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1.
Introduction

This paper presents recommendations for use of Voice Call Continuity service, as applied by the IMS Controlled model in conjunction with classical radio layer intra-domain handover procedures to enable voice call continuity (VCC) within 3GPP radio. It also presents a solution to enable inter-domain call continuity when use of Voice Call Continuity service is not possible due to certain radio conditions. It proposes text for inclusion in sections 6.x.x of TR 23.806.

2.
Discussions

6.x.x Call continuity within 3GPP radio 
Table 1 below provides possible scenarios for call continuity within 3GPP radio and available solutions that provide service continuity in these scenarios. 

	Source >
	3G PS
	3G CS
	2G CS

	Ta rget >
	Call Continuity Solutions

	3G PS & CS available.
	Classical PS Handover
	Classical CS Handover
	Classical CS Handover

	3G PS registered; CS not available.
	Invalid scenario
	CS to PS  VCC
	Invalid scenario

	3G PS registered; CS available.
	Invalid scenario
	Classical CS Handover
	Invalid scenario

	3G PS available but not registered; CS not available.
	Classical PS Handover
	FFS (may be possible to use VCC) 
	Solutions presented in this paper

	3G CS registered;  PS not available
	PS to CS  VCC
	Invalid scenario
	Invalid scenario

	3G CS available but not registered; PS not available.
	FFS (may be possible to use VCC)
	Classical CS Handover
	Classical CS Handover

	2G CS; Voice not available on 2G PS
	Solutions presented in this paper 
	Classical CS Handover
	Classical Handover


Table 1: Call Continuity within 3GPP radio
Note: It is assumed that Voice service is available in 3G PS for scenarios listed in this table
Classical Handover procedures are used to transition user’s active calls when roaming within the same domain. 

The Voice Call Continuity between CS domain and IMS provides a solution for transition of user’s services during inter-domain roaming between CS domain and IM Subsystem. The basic IMS Controlled Model based VCC solution requires simultaneous registration in the CS domain and the IMS at the time of initialization of the call continuity procedure. The basic IMS Controlled Model based VCC is recommended for scenarios wherever this is possible.

When direct application of IMS Controlled Model based VCC is not possible, Classical Handover may be used in conjunction with inter-domain transition via VCC to complete the overall voice call continuity procedure as described below:

3G PS voice to 2G CS voice:

1. UE detects a need to perform a 3G to 2G transition.

2. Before this takes place (i.e. while still in 3G coverage), it initiates VCC to 3G CS.

3. Normal 3G CS to 2G CS Handover occurs to transition to 2G CS.

2G CS voice to 3G PS voice:

1. UE waits for the network to perform the classical 2G CS to 3G CS Handover.

2. Upon completion of 2G CS to 3G CS Handover, UE initiates VCC to transition to 3G PS. 

Radio coverage may not always be available to perform Classical Handover in conjunction with VCC, e.g. the case where the 3G cell is configured as PS-only. A new service Call Reestablishment on Domain Transfer (CReDT) is introduced to address such cases.

6.x.x.1 Call Reestablishment on Domain Transfer (CReDT)

CReDT provides reestablishment of voice service upon transition between CS and PS domain when enablement of the basic IMS Controlled Model based VCC is not possible. Voice service is reestablished in the new domain after releasing user's interface in the old domain. CCCF anchors the bearer path of the remote party during the execution of CReDT. The user is notified via appropriate MMI of the ongoing CreDT procedure; and comfort tone/announcement is provided to the remote party during CReDT.
6.x.x.1.1 Triggers for CReDT

2G to 3G:

· The trigger for "CS to PS transition notification" is under study. It may be based, e.g., on a downlink radio link failure criteria, or any similar process by which the terminal would make the decision to re-establish the 2G-CS service on a 3G-PS network.  

· The time for service re-establishment is shortened if the source BSS provides the terminal with 3G cells in the neighboring cell list, so that the terminal can measure and monitor potential 3G target cells in advance, before losing 2G coverage.

· When in 2G-CS, the terminal needs to know in advance how voice service is supported in the target cell. This information needs to be provided along with the 3G neighboring cell list, so that:

· If the target 3G cell supports voice over CS, the 2G to 3G voice mobility would be handled through existing handover (over A interface) and relocation (over Iu interface) procedures, under the control of the network

· If the target 3G cell only supports voice over PS, the voice service need to be re-established as described in the document, based on a trigger implemented in the terminal.

