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1. Introduction

As an interim voice solution for E-UTRAN, CSFB was adopted for most of UTRAN and E-UTRAN operator to use UTRAN voice service infrastructure. However, CSFB (CS Fallback) induces about 7~9 sec call setup delay in the E-UTRAN to E-UTRAN voice call setup. This is about 2~3 times longer than that of UTRAN. The successful rate of paging response decreases due to the service domain change from E-UTRAN (TA, Tracking Area) to UTRAN (LA, Location Area).
To resolve this problem in the current standardization, we need a high priority (or dedicated priority) for UTRAN and need a handover procedure to E-UTRAN for data calls.
This procedure induces handover signalling and it happens very frequently because even the background keep-alive messages induce handover procedures.

In addition, the handover procedure degrades the call success rate and induces the additional call setup delay for data calls because it requires the E-UTRAN measurement procedures in UTRAN to increase call success rate.
By camping in UTRAN, the UE can send or receive voice call directly without any CSFB procedures. However, PS call based on user activity should use E-UTRAN. In this contribution, KT would like to propose a procedure to provide E-UTRAN PS services while the UE is camping in UTRAN during the idle mode to reduce the CSFB call setup delay.

2. Background
The CSFB call setup procedure for E-UTRAN to E-UTRAN voice call is as follows:
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Figure 1 CSFB call setup procedure
 Compared with the UTRAN to UTRAN call setup procedure, additional E-UTRAN procedures to change the UE mode from E-UTRAN to UTRAN such as interval 1 and 3 is required. In addition, the delay of interval 2 increases due to the paging procedure to MME from MSC compared to the UTRAN to UTRAN call case. The delay of each interval in the lab test environment is as the following table:
Table 1 CSFB setup delay (Lab test)
	
	Interval 1
	Interval 2
	Interval 3
	Interval 4
	Total

	Delay
	0.9 sec
	3.2 sec
	1.3 sec
	1.9 sec
	7.3 sec


where, we used the paging DRX cycle of 1.28 sec (for both E-UTRAN and UTRAN) and CSFB with SI (System Information) tunnelling scheme to enhance the redirection time from E-UTRAN to UTRAN.
The call setup delay for various voice call scenario is as follows:
Table 2 Call setup delay according to call scenarios (Lab test)
	Mobile to Mobile
	Mobile to Land

	E-UTRAN to
E-UTRAN
	E-UTRAN to UTRAN
	UTRAN to
UTRAN
	E-UTRAN to Land
	UTRAN to Land

	7.3 sec
	4.1 sec
	3.2 sec
	3.3 sec
	1.8 sec


The call setup delay of E-UTRAN to E-UTRAN is more than 2 times of UTRAN to UTRAN call setup delay. Figure 1 shows the success rate of voice call setup and the delay of various call scenarios in the field.
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Figure 2 CSFB call setup procedure

The call setup delay in the field test is increased by a couple of seconds compared with the lab test result due to the operator environments such as TA(tracking area) and LA(Location) area mismatch in the LA boundary area, and multiple SI transmission. The success rate of call setup is 2~3% lower than that of the UTRAN system and the call setup delay. This will induces a serious VoC or customer inconvenience and we need a standardization to resolve this problem.
3. Proposal
To enhance the voice call setup delay, we should reduce the network mode transition. Therefore, idle mode mobile should stay in UTRAN. To start make an RRC connection for data calls, the UE changes the mode from UTRAN to E-UTRAN and sends an RRC connection request in E-UTRAN directly without any 3G procedures.
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Figure 3 Network based redirection procedure to E-UTRAN
We found that it takes about 400~500 ms for UE to attach E-UTRAN networks (attach request ~ attach accept).
If we reduce the mode changing time, and the SIB reading time (SIB repetition is 40~80ms) in E-UTRAN systems, the required time for mode change to E-UTRAN will not be significant. KT expects that this leading time for E-UTRAN PS  services is less than 1 sec.

For the background traffic in the display-off state, the UE shall use UTRAN without a network mode change to E-UTRAN. In order to implement this function, an interface between modem and OS (Operating System) is required.

The best practice of the UE initiated network reselection for this proposal is as follows:

· When the UE powers on and is configured to “CS/PS mode1 of  voice centric” [1], 
- When the UE powers on in the E-UTRAN, the UE reads the system information block type 6 to check whether there exists overlaid UTRAN or not.
- If there is an overlaid UTRAN, the UE will camp in UTRAN even though the priority of E-UTRAN frequency is higher than that of the UTRAN [2].
· When the display of UE is off,

- The background traffic is transmitted and received in UTRAN without any network mode change to EUTRAN
· When a traffic with user activity such as web browsing, streaming service in the display on state occurs,
- the UE change the network mode from the UTRAN to the E-UTRAN based on the information in system information block type 19,
· In the case of CS paging in the E-UTRAN connected mode (EMM connected mode), the conventional CSFB procedures will be performed.
· After finishing the user data activity,

