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1 Introduction

In the discussion at the Call Flow Drafting meeting in Sophia Antipolis, October 9-12, 2000, it was agreed the level of detail to include in the information flows in TS23.228, which was documented by example in Tdoc S2-001776 and approved by email.

This contribution includes the following changes in technical content

· the expansion of the “Bearer Establishment” and “Alerting” blocks as discussed at the Sophia Antipolis drafting session (matching that of Tdoc S2-001776)

· the routing of the “Final SDP” message (a.k.a PRACK), “Resource Reservation Successful” (a.k.a COMET), and ACK messages through the P-CSCF and S-CSCF, as decided by approved Tdoc S2-001775 (but forgotten in S2-001776).

Also included are:

· Many minor editorial changes needed to make the descriptions consistent with the figures

· Changes from the discussion in Sophia Antipolis that were incorporated into revised versions of those contributions, but were not included in the previously accepted text from Bristol.  For example, the text describing how to join the MGCF in PSTN-O to the CSCF in S-S procedures.

· Conversion of several editor’s notes into items flagged as “Editor’s Note”

· Items marked as “For further study” changed into “Editor’s Notes”

2 Proposal

It is proposed that the diagrams and text of Annex B be modified as follows.

Annex <B> (Informative): 
Call Flow Procedures

B.1
Overview of Call Flow Procedures

This section contains the overview description and list of individual procedures for the end-to-end call flows.  
Editor’s note: When stable, this text will be moved to section 5.5.

For an IP Multi-Media Subsystem session, the call flow procedures are shown in the following diagram.
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Figure 1: Overview of Call Flow Sections

The following procedures are defined:

For the origination sequence:

· (MO#1) Mobile origination, roaming, home control of services

· (MO#2) Mobile origination, roaming, with visited network control of services

· (MO#3) Mobile origination, located in home network

· (PSTN-O) PSTN origination 
For the termination sequence:

· (MT#1) Mobile termination, roaming, home control of services

· (MT#2) Mobile termination, roaming, with visited network control of services

· (MT#3) Mobile termination, located in home network

· (PSTN-T) PSTN termination 
For Serving-CSCF/MGCF-to-Serving-CSCF/MGCF sequences:

· (S-S#1) Call origination and termination are served by different network operators, with home control at termination.

· (S-S#2) Call origination and termination are served by different network operators, termination is done by visited network control.

· (S-S#3) Call origination and termination are served by the same operator, with home control at termination.

· (S-S#4) Call origination and termination are served by the same operator, termination is done by visited network control.

For example, for a non-roaming subscriber calling another non-roaming subscriber, each a subscriber of the same network operator, it is possible to construct a complete end-to-end call flow from the following procedures:

· (MO#3) Mobile origination, located in home network
· (S-S#3) Single network operator, termination with home control

· (MT#3) Mobile termination, located in home network 

An informative example of this call flow is given in Annex C.1

There are a total of 120 end-to-end call flows defined by these procedures.  They are built from combinations of origination, serving-serving, and termination procedures, as determined from the following table.  For each row of the table, any one of the listed origination procedures can be combined with any one of the serving-serving procedures, which can be combined with any one of the termination procedures.  In addition, several of the procedures give alternatives for network configuration hiding (the number of such alternatives is shown in parentheses).

Origination Procedure

(pick one)
Serving-CSCF-to-Serving-CSCF Procedure (pick one)


Termination Procedure (pick one)

MO#1
Mobile origination, 
roaming, home control 
of services (2).

MO#2
Mobile origination, 
roaming, with visited 
control of services.

MO#3
Mobile origination, 
located in home 
service area.

PSTN-O
PSTN origination.
S-S#1
Different network operators 
performing origination and 
termination, with home 
control of termination (2).

S-S#3
Single network operator 
performing origination and 
termination, with home 
control of termination.
MT#1
Mobile termination, 
roaming, home 
control of services(2).

MT#3
Mobile termination, 
located in home 
service area.

PSTN-T
PSTN termination.

MO#1
Mobile origination, 
roaming, home control 
of services (2).

MO#2
Mobile origination, 
roaming, with visited 
control of services.

MO#3
Mobile origination, 
located in home 
service area.

PSTN-O
PSTN origination.
S-S#2
Different network operators 
performing origination and 
termination, visited network 
control of termination (4).

S-S#4
Call origination and 
termination are served by the 
same operator, termination is 
done by visited network 
control (2).


MT#2
Mobile termination, 
roaming, with visited 
control of services.

PSTN-T
PSTN termination.

B.2
Serving CSCF (MGCF) to Serving-CSCF (MGCF) Procedures

This section presents the detailed application level flows to define the procedures for Serving-CSCF to Serving-CSCF.  
Editor’s note: This informative Annex is to be used as the basis for further work within SA2.   When stable, this text will be moved to section 5.6.

This section contains four call flow procedures, showing variations on the signaling path between the Serving-CSCF that handles call origination, and the Serving-CSCF that handles call termination.  This signaling path depends on: 

-    whether the originator and destination are served by the same network operator, 

-    whether the destination subscriber is roaming under visited-network control, and 

-    whether the network operators have chosen to hide their internal configuration.

The Serving-CSCF handling call origination performs an analysis of the destination address, and determines whether it is a subscriber of the same network operator or a different operator.  

If the analysis of the destination address determined that it belongs to a subscriber of a different operator, the request is forwarded (optionally through an I-CSCF within the originating operator’s network) to a well-known entry point in the destination operator’s network, the I-CSCF.  The I-CSCF queries the HSS for current location information. The I-CSCF then forwards the request to the S-CSCF (if located in the home area, or roaming with home control – procedure S-S#1) or, for roaming with visited network control,  to the address given during registration by the visited network (procedure S-S#2).  The entry point in the visited network is either an I-CSCF to hide the visited network configuration or directly to the S-CSCF in the visited network.

If the analysis of the destination address determines that it belongs to a subscriber of the same operator, the S-CSCF passes the request to a local I-CSCF, who queries the HSS for current location information.  The I-CSCF then forwards the request to the S-CSCF (if located in the home area, or roaming with home control – procedure S-S#3) or, for roaming with visited network control,  to the address given during registration by the visited network (procedure S-S#4).  The entry point in the visited network is either an I-CSCF to hide the visited network configuration or directly to the S-CSCF in the visited network.

B.2.1
(S-S#1) Different network operators performing origination and termination, with home control of termination.

The Serving-CSCF handling call origination performs an analysis of the destination address, and determines that it belongs to a subscriber of a different operator.  The request is therefore forwarded (optionally through an I-CSCF within the originating operator’s network) to a well-known entry point in the destination operator’s network, the I-CSCF.  The I-CSCF queries the HSS for current location information, and finds the subscriber either located in the home service area, or roaming with home control.  The I-CSCF therefore forwards the request to the S-CSCF serving the destination subscriber.

Origination sequences that share this common S-S procedure are:

MO#1
Mobile origination, roaming, home control of services.  The “Originating Network” of S-S#1 is therefore a visited network, and S-CSCF#1 is located in the home network. 

MO#2
Mobile origination, roaming, with visited control of services.  The “Originating Network” of S-S#1 is therefore a visited network, and S-CSCF#1 is also located in the visited network.

MO#3
Mobile origination, located in home service area.  The “Originating Network” of S-S#1 is therefore the home network, and S-CSCF#1 is also located in the home network.

PSTN-O
PSTN origination.  The “Originating Network” of S-S#1 is the home network.  The element labeled S-CSCF#1 is the MGCF of the PSTN-O procedure.