Editor's note: It is FFS on how to notify the terminal in advance on the voice service that is supported in the target cell.

3G to 2G:

· The trigger for "Notification (PS to CS transition indication)" is under study. It may be equivalent to the criteria being used for the 2G to 3G transition.

· As for the 3G to 2G case, the time for service re-establishment is shortened if the source RNS provides the terminal with 2G cells in the neighboring cell list, so that the terminal can measure and monitor potential 2G target cells in advance, before loosing 3G coverage.

· As for the 3G to 2G case, the terminal needs to know in advance how voice service is supported in the target 2G cell, as GERAN TSGs are currently studying the possibility to support Voice over PS in GPRS/EDGE cells

6.x.x.1.2 CReDT solution options

CEDT releases the source radio prior to establishment of the target radio potentially resulting in significant procedure execution time, and potentially noticeable service interruption; two different options are presented with their benefits and liabilities to help select a solution that provides optimal procedure execution time without sacrificing user’s quality of experience. 

6.x.x.1.2.1 CReDT (option 1) – Uncontrolled Release of Source Radio by UE

This section presents a solution for CReDT that optimizes the procedure execution time, thereby minimizing the overall service interruption time. The UE releases the source radio as soon as it notifies CCCF of a need for CReDT. It then follows with establishing of the target radio. The source radio is released prior to application of announcement to the remote party, potentially resulting in a noticeable speech gap toward the remote party.
Note that USSD enabled CAMEL service is used as a mechanism for initiation of CS to PS CReDT in the example calls walk-throughs presented in this document. However, it should be possible to use other mechanisms for enablement of CS to PS CReDT at CCCF.
 6.x.x.1.2.1.1 2G CS to 3G PS CReDT

Figure 1 below provides a walk-through of a 2G CS call that has been anchored in user’s IMS network using static or dynamic anchoring techniques and undergoes CS to PS CReDT with source release initiated by the UE.
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Figure 1: 2G CS to 3G PS CReDT-UE initiated source release

1. The UE detects a need for CS to PS CReDT based on trigger criteria discussed in Section 6.x.x.1.1 Triggers for CReDT, and notifies CCCF via a USSD initiated CAMEL service in user’s CS home network. It also notifies the user of the CS to PS transition via proper MMI. A USSD Gateway may be used to communicate the CS to PS CReDT notification to CCCF in absence of CAMEL.
2. UE subsequently initiates release of source radio and acquires IP-CAN RAB in the target radio.

2. Upon receipt of CS to PS CReDT Notification, CCCF starts the procedure to acquire an announcement port on MRF for application of announcement toward the remote party. CCCF also sends a SIP message (for example, an UPDATE) to the MGCF hosting the user’s CS bearer to report inactivity on the user’s CS connection to prevent inactivity timer expiry resulting in premature release of the call at the IM-MGW.

3. CCCF updates the remote party with the SDP of the announcement port at the MRF to establish announcement toward the remote party.

3. The UE initiates CS to IMS transition request toward CCCF after acquiring IP-CAN bearer.

4. CCCF updates the remote party with the UE’s IMS mode information, completing the transition from 2G CS to 3G IMS.
6.x.x.1.2.1.2 3G PS to 2G CS CReDT

Figure 2 below provides a walk-through of an IMS session that undergoes PS to CS CReDT via CCCF with source radio release initiated by the UE.
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Figure 2: 3G PS to 2G CS CReDT-UE initiated source radio release
1. The UE detects a need for PS to CS CReDT based on trigger criteria discussed in Section 6.x.x.1.1 Triggers for CReDT, and notifies CCCF via a Notify with Mobility Event Package. It also notifies the user of the PS to CS transition via proper MMI.

2. UE subsequently initiates release of source radio and registers with the 2G MSC.

2. Upon receipt of a Notify indicating PS to CS CReDT Notification, CCCF starts the procedure to acquire an announcement port on MRF for application of announcement toward the remote party. CCCF also sends a SIP message (for example, an UPDATE) to the remote party to report inactivity on the user’s connection to prevent inactivity timer expiry resulting in premature release of the call by the other end.