- The UE will change the network mode to UTRAN
To keep control of network selection in the network side, attach procedures are used to give the network camping policy based on the subscriber profile in the HSS.
 Figure 4 illustrates the transition between different UE mode of operations when UE's usage settings, voice domain preference for E-UTRAN or configuration regarding SMS changes [1]. This proposal is only applied to “CS/PS mode 1 of voice centric” The UE's usage setting indicates whether the UE behaves in a voice centric or data centric way (as defined in TS 23.221 [3]).
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4. Change request of related standardization
Considering above, a minor change should be applied in TS24.301 [1] and TS 36.304 [2] for “CS/PS Mode 1” as follows.
<< Start of changed text >>
<TS 24.301 [1]>

9.9.3
EPS Mobility Management (EMM) information elements

9.9.3.0A
Additional update result

The purpose of the Additional update result information element is to provide additional information about the result of a combined attach procedure or a combined tracking area updating procedure.

The Additional update result information element is coded as shown in figure 9.9.3.0A.1 and table 9.9.3.0A.1.

The Additional update result is a type 1 information element.

	8
	7
	6
	5
	4
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	1
	

	Additional update result IEI
	0

Spare
	0

Spare
	Additional update result value
	Octet 1


Figure 9.9.3.0A.1: Additional update result information element

Table 9.9.3.0A.1: Additional update result information element
	Additional update result value (octet 1)

	

	Bits

	2
	1
	

	0
	0
	no additional information

	0
	1
	CS Fallback not preferred

	1
	0
	SMS only

	1
	1
	Reserved CS Fallback only in connected mode

	

	Bits 4 and 3 of octet 1 are spare and shall all be coded as zero.


4.3.2.2  Change of UE's usage setting

Whenever the UE's usage setting changes, the UE dependent on its mode of operation shall execute procedures according to table 4.3.2.2.1 and table 4.3.2.2.2:
a)
The UE is operating in PS mode 1 or PS mode 2

Table 4.3.2.2.1: Change of UE's usage setting for a UE in PS mode 1 or PS mode 2
	UE's usage setting change
	Procedure to execute

	From data centric to voice centric and "IMS voice not available"
	Disable E-UTRAN capabilities if voice domain selection results in a selection to a different RAT, or combined tracking area update with IMSI attach if voice domain selection results in attempt to stay in E-UTRAN.

	From voice centric to data centric and E-UTRAN is disabled
	Re-enable E-UTRAN capabilities


b)
The UE is operating in CS/PS mode 1 or CS/PS mode 2

Table 4.3.2.2.2: Change of UE's usage setting for a UE in CS/PS mode 1 or CS/PS mode 2
	UE's usage setting change
	Procedure to execute

	From data centric to voice centric, CS fallback is not available and "IMS voice not available" (NOTE 1)
	Disable E-UTRAN capabilities

	From data centric to voice centric, "IMS voice not available" and the UE received a "CS fallback not preferred" or "SMS only" indication during the last successful combined attach or combined tracking area updating procedure
	Disable E-UTRAN capabilities

	From data centric to voice centric, "IMS voice not available" and the UE received a "CS Fallback only in connected mode"  indication during the last successful combined attach or combined tracking area updating procedure
	Idle mode camping in UTRAN and redirection to E-UTRAN for PS services

	From voice centric to data centric and E-UTRAN is disabled
	Re-enable E-UTRAN capabilities

	NOTE:
"CS fallback is not available" includes EMM causes #16, #17, #18 and #22


5.5.3.3.4.2
Combined tracking area updating successful

The description for normal tracking area update as specified in subclause 5.5.3.2.4 shall be followed. In addition, the following description for location area updating applies.
The TMSI reallocation may be part of the combined tracking area updating procedure. The TMSI allocated is then included in the TRACKING AREA UPDATE ACCEPT message together with the location area identification (LAI). In this case the MME shall change to state EMM-COMMON-PROCEDURE-INITIATED and shall start the timer T3450 as described in subclause 5.4.1. The LAI may be included in the TRACKING AREA UPDATE ACCEPT message without TMSI. If the MME does not indicate "SMS only" in the TRACKING AREA UPDATE ACCEPT message, subject to operator policies the MME should allocate a TAI list that does not span more than one location area. 

The UE, receiving a TRACKING AREA UPDATE ACCEPT message, stores the received location area identification, resets the location update attempt counter, sets the update status to U1 UPDATED and enters MM state MM IDLE.
If the LAI contained in the TRACKING AREA UPDATE ACCEPT message is a member of the list of "forbidden location areas for regional provision of service" or the list of "forbidden location areas for roaming" then such entry shall be deleted.

If the UE requested "SMS only" in the Additional update type IE, the network shall indicate "SMS only" in the Additional update result IE.