Termination sequences that share this common S-S procedure are:

MT#1
Mobile termination, roaming, home control of services.  The “Terminating Network” of S-S#1 is a visited network.

MT#3
Mobile termination, located in home service area.  The “Terminating Network” of S-S#1 is the home network.

PSTN-T
PSTN termination.  The “Terminating Network” of S-S#1 is the home network.  The element labeled S-CSCF#2 is the MGCF of the PSTN-T procedure.
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Procedure S-S#1 is as follows:

1. The SIP INVITE request is sent from the UE to S-CSCF#1 by the procedures of the originating flow.

2. S-CSCF#1 performs whatever service control logic is appropriate for this call attempt.

3. S-CSCF#1 performs an analysis of the destination address, and determines the network operator to whom the subscriber belongs.  For S-S#1, flow (2) is an inter-operator message to the I-CSCF entry point for the terminating subscriber.  If the originating operator desires to keep their internal configuration hidden, then S-CSCF#1 forwards the INVITE request through an I-CSCF (choice (b)); otherwise S-CSCF#1 forwards the INVITE request directly to I-CSCF#2, the well-known entry point into the terminating subscriber’s network (choice (a)).

(3a)
If the originating network operator does not desire to keep their network configuration hidden, the INVITE request is sent directly to I-CSCF#2.

(3b)
If the originating network operator desires to keep their network configuration hidden, the INVITE request is forwarded through an I-CSCF in the originating operator’s network, I-CSCF#1.

(3b1)
The INVITE request is sent from S-CSCF#1 to I-CSCF#1

(3b2)
I-CSCF#1 performs the configuration-hiding modifications to the request and forwards it to I-CSCF#2

4. I-CSCF#2 (at the border of the terminating subscriber’s network) may query the HSS for current location information.  If I-CSCF#2 cannot determine, based on analysis of the destination number, that the HSS query will fail, then it will send “Cx-location-query” to the HSS to obtain the location information for the destination.  If I-CSCF#2 can determine, based on analysis of the destination number, that the HSS query will fail, it will not send the “Cx-location-query” message.
5. HSS responds with the address of the current Serving-CSCF for the terminating subscriber.

6. I-CSCF#2 forwards the INVITE request to the S-CSCF (S-CSCF#2) that will handle the call termination.

7. S-CSCF#2 performs whatever service control logic is appropriate for this call attempt

8. The sequence continues with the message flows determined by the termination procedure.

9. The media stream capabilities of the destination are returned along the signaling path, as per the termination procedure.
10. S-CSCF#2 forwards the SDP to I-CSCF#2

11. I-CSCF#2 forwards the SDP to S-CSCF#1.  Based on the choice made in step #3 above, this may be sent directly to S-CSCF#1 (11a) or may be sent through I-CSCF#1(firewall) (11b1  and 11b2)
12. S-CSCF#1 forwards the SDP to the originator, as per the originating procedure.

13. The originator decides the final set of media streams, and forwards this information to S-CSCF#1 by the origination procedures
14. S-CSCF#1 forwards the final SDP to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs

15. S-CSCF#2 forwards the final SDP to the terminating endpoint, as per the termination procedure

16. When the originating endpoint has completed the resource reservation procedures, it sends the “Resource reservation success” message to S-CSCF#1 by the origination procedures.

17. S-CSCF#1 forwards this message to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs.

18. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure
19. The terminating endpoint may optionally send a provisional response indicating alerting is in progress.  This message is sent by the termination procedure to S-CSCF#2.
20. S-CSCF#2 performs whatever service control is appropriate for this alerting call

21. S-CSCF#2 forwards the ringing message to I-CSCF#2

22. I-CSCF#2 forwards the ringing message to S-CSCF#1. Based on the choice made in step #3 above, this may be sent directly to S-CSCF#1 (22a) or may be sent through I-CSCF#1(firewall) (22b1  and 22b2)

23. S-CSCF#1 performs whatever service control is appropriate for this alerting call

24. S-CSCF#1 forwards the ringing message to the originator, per the origination procedure
25. The SIP final response, 200-OK, is sent by the terminating endpoint over the signaling path.  This is typically generated when the subscriber has accepted the incoming call attempt.  The message is sent to S-CSCF#2 per the termination procedure
26. S-CSCF#2 performs whatever service control logic is appropriate for this call completion

27. The 200-OK is passed to the I-CSCF#2.

28. The 200-OK is passed to the S-CSCF#1.  Based on the choice made in step #3 above, this may be sent directly to S-CSCF#1 (28a) or may be sent through I-CSCF#1(firewall) (28b1  and 28b2).

29. S-CSCF#1 performs whatever service control logic is appropriate for this call completion

30. The 200-OK is returned to the originating endpoint, by the origination procedure.

31. The originating endpoint sends the final acknowledgement to S-CSCF#1 by the origination procedures.
32. S-CSCF#1 forwards this message to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs.

33. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

B.2.2
(S-S#2) Different network operators performing origination and termination, visited network control of termination.

The Serving-CSCF handling call origination performs an analysis of the destination address, and determines that it belongs to a subscriber of a different operator.  The request is therefore forwarded (optionally through an I-CSCF within the originating operator’s network) to a well-known entry point in the destination operator’s network, the I-CSCF.  The I-CSCF queries the HSS for current location information, and finds the subscriber is roaming with visited network control.  The I-CSCF therefore forwards the request to the entry point provided by the visited network during registration.  If the visited network did not want to hide their internal configuration, then this entry point was the S-CSCF serving the destination subscriber; otherwise it is an I-CSCF within the visited network.

Origination sequences that share this common S-S procedure are:

MO#1
Mobile origination, roaming, home control of services.  The “Originating Network” of S-S#2 is therefore a visited network, and S-CSCF#1 is located in the home network. 

MO#2
Mobile origination, roaming, with visited control of services.  The “Originating Network” of S-S#2 is therefore a visited network, and S-CSCF#1 is also located in the visited network.

MO#3
Mobile origination, located in home service area.  The “Originating Network” of S-S#2 is therefore the home network, and S-CSCF#1 is also located in the home network.

PSTN-O
PSTN origination.  The “Originating Network” of S-S#2 is the home network.  The element S-CSCF#1 is the MGCF of the PSTN-O procedure.

Termination sequences that share this common S-S procedure are:

MT#2
Mobile termination, roaming, with visited control of services.  

PSTN-T
PSTN termination. The element labeled S-CSCF#2 is the MGCF of the PSTN-T procedure.  This only occurs if there is an agreement between the network operators for termination of PSTN calls in the visited network.
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Procedure S-S#2 is as follows:

1. The SIP INVITE request is sent from the UE to S-CSCF#1 by the procedures of the originating flow.

2. S-CSCF#1 performs whatever service control logic is appropriate for this call attempt

3. S-CSCF#1 performs an analysis of the destination address, and determines the network operator to whom the subscriber belongs.  In this case it determines the destination subscriber belongs to a different network operator.  Flow (2) is an inter-operator message to the I-CSCF entry point for the terminating subscriber. If the originating operator desires to keep their internal configuration hidden, then S-CSCF#1 forwards the INVITE request through an I-CSCF (choice (b)); otherwise S-CSCF#1 forwards the INVITE request directly to I-CSCF#2, the well-known entry point into the terminating subscriber’s network (choice (a)).

(3a)
If the originating network operator does not desire to keep their network configuration hidden, the INVITE request is sent directly to I-CSCF#2.

