equivalent to Null number. UE tunes to UTRAN/GERAN.
3.2.2. Call in idle mode
Extended Service Request with B-party number should be conveyed in encrypted mode, so the UE in idle mode need to perform service request procedure to bring the UE to ECM-Connected mode before sending Extended Service Request.
Also, in case of Mobile Terminated, CLI (Calling Line Identification) may need to be conveyed to UE. In this case, the MME first page UE with PS Domain Indicator to bring UE to ECM-Connected Mode and then MME relays the CS Page to the UE via CS SERVICE NOTIFICATION, as specified in TS 24.301.
3.2.3. Transaction Identifier allocation and Supplementary Services
TI (transaction identifier) as specified in TS 24.007 is used by MSC and UE to release the CS voice call and perform supplementary service such as Call Waiting (CW) and Call Hold (HOLD). 
Table 3.2.3 - 1: Transaction identifier

	 TI flag (octet 1)
	

	 Bit
	

	 8
	

	 0
	The message is sent from the side that originates the TI 

	 1
	The message is sent to the side that originates the TI 

	
	

	
	

	 TIO (octet 1)
	

	 Bits
	

	 7 6 5
	

	 0 0 0 
	TI value 0

	 0 0 1 
	  ‑    ‑     1

	 0 1 0 
	  ‑    ‑     2

	 0 1 1 
	  ‑    ‑     3

	 1 0 0  
	  ‑    ‑     4

	 1 0 1 
	  ‑    ‑     5

	 1 1 0  
	  ‑    ‑     6

	 1 1 1 
	The TI value is given by the TIE in octet 2

	
	

	TIE  (octet 2) 
	

	Bits 7-1
	

	0000000

0000001

0000010

0000011

0000100

0000101

0000110
	Reserved.

	All other values
	The TI value is the binary representation of TIE

Where bit 7 is the most significant bit

And bit 1 is the least significant bit

	
	

	
	

	
	


However, in Rel-8 SRVCC spec, there is no description how to allocate transaction identifier during SRVCC PS to CS HO procedure. Consequently, the CS call created by SRVCC procedure can not be released normally and supplementary service can not be executed either. The proposed CSFB solution is based on SRVCC and has the same shortcoming. 

As for SRVCC based CSFB, thanks to Extended Service Request procedure, UE can allocate TI which will be conveyed to MME via Extended Service Request message and then to MSC via Sv interface. However, when we look back to SRVCC procedure, we find out that it has been driven by measurement report and during the SRVCC procedure there is no chance for UE to communicate with MME/MSC before receiving Handover command. Therefore, TI is allocated by UE can not be conveyed to MME/MSC. 

Since this problem originate from Rel-8 SRVCC, the solution should be common for both SRVCC and SRVCC based CSFB solution. 
Considering the facts:

(1) no communication between UE and network during SRVCC procedure,  

(2) In case of SRVCC, there only exists VoIP call for the UE and all CS call related resource including TI is not used. 
(3) Also, in case of CSFB, there is no VoIP call and all CS and all CS call related resource including TI is not used.
So, one simple and common method for both SRVCC and SRVCC based CSFB is to allocate one fixed TI value e.g. TI value 0 for the CS voice call created by Rel-8 SRVCC procedure. In other words, the fixed TI value will be used in both UE and MSC side, which can rely on UE and MSC implementation and have no impact on Sv interface. We assume CT group will take good care of this problem and finial decision is up to CT group.
Based on our analysis at present, for the supplementary services during the procedure of MO call, only CLIR need the communication between UE and MSC, which needs special handling as discussed in section 3.2.1.

For MT case, only the Call Deflection service needs the communication between UE and MSC which can be executed by sending DISCONNECT after UE retuned to 2/3G and does not need special handling.
Based on above considerations, our view is that there are no specific problems for the proposed solution. More detailed considerations may be made by CT group.
3.3. Performance Analysis
3.3.1. UTRAN Case
(1) PS HO and UTRAN 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: 2.56sec/16 paging UE ID

· UTRAN Page Cycle: 2560/8 paging UE ID (i.e. DRX cycle=(2^8)*10ms=2560ms where K is configured to 8)

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

· Assume average EPC paging Reception time = 2.56/2=1.28 sec

· Assume average UETRAN paging Reception time = (2560/2) *(16/8)=2.56 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.
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 3.3.1-1 below, 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 Table 3.3.1-1 below, 4440ms+2000ms=6440ms, 5600ms+2000ms=7600ms for PS HO case and RRC Release case, respectively.
	MO case
	Extended Service Request
	Measurement
	PS HO procedure
	RRC Release procedure
	Tune to UTRAN
	URTAN  Tch Assignment
	Total (ms)

	UTRAN  native mode
	0
	0
	0
	0
	0
	2500
	2500ms

	SRVCC  Solution
	150
	1400
	260
	0
	130
	350
	2030 ms

	PS HO Case
	150
	1400
	260
	0
	130
	2500
	4440 ms

	RRC Release Case
	150
	1400
	0
	50
	1500
	2500
	5600 ms


Table 3.3.1-1 CSFB Setup Time Analysis – UTRAN MO Case 

	MT case
	EPC Page Reception
	UTRAN Page Reception
	Extended Service Request
	Measurement
	PS HO procedure
	RRC Release procedure
	Tune to UTRAN
	URTAN  Tch Assignment
	Total (ms)