If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value "SMS only" or "CS Fallback not preferred", a UE operating in CS/PS mode 1 with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology rather than E-UTRAN for the selected PLMN or equivalent PLMN. The UE shall disable the E-UTRA capability (see subclause 4.5). If the UE is in the EMM-CONNECTED mode, the UE shall locally release the established NAS signalling connection and enter the EMM-IDLE mode before selecting GERAN or UTRAN radio access technology.

If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value or "CS Fallback only in connected mode", a UE operating in CS/PS mode 1 with "IMS voice not available" shall attempt to camps in UTRAN for the idle mode of the selected PLMN or equivalent PLMN. The UE shall use the E-UTRA only for connected mode.  In the idle mode, the UE will camp in the UTRAN cell (Idle mode camping in UTRAN and network reselection to E-UTRAN for PS services)

If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value "SMS only", a UE operating in CS/PS mode 2 shall not attempt to use CS fallback for mobile originating services.

If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value "CS Fallback not preferred", this indicates to a UE operating in CS/PS mode 2 that it is attached for EPS and non-EPS services and that it can use CS fallback.

How to handle the old TMSI stored in the UE depends on the mobile identity included in the TRACKING AREA UPDATE ACCEPT message.

-
If the TRACKING AREA UPDATE ACCEPT message contains an IMSI, the UE is not allocated any TMSI, and shall delete any old TMSI accordingly.
-
If the TRACKING AREA UPDATE ACCEPT message contains a TMSI, the UE shall use this TMSI as new temporary identity. The UE shall delete its old TMSI and shall store the new TMSI. In this case, a TRACKING AREA UPDATE COMPLETE message is returned to the network to confirm the received TMSI. 
-
If neither a TMSI nor an IMSI has been included by the network in the TRACKING AREA UPDATE ACCEPT message, the old TMSI, if any is available, shall be kept.
The network receiving a TRACKING AREA UPDATE COMPLETE message stops timer T3450, changes to state EMM-REGISTERED and considers the new TMSI as valid.

<TS 36.304 [2]>
5.2.4.2 Measurement rules for cell re-selection 
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for E-UTRAN inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1 except voice centric CS/PS mode 1 with CS Fallback only in connected mode.
-
For an E-UTRAN inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current E-UTRA frequency the UE shall perform measurements of higher priority E-UTRAN inter-frequency or inter-RAT frequencies according to [10].

-
For an E-UTRAN inter-frequency with an equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRAN frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority.

-
Otherwise, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to [10].

-
In case of voice centric CS/PS mode 1 with CS Fallback only in connected mode, the cell reselection according to the frequency priority for inter-RAT is disabled. The UE camp in UTRAN for idle mode and make an RRC connection with E-UTRAN without any UTRAN network assistances when a PS traffic based on user activity occurs.
           -  To make an active RRC connection, the frequency priority for E-UTRAN Inter-frequency is applied.
<< End of changed text >>
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- Voice Domain Preference for E-UTRAN changed from any configuration to "IMS PS voice only", UE is configured to prefer to use SMS over IP networks and the UE is IMS registered.


- SMS configuration changed to prefer to use SMS over IP networks, UE is IMS registered and Voice Domain Preference for E-UTRAN is "IMS PS voice only".








- Voice Domain Preference for E-UTRAN changed


- from "IMS PS voice only" to "CS voice only";


- from "IMS PS voice only" to "CS voice preferred, IMS PS Voice as secondary";


- from "IMS PS voice preferred, CS Voice as secondary" to "CS voice only"; or


- from "IMS PS voice preferred, CS Voice as secondary" to "CS voice preferred, IMS PS Voice as secondary".





- Unsuccessful IMS registration indication from upper layers and 


- Voice Domain Preference for E-UTRAN is "IMS PS voice preferred, CS Voice as secondary"; or


	- SMS configuration is set to prefer to use SMS over IP networks.


- SMS configuration changed to not to use SMS over IP networks.





- Voice Domain Preference for E-UTRAN changed from any configuration to "IMS PS voice only", UE is configured to prefer SMS over IP networks and is IMS registered.


- SMS configuration changed to prefer to use SMS over IP networks, UE is IMS registered and Voice Domain Preference is "IMS PS voice only".








- Voice Domain Preference for E-UTRAN changed


- from "IMS PS voice only" to "CS voice only";


- from "IMS PS voice only" to "CS voice preferred, IMS PS Voice as secondary";


- from "IMS PS voice preferred, CS Voice as secondary" to "CS voice only"; or


- from "IMS PS voice preferred, CS Voice as secondary" to "CS voice preferred, IMS PS Voice as secondary".


- Unsuccessful IMS registration indication from upper layers and


- Voice Domain Preference for E-UTRAN is "IMS PS voice preferred, CS Voice as secondary"; or


- SMS configuration is set to prefer to use SMS over IP networks





- SMS configuration changed to not use SMS over IP networks.
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Figure � SEQ Figure \* ARABIC �4� the transitions between different UE mode of operations
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