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Abstract of the contribution: This contribution proposes improvements for SRVCC based on the use of bi-casting for the time of the SRVCC handover procedure. 
Discussion

As already identified by earlier contributions, the main problem that exists with SR-VCC release 8 is that the time it takes to have the remote party switch from sending/receiving the media to/from the local end to sending/receiving it to/from the MGW is difficult to predict, and could be pretty long.  

One way to alleviate the problem is to introduce a node in the media path that will perform some bi-casting for the time of the SRVCC procedure. This paper proposes two ways of doing so: 

1) In the first sub-alternative, a new functionality is added to the SCC AS which allows it to interact with an MRFC to anchor part or all of the media in a multimedia session in an MRFP at session establishment. Bi-casting is then performed for the time of the SRVCC procedure.
2) In the second sub-alternative, a node (AS/MRFC or IBCF) located between the SCC AS of the local end and the remote end anchors part or all of the media at session establishment.  Bi-casting is then performed for the time of the SRVCC procedure.
Conclusion

It is proposed to add the text above that describes SRVCC improvement alternatives based on bi-casting to TR 23.856.

Proposal

6.x
Alternative x – SR-VCC Enhancement using anchoring in the home network and bi-casting

6.x.1 
Sub-alternative #1: MRF selective media anchoring and bi-casting controlled directly by the SCC AS

In this alternative, when a multimedia session is established, the SCC AS requests resources from an MRF for the voice media flow. An MRFP is then introduced in the media path between the local party and the remote one. It will act as the anchor point for the voice media flow, and the remote end will never see that change throughout the call. 
When the SRVCC procedure starts, the SCC AS first instructs the MRFC to start bi-casting to the source destination point (UE-1 under LTE coverage) and to the target destination point (as described by the MGW SDP). At the time the UE has tuned to the target access, the SCC AS instructs the MRFP to stop sending media to the source access (i.e. LTE). 
It should be noted that the mechanism which allows the SCC AS to anchor some or all of the media in an MRFP to hide changes to the remote end and to allow for bi-casting could be useful, not only in the case of SRVCC but more generally in all session continuity and Inter-UE session cases.
NOTE:
This solution has the limitation that it does not allow OMR from the visited network.

6.x.1.1
Architecture  Reference Model

Editor’s Note: This subclause will contain the architecture reference model for the enhanced SRVCC.
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 Figure 6.x.1-1: Overview of updated architecture
6.x.1.2
Functional Entities
Editor’s Note: This subclause will define the functionalities of functional entities for the enhanced SRVCC.
No additional functional entities are introduced in addition to those already defined in TS 23.292 and TS 23.228

6.x.1.3
Message flows
Editor’s Note: This subclause will contain the message flows for the enhanced SRVCC
The following call flows show how this can be implemented.

6.x.1.3.1
Call origination 
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Figure 6.x.1.3.1-1: Call origination
1 - UE-1 initiates a multimedia session to UE-2 over PS. The request is forwarded to the S-CSCF of UE-1 following normal IMS session set up procedures.
2~3 – The service logic with iFC causes the request to be forwarded to the SCC AS for anchoring the sessions to enable Session Transfer.
4 – The SCC AS anchors the session and determines that part of the media needs to be anchored in an MRFP (the voice component).
5 – The SCC AS sends an INVITE to the MRFC indicating it to allocate MRFP resources for anchoring the voice media components of that call.
6 – The MRFC allocates a “call-reference-URI” which will be used during the SRVCC procedure by the SCC AS to request the voice media from the remote party to be bi-cast to the source and the target destination points. 

7 – The MRFC uses H.248 signalling to request the MRFP to set up the proper resources for that call.

8 – The MRFC sends a 183 Session Progress to the SCC AS which includes the SDP from the MRFP to be sent to the remote party, as well as the “call-reference-URI”. 
9 – The SCC AS stores the “call-reference-URI” for later use.

