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1. Introduction
In the previous IMS SWG meeting (SA2#73) the MSC-S assisted mid-call handling mechanism was agreed and also section 4.3.1.2.3 was agreed in TS 23.237 in order to cover the cases of co-existence between the newly added MSC-S assisted mid-call mechanism and the ICS UE mechanism (using Gm and/or I1) for mid-call handling. 

This document aims to analyse more on these issues and determine the need for more detailed procedures for selecting in the MSC-S whether MSC assisted mid-call handling is to be performed or not based on the UEs and target access system capabilities.
2. Mid-call handling mechanisms in rel.9

Three cases for PS-to-CS mobility are covered in Rel-8 in TS 23.237 for both Dual Radio and Single Radio VCC. 

1. ICS UE case where the UE is enhanced as defined in TS 23.292 in order to trigger the transfer of additional voice calls to the target access. 
2. Non-ICS UE with MSC-S enhanced for ICS case as defined in TS 23.292 where the MSC-S is enhanced and is capable to support unmodified “legacy” UEs

3. Non-ICS UE with MSC-S NOT enhanced for ICS
In all the above cases for Single Radio VCC, the MSC is also enhanced for SR-VCC as defined in TS 23.216. 

In rel.8 mid-call services can only be supported for case 1 (ICS UE) when the UE moves to UTRAN or GERAN with DTM given that only Gm can be supported. In the case of SR-VCC, the transfer of the additional voice calls to the target access only occurs after the access handover is complete.
With the addition of the MSC-S assisted mid-call handling solution the MSC-S receives the active/inactive session status from the SCC AS during the execution of session transfer for the active session, and decides to executes subsequent session transfers for remaining active/inactive sessions of the UEs.  

It was also though decided to include the UE-based I1 solution in Release 9 as an option and alternative to supporting the MSC-assisted mid-call feature, with the understanding that this option could only provide support for ICS UEs that were unable to use their ICS capabilities.

The addition of this new solution and the fact that I1 interface was agreed to be optionally included in the specifications in rel.9 raises the issue of co-existence with the ICS UE solution and the fact that the MSC-S needs to be kept updated with whether the UE is in position to use Gm and whether it supports I1 in order to decide whether to initiate the MSC-S assisted mid-call procedures or not. 

At the moment the co-existence is handled in section 4.3.1.2.3: 
4.3.1.2.3
Co-existence of ICS UE and MSC Server assisted mid-call support

The MSC Server assisted mid-call feature can only be triggered if UE, MSC Server, and SCC AS all have indicated support of the MSC Server assisted mid-call feature.

A UE may implement both ICS UE capability and the MSC Server assisted mid-call support for situations when the ICS UE capabilities cannot be used or be maintained after the transfer. For such a scenario, if ICS UE indicates both capabilities then the SCC AS needs to determine which capabilities are used to transfer the additional active or inactive sessions. The following logic is applied in the SCC AS to achieve this:

-
If the Access Transfer request is made using ICS UE capabilities, the SCC AS detects that ICS UE capabilities are used and executes the transfer according to procedures defined in clause 6.3.2 of the present document.

- 
If the Access Transfer request is made via the MSC Server, the SCC AS needs to determine whether ICS capabilities are used:

-
If the ICS UE is able to use ICS capabilities, then clause 6.3.2 of the present document applies.

-
If the ICS UE is not able to use ICS capabilities, then MSC Server assisted mid-call capability is used.

NOTE:
For SR-VCC, the SCC AS can determine whether ICS capabilities are used, e.g. if the UE re-establishes the Service Control Signalling Path.

The parts of the sentence that are highlighted with yellow are the ones that we believe that are not currently specified in TS 23.237 in good level of detail in order to provide a consistent implementation. In more detail: 

· How does the SCC AS gets informed that the UE supports ICS capabilities or MSC-S assisted mid-call handling? Specifically how does the SCC AS get informed that the UE supports Gm, I1, MSC-S assisted mid-call or any combinations? 

· How does the SCC AS determine whether the ICS capabilities of the UE can be used since this depends on whether the UE supports Gm or I1 or both and more important how does the SCC AS know whether the UE is able to use its ICS capabilities since this will depend on whether the target access, where the UE is transferred, is DTM capable or not.
3. Proposals to handle co-existence

We propose to different mechanisms in order to solve the aforementioned problem.