3. CCCF updates the remote party with the SDP of the announcement port at the MRF to establish announcement toward the remote party.

3. The UE initiates IMS to CS transition request toward CCCF after registering with the 2G MSC.

4. CCCF updates the remote party with the user’s CS connection information, completing the transition from 3G IMS to 2G CS.

Benefits:

1. Shorter Reestablishment time as Registration in the target domain happens in parallel to the establishment of announcement toward the remote party.

Drawbacks:

1. Potential speech gap before the application of announcement to the remote party.

6.x.x.1.2.2 CReDT (option 2) – CCCF controlled Release of Source Radio by UE

This section presents a solution for CReDT that improves the remote party’s quality of experience such that the remote party is not subject to a potential speech gap during the CReDT of the other end. The UE in this option does not initiate the release of the source radio until it receives an indication from CCCF that the remote party has been connected to a comfort tone/announcement. Since the establishment of the target radio is not started until later in the procedure, this option incurs significantly longer overall service interruption.

6.x.x.1.2.2.1 2G CS to 3G PS CReDT

Figure 3 below provides a walk-through of a 2G CS call that has been anchored in user’s IMS network using static or dynamic anchoring techniques and undergoes CS to PS CReDT via CCCF when source radio release is controlled by CCCF.
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Figure 3: 2G CS to 3G PS CReDT-CCCF Controlled source radio release
1. The UE detects a need for CS to PS CReDT based on trigger criteria discussed in Section 6.x.x.1.1 Triggers for CReDT, and notifies CCCF via a USSD initiated CAMEL service in user’s CS home network. It also notifies the user of the CS to PS transition via proper MMI.

2. Upon receipt of CS to PS CReDT Notification, CCCF acquires an announcement port on MRF for application of announcement toward the remote party. 

3. CCCF updates the remote party with the SDP of the announcement port at the MRF to establish announcement toward the remote party.

4. CCCF sends a CS to PS Transition Prep Complete Notification to the UE via a CAMEL service initiated USSD message. 

5. UE initiates release of source radio upon receipt of CS to PS Transition Prep Complete Notification from CCCF and acquires IP-CAN RAB in the target radio.

6. The UE initiates CS to IMS transition request toward CCCF after acquiring IP-CAN bearer.

7. CCCF updates the remote party with the UE’s IMS mode information, completing the transition from 2G CS to 3G IMS.

6.x.x.1.2.2.2 3G PS to 2G CS CReDT

Figure 4 below provides a walk-through of an IMS session that undergoes PS to CS CReDT via CCCF with source radio release controlled by CCCF.
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Figure 4: 3G PS to 2G CS CReDT-CCCF Controlled source radio release

1. The UE detects a need for PS to CS CReDT based on trigger criteria discussed in Section 6.x.x.1.1 Triggers for CReDT, and notifies CCCF via a Notify with Mobility Event Package. It also notifies the user of the PS to CS transition via proper MMI.

2. Upon receipt of a Notify indicating PS to CS CReDT Notification, CCCF starts the procedure to acquire an announcement port on MRF for application of announcement toward the remote party. CCCF also sends a SIP message (potentially an UPDATE) to the remote party to report inactivity on the user’s connection to prevent inactivity timer expiry resulting in premature release of the call by the other end.

3. CCCF updates the remote party with the SDP of the announcement port at the MRF to establish announcement toward the remote party.

4. CCCF sends a Notify to the UE to indicate PS to CS Transition Prep completion.

5. UE initiates release of source radio upon receipt of Notify with PS to CS Transition Prep completion and registers with the 2G MSC.

6. The UE initiates IMS to CS transition request toward CCCF after registering with the 2G MSC.

7. CCCF updates the remote party with the user’s CS connection information, completing the transition from 3G IMS to 2G CS.

Benefits:

1. Better quality of experience for the remote party.
Drawbacks:

2. Longer Reestablishment time, hence longer overall service interruption time as Registration in the target domain happens after the establishment of announcement toward the remote party.

NOTE: Re-establishment time may be equal to the redial of a new call set up time.

Editor Note: Clarify the impact of supplementary services and regulatory services (e.g. emergency call)
3.
Conclusion and Proposal

Agree for inclusion of the proposed text in Section 2 of this document in the appropriate section of TR 23.806.
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