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1. Introduction
This contribution defines the point in domain transfer procedure where the UE and the network switch the media path from the transferring-out domain to transferring-in domain.
The first issue to consider is which entity (CCCF or UE) can make the final decision on when to switch the media path. CCCF is an entity that manages the session switching in control plane but it is not in the media path. CCCF has no other means to control the media switching than SIP methods (e.g., the CCCF sends re-INVITE or UPDATE towards the other end of the VCC UE (i.e.,UE or MGCF), a 200 OK for INVITE to the VCC UE, BYE to the transferring-in leg, etc). In all, CCCF does not have any other means to control the switching than these SIP methods. The actual media switching, however, must be done at the end points (i.e., VCC UE and the SIP UA at the other end).

The second issue to consider is whether the two media directions (uplink and downlink from the UE) can switch at different point of time, or do they need to be switched at the same time. Switching the directions at different time may give a benefit for faster switch procedure and shorter disruption. However, there are  some limitations that require both directions are to be switched at the same time. One is the use of Symmetric RTP, which is assumed to be used commonly in IMS voice service. Symmetric RTP means both directions share the IP address and port that are used for the RTP stream, in other words, the UE receives stream to the same IP address and port from where it sends the stream. Symmetric RTP is commonly used to help to bypass the NATs. With symmetric RTP, it is not possible to switch the directions at different time, since the media IP address is changed, it affects to both directions. Another limitation is that most implementations verify that the RTP media source IP address is the same what was negotiated during the SDP offer/answer procedure. This means a new SDP offer/answer must be completed before the media can be switched. Switching directions at a different time would require complete two SDP offer/answer negotiations, which can be considered to slow down the VCC transition. Thus we conclude that both directions must be switched at the same time.

The third issue to consider is when the VCC UE and the other SIP UA should perform the media switch. The RFC 3264 gives some guidance to this:

Once the offerer has sent the offer, it MUST be prepared to receive media for any recvonly streams described by that offer.  It MUST be prepared to send and receive media for any sendrecv streams in the offer, and send media for any sendonly streams in the offer (of course, it cannot actually send until the peer provides an answer with the needed address and port information). 

Once the answerer has sent the answer, it MUST be prepared to receive media for any recvonly streams described by that answer.  It MUST be prepared to send and receive media for any sendrecv streams in the answer, and it MAY send media immediately.  The answerer MUST be prepared to receive media for recvonly or sendrecv streams using any media formats listed for those streams in the answer, and it MAY send media immediately.

As per selected principles in the VCC TS, the SIP UA in the other end is the SDP answerer, and the VCC should not have any impact to that SIP UA. Thus we need to assume that the SIP UA follows the RFC 3264, i.e when it receives the re-INVITE or UPDATE (with SDP offer) from the IMS network (i.e., CCCF), it acknowledges it by 200 OK and performs the media switch at that point and begins to send media immediately to a new IP address. At this point, it also expects media stream only from that new IP address, i.e. it switches also the other direction at the same time. On the other hand, the VCC UE cannot perform the media switch until it receives the SDP answer (200 OK for INVITE) or CONNECT. 

Since the SDP answerer sends 200 OK for re-INVITE and at the same time begins to send RTP stream to the new address, the first RTP packets can be expected to arrive to the VCC UE very quickly after the reception of 200 OK (the delay is caused by RTP jitter queue and internal media processing). Thus from the VCC UE point of view, the disruption in downlink direction should be quite minimal (jitter buffer can be estimated to be less than. 100 ms).  (To be more accurate, the RTP stream and SIP signaling traverse different route that can have different delays, thus it cannot be easily estimated what is the actual disruption, it might be even that the first RTP packet arrives to the VCC UE before the 200 OK, in what case it is ignored by most implementations).

On the other hand, from the other SIP UA point of view, the disruption in the downlink direction is longer, since the UA switches the media after the reception of re-INVITE and generation of 200 OK, at what point the 200 OK needs to traverse to the VCC UE, until the VCC UE begins to send media to the new address. In addition, similar delay is caused by RTP jitter buffer and internal processing, as to other direction. 

Thus we conclude that the VCC UE performs the media switch on reception of 200 OK or CONNECT, and the SIP UA in the other end on reception of re-INVITE or UPDATE.

The fourth issue to consider is which entity should release the transferring-out leg (CS call or SIP session) between the CCCF and VCC UE, after the VCC transition and media switching. CCCF should not release the transferring-out leg until the media switching has been completed. On the other hand, the CCCF cannot know exactly when the transition is over, this depends on when the VCC UE (and other end) have received the related messages, after the internal processing delay and so on. Thus to be safe, it is suggested that the VCC UE releases the transferring-out leg after it has performed the switching. The problem is how to ensure the transferring-out leg is released even if the VCC UE looses the radio coverage too soon and is not able to release the leg. For this reason, the CCCF should maintain a SIP session timer; the CCCF releases the transferring-out leg when the timer expires, if the VCC UE was not able to do it beforehand. It should be noted that the VCC UE should not wait for reception of BYE from the CCCF to perform the media switch; this would cause extra delay and disruption to the switch. 