· Option 1 (deterministic) where the MSC-S receives the information in terms of the target access of the UE in the PS-to-CS transfer either through Sv (SRVCC) or using a special indicator in the DTAP SETUP message (DRVCC). Using SIP signalling in the I2 interface the SCC AS provides the UE capability in order for the MSC-S to decide on whether to execute MSC-S assisted for mid-call support procedures or let the UE execute ICS UE procedures

· Option 2 (opportunistic) where the MSC-S always performs “additional” session transfer request if the session state information contains more than one session. The timing of the additional session transfer execution is driven from a timer that is initialized when the session transfer trigger is provided to the MSC-S.

Option 1- Deterministic

The main assumption of the mechanism in option 1 is to make aware the MSC-S of the UEs capabilities and the capabilities of the cell where the UE is camped at the target system. In order to achieve this procedure the following pieces of information need to be provided to the MSC-S:

In case of SRVCC: The MME indicates to the MSC-S whether the target system where the UE is moving is DTM capable or not. This will determine whether the UE can support Gm in the target access. This information is an extension provided in “PS to CS request” message in Sv interface.

In case of DRVCC: The UE indicates to the MSC-S whether the target system where the UE is moving is DTM capable or not. This will determine whether the UE can support Gm in the target access. This information is an extension provided in the DTAP SETUP message either explicitly with the use of a new indicator/information element or implicitly through the use of a pre-assigned value in an existing information element for example the STN. 

Common:
1. The SCC-AS has to indicate to the MSC-S the UE capabilities for which the session transfer is executed. This has to be determined in terms of whether the UE supports I1-only, Gm-only, MSC-S assisted mid-call handling or any combination. 

2. The MSC-S “knows” its capabilities in terms of whether it supports I1 or not

3. The MSC-S based on processing the aforementioned information decides whether to use MSC-S assisted mid-call feature or not based on the logic described in the flowchart shown below:

NOTE: The figure shown below illustrates the case for SRVCC
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Figure 1: Selection mechanism for using MSC-S assisted mid-call procedures.
Advantages

· It provides a deterministic way to handle co-existence between MSC-S assisted mid-call handling and ICS UEs with various capabilities (Gm or I1) 
· For SRVCC presents minimal or no impact on the UE and allows deterministic handling of the mid-call services, i.e. the ICS UE will always be able to handle the mid-call events
Disadvantages

· Impacts the DRVCC UEs since it requires a new IE in the DTAP SETUP or specially assigned STN
· For SRVCC, impacts the Sv interface (a new IE is needed)
Option 2- Opportunistic
The main assumption of this option is that the MSC-S that supports MSC-S assisted for mid-call capability always performs “additional” session transfer request if the session state information contains more than one sessions. This solution is “speculative” and relies on determining a good enough offset time within which the UE would have performed the session transfer of the additional sessions by itself if it has ICS capabilities and is in position to use them. 

The timing of the additional session transfer requests is driven from a timer that is initiated after the initial session transfer is performed and the session state information is obtained.

If the MSC-S receives session state information that indicates that the UE has more than one session in place

· Initialises the “timer” that will determine the timing of the initiation of the additional session transfer requests

When the “timer” expires the MSC-S initiates the session transfer request for the additional sessions irrespective and regardless of whether the UE has also performed session transfers already using its ICS UE capabilities.

If the SCC AS has not yet received the additional session transfer requests from the UE, the SCC AS: 
· Performs the session transfer as a result of the request sent from the MSC-S.
If the SCC AS has already received the additional session transfer requests from the UE, it:
· Rejects the (additional) session transfer requests from the MSC-S with a SIP 480 (Temporarily Unavailable) response as defined in TS 24.237

Advantages

· It does not impact any of the network interfaces 
· It does not impact the UE and can be used with legacy DRVCC UEs
Disadvantages

· It does not provide a deterministic way to perform mid-call events since it relies on a timer. In certain cases race conditions may occur that will cause the ICS UE not to handle the mid-call handling itself. In this respect impacts the UE (SRVCC/DRVCC) since it needs to cope with these error/race conditions.
4. Proposal
It has to be highlighted that the two different mechanisms highlighted here are not mutually exclusive and can co-exist within a single MSC-S in order to handle the co-existence between ICS and non-ICS UEs. Especially if DRVCC UEs also served by the same MSC-S.

In this respect the authors propose that OPTION 1 is specified for SRVCC and OPTION 2 as a “fallback” for DRVCC UEs. 
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