(3b)
If the originating network operator desires to keep their network configuration hidden, the INVITE request is forwarded through I-CSCF#1 in the originating operator’s network.

(3b1)
The INVITE request is sent from S-CSCF#1 to I-CSCF#1

(3b2)
I-CSCF#1 performs the configuration-hiding modifications to the request and


forwards it to I-CSCF#2

4. I-CSCF#2 may query the HSS for current location information.  If I-CSCF#2 cannot determine, based on analysis of the destination number, that the HSS query will fail, then it will send “Cx-location-query” to the HSS to obtain the location information for the destination.  If I-CSCF#2 can determine, based on analysis of the destination number, that the HSS query will fail, it will not send the “Cx-location-query” message.
5. HSS responds with the address of the current Serving-CSCF for the terminating subscriber.

6. I-CSCF#2 forwards the INVITE request to the entry point whose address was provided during registration.  This entry point is either the S-CSCF that is serving the visiting UE (choice (a)), or an I-CSCF within the visited network that is performing the configuration hiding function for the visited network operator (choice (b)).

(6a)
If the visited network operator does not desire to keep their network configuration hidden, the name/address of the S-CSCF was provided during registration, and the INVITE request is forwarded directly to S-CSCF#2.

(6b)
If the visited network operator desires to keep their network configuration hidden, the name/address of an I-CSCF in the visited network was provided during registration, I-CSCF#3, and the INVITE request is forwarded through I-CSCF#3 to S-CSCF#2.

(6b1)
I-CSCF#2 forwards the INVITE request to I-CSCF#3

(6b2)
I-CSCF#3 forwards the INVITE request to S-CSCF#2

7. S-CSCF#2 performs whatever service control logic is appropriate for the call attempt.

8. The sequence continues with the message flows determined by the termination procedure.

9. The media stream capabilities of the destination are returned along the signaling path, as per the termination procedure.
10. S-CSCF#2 forwards the SDP to I-CSCF#2.  Based on the choice made in step #6 above, this may be sent directly to I-CSCF#2 (10a) or may be sent through I-CSCF#3(firewall) (10b1 and 10b2).
11. I-CSCF#2 forwards the SDP to S-CSCF#1.  Based on the choice made in step #3 above, this may be sent directly to S-CSCF#1 (11a) or may be sent through I-CSCF#1(firewall) (11b1  and 11b2)

12. S-CSCF#1 forwards the SDP to the originator, as per the originating procedure.

13. The originator decides the final set of media streams, and forwards this information to S-CSCF#1 by the origination procedures

14. S-CSCF#1 forwards the final SDP to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall)  or I-CSCF#3(firewall) depending on operator configuration of the I-CSCFs

15. S-CSCF#2 forwards the final SDP to the terminating endpoint, as per the termination procedure

16. When the originating endpoint has completed the resource reservation procedures, it sends the “Resource reservation success” message to S-CSCF#1 by the origination procedures.

17. S-CSCF#1 forwards this message to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) or I-CSCF#3(firewall) depending on operator configuration of the I-CSCFs.

18. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

19. The terminating endpoint may optionally send a provisional response indicating alerting is in progress.  This message is sent by the termination procedure to S-CSCF#2.
20. S-CSCF#2 performs whatever service control is appropriate for this alerting call

21. S-CSCF#2 forwards the ringing message to I-CSCF#2.  Based on the choice made in step #6 above, this may be sent directly to I-CSCF#2 (21a) or may be sent through I-CSCF#3(firewall) (21b1 and 21b2).

22. I-CSCF#2 forwards the ringing message to S-CSCF#1. Based on the choice made in step #3 above, this may be sent directly to S-CSCF#1 (22a) or may be sent through I-CSCF#1(firewall) (22b1  and 22b2)

23. S-CSCF#1 performs whatever service control is appropriate for this alerting call

24. S-CSCF#1 forwards the ringing message to the originator, per the origination procedure

25. When the called party answers, the termination procedure results in a SIP 200-OK final response being sent to S-CSCF#2

26. S-CSCF#2 performs whatever service control logic is appropriate for the call completion.

27. S-CSCF#2 sends the SIP 200-OK final response along the signaling path back to the call originator.  Based on the choice made in (6) above, this response may either be sent directly from S-CSCF#2 to I-CSCF#2 (choice (a)), or be sent indirectly through I-CSCF#3 (Firewall) (choice (b)).

28. I-CSCF#2 sends the SIP 200-OK final response along the signaling path back to the call originator.  Based on the choice made in (3) above, this response may either be sent directly from I-CSCF#2 to S-CSCF#1 (choice (a)), or be sent indirectly through I-CSCF#1 (Firewall) (choice (b)).

29. S-CSCF#1 performs whatever service control logic is appropriate for the call completion.

30. The 200-OK is returned to the originating endpoint, by the origination procedure.
31. The originating endpoint sends the final acknowledgement to S-CSCF#1 by the origination procedures.

32. S-CSCF#1 forwards this message to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs.

33. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

B.2.3

(S-S#3) Single network operator performing origination and termination, with home control of termination.

The Serving-CSCF handling call origination performs an analysis of the destination address, and determines that it belongs to a subscriber of the same operator.  The request is therefore forwarded to a local I-CSCF.  The I-CSCF queries the HSS for current location information, and finds the subscriber either located in the home service area, or roaming with home control.  The I-CSCF therefore forwards the request to the S-CSCF serving the destination subscriber.

Origination sequences that share this common S-S procedure are:

MO#1
Mobile origination, roaming, home control of services.  The “Originating Network” of S-S#3 is therefore a visited network, and S-CSCF#1 is located in the home network. 

MO#2
Mobile origination, roaming, with visited control of services.  The “Originating Network” of S-S#3 is therefore a visited network, and S-CSCF#1 is also located in the visited network.

MO#3
Mobile origination, located in home service area.  The “Originating Network” of S-S#3 is therefore the home network, and S-CSCF#1 is also located in the home network.

PSTN-O
PSTN origination.  The “Originating Network” of S-S#3 is the home network.  The element labeled UE#1 is the MGCF of the PSTN-O procedure.

Termination sequences that share this common S-S procedure are:

MT#1
Mobile termination, roaming, home control of services.  The “Terminating Network” of S-S#3 is a visited network.

MT#3
Mobile termination, located in home service area.  The “Terminating Network” of S-S#3 is the home network.

PSTN-T
PSTN termination.  The “Terminating Network” of S-S#3 is the home network.  The element labeled S-CSCF#2 is the MGCF of the PSTN-T procedure.
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Procedure S-S#3 is as follows:

1. The SIP INVITE request is sent from the UE to S-CSCF#1 by the procedures of the originating flow.

2. S-CSCF#1 performs whatever service control logic is appropriate for this call attempt

3. S-CSCF#1 performs an analysis of the destination address, and determines the network operator to whom the subscriber belongs.  Since it is local, the request is passed to a local I-CSCF.

4. I-CSCF may query the HSS for current location information.  If I-CSCF cannot determine, based on analysis of the destination number, that the HSS query will fail, then it will send “Cx-location-query” to the HSS to obtain the location information for the destination.  If I-CSCF can determine, based on analysis of the destination number, that the HSS query will fail, it will not send the “Cx-location-query” message.
5. HSS responds with the address of the current Serving-CSCF for the terminating subscriber.

