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Abstract of the contribution: A procedure is presented for single radio voice call continuity from LTE PS to 2G/3G CS by utilizing the Combinational VCC approach.
1 Introduction

Section 7.19.1.3 of TR 23.882 describes a solution for voice call continuity called Combinational VCC. Despite an overall description of this alternative is already included, it does not provide enough information to evaluate its feasibility and identify possible impacts in the baseline network. 
2 Signalling flow for Combinational VCC procedure
Figure 1 shows a simplified signaling flow for the Combinational VCC procedure when a voice call in LTE is transferred from LTE to CS domain in PRE-LTE. As it can be seen, the proposed CVCC procedures do not require neither additional interfaces to SAE nor additional procedures in the radio or core network and in addition, the IMS domain transfer procedures described in [3] are reused.
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Figure 1: Voice call continuity from LTE to 2G/3G via Combinational VCC procedure
1) UE may send a measurement report to eNodeB due to e.g. low radio conditions.
2) eNodeB decides that inter-access system handover is needed and selects the target cell (2G or 3G). In addition to verify if PS data is supported by the target cell, eNodeB also verify the preferred domain for the voice call in the target cell (PS or CS). This information is configurable by the operator and can be included as part of the neighbour cell configuration in eNode B and/or based on feedbacks from the target network).
3-5) Inter-RAT handover procedures from LTE to 2G/3G proceeds as any normal RT inter-AS handover procedure. When eNodeB sends the inter-AS handover command, an indication of the preferred domain in the target network (PS or CS) is delivered to UE. The voice interruption time due to inter-RAT PS handover may well reach similar levels than as for inter-MSC handover (around 100 ms).
6) If the preferred domain indication delivered to UE is CS domain, the UE will trigger the domain change procedure right after the PS handover by requesting a CS voice call. This helps reducing the total time the voice call is handled in the PS domain. After 6), similar VCC procedures as in [3] are applied. 
7-10) The CS data bearer is established. In 3G, multi-rab is used by the UE to be able to handle simultaneous session in CS and PS. In 2G, enhanced DTM establishment [6] is used instead.
11) As a result of the voice call attempt, the VCC application executes the domain transfer procedure.
12) Upon reception of the Alert/Connect message, UE stops the VoIP session. Voice call is switched by UE from the PS domain to CS domain.
13) Voice call proceeds in CS domain of the target system. The total time UE is temporarily allocated in the PS domain (step 4 to step 12) depends on the attachment procedure (e.g. combined RA/LA update etc) and voice call setup time duration. This time period may take some few seconds. In UTRAN, the time the voice session is allocated to the PS domain is on the order of 3-5 seconds, in GERAN this could take some few seconds longer.
2.1 Handling of domain preference
As described above, we propose that the indication of the preferred domain is given in the source network (LTE). This approach makes the handling of the VCC procedures similar to the VCC procedures defined in [3], i.e., VCC procedures inside pre-LTE is transparent to the radio access network.
Instead, if the preference domain is given when the terminal is in the target network, as proposed in [4], we see the following disadvantages:
· Impact on legacy networks: new messages between UE and the radio access network are added. For example a “handover to CS domain” (and its corresponding fall back procedures) should be implemented to command UE to use the CS resources.
· Impact on core network: radio network and some CS core network elements should intervene in a VCC procedure that is by nature a UE-IMS specific matter. Thus, this solution does not re-use the standardized VCC procedures given in [3] but will require new procedures in the CS core and VCC application. 
Both disadvantages contradict the requirements set for SR VCC listed in section 7.19.1.1 of [5].

