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1. Introduction

This contribution proposes detailed call flows showing how USSD can be used in the CS domain for registering the VCC UE, anchoring CS domain calls in IMS, controlling mid-call services and enabling domain transfers.
This contribution includes proposed text for all subclauses in clause 6, plus it adds 2 references.
2. Proposed Text
********* start modified text 1 *****************

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

[1]
3GPP TS 22.228: " Service requirements for the Internet Protocol (IP) multimedia core network subsystem (IMS)".

[2]
3GPP TS 23.228: " IP Multimedia Subsystem (IMS)".

[3]
3GPP TS 23.018: " Basic Call Handling; Technical realization".

[4]
3GPP TS 23.078: " Customized Applications for Mobile network Enhanced Logic (CAMEL) Phase X; Stage 2".

[yy]
3GPP TS 23.221: "Architectural requirements".

[xx]
3GPP TS 24.008: "Mobile radio interface Layer 3 specification; Core network protocols; Stage 3".

********* end modified text 1 *****************
********* start new text 1 *****************

6.1
Registration

6.1.x
VCC UE Attachment to CS Domain and IMS Registration
When a VCC UE attaches to the CS domain or completes an IMS registration, it needs to complete an additional communication step with the VCC application.  This step ensures the VCC UE that it is enabled for VCC and that it can communicate with the VCC application for call setup and domain transfer.  If this communication step fails, the VCC UE should assume that domain transfer will not be enabled.
NOTE: 
It is FFS on how the VCC UE will behave if the additional VCC registration steps fail after CS attach or IMS register.
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 Figure 6.1.x-1 VCC User Registration
Option A: The VCC UE attaches to the CS domain
1a.
The VCC UE completes a normal location update procedure as specified in TS24.008 [xx].

2a-4a.
The VCC UE sends a registration to the VCC application using USSD.  This registration can be used to inform the VCC application of the VCC UE’s IMS PUI, capabilities and preferences.

5a-7a.
The VCC application accepts the registration and may pass other information such as operator preferences to the VCC UE.  It may include a VFN with an expiration time to be used by the VCC UE when setting up calls.
Option B: The VCC UE registers with the IMS domain

1b.
The VCC UE completes the normal IMS registration procedure with its assigned S-CSCF.

2b.
The S-CSCF does a proxy registration with the CCCF.

3b-5b.
The CCCF publishes its identity, any operator preferences and other information as needed to the VCC UE.  It may include a VFN with an expiration time to be used by the VCC UE when executing a domain transfer to the CS domain.
6b-8b.
The VCC UE publishes its user preferences and other information as needed to the CCCF.
********* end new text 1 *****************
********* start new text 2 *****************

6.2.x
UE Origination using USSD for Anchoring in CS Domain
VCC UE originated voice calls are anchored at the VCC Application’s CCCF.  The original called party number along with other information required to complete the call is made available such that the CCCF can originate a call to the remote party on behalf of the VCC user using the CCCF’s third party call control function (3GPP TS23.228 [2], section 4.2.4). 

When the VCC UE is in the CS domain, voice calls are anchored at the user’s home IMS network using USSD. The UE establishes a CS domain bearer path using standard CS domain call origination procedures; USSD is used to signal the call setup information to the VCC application.
When the VCC UE is in the IMS domain, standard IMS session setup techniques are used and initial filter criteria will result in the call being anchored in the VCC application. 
In both cases, the VCC application employs 3pcc to setup an IMS session with the other end using standard IMS session setup techniques.