6. I-CSCF forwards the INVITE request to the S-CSCF (S-CSCF#2) that will handle the call termination.

7. S-CSCF#2 performs whatever service control logic is appropriate for this call attempt

8. The sequence continues with the message flows determined by the termination procedure.

9. The media stream capabilities of the destination are returned along the signaling path, as per the termination procedure.
10. S-CSCF#2 forwards the SDP to I-CSCF

11. I-CSCF forwards the SDP to S-CSCF#1.  

12. S-CSCF#1 forwards the SDP to the originator, as per the originating procedure.

13. The originator decides the final set of media streams, and forwards this information to S-CSCF#1 by the origination procedures

14. S-CSCF#1 forwards the final SDP to S-CSCF#2.  

15. S-CSCF#2 forwards the final SDP to the terminating endpoint, as per the termination procedure

16. When the originating endpoint has completed the resource reservation procedures, it sends the “Resource reservation success” message to S-CSCF#1 by the origination procedures.

17. S-CSCF#1 forwards this message to S-CSCF#2.  

18. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

19. The terminating endpoint may optionally send a provisional response indicating alerting is in progress.  This message is sent by the termination procedure to S-CSCF#2.
20. S-CSCF#2 performs whatever service control is appropriate for this alerting call

21. S-CSCF#2 forwards the ringing message to I-CSCF

22. I-CSCF forwards the ringing message to S-CSCF#1. 

23. S-CSCF#1 performs whatever service control is appropriate for this alerting call

24. S-CSCF#1 forwards the ringing message to the originator, per the origination procedure

25. The SIP final response, 200-OK, is sent by the terminating endpoint over the signaling path.  This is typically generated when the subscriber has accepted the incoming call attempt.  The message is sent to S-CSCF#2 per the termination procedure.
26. S-CSCF#2 performs whatever service control logic is appropriate for this call completion

27. The 200-OK is passed to the I-CSCF

28. The 200-OK is passed to the S-CSCF#1

29. S-CSCF#1 performs whatever service control logic is appropriate for this call completion

30. The 200-OK is passed to the Originating Network

31. The originating endpoint sends the final acknowledgement to S-CSCF#1 by the origination procedures.

32. S-CSCF#1 forwards this message to S-CSCF#2.  

33. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

B.2.4

(S-S#4) Call origination and termination are served by the same operator, termination is done by visited network control.

The Serving-CSCF handling call origination performs an analysis of the destination address, and determines that it belongs to a subscriber of the same operator.  The request is therefore forwarded to a local I-CSCF.  The I-CSCF queries the HSS for current location information, and finds the subscriber is roaming with visited network control.  The I-CSCF therefore forwards the request to the entry point provided by the visited network during registration.  If the visited network did not want to hide their internal configuration, then this entry point was the S-CSCF serving the destination subscriber; otherwise it is an I-CSCF within the visited network.

Origination sequences that share this common S-S procedure are:

MO#1
Mobile origination, roaming, home control of services.  The “Originating Network” of S-S#4 is therefore a visited network, and S-CSCF#1 is located in the home network. 

MO#2
Mobile origination, roaming, with visited control of services.  The “Originating Network” of S-S#4 is therefore a visited network, and S-CSCF#1 is also located in the visited network.

MO#3
Mobile origination, located in home service area.  The “Originating Network” of S-S#4 is therefore the home network, and S-CSCF#1 is also located in the home network.

PSTN-O
PSTN origination.  The “Originating Network” of S-S#4 is the home network.  The element S-CSCF#1 is the MGCF of the PSTN-O procedure.

Termination sequences that share this common S-S procedure are:

MT#2
Mobile termination, roaming, with visited control of services.  

PSTN-T
PSTN termination. The element labeled S-CSCF#2 is the MGCF of the PSTN-T procedure.  This only occurs if there is an agreement between the network operators for termination of PSTN calls in the visited network.
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Procedure S-S#4 is as follows:

1. The SIP INVITE request is sent from the UE to S-CSCF#1 by the procedures of the originating flow.

2. S-CSCF#1 performs whatever service control logic is appropriate for this call attempt

3. S-CSCF#1 performs an analysis of the destination address, and determines the network operator to whom the subscriber belongs.  Since it is local, the request is passed to a local I-CSCF, I-CSCF#1.

4. I-CSCF#1 may query the HSS for current location information. If I-CSCF#1 cannot determine, based on analysis of the destination number, that the HSS query will fail, then it will send “Cx-location-query” to the HSS to obtain the location information for the destination.  If I-CSCF#1 can determine, based on analysis of the destination number, that the HSS query will fail, it will not send the “Cx-location-query” message.
5. HSS responds with the address of the current Serving-CSCF for the terminating subscriber.

6. I-CSCF#1 forwards the INVITE request to the entry point whose address was provided during registration. This entry point is either the S-CSCF that is serving the visiting UE (choice (a)), or an I-CSCF within the visited network that is performing the configuration hiding function for the visited network operator (choice (b)).

(6a)

If the visited network operator does not desire to keep their network configuration hidden, the name/address of S-CSCF#2 was provided during registration, and the INVITE request is forwarded directly to S-CSCF#2.

(6b)

If the visited network operator desires to keep their network configuration hidden, the name/address of an I-CSCF in the visited network was provided during registration, and the INVITE request is forwarded through I-CSCF#2 (Firewall) to S-CSCF#2.

(6b1)
I-CSCF#1 forwards the INVITE request to I-CSCF#2 (Firewall)

(6b2)
I-CSCF#2 (Firewall) forwards the INVITE request to S-CSCF#2

7. S-CSCF#2 performs whatever service control is appropriate for this call attempt

8. S-CSCF#2 continues processing the call attempt using the terminating procedures.

9. The media stream capabilities of the destination are returned along the signaling path, as per the termination procedure.
10. S-CSCF#2 forwards the SDP to I-CSCF#1.  Based on the choice made in step #6 above, this may be sent directly to I-CSCF#1 (10a) or may be sent through I-CSCF#2(firewall) (10b1 and 10b2).
11. I-CSCF#1 forwards the SDP to S-CSCF#1.  

12. S-CSCF#1 forwards the SDP to the originator, as per the originating procedure.

13. The originator decides the final set of media streams, and forwards this information to S-CSCF#1 by the origination procedures

14. S-CSCF#1 forwards the final SDP to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs

15. S-CSCF#2 forwards the final SDP to the terminating endpoint, as per the termination procedure

16. When the originating endpoint has completed the resource reservation procedures, it sends the “Resource reservation success” message to S-CSCF#1 by the origination procedures.

17. S-CSCF#1 forwards this message to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs.

18. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

19. The terminating endpoint may optionally send a provisional response indicating alerting is in progress.  This message is sent by the termination procedure to S-CSCF#2.
20. S-CSCF#2 performs whatever service control is appropriate for this alerting call

21. S-CSCF#2 forwards the ringing message to I-CSCF#1.  Based on the choice made in step #6 above, this may be sent directly to I-CSCF#1 (21a) or may be sent through I-CSCF#2(firewall) (21b1 and 21b2).

22. I-CSCF#1 forwards the ringing message to S-CSCF#1. 

23. S-CSCF#1 performs whatever service control is appropriate for this alerting call

24. S-CSCF#1 forwards the ringing message to the originator, per the origination procedure

25. When the called party answers, the termination procedure results in a SIP 200-OK final response being sent to S-CSCF#2

26. S-CSCF#2 performs whatever service control is appropriate for this call completion

27. S-CSCF#2 sends the SIP 200-OK final response along the signaling path back to the call originator.  Based on the choice made in (6) above, this response may either be sent directly from S-CSCF#2 to I-CSCF#1 (choice (a)), or be sent indirectly through I-CSCF#2 (Firewall) (choice (b)).