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

	SRVCC  solution
	1280
	0
	150
	1400
	260
	0
	130
	350
	3310 ms

	PS HO Case 
	1280
	0
	150
	1400
	260
	0
	130
	2300
	5520 ms

	RRC Release Case
	1280
	0
	150
	1400
	0
	50
	1500
	2300
	6680 ms


Table 3.3.1-2 CSFB Setup Time Analysis – UTRAN MT Case 
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Figure 3.3.1-1 CSFB Setup Time Analysis – UTRAN Case 

3.3.2. GERAN Case
(1) PS HO and GERAN 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: 2.56sec/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 = 2.56/2=1.28 sec

· Assume average GERAN paging Reception time = (1.44/2) *(16/4)=2.28 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 3.3.2-1 below, 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 Table 3.3.2-1 below, 3770ms+2000ms=5770ms, 4900ms+2000ms=6900ms, 6400ms+2000ms=8400ms for PS HO case and RRC Release case, respectively.
	MO case
	Extended Service Request
	Measurement
	PS HO procedure
	RRC Release procedure
	Tune to GERAN
	GERAN  Tch Assignment
	Total (ms)

	GERAN  native mode
	0
	0
	0
	0
	0
	2400
	2400 ms

	SRVCC  solution
	150
	800
	280
	0
	140
	350
	1440 ms

	PS HO Case 
	150
	800
	280
	0
	140
	2400
	3770 ms

	NACC  Case
	150
	800
	0
	50
	1500
	2400
	4900 ms

	RRC Release Case
	150
	800
	0
	50
	3000
	2400
	6400 ms


Table 3.3.2-1 CSFB Setup Time Analysis – GERAN MO Case 

	MT case
	EPC Page Reception
	GERAN Page Reception
	Extended Service Request
	Measurement
	PS HO procedure
	RRC Release procedure
	Tune to GERAN
	GERAN  Tch Assignment
	Total (ms)

	GERAN  native mode
	0
	2880
	0
	0
	0
	0
	0
	2200
	5080 ms

	SRVCC  solution
	1280
	0
	150
	800
	280
	0
	140
	350
	2720 ms

	PS HO Case 
	1280
	0
	150
	800
	280
	0
	140
	2200
	4850 ms

	NACC Case
	1280
	0
	150
	800
	0
	50
	1500
	2200
	5980 ms

	RRC Release Case
	1280
	0
	150
	800
	0
	50
	3000
	2200
	7480 ms


Table 3.3.2-1 CSFB Setup Time Analysis –GERAN MT Case 
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Figure 3.3.2-1 CSFB Setup Time Analysis – GERAN Case
3.4. Key Benefits of the Proposed Solution
· The performance for enhanced CSFB could be equivalent to or even shorter than native 2/3G CS call.
· No strict TA/existing LA mapping is needed and an LA independent from geographical area can be used, which is of great benefit to network planning especially in LTE early deployment. 
· Only certain MSCs surrounding the areas where LTE is deployed (one in minimum) need to be updated and there is no need to impact all MSCs surrounding the areas. As such, according to operator policy, deploying certain new MSCs may be chosen rather than updating legacy MSCs, since:
· If no new MSC is deployed, the legacy MSCs surrounding LTE area need to serve the UEs camping on 2/3G and EUTRAN which may be overloaded.
· The impacts on existing CS core should be restricted as much as possible and updating legacy MSC will impact legacy CS core and may cause potential uncertainty.
· No Roaming Retry is needed due to introducing SRVCC PS to CS HO procedure, which means there is no need to update legacy MSCs to support Roaming Retry feature. 
· Providing smooth migration to SRVCC.

4 Enhanced CSFB Deployment Analysis 

(1) Based on offline discussion, some operators pointed out that Sv interface, as specified in TS 29.280, requires GTP-C while legacy MSCs may not support GTP-C at early LTE deployment. 

As for this issue, from our understanding, there may be two alternative ways forward:

· One way is to update the legacy MSC to support GTP-C when deploying enhanced CSFB,

· The other way is to deploy certain new MSCs to provide enhanced CSFB service.