Figure (6.2.x-1) describes the initial session setup of Mobile Originated Call processing for a VCC user initiated call from CS domain when using USSD for originating redirection to the IMS.  For comparison, the figure also shows how the call would be setup when the VCC UE is in the IMS domain.
NOTE:
When making a call in the CS domain, a VFN is needed by the VCC UE to anchor a CS domain call in the CCCF.  If it is known that the signaling network between the VMSC and the MGCF supports sending the calling party number, then a single VFN is sufficient for the CCCF.  In this case, the CCCF can use the calling party number to distinguish between different VCC UE’s.  If it is not known whether the signaling network between the VMSC and the MGCF supports sending the calling party number, then the CCCF needs to assign a VFN on a per VCC UE basis.  This can be done at CS registration time, IMS registration time, or during call setup.  Since the time to retrieve a VFN via USSD is not negligible, it must be available to the VCC UE when it is on an IMS voice session to reduce the IMS to CS domain transfer delay.
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 Figure 6.2.x-1 Call Origination from the VCC User

Option A: the VCC capable client originates a call while in the CS domain:

There are two possible cases, the VCC UE:

1. Doesn't have a VFN, so it sends the USSD (without a VFN) and gets a VFN in the response and then sends a setup message to the VFN.

2. The UE has a VFN, so it can send the setup to the VFN and a USSD (with a VFN) message in parallel.

Sub-option A1: The VCC UE has a valid VFN:
A1.1.
The VCC UE sends a setup message to the MSC to establish the bearer leg.  The setup message includes the VFN as the called party number.  This will setup the CS domain bearer path for the call.

A1.2.
The MSC responds with a call proceeding message and begins to setup the bearer path.

A1.3-5.
The VCC UE sends a USSD message that the MSC will forward to the CCCF using standard USSD procedures.  The USSD message includes the call setup details and the VFN.  USSD is used to control the call.

A1.6-8.
The VCC application accepts the call.
Sub-option A2: The VCC UE needs a VFN:

A2.1-3.
The VCC UE sends a USSD message that the MSC will forward to the CCCF using standard USSD procedures.  The USSD message includes the call setup details and requests a VFN.  USSD is used to control the call.
A2.4-6.
The VCC application accepts the call and responds with a VFN that will route back to it and that it can use to correlate with this call.
A2.7.
The VCC UE sends a setup message to the MSC to establish the bearer leg.  The setup message includes the VFN as the called party number.  This will setup the CS domain bearer path for the call.

A2.8.
The MSC responds with a call proceeding and begins to setup the bearer path.

A3.
The MSC processes the setup message and sends an IAM to the MGCF.  The IAM contains the VFN and may contain the VCC UE calling party number.

A4-5.
The MGCF performs a setup of the MGW (not shown) and creates an INVITE that is sent to the S-CSCF that serves the CCCF.  This may involve sending the INVITE to the I-CSCF first to locate the S-CSCF and to translate the VFN telephone number to a SIP-URI.  The INVITE is forwarded to the CCCF.  When the CCCF has received both the USSD message and the INVITE, it has sufficient information to setup a session with the other end.
A6-7.
The CCCF acting as a B2BUA creates a SIP INVITE with the appropriate SDP information (in this case, the information from the MGCF) and sends it to the S-CSCF.  The S-CSCF routes the INVITE to the correct termination for the other end based on standard INVITE processing in the S-CSCF.
A.8-9.
The other end responds with an OK.

A10-12.
The CCCF sends a USSD connected message to the VCC UE.  In addition, normal setup signaling is proceeding between the MGCF and the MSC to setup the bearer path.  The details have been omitted from this flow.
Option B: the VCC capable client originates a call while in the IMS domain:

B1-2.
The VCC UE sends a standard IMS INVITE message to setup the session. 

B3.

Using the iFC, the S-CSCF forwards the INVITE to the CCCF.  Since the INVITE has come directly from the VCC UE, the CCCF has sufficient information to setup a session with the other end.

B4-5.
The CCCF acting as a B2BUA creates a SIP INVITE with the appropriate SDP information (in this case, the VCC UE supplied information) and sends it to the S-CSCF.  The S-CSCF routes the INVITE to the correct termination for the other end based on standard INVITE processing in the S-CSCF.
B6-7.
The other end responds with an OK.