28. I-CSCF#1 sends a SIP 200-OK final response along the signaling path back to S-CSCF#1

29. S-CSCF#1 performs whatever service control is appropriate for this call completion

30. The 200-OK is returned to the originating endpoint, by the origination procedure.
31. The originating endpoint sends the final acknowledgement to S-CSCF#1 by the origination procedures.

32. S-CSCF#1 forwards this message to S-CSCF#2.  This may possibly be routed through I-CSCF#1(firewall) or I-CSCF#2(firewall) depending on operator configuration of the I-CSCFs.

33. S-CSCF#2 forwards this message to the terminating endpoint, as per the termination procedure

B.3
Origination Procedures

This section presents the detailed application level flows to define the Procedures for call originations.  
Editor’s note:This informative Annex is to be used as the basis for further work within SA2.   When stable, this text will be moved to section 5.7.

The call origination procedures specify the signaling path between the UE initiating a call attempt and the Serving-CSCF that is assigned to perform the call origination service.  This signaling path is determined at the time of UE registration, and remains fixed for the life of the registration.

A UE always has a proxy (P-CSCF) associated with it.  This P-CSCF is located in the same network as the UE, performs resource authorization, and may have additional functions in handling of emergency calls.  The P-CSCF is determined by the CSCF discovery process, described in Section 5.2.1 (Local CSCF Discovery).

As a result of the registration procedure, the P-CSCF determines the next hop toward the Serving-CSCF.  This next hop may be directly to the S-CSCF in the same network (MO#2 for the roaming case, MO#3 for the home case), or to the S-CSCF in the home network (possibly through an I-CSCF to hide the network configuration) (MO#1).  These next-hop addresses could be IPv4/IPv6 addresses, or could be names that are translated via DNS to an IPv4/IPv6 address.

Editor’s note: The mechanism by which P-CSCF retains the next-hop address is for further study.  The mechanism by which I-CSCF retains the next-hop address in procedure MO#1 is also for further study.

Calls originated in the PSTN to a mobile destination are a special case of the Origination procedures.  The MGCF uses H.248/MEGACO to control a Media Gateway, and communicates with the SS7 network via the TSGW.  The MGCF initiates the SIP request, and subsequent nodes consider the signaling as if it came from a S-CSCF.
B.3.1

(MO#1) Mobile origination, roaming, with home control of services

This origination procedure applies to roaming subscribers under home control.

The UE is located in a visited network, and determines the P-CSCF via the CSCF discovery procedure described in section 5.2.1.  During registration, the home network decides to exercise home control of calls by this UE, and therefore allocates a S-CSCF in the home network.  The home network advertises either the S-CSCF or an I-CSCF as the entry point from the visited network. 

When registration is complete, P-CSCF knows the name/address of the next hop in the signaling path toward the serving-CSCF, either I-CSCF (if the home network wanted to hide their internal configuration) or S-CSCF (if there was no desire to hide the network configuration).  I-CSCF, if it exists in the signaling path, knows the name/address of S-CSCF.

Editor’s note:  The mechanism by which the P-CSCF identifies the I-CSCF and the mechanism by which the I-CSCF identifies the S-CSCF is FFS.
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Procedure MO#1 is as follows:

1. UE sends the SIP INVITE request to the P-CSCF determined via the CSCF discovery mechanism.

2. P-CSCF remembers (from the registration procedure) the next hop CSCF for this UE.  

This next hop is either the S-CSCF that is serving the visiting UE (choice (a)), or an I-CSCF within the home network that is performing the configuration hiding function for the home network operator (choice (b)).

(2a)
If the home network operator does not desire to keep their network configuration hidden, the name/address of the S-CSCF was provided during registration, and the INVITE request is forwarded directly to the S-CSCF.

(2b)
If the home network operator desires to keep their network configuration hidden, the name/address of an I-CSCF in the home network was provided during registration, and the INVITE request is forwarded through this I-CSCF to the S-CSCF.

(2b1)
P-CSCF forwards the INVITE request to I-CSCF

(2b2)
I-CSCF forwards the INVITE request to S-CSCF

3. S-CSCF performs any origination service control required by this subscriber.

4. S-CSCF forwards the request, as specified by the S-S procedures.

5. The media stream capabilities of the destination are returned along the signaling path, per the S-S procedures.
6. S-CSCF forwards the SDP message to P-CSCF.  Based on the choice made in step #2 above, this may be sent directly to P-CSCF (6a) or may be sent through I-CSCF(firewall) (6b1 and 6b2).
7. P-CSCF authorizes the resources necessary for this session

8. P-CSCF forwards the SDP message to the originating endpoint

9. UE decides the final set of media streams for this session, and sends the Final SDP to P-CSCF

10. P-CSCF forwards the final SDP to S-CSCF.  This may possibly be routed through the I-CSCF(firewall) depending on operator configuration of the I-CSCF.
11. S-CSCF forwards this message to the terminating endpoint, as per the S-S procedure.
12. After determining the final media streams in step #9, UE initiates the reservation procedures for the resources needed for this session.

13. When the resource reservation is completed, UE sends the “Resource Reservation Successful” message to the terminating endpoint, via the signaling path established by the INVITE message.  The message is sent first to P-CSCF.

14. P-CSCF forwards this message to S-CSCF.  This may possibly be routed through the I-CSCF(firewall) depending on operator configuration of the I-CSCF.

15. S-CSCF forwards this message to the terminating endpoint, as per the S-S procedure.
16. The called UE may optionally perform alerting.  If so, it signals this to the calling party by a provisional response indicating Ringing.  This message is sent to S-CSCF per the S-S procedure.  
17. S-CSCF forwards this message to P-CSCF. Based on the choice made in step #2 above, this may be sent directly to P-CSCF (17a) or may be sent through I-CSCF(firewall) (17b1 and 17b2).
18. P-CSCF forwards the ringing message to UE

19. UE indicates to the originating subscriber that the destination is ringing
20. When the called party answers, the terminating endpoint sends a SIP 200-OK final response, as specified by the termination procedures and the S-S procedures, to S-CSCF.

21. S-CSCF performs whatever service control is appropriate for the completed call

22. S-CSCF sends a SIP 200-OK final response along the signaling path back to P-CSCF.  Based on the choice made in (2) above, this response may either be sent directly from S-CSCF to P-CSCF (choice (a)), or be sent indirectly through I-CSCF firewall (choice (b)).

23. P-CSCF indicates the resources reserved for this session should now be commited.

24. P-CSCF sends a SIP 200-OK final response to the call originator

25. UE starts the media flow for this session

26. UE responds to the 200 OK with a SIP ACK message which is sent to P-CSCF.
27. .P-CSCF forwards the final ACK message to S-CSCF.  This may possible be routed through the I-CSCF(firewall) depending on operator configuration of the I-CSCF.
28. S-CSCF forwards the final ACK message to the terminating endpoint, per the S-S procedure.
B.3.2

(MO#2) Mobile origination, roaming, with visited network control of services

This origination procedure applies to roaming subscribers, under visited network control.

The UE is located in a visited network, and determines the P-CSCF via the CSCF discovery procedure described in section 5.2.1.  During registration, the home network decides to accept an offer of visited network control of calls by this UE, and therefore the visited network allocates a S-CSCF. 

When registration is complete, P-CSCF knows the name/address of S-CSCF.
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Procedure MO#2 is as follows:

1. UE sends the SIP INVITE request to the P-CSCF determined via the CSCF discovery mechanism.

2. P-CSCF remembers (from the registration procedure) the next hop CSCF for this UE.  This next hop is the S-CSCF that is serving the visiting UE.