Here our suggestion is to adopt the second way, since:

· Only certain MSCs surrounding the areas where LTE is deployed (one in minimum) need to support Sv and SGs interface.
· If no new MSC is deployed, the legacy MSCs surrounding LTE area need to serve the UEs camping on 2/3G and EUTRAN and may be overloaded.
· No strict TA/existing LA mapping is needed which is of great benefit to network planning especially in LTE early deployment. 
· The impacts on existing CS core should be restricted as much as possible and updating legacy MSC to support SGs will impact legacy CS core and may cause potential uncertainty.
(2) Also, some operators pointed out that SGs could be enhanced to support functionality of Sv interface i.e. enhanced SGs, for purpose of avoiding introducing GTP-C in early LTE deployment. 
As for this issue, since deployment flexibility for CSFB and SRVCC is important factor for operators, we are not to exclude the possibility of discussing/introducing the enhanced SGs but our suggestion is to focus on the basic functionality of the enhanced CSFB solution first and then if we are able to reach a consensus in the Kyoto meeting and then we can trigger the discussion on whether or not so this issue need to be addressed. Also this is more specific to CT group rather than SA2 group and CT group need to be involved. 
(3) In Rel-8 CSFB, it makes fallback all CS services except SMS service but optimized approach only covers CS voice service. Do we need to apply this optimization only to a voice call?
At the moment, the optimized CSFB procedure only applies to the pure voice call since:

· Rel-8 SRVCC (i.e. 23.216) only supports voice handover from LTE based VoIP call to 2/3G CS based voice call,  
· And there is no support of video handover from LTE to 2/3G. 
As such, when the UE camping on LTE invokes a pure voice call, if the UE supports the enhanced CSFB procedure, the UE will send Extended Service Request with enhanced CSFB indicator and eNB will trigger optimized CSFB procedure when receiving S1-AP message with enhanced CSFB indicator from MME. Otherwise (including invoking video call), the UE will send Extended Service Request with CSFB indicator rather than enhanced one and Rel-8 CSFB procedure is to be triggered. 

So, our understanding is that, to some extent, CSFB indicator is equivalent to call-type (i.e. pure voice call or video call or other CS relevant services).
Also, our understanding here is that both Rel-8 CSFB and optimized CSFB make fallback all CS services except SMS service (i.e. SMS over SGs, please refer to section 8.2, TS 23.272). So far, only the real time service i.e. voice call in Rel-8 CSFB may need to be optimized due to additional Call Setup time for Rel-8 CSFB. As for other services, it seems Rel-8 CSFB is able to work well and may not need optimization since those services are not sensitive to additional delay. 
Here we are not to exclude further optimization on those services if needed but we intend to focus on voice call at the moment since the user experience for voice call is more important than others for now.
5 Impacts on RAN3, SA2, and CT1 Specifications
(1) SA2 Spec Impacts (Medium)
· Stage 2 i.e. TS 23.272 has to be updated. But, traffic channel assignment procedure is almost the same as SRVCC design.

(2) CT Spec Impacts (low)
· CT1 i.e. TS 24.301 has to be updated (e.g. B-Party Number and extended CSFB indicator in Extended Service Request message and Combined Attach or TA/LA update procedure).
· In case of MO call, if CLIR is requested by UE, CLIR needs to be sent to MME in Extended Service Request message, which should be conveyed to MSC via SRVCC PS to CS Request (i.e. MM Context for E-UTRAN SRVCC), which is easily extended.
 (3) RAN Spec Impacts (low)
· RAN3 i.e. TS 36.413 need to be updated (e.g. enhanced CSFB indicator in S1_AP message) and relevant eNB behavior for enhanced CSFB procedure may need to be added accordingly.
(4) Impacts on UE implementation (Medium)
· New procedure e.g. SRVCC PS to CS HO is introduced for enhanced CSFB. But, those are not significant changes from SRVCC design. If SRVCC has already been implemented, this becomes Low.

(5) Impacts on Network implementation (high)
· Network is required to support both CSFB and SRVCC functionality.

· Only certain MSCs surrounding the areas where LTE is deployed (one in minimum) need to be updated. 
· Roaming Retry procedure is not needed due to SRVCC PS to CS HO procedure.
· Smooth migration to SRVCC.
(6) Performance Improvement (high)
· The performance for enhanced CSFB could be equivalent to or even shorter than native 2/3G CS call. 

	
	SA2 Impacts
	CT Impacts
	RAN Impacts
	Impacts on UE implementation
	Impacts on Network implementation
	Performance Improvement

	SRVCC based solution
	Medium
TS 23.272


	Low
TS 24.301
TS 29.280

	Low
TS 36.413


	Medium
Support SRVCC PS to CS HO
	High
SRVCC & CSFB capable MSC.

No TA/LA strict mapping. 

Certain MSC need to be impacted.

No Roaming Retry is needed.

Smooth migration to SRVCC.
	High
Better than or equivalent to native 2/3G CS call. 


Table 5-1 Brief Comparison on various aspects 
6 Proposal

According to the above analysis, we can see the proposed solution can improve user experience with CS Fallback greatly. We can also see that the proposed solution have few impacts on EPC and E-UTRAN side, especially very minor change on RAN side(i.e. only need to add Extended CSFB indicator in TS 36.413). Furthermore given that CSFB is the interim solution for voice over LTE, we think Rel-10 may be a little bit late. 
So, here Huawei and supporting companies would like to propose to keep this proposed solution in Rel-9 and if we can reach a consensus in Kyoto meeting, Huawei and supporting companies are happy to provide the company paper to the coming SA plenary to ask for granting an exception for Rel-9 from SA.  
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