10 – The SCC AS forwards the INVITE, indicating in the offer the connection information and ports provided allocated by the MRFP.
11 – The S-CSCF then forwards the INVITE towards the remote party.
12 – The session setup is completed, as per 23.228, including updating the MRFC with the voice component connection information and ports for the remote party, and informing the local end about the connection information and ports for the MRFP (for the voice components of the multimedia session) and the remote party (for the non voice components for the multimedia session).
6.x.1.3.2
Call termination
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Figure 6.x.1.3.2-1: Call origination
1 – UE-2 initiates a voice IMS session to UE-1 over PS. The request is forwarded to the S-CSCF of UE-1 following normal IMS session set up procedures.
2~3 – The service logic with iFC causes the request to be forwarded to the SCC AS for anchoring the sessions to enable Session Transfer.
4 – The SCC AS anchors the session and determines that part of the media needs to be anchored in an MRFP (the voice component).
5 – The SCC AS sends an INVITE to the MRFC indicating it to allocate MRFP resources for anchoring the voice media components of that session. 
6 – The MRFC allocates a “call-reference-URI” which will be used during the SRVCC procedure by the SCC AS to request the speech frames from the remote party to be bi-cast to the source and the target destination points.

7 – The MRFC uses H.248 signalling to request the MRFP to set up the proper resources for that call.
8 – The MRFC sends a 183 Session Progress to the SCC AS which includes the SDP from the MRFP to be sent to the local end, as well as the “call-reference-URI”. 

9 – The SCC AS stores the “call-reference-URI” for later use.

10 – The SCC AS forwards the INVITE, indicating in the offer the connection information and ports provided allocated by the MRFP.

11 – The S-CSCF then forwards the INVITE towards UE-1.

12 – The session setup is completed, as per 23.228, including updating the MRFC with the connection information and ports UE-1.

6.x.1.3.3
SRVCC procedure: Access Network part (23.216)
In reference to the existing SRVCC procedure sequences in 23.216, it is proposed that the steps related to IMS session transfer be now performed before the MSC sends the PS to CS response to the source MME/SGSN, while they can now be performed in parallel. That way, bi-casting starts before the execution of the radio handover.
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Figure 6.x.1.3.3-1: SRVCC handover from E-UTRAN to GERAN without DTM support in 23.216 rev 9.0.0
As an example, figure 6.x.1.3.3-1 shows the sequence specified in 23.216, version 9.0.0 for an SRVCC handover from E-UTRAN to GERAN without DTM support. 

With the present sub-alternative SR-VCC improvement, the following changes would be required to that sequence:

Steps 1~10 are unchanged.

In step 11, the reference to a “remote leg update” becomes optional: this would occur only in the case where non voice media flows were part of the session established on the E-UTRAN side. As for the voice media flows, the MRFP will be the one to be updated with the connection of the MGW, and the remote party will not see any change. (See section 6.x.1.3.4).

Step 13 shall now occur after steps 10 and 11, while in the release 9 version of SR-VCC, it can occur in parallel with those steps.
Steps 14-24 are unchanged.
6.x.1.3.4 
SRVCC procedure: IMS part (23.237)
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Figure 6.x.1.3.4-1: Enhanced SRVCC procedure – 23.237 part of the procedure
1 – Procedures specified in TS 23.216, clause 6.2.2.1 (and modified according to 6.x.1.3.3) result in an INVITE to be sent with an STN-SR indicating use of SRVCC procedures for Access Transfer to CS access. The MSC Server enhanced for SRVCC includes the C‑MSISDN as calling party number.
2 – Standard procedures are used at S-CSCF for routing of the INVITE to the SCC AS.
3 – The SCC AS uses the STN-SR to determine that Access Transfer using SRVCC is requested. The SCC AS may retrieve the C‑MSISDN from the HSS. The SCC AS is able to identify the correct anchored session, and retrieves the “call-reference-URI” that was received from the MRFC at session setup for that call.

4 – The SCC AS sends then an INVITE to the MRFC, including the call-reference-URI, as well as the SDP of the MGW.
5 – From the call-reference-URI, the MRFC is able to understand that it shall start bi-casting the media received from the remote party to both the old connection/port and to the connection/port provided in the INVITE just received. The MRFC interacts with the MRFP using H.248 to set up the proper resources and topology in the MRFP.