3. S-CSCF performs any origination service control required by this subscriber.

4. S-CSCF forwards the request, as specified by the S-S procedures.

5. The media stream capabilities of the destination are returned along the signaling path, per the S-S procedures.
6. S-CSCF forwards the SDP message to P-CSCF

7. P-CSCF authorizes the resources necessary for this session
8. P-CSCF forwards the SDP message to the originating endpoint

9. UE decides the final set of media streams for this session, and sends the Final SDP to P-CSCF

10. P-CSCF forwards the final SDP to S-CSCF.

11. S-CSCF forwards this message to the terminating endpoint, as per the S-S procedure.

12. After determining the final media streams in step #9, UE initiates the reservation procedures for the resources needed for this session.

13. When the resource reservation is completed, UE sends the “Resource Reservation Successful” message to the terminating endpoint, via the signaling path established by the INVITE message.  The message is sent first to P-CSCF.

14. P-CSCF forwards this message to S-CSCF.

15. S-CSCF forwards this message to the terminating endpoint, as per the S-S procedure.
16. The called UE may optionally perform alerting.  If so, it signals this to the calling party by a provisional response indicating Ringing.  This message is sent to S-CSCF per the S-S procedure.

17. S-CSCF forwards this message to P-CSCF.

18. P-CSCF forwards the ringing message to UE.

19. UE indicates to the originating subscriber that the destination is ringing.

20. When the called party answers, the terminating endpoint sends a SIP 200-OK final response, as specified by the termination procedures and the S-S procedures, to S-CSCF.

21. S-CSCF performs whatever service control is appropriate for the completed call

22. S-CSCF sends a SIP 200-OK final response along the signaling path back to P-CSCF.  

23. P-CSCF indicates the resources reserved for this session should now be committed.

24. P-CSCF sends a SIP 200-OK final response to the call originator

25. UE starts the media flow for this session.

26. UE responds to the 200 OK with a SIP ACK message which is sent to P-CSCF.

27. P-CSCF forwards the final ACK message to S-CSCF.

28. S-CSCF forwards the final ACK message to the terminating endpoint, per the S-S procedure.

B.3.3
(MO#3) Mobile origination, located in home network

This origination procedure applies to subscribers located in their home service area.

The UE is located in the home network, and determines the P-CSCF via the CSCF discovery procedure described in section 5.2.1.  During registration, the home network allocates an S-CSCF in the home network. 

When registration is complete, P-CSCF knows the name/address of S-CSCF.
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Procedure MO#3 is as follows:

1. UE#1 sends the SIP INVITE request to the P-CSCF determined via the CSCF discovery mechanism.

2. P-CSCF remembers (from the registration procedure) the next hop CSCF for this UE.  In this case it forwards the INVITE to the S-CSCF in the home network.

3. S-CSCF performs any origination service control required by this subscriber.

4. S-CSCF forwards the request, as specified by the S-S procedures.

5. The media stream capabilities of the destination are returned along the signaling path, per the S-S procedures.
6. S-CSCF forwards the SDP message to P-CSCF

7. P-CSCF authorizes the resources necessary for this session

8. P-CSCF forwards the SDP message to the originating endpoint.

9. UE decides the final set of media streams for this session, and sends the Final SDP to P-CSCF.

10. P-CSCF forwards this message to S-CSCF

11. S-CSCF forwards this message to the terminating endpoint, as per the S-S procedure.

12. After determining the final media streams in step #9, UE initiates the reservation procedures for the resources needed for this session.

13. When the resource reservation is completed, UE sends the “Resource Reservation Successful” message to the terminating endpoint, via the signaling path established by the INVITE message.  The message is sent first to P-CSCF.

14. P-CSCF forwards this message to S-CSCF.

15. S-CSCF forwards this message to the terminating endpoint, as per the S-S procedure.
16. The called UE may optionally perform alerting.  If so, it signals this to the calling party by a provisional response indicating Ringing.  This message is sent to S-CSCF per the S-S procedure.
17. S-CSCF forwards this message to P-CSCF.

18. P-CSCF forwards the ringing message to UE.

19. UE indicates to the originating subscriber that the destination is ringing.

20. When the called party answers, the terminating endpoint sends a SIP 200-OK final response, as specified by the termination procedures and the S-S procedures, to S-CSCF.

21. S-CSCF performs any origination service control required by call completion.

22. S-CSCF passes the 200-OK response back to P-CSCF, following the path of the INVITE request of step (2) above.

23. P-CSCF indicates the resources reserved for this session should now be committed.

24. P-CSCF passes the 200-OK response back to UE
25. UE starts the media flow for this session.

26. UE responds to the 200 OK with a ACK message which is sent to P-CSCF.

27. P-CSCF forwards the final ACK message to S-CSCF.

28. S-CSCF forwards the final ACK message to the terminating endpoint, per the S-S procedure.
B.3.4
(PSTN-O) PSTN origination 

The MGCF in the IM subsystem is a SIP endpoint that initiates requests on behalf of the PSTN and Media Gateway. The subsequent nodes consider the signaling as if it came from a S-CSCF.  The MGCF incorporates the network security functionality of the S-CSCF.  This MGCF does not invoke Service Control, as this may be carried out in the GSTN or at the terminating S-CSCF. This origination procedure can be used for any of the S-S procedures.

Due to routing of calls within the PSTN, this origination procedure will only occur in the home network of the destination subscriber.  However, due to the possibility of visited network control, the destination subscriber may be in a different operator’s network.  Further, due to cases of call forwarding and electronic surveillance, the destination of the call through the IM subsystem may actually be another PSTN termination.
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The PSTN Origination procedure is as follows:

1. The PSTN establishes a bearer path to the MGW, and signals to the T-SGW with a SS7 IAM message, giving the trunk identity and destination information

2. The T-SGW forwards the SS7 message, encapsulated in IP, to the MGCF.

3. The MGCF initiates a H.248 command, to seize the trunk and an IP port.

4. The MGCF initiates a SIP INVITE request, as per the proper S-S procedure.

5. The media stream capabilities of the destination are returned along the signaling path, per the S-S procedures.
6. MGCF decides the final set of media streams for this session, and sends the Final SDP per the S-S procedures.

7. MGCF initiates a H.248 command to modify the connection parameters and instruct the MGW to reserve the resources needed for the session.
8. MGW reserves the resources needed for the session

9. When the resource reservation is completed, MGCF sends the “Resource Reservation Successful” message to the terminating endpoint, per the S-S procedures.
10. The destination endpoint may optionally perform alerting.  If so, it signals this to the calling party by a provisional response indicating Ringing.  This message is sent to MGCF per the S-S procedure.
11. If alerting is being performed, the MGCF forwards an IP-ACM message to T-SGW

12. If alerting is being performed, the T-SGW forwards a SS7 ACM message

13. When the called party answers, the terminating and S-S procedures result in a SIP 200-OK final response being sent to MGCF

14. MGCF forwards an IP-ANM message to T-SGW

15. T-SGW forwards an ANM message to the PSTN

16. MGCF initiates a H.248 command to alter the connection at MGW to make it bidirectional

17. MGCF acknowledges the SIP final response with a SIP ACK message

B.4
Termination Procedures

This section presents the detailed application level flows to define the Procedures for call terminations.  
Editor’s Note:  This informative Annex is to be used as the basis for further work within SA2.   When stable, this text will be moved to section 5.8.

