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1. Introduction

The store of a certain part of the signalling path that is determined during call/session initiation, in CSCFs instead of conveying it to the UEs have been agreed upon, and described to a certain level of detail in Tdoc S2-001718 [1]. 

This contribution addresses the issue of needing to store the signaling path that was determined during the call/session initiation request in order to route the subsequent call/session modification and termination requests through this determined path. This is needed in order to route these call/session modification/termination requests through certain nodes, e.g. the ones performing Service Control. We propose hereby to store a certain part of the signaling path that is determined during call/session initiation in each P-CSCF.

2. Assumptions

A set of assumptions is described below that are relevant when trying to determine what piece of signaling path information should be stored and where.

1. Proxy-CSCF stores the UE address (IP-address) and S-CSCF address (domain name)  in an internal database at registration time.
2. S-CSCF stores the Proxy-CSCF address (domain name) in an internal database at registration time. 

3. The signaling path that should be stored is determined during call/session initiation process by filling in the Record-Route header of the call/session initiation request as the request is passed from hop to hop.

4. The Proxy-CSCFs and the S-CSCFs are always part of the signaling path that is determined during the call/session initiation process. The I-CSCFs may also be part of this signaling path. 

3. Description and Analysis of the issue

The native SIP approach assumes that the route that call/session confirmation / modification / termination requests should take are stored by the UE. This route is determined by the Record-Route header that is filled in during the call/session initiation. [2]

We have identified two main drawbacks of having the UE store the route.

1. The routing of call/session confirmation / modification / termination requests is solely based on information provided by the UE, this may imply security problems.

2. If the UE suddenly fails (e.g. looses radio coverage) during an active call, there is no way to terminate the call via the appropriate call path (i.e. via S-CSCFs, and other possibly essential nodes), and the appropriate Service Control machine.

To overcome these limitations, two actions should be taken:

1. CSCFs (Proxy or Serving) store a certain part of the call path determined during call/session initiation. This allow CSCFs to generate requests that traverse all elements on a Route path on behalf of the terminals, as they know the route path.
2. CSCFs remove Record-Route and Via headers. This increases security and reduces SIP message sizes and thus transmission delay over the air interface.
Storing and removing signalling path information can be performed at either S-CSCF or P-CSCF. Advantages when storing and removing part of the signalling path in P-CSCFs:

1. P-CSCF is the closest to the terminal in the signalling path, it can remove all Via and Record-Route entries except its own. The maximum reduction in message size is achieved.

2. P-CSCF has the easiest access to the network and link layer information concerning a certain terminal, such as when the terminal falls out of coverage or deactivates a PDP context. 

The proposal is described below in detail.
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: Points in the call/session initiation process where certain part of the signaling route is proposed to be stored; Via and Record Route headers removed from requests forwarded to the UEs.

Certain part of the call path is proposed to be stored in the P-CSCFs:

1. In the P-CSCF of UE(B) the call path (Record-Route headers) between UE(A) and this P-CSCF is proposed to be stored when the initial INVITE request is conveyed. This will enable routing the call/session modification / termination requests sent by UE(B) on the same path that was determined during call/session initiation.
The Via and Record-Route headers are removed from the requests forwarded to the UE.

2. In the P-CSCF of UE(A) the call path (Record-Route headers) between UE(B) and this P-CSCF is proposed to be stored when the first response containing a Record-Route header (either a reliable provisional response or a final response)for the initial INVITE request is conveyed. This will enable routing the call/session modification / termination requests sent by UE(A) on the same path that was determined during call/session initiation.
The Via and Record-Route headers are removed from the requests forwarded to the UE.

4. Proposal

We propose to store a certain part of the signaling path that is determined during call/session initiation in each P-CSCF, as described in the previous chapter. The following text is proposed to adopted as a new subsection 5.5.X entitled "Storing of call path" in the document 23.228. 