B8-10.
The CCCF send an OK to the VCC UE and optionally sends a VFN to be used by the VCC UE for domain transfer.  This is sent if the VFN was not sent at the time of IMS registration or if the previous VFN has expired.
The details of the ringing and answer messages have been omitted from the example flow.  They follow a standard reverse path signaling.

********* end new text 2 *****************

********* start new text 3 *****************

6.3
Termination

6.3.1
UE Termination using USSD for Anchoring in CS Domain
Following normal domain selection rules as specified in TS23.221 [yy], terminating calls for the VCC UE are directed to IMS for termination handling.  Within IMS, the calls are sent to the VCC application to route to either the IMS or CS domain.  If the call is sent to the CS domain, USSD is used to pass call setup information.  If the call is sent to the IMS domain, normal IMS session setup procedures will be followed.  In both cases, the VCC application remains in the signaling path to enable domain transfer and mid-call service control.  Figure 6.3.x-1 illustrates the procedures.
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 Figure 6.3.x-1 Call Termination to a VCC User

1. 
Other End 1 initiates a SIP INVITE addressed to the PUI of the VCC UE.  This could have come from the PSTN via an MGCF/MGW or from another PC2.0 SIP Client.

2.
Based on the iFC for the VCC UE, the S-CSCF routes the INVITE to the CCCF assigned to this subscriber.

The CCCF uses information about the user’s network location to decide whether to route via the IMS network or the circuit switched cellular network.

Option A: CS Domain Termination

3a.
The VCC application sends a Send Routing Info message to the HLR for the MSISDN assigned to the VCC UE.

4a-6a.
The HLR communicates with the visited MSC and gets a temporary routing number, MSRN, that the visited MSC assigns to the VCC UE.  The HLR then sends this MSRN to the VCC Application in a Send Routing Info response message.

7a-10a.
The CCCF now initiates 2 actions in parallel to setup the connection to the VCC UE.  Via USSD, it sends a new call to the VCC UE with the information on the Other End 1 and a call reference identifier and may include a VFN to use when doing a domain transfer, if the VFN was not transmitted at the time of registration or if the previous VFN has expired.  At the same time, it sends an INVITE to the MSRN that it received in the MAP response.
11a.
The S-CSCF determines that the MSRN is to be delivered via the PSTN and forwards the INVITE to an MGCF.

12a-13a.
The MGCF sends an IAM to the visited MSC and also does a setup of the corresponding MGW circuit.

14a.
The MSC interacts with the VCC UE to setup a voice channel to the client.

15a-17a.
When the channel is setup, the VCC UE sends an accept response back to the CCCF.

18a.
Similarly, the MSC sends an ANM message back to the MGCF indicating an answer has been received.  

Note: there is usually an ACM message and a SIP ringing message which have not been shown in the figure.

19a-20a.
The MGCF sends back an OK with the media port chosen on the MGW for this circuit.

21a-22a.
The CCCF sends an OK back to the Other End 1 with the MGW media port information.

Option B: IMS Domain Termination

3b-5b.
Once the CCCF determines that the call is to be routed within the IMS domain, it forwards the INVITE on to the VCC UE.  It may include a VFN to be used in domain transfer to the CS domain, if it was not sent at registration
6b-8b.
The VCC UE responds with an OK. 

9b-10b.
The CCCF sends an OK back to the Other End 1 with the VCC UE media port information.

********* end new text 3 *****************
********* start new text 4 *****************

6.4.2.x
Domain Transfer: IMS domain to CS when using USSD

Figure 6.4.2.x-1 Domain Transfer – IMS domain to CS using USSD, provides an information flow for Domain Transfer of voice calls made using VCC UE in IMS domain to CS 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.x-1 Domain Transfer – IMS domain to CS when using USSD

Prior to starting the domain transfer procedure, the VCC UE has detected CS coverage, has registered to the CS domain, and has determined that it is time to do a domain transfer.

1.
The VCC UE sends a setup message to the MSC to establish the bearer leg.  The setup message includes the VFN as the called party number.  This will setup the CS domain bearer path for the call.

