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1. Introduction

It was agreed by GERAN WG2 #33bis that the decision on whether an ongoing LTE voice call handed over to GERAN/UTRAN shall continue in the CS domain or in the PS domain is taken by the target system depending on supported capabilities and on the network operator policy - see [1].
The present discussion paper is aiming to investigate an approach based on PS Handover and reusing existing signalling messages and procedures for assigning the CS radio resources once the terminal has moved to the target system rather than supplementing a CS resource description via the PS Handover procedure.

This discussion paper is an update of G2-070224 presented at GERAN WG2 #34bis, including Data flow diagrams (section 3).
2. Proposed approach

2.1 General
The proposed solution falls into the following PS Handover and DTM based scenarios: scenarios 7/8 (PS handover and DTM) and scenarios 10/11 (PS Handover and DTM Enhancements) according to the agreed scenarios table established at the 3GPP Workshop on LTE GSM Handovers [3]. This solution could also be considered for scenarios 12/14 ("VoIP") whenever a fallback to CS is sought.
This proposal is aiming to provide a similar basis for all the scenarios requiring VCC Domain Transfer procedures. DTM support is needed in order to initiate the CS call establishment on the CS channel and trigger the Domain Transfer. Alternative solutions should be investigated if the scenarios without DTM (5/6/13) need to be covered.
This proposal is expected to fulfil the maximum 300 ms service interruption time for the scenarios listed (i.e. interruption due to PS Handover), the overall LTE-GSM voice call handover operation being decomposed in the following steps:

1) PS Handover from LTE to GSM triggered by radio conditions or service reasons.

2) Combined RA/LA update and VCC Domain Transfer initiation while the voice segment is kept in the GSM PS domain.
3) Switching voice segment from PS radio channels to CS radio channels in the target cell.
2.2 Proposed solution

It is proposed, once the mobile has moved to the target cell further the PS handover, to send a DTM ASSIGNMENT COMMAND message encapsulated into a PACKET CS COMMAND on PACCH (see [4] and [5]) for assigning the CS resource to the mobile station.

If both the mobile station and the network are supporting DTM enhancements (scenarios 10/11/12/14), then this is a native DTM enhancement mechanism that can be used without extra implementation efforts (i.e. this is the network initiated enhanced DTM CS establishment procedure). The network will send the PACKET CS COMMAND (DTM ASSIGNMENT COMMAND) once the PS Handover procedure is completed as per normal enhanced DTM CS establishment procedure. The Mobile Station will then be able to trigger the domain transfer to the CS resource as soon as Combined RA/LA Update is completed.
If either the mobile station or the network does not support DTM enhancements (scenarios 7/8), then the extra implementation effort over DTM support is felt minimum as the DTM ASSIGNMENT COMMAND message is already part of basic CS establishment procedures in DTM. The additional implementation needed is thus the handling of the PACKET CS COMMAND message for the side not already supporting DTM enhancements and the support of the related part of the network originated enhanced DTM CS establishment procedure with the benefit of reusing an existing part of the standards.
	
	
	Network support level

	
	
	No DTM
	DTM
	DTM Enh.

	Terminal support level
	No DTM
	Scenario 5/6/13: Not part of this proposal as simultaneous CS (for Domain Transfer operation) and PS (for voice support) channels are required simultaneously (i.e. DTM resources).
A similar procedure could however be used at Combined RA/LA Update completion, but the interruption time would equal the Domain Transfer procedure duration. Or the call needs to be parked (e.g. CReDT).

	
	DTM
	
	Scenario 7/8: PACKET CS COMMAND (DTM ASSIGNMENT COMMAND) supported for the sake of VCC.

Operation is the same as for scenario 10/11/12/14.

	
	DTM Enh.
	
	
	Scenario 10/11/12/14:

Normal enhanced DTM CS establishment takes place after PS Handover.


2.3 Additional notes

· Even though the CS radio resources are assigned to the mobile station after the PS handover is completed, the present proposal does not prevent the network to check the availability and to reserve these resources in due time, e.g. when the PS Handover Request is received by the BSS (noting that these CS resources are used when the Combined RA/LA Update ends so that the CS call establishment could start). Handover of PS resources and CS resources assignment are made independent operations that conform to existing Rel-6 procedures.

· "PS-CS handover" solutions encompassed by the "Scenario 1" identified in [3] are not in the scope of this proposal because inherently allocating CS radio resources via CS Handover.

· Pure "cell reselection" scenarios (i.e. without PS handover support) are not part of this proposal either (not expected to fulfil maximum service interruption time requirements).

· No assumption is made about the voice quality for the cases E-GPRS is not supported (e.g. scenarios 7/10).
3. Data flow diagrams
3.1 E-UTRAN to GERAN Inter RAT HO with voice bearer
NOTE:
The data flow diagrams presented in this section are based on the inter-RAT handover procedures specified in 3GPP TS 23.401 where details have been removed. New elements specific to voice call continuity are highlighted in blue.
3.1.1 Preparation phase
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Figure 3.1.1-1: E-UTRAN to GERAN Inter RAT HO with voice bearer, preparation phase
1.
The source eNodeB decides to initiate a PS handover to the target GERAN A/Gb mode (2G) system. 
2.
The source eNodeB sends a Relocation Required (Cause, Target System Identifier, Source eNodeB Identifier, Source to Target Transparent Container (*), Bearers Requesting Data Forwarding List) message to the Source MME to request the CN to establish resources in the Target BSS, Target SGSN and the Serving GW.