There is a need to store the call path that is determined during the call/session initiation request in order to route the subsequent call/session modification and termination requests through this determined path. This is needed in order to route these call/session modification/termination requests through certain nodes, e.g. the ones performing Service Control. Certain part of the call path is stored in the P-CSCFs:

1. In the P-CSCF of UE(B) the call path (Record-Route headers) between UE(A) and this P-CSCF is stored when the initial INVITE request is conveyed. This will enable routing the call/session modification / termination requests sent by UE(B) on the same path that was determined during call/session initiation by inserting the stored call path as a Route header into the request.

2. In the P-CSCF of UE(A) the call path (Record-Route headers) between UE(B) and this P-CSCF is stored when the 200 OK response for the initial INVITE request is conveyed. This will enable routing the call/session modification / termination requests sent by UE(A) on the same path that was determined during call/session initiation by inserting the stored call path as a Route header into the request.

When storing the call path information, the Via and Record-Route headers are removed from the requests forwarded to the UEs. 

5. Example Call flows

To illustrate the proposed behaviour, a strictly demonstrational example for the MO#1 and MO#3 call flows are shown and described below in detail. 

General notes

· Hiding and encryption are not shown in the flows.

· Domain names used: visited_a.com, home_a.com, home_b.com, vsited_b.com respectively.

· The optional call path via I-CSCF-firewall is not shown in the detailed message descriptions, the optional messages are illustrated with dashed lines in the figures.

· Nokia&Ericsson latest bearer establishment contribution was used as a basis for bearer establishment related SIP requests / responses. It is assumed in the flows below that the bearers are needed to be established before ringing phase.

Origination sequences

MO#1 - Mobile origination, roaming, home control of services
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Figure 1 – MO#1 Mobile origination, roaming, home control of services

1) UE(A) initiates session establishment by issuing an INVITE request to P-CSCF(A):

INVITE 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Supported:

100rel

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_A <sip:ue_a@home_a.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(A)'s proposal >

2) P-CSCF(A) looks up S-CSCF(A) from its database, forwards the INVITE request to it:

INVITE 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<sip:ue_b@ p_cscf_a.visited_a.com>

Supported:

100rel

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_A <sip:ue_a@home_a.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(A)'s proposal >
3) S-CSCF(A) performs originating service control for UE(A).

4) The routing function in S-CSCF(A) selects the entry point of the remote network where the INVITE request is forwarded:

INVITE 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<sip:ue_b@s_cscf_a.home_a.com> , 
<sip:ue_b@p_cscf_a.visited_a.com>

Supported:

100rel

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_A <sip:ue_a@home_a.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(A)'s proposal >
5) S-CSCF(A) receives a 183 Session Progress provisional response from the remote network, this contains an SDP paylod corresponding to UE(B)'s terminal capabilities. This 183 Session Progress response is reliable (->Rseq header).

SIP/2.0 183 Session Progress

Require:

100rel 

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.visited_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s terminal capabilities >
6) The S-CSCF(A) proxies the 183 Session Progress response to P-CSCF(A):

SIP/2.0 183 Session Progress

Require:

100rel

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.visited_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s terminal capabilities >
7)  P-CSCF(A) removes the Record-Route header from the 183 Session Progress provisional response, and stores it as part of the call state information.

8) The P-CSCF(A) forwards the 183 Session Progress response to UE(A):

SIP/2.0 183 Session Progress

Require:

100rel
Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s terminal capabilities >
9) UE(A) acknowledges the received 183 Session Progress provisional response by sending a PRACK request, and sends it to P-CSCF(A):

PRACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

RAck:

98765 1 INVITE

10) P-CSCF(A) constructs a Route header from the Record-Route header it has stored in step 7). This Route header is inserted into the PRACK request. Note: The P-CSCF(A) (<sip:ue_b@p_cscf_a.visited_a.com>) and S-CSCF(A) (<sip:ue_b@s_cscf_a.home_a.com>) should be omitted when consctructing the Route header.
11) P-CSCF(A) forwards the PRACK request now containing the additional Route header to S-CSCF(A):

PRACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

RAck:

98765 1 INVITE
12)  S-CSCF(A) uses the topmost Route header value from request in step 11) for selecting the next hop, where it proxies the PRACK request:

PRACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks minus the contact point>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

RAck:

98765 1 INVITE
13) S-CSCF(A) receives a 200OK final response to the PRACK request from the remote network.