It should be noted that the re-INVITE (or UPDATE) must be sent all the way to the SIP UA in the other end (UE or MGCF). The SIP UA needs the SDP offer to learn the new media IP address, possibly a new codec or other modified characteristics of the media stream. Even if there is e.g. a Session Border Gateway between the UE and IMS, that could hide the modification of IP address or codec, the UE would need the SDP offer to learn that the RTP stream sequence numbers are expected to change and thus better prepare for the stream switch and prevent to loose of RTP packets due to considering them erroneous. 
2. Proposal

<< 1st Change >>
6.4
Domain Transfer

6.4.1
Domain Transfer Procedures

Domain Transfer procedures enable voice continuity between CS domain and IMS while maintaining one or more active voice sessions when using a VCC UE. All Domain Transfer procedures associated with a VCC subscriber call including initial and subsequent transfers are executed and controlled in user’s home IMS network by the CCCF upon UE’s request.

6.4.1.1
Enablement of Domain Transfer procedures

Static anchoring techniques are employed to establish a 3pcc (3rd party call control) function for VCC subscriber voice calls using a VCC UE at the CCCF upon session establishment. When invoked as part of originating or terminating iFC execution at the VCC subscriber’s S-CSCF, the CCCF inserts itself in the signalling path of VCC subscriber’s voice calls made using VCC UE by employing a Routing B2BUA function. For an originating voice session, the CCCF terminates an Access Leg from the user and establishes a Remote Leg toward the remote end; for a terminating voice session, the CCCF terminates a Remote Leg from the remote end and establishes an Access Leg toward the user. The CCCF subsequently coordinates the call control signalling exchange between the Access Leg and the Remote Leg associated with a VCC subscriber voice call.

Figure 6.4.1.1-1 shows B2BUA at the CCCF when the Access Leg is established via the CS domain and IMS respectively to illustrate its use for precondition of Domain Transfer procedures. Note that the figure is for illustration of the B2BUA at the CCCF and its use for Domain Transfer procedures, hence it only shows the signaling and bearer components relevant to the enablement and execution of Domain Transfers; for example, the components involved in anchoring of CS calls in IMS or establishing IMS session are not shown. Some signalling optimizations may be possible when using the CCCF to anchor the CS calls in IMS as specified in Section 6.2 CS Originations.
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Figure 6.4.1.1-1 B2BUA at CCCF 

The applications associated with the call are anchored at the CCCF as part of the Remote Leg of the call, and are therefore not impacted by Domain Transfer procedures executed on the Access Leg.

Note: Any SIP ASs linked in before the CCCF will be released upon the Domain Transfer.

6.4.1.2 Execution of Domain Transfer procedures

Upon detection of conditions requiring Domain Transfer, the UE establishes an Access Leg with the CCCF via the transferring-in domain to request Domain Transfer to the transferring-in domain. The CCCF executes the Domain Transfer procedure by replacing the Access Leg currently communicating to the Remote Leg with the Access Leg established via the transferring-in domain.  The Access Leg established via the transferring-out domain is subsequently released. The switch of the Access leg from the transferring-out domain to the transferring-in domain does not impact the Remote Leg or the Applications anchored via the Remote Leg.
The VCC UE switches the media path from the transferring-out domain to transferring-in domain when the connection toward the transferring-in domain has been established. For CS domain, the connection establishment is indicated by the receipt of a CONNECT message as defined in TS 24.008 ref [xx]. In IMS domain, connection establishment is indicated by the receipt of a 200 (OK) response for INVITE as defined in TS 24.229 ref [yy].
The SIP UA at the other side of the VCC UE switches the media after the acceptance (i.e., sending the 200 OK as a response to the re-INVITE or UPDATE).
Note: it is possible that the VCC UE receives the media on the transferring-in leg prior to the reception of 200 OK or CONNECT message.
In other words, the execution of the Domain Transfer procedure consists of the following basic steps:

1.
The UE establishes an Access Leg via the transferring-in domain after registering with the transferring-in domain if needed. Registration procedure as specified in Section 6.1 Registration and CS origination and IMS origination procedures specified in Section 6.2 Origination of this document are used for execution of this step.
2.
The CCCF performs the Access Leg Update to switch the Access Leg communicating with the Remote Leg from transferring-out domain to transferring-in domain. For Access Leg Update procedures, refer to Section 6.4.2.1. For media path switching, refer to section 6.4.2.x and 6.4.2.y.
3.
The source Access Leg, which is the Access Leg previously established via the transferring-out domain, is released. For Source Access Leg Release procedures, refer to Section 6.4.2.2.