2.
The MSC responds with a call proceeding an begins to setup the bearer path.

3-5.
The VCC UE sends a USSD message that the MSC will forward to the CCCF using standard USSD procedures.  The USSD message indicates that this is a domain transfer and includes the VFN and call reference number.  USSD is used to control the call.

6-8.
The VCC application accepts the call.

9.
The MSC processes the setup message and sends an IAM to the MGCF.  The IAM contains the VFN.

10-11.
The MGCF performs a setup of the MGW (not shown) and creates an INVITE that is sent to the S-CSCF that serves the CCCF.  This may involve sending the INIVTE to the I-CSCF first to locate the S-CSCF and to translate the VFN telephone number to a SIP-URI.  The INVITE is forwarded to the CCCF.  When the CCCF has received both the USSD message and the INVITE, it has sufficient information to re-INVITE the session with the other end.

12-13.
The CCCF can now re-INVITE the session with the other end passing the MGW port information.

14-15.
The other end accepts with an OK containing its SDP information.
16-18.
The CCCF sends a USSD connected message to the VCC UE.  In addition, normal setup signaling is proceeding between the MGCF and the MSC to setup the bearer path.  The details have been omitted from this flow.
19-21.
The CCCF sends a BYE to end the IMS session.

6.4.2.y
Domain Transfer: CS domain to IMS when using USSD

Figure 6.4.2.y-1 Domain Transfer – CS domain to IMS using USSD, 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.


[image: image5.emf]VCC application

CCCF gsmSCF

MSC

HLR CSCF P-CSCF

MGW

MGCF

Other End

Sig    Bearer

VCC UE

IMS   USSD   CS

GSM media

TDM RTP bearer 

IMS Registration occurs.  The S-CSCF proxy registers with the CCCF.  

4 OK

(SDP=OE)

5. 6.

1. INVITE (VFN, call ref #) 2.

3.

7. reINVITE

(SDP=VCC UE)

8.

9. OK

(SDP=OE)

10.

11. USSD (disconnect, call ref #)

12.

13.

16. DISC

14. BYE (To MGCF)

15.

17. Disc

RTP bearer 

 Figure 6.4.2.y-1 Domain Transfer – CS domain to IMS when using USSD

Prior to starting the domain transfer procedure, the VCC UE has detected IMS coverage, has registered with IMS as necessary, and has determined that it is time to do a domain transfer.

1-3.
The VCC UE initiates a request to transfer from the CS to IMS domain by sending an INVITE to the VFN that was used in setting up the initial bearer leg in the CS domain.  The INVITE includes the call reference number used in the CS domain to allow the CCCF to make the transfer.  

Note: Additional information may need to be added to indicate that this is a domain transfer request.
4-6.
The CCCF responds with the SDP for the Other End.

7-8.
The CCCF does a re-INVITE to the Other End with the SDP for the VCC UE.

9-10.
The Other End responds with an OK and begins sending media to the new address.

11-13.
The CCCF sends back a USSD message indicating a disconnect on the existing circuit connection.  When the UE receives this, it stops sending media on the circuit connection and begins sending media directly to the Other End at the media port that it received and must be listening on the port that it sent in the 200 OK.

14-15.
The CCCF follows this with a BYE to the MGCF.

16-17.
The MGCF sends a disconnect to the MSC and the MSC disconnects the circuit switched path to the VCC UE.

********* end new text 4 *****************
********* start new text 5 *****************

6.5
Supplementary services

6.5.x1
User accepts Call Waiting call while in CS domain using USSD

When the UE is in the CS domain, the VCC application signals with the VCC UE using USSD.  This call flow shows how USSD can be used to signal an incoming call while the user is on another call and how the user places the first call on hold and then accepts the second call.  Only USSD signaling is used in the CS domain.  There is no modification to the CS domain bearer.  The VCC 3pcc function is used to make all bearer and session control changes in the IMS domain.
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 Figure 6.5.x1-1 Call Waiting while the VCC User is in the CS domain using USSD
1. 
Other End 2 initiates a SIP INVITE addressed to the PUI of the VCC UE.  This could have come from the PSTN via an MGCF/MGW or from another IMS UE.