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

14) The S-CSCF(A) proxies the 200OK final response to P-CSCF(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

15) The P-CSCF(A) forwards the 200OK final response to UE(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET 

16)  UE(A) issues a COMET request indicating the reserved bearer resources in the SDP payload part of the request. The COMET request is sent to P-CSCF(A):

COMET 
sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

Content-Type:
application/sdp

Content-Length:
...

< SDP payload indicating UE(A)'s reserved resources >
17) P-CSCF(A) constructs a Route header from the Record-Route header it has stored in step 7). This Route header is inserted into the COMET request. Note: The P-CSCF(A) (<sip:ue_b@p_cscf_a.visited_a.com>) and S-CSCF(A) (<sip:ue_b@s_cscf_a.home_a.com>) should be omitted when consctructing the Route header.
18) P-CSCF(A) forwards the COMET request now containing the additional Route header to S-CSCF(A):

COMET 
sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

Content-Type:
application/sdp

Content-Length:
...

< SDP payload indicating UE(A)'s reserved resources >
19) S-CSCF(A) uses the topmost Route header value from request in step 18) for selecting the next hop, where it proxies the COMET request:

COMET 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks minus the contact point >

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

Content-Type:
application/sdp

Content-Length:
...

< SDP payload indicating UE(A)'s reserved resources >
20) S-CSCF(A) receives a 200OK final response to the COMET request from the remote network.

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

21) The S-CSCF(A) proxies the 200OK final response to P-CSCF(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

22) The P-CSCF(A) forwards the 200OK final response to UE(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

23) S-CSCF(A) receives a 180 Ringing provisional response to the INVITE request from the remote network.

SIP/2.0 180 Ringing

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

24) The S-CSCF(A) proxies the 180 Ringing provisional response to P-CSCF(A):

SIP/2.0 180 Ringing

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

25) The P-CSCF(A) forwards the 180 Ringing provosional response to UE(A):

SIP/2.0 180 Ringing

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

26) S-CSCF(A) receives a 200OK final response to the INVITE from the remote network, this contains an SDP paylod corresponding to UE(B)'s reserved bearer resources:

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.visited_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s reserved bearer resources >
27) The S-CSCF(A) proxies the 200 OK response to P-CSCF(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.visited_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s reserved bearer resources >
28)  P-CSCF(A) removes the Record-Route header from the 200OK response, and possibly does a consistency check with the Record-Route that was stored earlier in step 7). (What if the consistency check fails??? Is it possible?)

29) The P-CSCF(A) forwards the 200OK final response to UE(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s reserved bearer resources >
30) UE(A) acknowledges the 200OK final response by sending an ACK request, and sends it to P-CSCF(A):

ACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

4 ACK

31) P-CSCF(A) constructs a Route header from the Record-Route header it has stored in step 7). This Route header is inserted into the ACK request. Note: The P-CSCF(A) (<sip:ue_b@p_cscf_a.visited_a.com>) and S-CSCF(A) (<sip:ue_b@s_cscf_a.home_a.com>) should be omitted when consctructing the Route header.
32) P-CSCF(A) forwards the ACK request now containing the additional Route header to S-CSCF(A):

ACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

4 ACK

33)  S-CSCF(A) uses the topmost Route header value from request in step 32) for selecting the next hop, where it proxies the ACK request:

ACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.visited_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks minus the contact point >

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

4 ACK
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Figure 2 – MO#3 Mobile origination, located in home network

1) UE(A) initiates session establishment by issuing an INVITE request to P-CSCF(A):

INVITE 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Supported:

100rel

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_A <sip:ue_a@home_a.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(A)'s proposal >

2) P-CSCF(A) looks up S-CSCF(A) from its database, forwards the INVITE request to it:

INVITE 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<sip:ue_b@ p_cscf_a.home_a.com>

Supported:

100rel

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_A <sip:ue_a@home_a.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(A)'s proposal >
3) S-CSCF(A) performs originating service control for UE(A).