6 – The MRFC answers to the SCC AS including the SDP from the MRFP. The SCC AS starts a supervision timer for the bi-casting. 
7~8 – The SCC AS then answers to the MSC with that SDP through the S-CSCF. 
9a –
If the Gm reference point is retained upon PS handover procedure then:
9a-1 –
The UE sends a Re-INVITE via the PS access to update the remaining non-voice media flow(s) associated with the recently added active session. If the UE is using ICS capabilities, this Re-INVITE also adds Gm service control to the active session and the UE subsequently sends Re-INVITEs for any remaining inactive bi-directional speech sessions that are to be transferred.
9a-2 –
Standard procedures are used at S-CSCF for routing of the Re-INVITE(s) to the SCC AS.
9a-3 – The SCC AS detects that the Re-INVITE is an update of the session for whose speech is currently being bi-cast. It uses this as a signal to stop bi-casting, if the supervision timer for bi-casting has not yet expired. The SCC AS terminates the session towards the MRFC that corresponds to the source access leg.
9a-4 – The MRFC releases the MRFP resources.

9a-5 – The MRFC confirms the release of the session to the SCC AS.

9a-6 – The SCC AS updates the Remote Leg if needed.
9b – If the Gm reference point is not retained upon PS handover procedure, or if there was no other non-voice media flow(s) in the IMS session than the voice which was transferred to the target access, then:

9b-1 – The Source Access Leg is released as specified in TS 23.237, clause 6.3.1.6.

9b-2 – When the supervision timer for bi-casting expires, the SCC AS terminates the session towards the MRFC that corresponds to the source access leg.
9b-3 – The MRFC releases the MRFP resources.

9b-4 – The MRFC confirms the release of the session to the SCC AS.

6.x.2
Sub-alternative #2: Selective media anchoring and bi-casting controlled by a node other than the SCC AS 

When a multimedia session is established, a node located between the SCC AS and the remote end anchors the voice media flow component of the session. 
When the SRVCC procedure starts, that node detects that the voice components is updated when the SCC AS performs the remote leg update, and decides (based on an indication sent by the SCC AS that bi-casting would be required for that remote leg update or on policies or on) to apply bi-casting for a certain period of time. 
NOTE:
This solution has the limitation that it does not allow OMR from the visited network.

6.x.2.1
Architecture  Reference Model

Editor’s Note: This subclause will contain the architecture reference model for the enhanced SRVCC.
6.x.2.2
Functional Entities

Editor’s Note: This subclause will define the functionalities of functional entities for the enhanced SRVCC.
6.x.2.3
Message flows
Editor’s Note: This subclause will contain the message flows for the enhanced SRVCC.
The following call flows show how this could be implemented. The example below assumes that it is an AS/MRFC triggered after the SCC AS (when looking at a call origination) that anchors the call, and bi-casts for a certain period of time at SRVCC handover. 
In some scenarios when an IBCF/TrGW needs to be inserted in the call path, it could also be the entity that anchors the voice media, and bi-casts at remote leg update. The AS could to decide whether to anchor the call or not depending on the request it receives (for instance, at call origination, it could decide not to anchor the calls that are destined to another operator, because it knows an IBCF/TrGW will anyway be in the path of the call). When receiving the remote update request from the SCC AS indication, if the AS has anchored the call in an MRF, it would take care of the bi-casting and remove the “bi-casting desirable” indication from the SCC AS when doing so, and otherwise leave that indication untouched for the IBCF or another node towards the remote end to receive it and start the bi-casting.
6.x.2.3.1
Call origination
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Figure 6.x.2.3.1-1: Call origination
1 - UE-1 initiates a multimedia session to UE-2 over PS. The request is forwarded to the S-CSCF of UE-1 following normal IMS session set up procedures.

2~3 – The service logic with iFC causes the request to be forwarded to the SCC AS for anchoring the sessions to enable Session Transfer.

4 – The SCC AS anchors the session

5 – The SCC AS issues an INVITE through the S-CSCF towards the remote end. 

6~7 – The service logic with iFC causes the request to be forwarded to the AS/MRFC.

8 – The MRFC/AS parses the SDP UE-1 and determines (for instance based on operator policy) that MRFP anchoring is required for the voice component of the multimedia session.
9 – The MRFC uses H.248 signalling to request the MRFP to set up the proper resources for that call.

10 – The AS/MRFC issues an INVITE towards the remote party. The SDP in that INVITE includes the SDP of the MRFP for the voice component, and the SDP UE-1 for the non voice components. 

10~11 – The INVITE is routed to the remote party through the S-CSCF.