2.
Based on the iFC for the VCC UE, the S-CSCF routes the INVITE to the CCCF assigned to this subscriber.

3-5.
The VCC application already has a CS domain session established with this VCC UE and forwards the INVITE in a USSD message that indicates that there is a call waiting call from Other End 2 (usually identified via a DN).  A call reference identifier is included to allow the VCC UE to distinguish the second call from the first call.
6-7.
The CCCF could send a ringing response back directly at this point, or there could be USSD responses from the VCC UE that indicates ringing.  These intermediate partial responses are not shown in the call flow.

8-10. 
After the VCC UE informs the user that there is a call waiting call, the user decides to take that call.  This requires the VCC UE to place the first call on hold.  The VCC UE send a USSD message to place the first call on hold. 
11-12.
The CCCF sends an re-INVITE to the MGCF to make the media stream to the UE inactive.

13-14.
The MGCF responds with an OK message.

15-16. 
The CCCF sends an re-INVITE to the Other End via the PC2.0 SIP Core to make its media stream inactive.

17-18.
The Other End responds with an OK and the first call is on hold.

19-21.
The CCCF sends a held response back via USSD. 

22-24.
The VCC UE can now accept the second call.  It does so by sending an acceptance response to the initial call waiting USSD message.  
25-26.
The CCCF sends an re-INVITE message to the MGCF with the bearer address of Other End 2

27-28.
The MGCF responds with an OK.

29-30.
The CCCF responds back to Other End 2 with an OK that contains the SDP for the MGW.

At this point, the VCC UE is talking to Other End 2 over the same CS bearer that had been used for the initial call.  The MSC is not directly involved in the signaling and is only used to relay the USSD messages.  The CCCF acting as a B2BUA is managing call and bearer control.

6.5.x2
Domain Transfer: CS domain to IMS with CW when using USSD
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 Figure 6.5.x2-1 CS to IMS domain transfer with CW when using USSD
Prior to starting the domain transfer procedure, the VCC UE has detected IMS coverage, has registered with IMS as necessary, and has determined that it is time to do a domain transfer.

1-3.
The VCC UE initiates a request to transfer from the CS to IMS domain by sending an INVITE to the VFN that was used in setting up the initial bearer leg in the CS domain.  The INVITE includes the call reference number used in the CS domain to allow the CCCF to make the transfer.  Since there are multiple active sessions, the VCC UE initiates the transfer for the active session first.

Note: Additional information may need to be added to indicate that this is a domain transfer request.

4-6.
The CCCF responds with the SDP for the Other End 2.

7-8.
The CCCF does a re-INVITE to the Other End 2 with the SDP for the VCC UE.

9-10.
The Other End 2 responds with an OK and begins sending media to the new address.

11-13.
The CCCF sends back a USSD message indicating a disconnect on the existing circuit connection(the call reference identifier is used to identify the call).  When the UE receives this, it stops sending media on the circuit connection and begins sending media directly to the Other End 2 at the media port that it received and must be listening on the port that it sent in the 200 OK.

14-26.
The transfer procedure is repeated for the other session.  The difference is that the other session has been held and has an inactive media stream.

NOTE:
This session transfer procedure can be done in parallel with the active session transfer.  
27-28.
The CCCF follows this with a BYE to the MGCF.

29-30.
The MGCF sends a disconnect to the MSC and the MSC disconnects the circuit switched path to the VCC UE.

6.5.x3
User accepts Call Waiting call while in IMS domain 

When the VCC UE is in the IMS domain, the VCC application signals with the VCC UE using standard IMS messaging.  This call flow shows the VCC 3pcc function in the signaling path and relaying the SIP messages.  By keeping the VCC application in the signaling flow, it can control the IMS to CS domain transfer of both sessions.
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 Figure 6.5.x3-1 Call Waiting while the VCC User is in the IMS domain using USSD
1. 
Other End 2 initiates a SIP INVITE addressed to the PUI of the VCC UE.  This could have come from the PSTN via an MGCF/MGW or from another IMS UE.