2.2 Seamless mobility levels according to GERAN requirements 
The procedure described above allows seamless mobility for voice calls to GERAN and UTRAN. Although in principle a GERAN network should be equipped with decent RT features to work as a fallback network to LTE, some operators have shown their concern about adding more functionalities to their existing GERAN networks. As we should strive for a unique and simple solution for voice/service continuation from LTE to pre-LTE systems, we propose a scalable CVCC solution for LTE->GERAN voice continuation that can suit any trade off demands between complexity/cost and seamless mobility levels. Our proposal is to improve the seamless mobility level according to the GERAN requirements that an operator is willing to implement. 
For example, the VCC procedure described in Figure 1 could be as well used in GERAN networks supporting enhanced DTM only (GERAN scenario 9). In this case the VoIP session in GERAN (from step 4 until step 12) may suffer voice breaks if the terminal moves from one cell to another. In order to minimize the number of interruptions it is suggested to configure the handover parameters so as to retain the terminal in one cell as much as possible (by avoid ping pong effects). By doing so, the number of interruptions during the VoIP session could be reduced to one in the worst case. As more than 60% of calls are originated in stationary/low mobility fashion, the probability of having one interruption due to change of cells is very low.
Another example to consider is the case of a GERAN network with no DTM and PS handover support (GERAN scenario 2). In this case, the voice break will always exist (from step 4 to step 12) and the VoIP session should not be released before the CS connection is established.
As summary, Table 1 shows possible Combinational VCC variations according to the requirements supported in GERAN. 
	Solution
	Requirements
	Performance

	Combinational VCC 1
	· Inter-RAT PS handover to pre-LTE.

· Enhanced DTM CS establishment.
· Intra-2G PS handover
	· Two short interruptions: during inter-RAT handover and during domain change. 

· VoIP quality according to the VoIP features in GERAN.

	Combinational VCC 2
	· Inter-RAT PS handover to pre-LTE.
· Enhanced DTM
	· One short interruption (in the order of few seconds) may occur if the terminal moves from one GERAN cell to another during the CVCC procedures.
· VoIP quality according to the VoIP features in GERAN.

	Combinational VCC 3
	· Inter-RAT PS handover to pre-LTE.
	· One long interruption, in the order of seconds, until the CS connection is established.


Table 1. Different CVCC variations according to GERAN requirements
3 Proposal
This contribution proposes to discuss the section above and make the proposed changes below in TR 23.882:
( Start change (
7.19.1.3.1
Description

Combinational VCC (C-VCC) is a combination of radio handover (HO) and VCC domain transfer (DT; as defined in 3GPP TS 23.206 [29]).

The continuity between IMS/LTE and 3G CS is enabled by going through 3G PS as an intermediate step i.e.

· LTE =(PS HO)=> via 3G PS  =(DT)=> 3G CS, and

· 3G CS =(DT)=> via 3G PS =(PS HO)=> LTE.

A pre-requisite for C-VCC operation in this scenario is that the 3G cell supports both CS voice bearers and PS voice bearers.

The continuity between IMS/LTE and 2G CS is enabled by going through 2G PS as an intermediate step i.e.

· LTE =(PS HO)=> via 2G PS  =(DT)=> 2G CS, and

· 2G CS =(DT)=> via 2G PS =(PS HO)=> LTE.

Several CVCC variations can be implemented according to the existing functionalities in 2G, as shown in Table 7.19.1.3.1-1
	Solution
	Requirements
	Performance

	Combinational VCC 1
	· Inter-RAT PS handover to pre-LTE.

· Enhanced DTM CS establishment.
· Intra-2G PS handover
	· Two short interruptions: during inter-RAT handover and during domain change. 

· VoIP quality according to the VoIP features in GERAN.

	Combinational VCC 2
	· Inter-RAT PS handover to pre-LTE.
· Enhanced DTM
	· One short interruption (in the order of few seconds) may occur if the terminal moves from one GERAN cell to another during the CVCC procedures.
· VoIP quality according to the VoIP features in GERAN.

	Combinational VCC 3
	· Inter-RAT PS handover to pre-LTE.
	· One long interruption, in the order of seconds, until the CS connection is established.


Table 7.19.1.3.1-1 Different CVCC variations according to GERAN requirements

The solution is applicable in pre-SAE/LTE context, including transitions to/from 3G PS-only cells. 
7.19.1.3.2
Impact on the baseline CN Architecture

If the preferred domain indication for the service continuation in pre-LTE is signalled in LTE, no impact is foreseen in CN architecture.

If the preferred domain for the service continuation is decided in pre-LTE, new procedures may be needed for the domain transfer
7.19.1.3.3
Impact on the baseline RAN Architecture

If the preference domain in pre-LTE is decided in LTE, no impact is foreseen in RAN architecture.

If the preferred domain for the service continuation is decided in pre-LTE, new signalling messages in the air interface are needed.

( End Change (
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