12 – The session setup is completed, as per 23.228, including updating the MRFC with the voice component connection information and ports for the remote party.
6.x.2.3.2
Call termination
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Figure 6.x.2.3.2-1: Call termination
1 – UE-2 initiates a voice IMS session to UE-1 over PS. The request is forwarded to the S-CSCF of UE-1 following normal IMS session set up procedures.

2~3 – The service logic with iFC causes the request to be forwarded to the MRFC/AS for providing call terminating services.

4 – The MRFC/AS parses the SDP Remote Party and determines (for instance based on operator policy) that MRFP anchoring is required for the voice component of it. 

5 – The MRFC uses H.248 signalling to request the MRFP to set up the proper resources for that call.

6 – The AS/MRFC issues an INVITE towards the remote party. The SDP in that INVITE includes the SDP of the MRFP for the voice component, and the SDP UE-1 for the non voice components. 

7~8 – The service logic with iFC causes the request to be forwarded to the SCC AS for anchoring the sessions to enable Session Transfer.

9 – The SCC AS anchors the session

10~11 – The INVITE is routed to UE-1 through the S-CSCF.

12 – The session setup is completed, as per 23.228, including updating the MRFC with the voice component connection information and ports for the remote party.
6.x.2.3.3
SRVCC procedure: Access Network part (23.216)
The same changes applies as for sub-alternative #1: see section 6.x.1.3.3.
6.x.2.3.4
SRVCC procedure: IMS part (23.237)
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Figure 6.x.2.3.4-1: Enhanced SRVCC procedure – 23.237 part of the procedure
1 – Procedures specified in TS 23.216, clause 6.2.2.1 result in an INVITE to be sent with an STN-SR indicating use of SRVCC procedures for Access Transfer to CS access. The MSC Server enhanced for SRVCC includes the C‑MSISDN as calling party number.

2 – Standard procedures are used at S-CSCF for routing of the INVITE to the SCC AS.

3 – The SCC AS uses the STN-SR to determine that Access Transfer using SRVCC is requested. The SCC AS may retrieve the C‑MSISDN from the HSS. The SCC AS is able to identify the correct anchored session.

4 – The SCC AS sends then a re-INVITE or UPDATE for updating the remote leg, which includes the SDP of the MGW. The SCC AS includes an indication that bi-casting would be desirable for a certain period of time for that update. 
5 – When getting the “bi-casting desirable” indication from the SCC AS, the AS/MRFC decides to have the MRFP bi-cast for some time to avoid that speech frames be lost. The AS/MRFC also starts a supervision timer for the bi-casting.
6 – The AS/MRFC interacts using H.248 for the MRFP to start bi-casting. The MRFP allocates resources for the new media flow.
7 – The AS/MRFC answers with a 200 OK including the SDP of the MRFP.

8~10 – The 200 OK is routed to MSC via the S-CSCF and the SCC AS.
11a –
If the Gm reference point is retained upon PS handover procedure then:

11a-1 –
The UE sends a Re-INVITE via the PS access to update the remaining non-voice media flow(s) associated with the recently added active session. If the UE is using ICS capabilities, this Re-INVITE also adds Gm service control to the active session and the UE subsequently sends Re-INVITEs for any remaining inactive bi-directional speech sessions that are to be transferred.

11a-2~11a4 – The Re-INVITE is routed to the AS/MRFC via the S-CSCF and the SCC AS.

11a5 – The AS/MRFC detects that the Re-INVITE is an update of the session for whose speech is currently being bi-cast. It uses this as a signal to stop bi-casting, if the supervision timer for bi-casting has not yet expired.
11a6 – The AS/MRFC interacts with the MRFP to have it stop bi-cast.

11a7~11a8 – The AS/MRFC issues a re-INVITE towards the remote party that is routed to it via the S-CSCF.

11b – If the Gm reference point is not retained upon PS handover procedure, or if there was no other non-voice media flow(s) in the IMS session than the voice which was transferred to the target access, then:

11b-1 – The Source Access Leg is released as specified in TS 23.237, clause 6.3.1.6.

11b-2 – The timer for bi casting supervision expires in the MRFC/AS.

11b-3 – The AS/MRFC interacts with the MRFP to have it stop bi-cast.
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