6.4.1.3
Access Leg Update toward the remote end

Upon receiving a request for execution of Domain Transfer, the CCCF performs the Access Leg Update by switching the Access Leg communicating with the Remote Leg from transferring-out domain to transferring-in domain.
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Figure 6.4.1.3-1 Access Leg Update toward the remote end

The remote end in figure 6.4.1.3-1 represents a UE supporting terminations per [2] (i.e. including NI-T) or an MGCF for CS/PSTN Remote Party. 

1-2 The CCCF updates the Access Leg by communicating the SDP of the Access Leg established in the transferring-in domain to the remote end via the user’s S-CSCF. Access Leg update happens according to SIP session modification procedures [RFC 3261]. 

NOTE: Use of a SIP UPDATE consisting of the SDP of the Access Leg established via the transferring-in domain is illustrated here; however, other options such as a ReINVITE may also be used to implement this procedure.

6.4.1.4
Source Access Leg Release

VCC UE releases the connection toward the source access leg after it has switches the media path from the transferring-out domain to the transferring-in domain, The VCC UE releases the CS call connection as according to 3GPP TS 24.008 [..].The VCC UE releases the IMS session as according to 3GPP TS 23.228 [..]
Upon execution of the session modification procedures, CCCF shall start a timer to await the UE to start the Session release procedure toward the source access leg. Completion of UE initiated Source Access Leg Release may not be guaranteed due to potential loss of coverage in the transferring-out domain, in which case the CCCF handles the resource release appropriately after the timer expires. 


6.4.2
Domain Transfer Information Flows

6.4.2.1
Domain Transfer: IMS to CS domain

Figure 6.4.2.1-1 Domain Transfer – IMS to CS domain, provides an information flow for Domain Transfer of voice calls made using VCC UE in IMS to CS domain direction. The flow is based on the precondition that the user is active in one or more IMS voice originating or terminating session(s) at the time of initiation of Domain Transfer to CS.
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Figure 6.4.2.1-1 Domain Transfer – IMS to CS domain  

1.
If the user is not attached to the CS domain at the time when the UE determines a need for Domain Transfer to CS, the UE performs a CS Attach as specified in Section 6.1 Registration. It subsequently originates a voice call in the CS domain according to "Information flow for an MO call" in 3GPP TS 23.018 [3] using a VFN to establish an Access Leg via the CS domain and request Domain Transfer of the active IMS session to CS Domain. 

2.
The originating call is processed in the CS network according to CS origination procedures described in Section 6.2 CS Originations for routing to IMS. The CCCF PSI DN is resolved using the VFN at the CS network.

3.
The VMSC routes the call towards the user’s home IMS network via an MGCF in the home network

4.
The MGCF initiates an INVITE towards the I-CSCF in the home IMS of the originating VCC user.

5.
The I-CSCF routes the INVITE to the CCCF in VCC Application based on one of the following standard procedures specified in "PSI based Application Server termination – direct  and PSI based Application Server termination – indirect" procedures in  3GPP TS 23.228 [2]

NOTE: Direct routing to CCCF AS is shown, although routing via S-CSCF is also possible.

6.
The CCCF completes the establishment of the Access Leg via the CS domain. The CCCF performs the Domain Transfer by updating the Remote Leg with the connection information of the newly established Access Leg using the Access Leg Update procedure as specified in Section 6.4.1.3 Access Leg Update toward remote end.

7.
The source Access Leg which is the Access leg previously established over IMS is subsequently released as specified in Section 6.4.1.4 Source Access Leg Release.

 Note that steps 6 and 7 comprise of a sequence of messages, some of which may occur in parallel.

6.4.2.2
Domain Transfer: CS domain to IMS

Figure 6.4.2.2-1 Domain Transfer – CS domain to IMS, provides an information flow for Domain Transfer of voice calls made using VCC UE in CS domain to IMS direction. The flow is based on the precondition that the user is active in one or more CS voice originating or terminating session(s) at the time of initiation of Domain Transfer to IMS.
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Figure 6.4.2.2-1 Domain Transfer – CS domain to IMS

1.
If the user is not registered with IMS at the time when the UE determines a need for Domain Transfer to IMS, the UE initiates Registration with IMS as specified in Section 6.1 Registration. It subsequently initiates an IMS originated session toward the CCCF in VCC Application using a VFI to establish an Access Leg via IMS and request Domain Transfer of the active CS session to IMS. Please refer to section 6.2 for details on IMS origination procedure.