The call termination procedures specify the signaling path between the Serving-CSCF assigned to perform the call termination service and the UE.  This signaling path is determined at the time of UE registration, and remains fixed for the life of the registration.  This signaling path is the reverse of the call initiation signaling path of Section 5.7.  Therefore there is a one-to-one correspondence between the origination procedures of section 5.7 and the termination procedures of this section.

A UE always has a proxy (P-CSCF) associated with it.  This P-CSCF is located in the same network as the UE, and performs resource authorization for the calls to the UE.  The P-CSCF is determined by the CSCF discovery process, described in Section 5.2.1 (Local CSCF Discovery).

As a result of the registration procedure, the P-CSCF knows the address of the UE.  The assigned S-CSCF, either in the home or visited network, knows the name/address of the P-CSCF (procedure MT#2, MT#3, and MT#4, depending on the location of S-CSCF and P-CSCF).  If the network operator owning the S-CSCF wants to keep their configuration private, the S-CSCF will have chosen an Interrogating-CSCF, I-CSCF, who will perform the firewall functions and pass messages to the P-CSCF (procedure MT#1).

Editor’s note: The mechanism by which S-CSCF retains the name/address of P-CSCF (and I-CSCF, if needed) is for further study.

Calls destined to the PSTN are a special case of the Termination procedures.  The MGCF uses H.248/MEGACO to control a Media Gateway, and communicates with the SS7 network via the T-SGW.  The MGCF receives and processes SIP requests, and subsequent nodes consider the signaling as if it came from a S-CSCF.

B.4.1

(MT#1) Mobile termination, roaming, with home control of services

This termination procedure applies to roaming subscribers under home control.

The UE is located in a visited network, and determines the P-CSCF via the CSCF discovery procedure described in section 5.2.1.  During registration, the home network decides to exercise home control of calls to/from this UE, and therefore allocates a S-CSCF in the home network.  The home network advertises either the S-CSCF, or an I-CSCF firewall, as the entry point from the visited network.

When registration is complete, S-CSCF knows the name/address of its next hop in the signaling path, either I-CSCF or P-CSCF, I-CSCF (if it exists) knows the name/address of P-CSCF, and P-CSCF knows the name/address of the UE.  
Editor’s note: The mechanism by which this information is stored is for further study.
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Procedure MT#1 is as follows:

1. The calling party sends the SIP INVITE request, via one of the origination procedures, and via one of the Inter-Serving procedures, to the Serving-CSCF for the terminating subscriber.

2. S-CSCF performs any termination service control required by this subscriber

3. S-CSCF remembers (from the registration procedure) the next hop CSCF for this UE.  It forwards the INVITE to the P-CSCF in the visited network, possibly through an I-CSCF.

This next hop is either the P-CSCF that is serving the visiting UE (choice (a)), or an I-CSCF within the home network that is performing the configuration hiding function for the home network operator (choice (b)).

(3a)
If the home network operator does not desire to keep their network configuration hidden, the INVITE request is forwarded directly to the P-CSCF.

(3b)
If the home network operator desires to keep their network configuration hidden, the INVITE request is forwarded through an I-CSCF to the P-CSCF.

(3b1)
S-CSCF forwards the INVITE request to I-CSCF

(3b2)
I-CSCF forwards the INVITE request to P-CSCF

4. P-CSCF remembers (from the registration procedure) the UE address, and forwards the INVITE to the UE. 

5. UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an SDP message back to the originator.  This response is sent to P-CSCF.
6. P-CSCF authorizes the resources necessary for this session.

7. P-CSCF forwards the SDP message to S-CSCF.  Based on the choice made in step #3 above, this may be sent directly to S-CSCF (7a) or may be sent through I-CSCF(firewall) (7b1 and 7b2).
8. S-CSCF forwards the SDP message to the originator, per the S-S procedure.

9. The originating endpoint sends the final SDP to be used in this session, via the S-S procedure, to S-CSCF.

10. S-CSCF forwards the final SDP to P-CSCF.  This may possibly be routed through the I-CSCF(firewall) depending on operator configuration of the I-CSCF.

11. P-CSCF forwards the final SDP to UE.

12. UE initiates the reservation procedures for the resources needed for this session.

13. When the originating endpoint has completed its resource reservation, it sends the “Resource Reservation Successful” message to S-CSCF, via the S-S procedures.

14. S-CSCF forwards the message to P-CSCF.  This may possibly be routed through the I-CSCF(firewall) depending on operator configuration of the I-CSCF.

15. P-CSCF forwards the message to UE.

16. Before proceeding with session establishment, the UE waits for two events.  First, the resource reservation initiated in step #12 must complete successfully.  Second, the resource reservation initiated by the originating endpoint must complete successfully (which is indicated by message #15 received by UE).  The UE may now immediately accept the session (and proceed with step #20), or alert the destination subscriber of an incoming call attempt (and proceed with step #17).
17. UE may alert the user and wait for an indication from the user before completing the call.  If so, it indicates this to the calling party by a provisional response indicating Ringing.  This message is sent to P-CSCF.

18. P-CSCF forwards the Ringing message to S-CSCF. Based on the choice made in step #3 above, this may be sent directly to S-CSCF (18a) or may be sent through I-CSCF(firewall) (18b1 and 18b2). 
19. S-CSCF forwards this message to the originating endpoint, per the S-S procedure.
20. When the called party answers, the UE sends a SIP 200-OK final response to P-CSCF.
21. P-CSCF indicates the resources reserved for this session should now be committed.
22. UE starts the media flow for this session
23. P-CSCF sends a SIP 200-OK final response along the signaling path back to the S-CSCF
Based on the choice made in (3) above, this response may either be sent directly from P-CSCF to S-CSCF (choice (a)), or be sent indirectly through the I-CSCF firewall (choice (b)).

24. S-CSCF performs whatever service control is required for the call completion

25. S-CSCF forwards the SIP 200-OK final response along the signaling path back to the call originator, as per the S-S procedure.

26. The calling party responds to the 200-OK final response with a SIP ACK message which is sent to S-CSCF via the S-S procedure.

27. S-CSCF forwards the SIP ACK message to P-CSCF. This may possibly be routed through the I-CSCF(firewall) depending on operator configuration of the I-CSCF.
28. P-CSCF forwards the ACK message to UE.
B.4.2
(MT#2) Mobile termination, roaming, with visited network control of services

This termination procedure applies to roaming subscribers, under visited network control.

The UE is located in a visited network, and determines the P-CSCF via the CSCF discovery procedure described in section 5.2.1.  During registration, the home network decided to accept an offer of visited network control of calls by/to this UE, and therefore the visited network allocates the S-CSCF.

When registration is complete, S-CSCF knows the name/address of P-CSCF, and P-CSCF knows the name/address of the UE.  
Editor’s note: The mechanism by which this information is stored is for further study.
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Procedure MT#2 is as follows:

1. The caller sends the SIP INVITE request, via one of the origination procedures, and via one of the Inter-Serving CSCF procedures, to the Serving-CSCF for the terminating subscriber.

2. S-CSCF performs any termination service control required by this subscriber

3. S-CSCF remembers (from the registration procedure) the next hop CSCF for this UE.  It forwards the INVITE to the P-CSCF in the visited network.

4. P-CSCF remembers (from the registration procedure) the UE address, and forwards the INVITE to the UE. 

5. UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an SDP message back to the originator.  This response is sent to P-CSCF.
6. P-CSCF authorizes the resources necessary for this session.