3.
The Source MME will forward the request to the target SGSN using the message Forward Relocation Request (IMSI, Target Identification (shall be set to "empty"), MM Context, PDP Context, PDP Context Prioritization, Tunnel Endpoint Identifier Control Plane, MME Address for Control plane, Source to Target Transparent Container (*), Packet Flow ID (if available), XID parameters (if available), Cell Identification, Direct Forwarding Flag).
4.
The Target SGSN will request the Target BSS to establish the necessary resources (PFCs) by sending the message PS Handover Request (TLLI, IMSI, Cause, Target Cell Identifier, PFCs to be set-up list, Source to Target Transparent Container (*) and NAS container for PS handover).
4a.
The Target BSS allocates the requested resources and returns the applicable parameters to the Target SGSN in the message PS Handover Request Acknowledge (TLLI, List of set-up PFCs, Target to Source Transparent Container). 
The NAS container for PS Handover, received by Target BSS in step 4, is part of the Target to Source Transparent Container.

5-5a.
If "Direct Forwarding" is not applicable, the Target SGSN shall send the message Update Bearer Request (Cause, SGSN Address(es) and TEID(s) for User Traffic) to the Serving GW used for indirect packet forwarding.  The Serving GW returns the forwarding payload parameters by sending the message Update Bearer Response (Cause, Serving GW Address(es) and TEID(s) for Data Forwarding).
6.
The Target SGSN completes the preparation phase by sending the message Forward Relocation Response (Cause, Tunnel Endpoint Identifier Control Plane, SGSN Address for Control Plane, Target to Source Transparent Container, BSSGP Cause, List of set-up PFIs, Address(es) and TEID(s) for User Traffic Data Forwarding) to the Source MME.
(*)
For a SR-VCC capable UE engaged in a VCC call, the Source to Target Transparent Container contains a parameter indicating the presence of a "transformational" voice bearer. The target system could decide whether to continue the voice call in the PS domain (VoIP) or to allocate CS resource and proceed to the domain transfer. Whether the corresponding bearer needs to be explicitly identified in the procedure is TBD.
3.1.2 Execution phase
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Figure 3.1.2-1: E-UTRAN to GERAN Inter RAT HO with voice bearer, execution phase
1.
The Source MME completes the preparation phase towards Source eNodeB by sending the message Relocation Command (Target to Source Transparent Container (PS Handover Command with RN part and EPC part), Bearers Subject to Data Forwarding List). 

2.
The Source eNodeB will give a command to the UE to handover to the Target Access System via the message HO from E-UTRAN Command. This message includes a transparent container including radio aspect parameters that the Target BSS has set-up in the preparation phase. This message also includes the XID and IOV-UI parameters received from the Target BSS. 

3.
The Source eNodeB informs the Source MME which then informs the Target SGSN regarding "delivery order" parameters in the message Forward SRNS Context. This step is marked as FFS in 3GPP TS 23.401.
4.
The UE moves to the Target GERAN A/Gb (2G) system and executes the handover according to the parameters provided in the message delivered in step 2.
5.
When the UE has successfully accessed the Target BSS, it sends the message XID response. Upon sending the XID Response message, the UE shall resume the user data transfer only for those NSAPIs for which there are radio resources allocated in the target cell.
6.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the UE to the Target BSS, the Target BSS informs the Target SGSN by sending the message PS Handover Complete (IMSI, and Local TLLI).

7.
The Target BSS also relays the message XID Response to the Target SGSN. Note: the message in step 6 and 7 may arrive in any order in the Target SGSN.

8.
Then the Target SGSN knows that the UE has arrived to the target side and Target SGSN informs the Source MME by sending the message Forward Relocation Complete. The Source MME will also acknowledge that information. Further action in the Source MME continues at step 13.
9-10-11. The Target SGSN completes the PS Handover procedure by informing the Serving GW, which in turns informs the PDN GW (marked as FFS in 3GPP TS 23.401). These procedures are acknowledged. At this stage the user plane path is established for all PDP contexts between the UE, Target BSS, Target SGSN, Serving GW and PDN GW.
CS1a.
If fallback to CS is decided, the network initiates an enhanced DTM CS establishment procedure (see Note) by sending a PACKET CS COMMAND message encapsulating a DTM ASSIGMENT (3GPP TS 44.060). This step may be triggered anytime after step 6 is completed.

Note: support of this part of Rel-6 DTM enhancements would be required for Single Radio VCC capable UEs.
CS1b.
On receipt of the encapsulated DTM ASSIGNMENT message, the UE establishes the main signalling link (3GPP TS 44.018). This may take place in parallel to packet procedures / steps 12 to 14.
CS1c.
The UE send an ASSIGNMENT COMPLETE message to the BSS.
12.
XID Negotiation (see 3GPP TS 43.129).
12a. The Target SGSN (re-)establishes LLC ABM for the PDP contexts which use acknowledged information transfer. During the exchange of SABM and UA the SGSN shall perform LLC/SNDCP XID negotiation.

13.
After the source MME has received the Forward Relocation Complete message, it sends a Release Resources message to the source eNodeB. When the Release Resources message has been received and there is no longer any need for the eNodeB to forward data, the Source eNodeB releases its resources.
14.
The UE triggers a combined Routeing Area Update / Location Area Update procedure in target SGSN as described in 3GPP TS 23.060.
CS2.
When RAU/LAU is completed (14) and the main signalling link has been established (CS1) the UE initiates a call setup procedure (3GPP TS 24.008) to trigger the VCC domain transfer.
CS3.
When the domain transfer is completed, the resources used for the voice component in the packet domain may be released.
4. Conclusion

This present discussion paper has investigated "Fallback to CS" implementation for scenarios supporting PS Handover and DTM at a minimum and making use of Voice Call Continuity procedures defined by SA 2. It is expected that the related performance fulfils the maximum 300 ms service interruption time for the considered scenarios.
The proposed approach makes use of the Rel-6 network initiated enhanced DTM CS establishment procedure for assigning the CS radio resources once the terminal has moved to the target system.
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