2.
The IMS session is processed at the S-CSCF and delivered to the CCCF as specified in Section 6.2 Origination. 

3.
The CCCF completes the establishment of the Access Leg via IMS. The CCCF performs the Domain Transfer by updating the Remote Leg with connection information of the newly established Access Leg using the Access Leg Update procedure as specified in Section 6.4.1.3 Access Leg Update toward remote end.

4.
The source Access Leg which is the Access leg previously established over CS is subsequently released as specified in Section 6.4.1.4 Source Access Leg Release.

Note that steps 3 and 4 comprise of a sequence of messages, some of which may occur in parallel.

6.4.2.x
Domain Transfer: Media path switching (UE)

Figure 6.4.2.x-1 shows the point in the CS to IMS domain transfer procedure where the UE switches the media path from CS domain to IMS domain. 
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Figure 6.4.2.x-1 UE media path switching from CS to IMS

1.
VCC UE is connected to the CS domain via VMSC. Voice media is connected via the CS side of the UE. 

2.
Domain transfer procedure is initiated within the UE and begins the SIP session setup via the PS domain

3.
SIP session setup is performed according to 3GPP TS 23.228 [2]. 

3.a
Upon receipt of 200 OK for the session setup, the UE switches the media path inside the UE from the CS side to the PS side. The VCC UE sends ACK for 200 OK. (Note: the order of ACK and media switch is not important). 
4. 
The VCC UE releases the CS call according to 3GPP TS 24.008 []. 
Figure 6.4.2.x-2 shows the point in the IMS to CS domain transfer procedure where the UE switches the media path from IMS domain to CS domain. 
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Figure 6.4.2.x-2 UE media path switching from IMS to CS

1.
VCC UE is connected to the IMS domain via IP-CAN. Voice media is connected via the PS side of the UE. 

2.
Domain transfer procedure is initiated within the UE and begins the CS call establishment procedure via CS domain

3.
CS call establishment procedure via CS domain is performed according to 3GPP TS 24.008 ref [xx].

3.a
Upon receipt of CONNECT message for the CS establishment procedure, the UE switches the media path inside the UE from the PS side to the CS side. UE sends CONNECT ACK (Note: the order of ACK and media path switch is not important).   
4. 
The UE releases the IMS session according to 3GPP TS 23.228 []

6.4.2.y
Domain Transfer: Media path switching (Network)

Figure 6.4.2.y-1 shows the point in the IMS to CS domain transfer procedure where the CCCF asks the SIP UA to switch the media path from IMS domain to MGCF/MGW towards the CS domain. 
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Figure 6.4.2.y-1 CCCF controls the media path switching from IMS to CS

1.
VCC UE is connected to the IMS domain via IP-CAN. Voice media is connected via the PS side of the UE. Domain transfer procedure is initiated within the VCC UE and it begins the CS call establishment procedure via CS domain. CS call establishment procedure via CS domain is performed according to 3GPP TS 24.008 ref [xx].

2.
Upon receipt of SETUP message for the CS establishment procedure, the MGCF sends INVITE with SDP offer towards the CCCF (CSCF entities not shown in the figure). SDP offer contains the media parameters for the new IMS session, media IP address points to the MGW.

3. 
CCCF sends re-INVITE (or UPDATE) with SDP offer towards the SIP UA in the other end (UE or MGCF).

4. 
SIP UA responds with 200 OK with SDP answer.

5.
SIP UA switches the media path to the new media parameters in the SDP offer (at least the media remote IP address is changed to point to the MGW),

6. 
CCCF sends 200 OK for INVITE with SDP answer to the MGCF. SDP answer includes the media IP address of the SIP UA, MGW will send RTP stream to this IP address.

7.
MGCF sends CONNECT towards the VMSC.

8.
SIP UA begins to send RTP stream to a new IP address. 

9.
MGW converts the RTP stream to TDM voice media towards the VMSC. 

10. 
VCC UE begins to send TDM media towards the VMSC. 

11.
MGW converts the TDM voice media to RTP stream.

12. 
The VCC UE releases the IMS session according to 3GPP TS 23.228 []

For the case of CS to IMS domain transfer, the media path switching in the remote end (UE or SIP UA) follows the same call flow as shown in Figure 6.4.2.y-1, step 3, 4, 5. The remote end (UE or SIP UA) switches the Media path after it has sent the 200 OK response to the re-INVITE (or UPDATE).
6.4.2.5
Subsequent Domain Transfers

Procedures for subsequent Domain Transfers to CS domain and IMS of voice calls made using VCC UE are the same as procedures for initial Domain Transfers specified in Section 6.4.2.1 Domain Transfer: IMS to CS domain and Section 6.4.2.2 Domain Transfer: CS domain to IMS respectively.

<< end of change >>
3. Conclusion

Agree and text inclusion to TS 23.206.
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