7. P-CSCF forwards the SDP message to S-CSCF.  

8. S-CSCF forwards the SDP message to the originator, per the S-S procedure.

9. The originating endpoint sends the final SDP to be used in this session, via the S-S procedure, to S-CSCF.

10. S-CSCF forwards the final SDP to P-CSCF.  

11. P-CSCF forwards the final SDP to UE.

12. UE initiates the reservation procedures for the resources needed for this session.

13. When the originating endpoint has completed its resource reservation, it sends the “Resource Reservation Successful” message to S-CSCF, via the S-S procedures.

14. S-CSCF forwards the message to P-CSCF.  

15. P-CSCF forwards the message to UE.

16. Before proceeding with session establishment, the UE waits for two events.  First, the resource reservation initiated in step #12 must complete successfully.  Second, the resource reservation initiated by the originating endpoint must complete successfully (which is indicated by message #15 received by UE).  The UE may now immediately accept the session (and proceed with step #20), or alert the destination subscriber of an incoming call attempt (and proceed with step #17).

17. UE may alert the user and wait for an indication from the user before completing the call.  If so, it indicates this to the calling party by a provisional response indicating Ringing.  This message is sent to P-CSCF.

18. P-CSCF forwards the Ringing message to S-CSCF.

19. S-CSCF forwards this message to the originating endpoint, per the S-S procedure.
20. When the called party answers, UE sends a SIP 200-OK final response to P-CSCF.

21. P-CSCF indicates the resources reserved for this session should now be committed.

22. UE starts the media flow for this session.

23. P-CSCF sends a SIP 200-OK final response along the signaling path to S-CSCF.

24. S-CSCF performs whatever service control is required for the call completion

25. S-CSCF forwards the SIP 200-OK final response along the signaling path back to the call originator, as per the S-S procedure.
26. The calling party responds to the 200-OK final response with a SIP ACK message which is sent to S-CSCF via the S-S procedure.

27. S-CSCF forwards the SIP ACK message to P-CSCF.

28. P-CSCF forwards the ACK message to UE.

B.4.3
(MT#3) Mobile termination, located in home network

This termination procedure applies to subscribers located in their home service area.

The UE is located in the home network, and determines the P-CSCF via the CSCF discovery procedures described in section 5.2.1.  During registration, the home network allocates a S-CSCF in the home network, S-CSCF.

When registration is complete, S-CSCF knows the name/address of P-CSCF, and P-CSCF knows the name/address of the UE.
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Procedure MT#3 is as follows:

1. UE#1 sends the SIP INVITE request, via one of the origination procedures, and via one of the Serving-Serving CSCF procedures, to the Serving-CSCF for the terminating subscriber.

2. S-CSCF performs any termination service control required by this subscriber

3. S-CSCF remembers (from the registration procedure) the next hop CSCF for this UE.  It forwards the INVITE to the P-CSCF in the home network.

4. P-CSCF remembers (from the registration procedure) the UE address, and forwards the INVITE to the UE. 

5. UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an SDP message back to the originator.  This response is sent to P-CSCF.
6. P-CSCF authorizes the resources necessary for this session.

7. P-CSCF forwards the SDP message to S-CSCF.  

8. S-CSCF forwards the SDP message to the originator, per the S-S procedure.

9. The originating endpoint sends the final SDP to be used in this session, via the S-S procedure, to S-CSCF.

10. S-CSCF forwards the final SDP to P-CSCF.  

11. P-CSCF forwards the final SDP to UE.

12. UE initiates the reservation procedures for the resources needed for this session.

13. When the originating endpoint has completed its resource reservation, it sends the “Resource Reservation Successful” message to S-CSCF, via the S-S procedures.

14. S-CSCF forwards the message to P-CSCF.  

15. P-CSCF forwards the message to UE.

16. Before proceeding with session establishment, the UE waits for two events.  First, the resource reservation initiated in step #12 must complete successfully.  Second, the resource reservation initiated by the originating endpoint must complete successfully (which is indicated by message #15 received by UE).  The UE may now immediately accept the session (and proceed with step #20), or alert the destination subscriber of an incoming call attempt (and proceed with step #17).

17. UE may alert the user and wait for an indication from the user before completing the call.  If so, it indicates this to the calling party by a provisional response indicating Ringing.  This message is sent to P-CSCF.
18. P-CSCF forwards the Ringing message to S-CSCF.

19. S-CSCF forwards this message to the originating endpoint, per the S-S procedure.

20. When the called party answers, UE sends a SIP 200-OK final response to P-CSCF.
21. P-CSCF indicates the resources reserved for this session should now be committed.

22. UE starts the media flow for this session.

23. P-CSCF forwards the 200-OK to S-CSCF, following the path of the INVITE request in step (3) above

24. S-CSCF performs any service control required on call completion.

25. S-CSCF forwards the 200-OK final response, as per the appropriate S-S procedure.

26. The call originator responds to the 200-OK by sending the ACK message to S-CSCF via the S-S procedure.

27. S-CSCF forwards the SIP ACK message to P-CSCF.

28. P-CSCF forwards the ACK message to UE.
B.4.4

(PSTN-T) PSTN termination 

The MGCF in the IM subsystem is a SIP endpoint that initiates and receives requests on behalf of the PSTN and Media Gateway (MGW).Other nodes consider the signaling as if it came from a S-CSCF.  The MGCF incorporates the network security functionality of the S-CSCF.

PSTN termination may be done in the same operator’s network as the S-CSCF of the call originator, e.g. the visited network for visited network control or the home network for home network control.  Therefore, the location of the MGCF/MGW/T-SGW are given only as “Terminating Network” rather than “Home Network” or “Visited Network.”

Further, agreements between network operators may allow PSTN termination in a network other than the originator’s visited network or home network.  This may be done, for example, to avoid long distance or international tariffs.

This termination procedures can be used for any of the inter-serving procedures, in place of the S-CSCF.
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The PSTN termination procedure is as follows:

1. MGCF receives an INVITE request, through one of the origination procedures and via one of the inter-serving procedures.

2. MGCF initiates a H.248 interaction to pick an outgoing channel and determine media capabilities of the MGW.

3. MGCF determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an SDP message back to the originator.  This response is sent via the S-S procedure.
4. The originating endpoint sends the final SDP to be used in this session, via the S-S procedure, to MGCF.

5. MGCF initiates a H.248 interaction to modify the connection established in step #2 and instruct MGW to reserve the resources necessary for the media streams.

6. MGW reserved the resources necessary for the media streams.
7. When the originating endpoint has completed its resource reservation, it sends the “Resource Reservation Successful” message to MGCF, via the S-S procedures.
8. MGCF sends an IP-IAM message to the T-SGW

9. T-SGW receives the IP-IAM and sends the SS7 IAM message into the PSTN.

10. The PSTN establishes the path to the destination.  It may optionally alert the destination user before completing the call.  If so, it responds with an SS7 ACM message

11. If the PSTN is alerting the destination user, T-SGW sends an IP-ACM message to MGCF

12. If the PSTN is alerting the destination user, MGCF indicates this to the calling party by a provisional response indicating Ringing.  This message is sent via the S-S procedures.

13. When the called party answers, the PSTN sends an SS7 ANM message to T-SGW

14. T-SGW sends an IP-ANM message to MGCF

15. MGCF initiates a H.248 interaction to make the connection in the MGW bi-directional.

16. MGCF sends a SIP 200-OK final response along the signaling path back to the call originator

17. The Calling party acknowledges the final response with a SIP ACK message