2.
Based on the iFC for the VCC UE, the S-CSCF routes the INVITE to the CCCF assigned to this subscriber.

3-5.
The VCC application forwards the INVITE to the VCC UE using standard IMS procedures.  The call identifier in the INVITE distinguishes this session from the currently active session. 

6-7.
The CCCF could send a ringing response back directly at this point, or there could be a response from the VCC UE that indicates ringing.  These intermediate partial responses are not shown in the call flow.
8-10.
The User decides to place the current session with OE1 on hold and accept the call from OE2.  The first step is for the VCC UE to put the first session on hold by making the RTP stream inactive.  It sends a re-INVITE for the first session.

11-12.
The CCCF forwards the re-INVITE to OE1.

13-14.
The other end 1 sees the re-INVITE and accepts by making its RTP stream inactive as well.

15-17.
The CCCF forward the OK response to the VCC UE.

18-20.
At this point, the RTP bearer stream between the VCC UE and OE1 is inactive.  The VCC UE can now accept the second session and it sends an OK with its media port.

21-22.
The CCCF forwards the OK response to OE2 and there is now an active bearer stream between the VCC UE and OE2.
6.5.x4
Domain Transfer: IMS domain to CS with CW when using USSD
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 Figure 6.5.x4-1 IMS to CS domain transfer with CW when using USSD

Prior to starting the domain transfer procedure, the VCC UE has detected CS coverage, has registered to the CS domain, and has determined that it is time to do a domain transfer.

1.
The VCC UE sends a setup message to the MSC to establish the bearer leg.  The setup message includes the VFN as the called party number.  This will setup the CS domain bearer path for the call.

2.
The MSC responds with a call proceeding an begins to setup the bearer path.

3-5.
The VCC UE sends a USSD message that the MSC will forward to the CCCF using standard USSD procedures.  The USSD message indicates that this is a domain transfer and includes the VFN and call reference number of the active call to OE2.  USSD is used to control the call.

6-8.
The VCC application accepts the call.

9.
The MSC processes the setup message and sends an IAM to the MGCF.  The IAM contains the VFN.

10-11.
The MGCF performs a setup of the MGW (not shown) and creates an INVITE that is sent to the S-CSCF that serves the CCCF.  This may involve sending the INIVTE to the I-CSCF first to locate the S-CSCF and to translate the VFN telephone number to a SIP-URI.  The INVITE is forwarded to the CCCF.  When the CCCF has received both the USSD message and the INVITE, it has sufficient information to re-INVITE the session with the other end 2.

12-13.
The CCCF can now re-INVITE the session with the other end 2 passing the MGW port information.

14-15.
The other end accepts with an OK containing its SDP information

16-18.
The CCCF sends a USSD connected message to the VCC UE.

19-21.
The CCCF sends a BYE to close the IMS session with OE2.  It is possible that the VCC UE has lost IMS coverage by this time and so the CCCF should not expect that the VCC UE will respond.
22-24.
The VCC UE initiates the domain transfer for the held call with OE1 by sending a USSD message which indicates that the state of the call is held.  

25-27.
As before, the CCCF accepts the call .

28-29.
The CCCF can now re-INVITE the session with OE1 passing the MGW port information and setting it inactive.  The only change that OE1 sees is a change in destination port.

30-31.
The other end accepts with an OK containing its SDP information set to inactive.

31-34.
The CCCF sends a connected indicating the transfer is complete 
35-37.
The CCCF sends a BYE to close the IMS session with OE1.  If possible, the VCC UE should remain on the IMS domain long enough to respond to the BYE messages.  However, the CCCF should expect that the VCC UE may have already lost IMS coverage by this time.
********* end new text 5 *****************
3. Recommendation

The new text in section 2 is recommended to be included in the appropriate clauses in TS 23.206.
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