4) The routing function in S-CSCF(A) selects the entry point of the remote network where the INVITE request is forwarded:

INVITE 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<sip:ue_b@s_cscf_a.home_a.com> , 
<sip:ue_b@p_cscf_a.home_a.com>

Supported:

100rel

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_A <sip:ue_a@home_a.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(A)'s proposal >
5) S-CSCF(A) receives a 183 Session Progress provisional response from the remote network, this contains an SDP paylod corresponding to UE(B)'s terminal capabilities. This 183 Session Progress response is reliable (->Rseq header).

SIP/2.0 183 Session Progress

Require:

100rel 

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.home_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s terminal capabilities >
6) The S-CSCF(A) proxies the 183 Session Progress response to P-CSCF(A):

SIP/2.0 183 Session Progress

Require:

100rel

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.home_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s terminal capabilities >
7)  P-CSCF(A) removes the Record-Route header from the 183 Session Progress provisional response, and stores it as part of the call state information.

8) The P-CSCF(A) forwards the 183 Session Progress response to UE(A):

SIP/2.0 183 Session Progress

Require:

100rel
Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s terminal capabilities >
9) UE(A) acknowledges the received 183 Session Progress provisional response by sending a PRACK request, and sends it to P-CSCF(A):

PRACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

RAck:

98765 1 INVITE

10) P-CSCF(A) constructs a Route header from the Record-Route header it has stored in step 7). This Route header is inserted into the PRACK request. Note: The P-CSCF(A) (<sip:ue_b@p_cscf_a.home_a.com>) and S-CSCF(A) (<sip:ue_b@s_cscf_a.home_a.com>) should be omitted when consctructing the Route header.
11) P-CSCF(A) forwards the PRACK request now containing the additional Route header to S-CSCF(A):

PRACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

RAck:

98765 1 INVITE
12)  S-CSCF(A) uses the topmost Route header value from request in step 11) for selecting the next hop, where it proxies the PRACK request:

PRACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks minus the contact point>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

RAck:

98765 1 INVITE
13) S-CSCF(A) receives a 200OK final response to the PRACK request from the remote network.

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

14) The S-CSCF(A) proxies the 200OK final response to P-CSCF(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

2 PRACK

15) The P-CSCF(A) forwards the 200OK final response to UE(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET 

16)  UE(A) issues a COMET request indicating the reserved bearer resources in the SDP payload part of the request. The COMET request is sent to P-CSCF(A):

COMET 
sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

Content-Type:
application/sdp

Content-Length:
...

< SDP payload indicating UE(A)'s reserved resources >
17) P-CSCF(A) constructs a Route header from the Record-Route header it has stored in step 7). This Route header is inserted into the COMET request. Note: The P-CSCF(A) (<sip:ue_b@p_cscf_a.home_a.com>) and S-CSCF(A) (<sip:ue_b@s_cscf_a.home_a.com>) should be omitted when consctructing the Route header.
18) P-CSCF(A) forwards the COMET request now containing the additional Route header to S-CSCF(A):

COMET 
sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

Content-Type:
application/sdp

Content-Length:
...

< SDP payload indicating UE(A)'s reserved resources >
19) S-CSCF(A) uses the topmost Route header value from request in step 18) for selecting the next hop, where it proxies the COMET request:

COMET 
sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks minus the contact point >

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

Content-Type:
application/sdp

Content-Length:
...

< SDP payload indicating UE(A)'s reserved resources >
20) S-CSCF(A) receives a 200OK final response to the COMET request from the remote network.

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

21) The S-CSCF(A) proxies the 200OK final response to P-CSCF(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

22) The P-CSCF(A) forwards the 200OK final response to UE(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

3 COMET

23) S-CSCF(A) receives a 180 Ringing provisional response to the INVITE request from the remote network.

SIP/2.0 180 Ringing

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

24) The S-CSCF(A) proxies the 180 Ringing provisional response to P-CSCF(A):

SIP/2.0 180 Ringing

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

25) The P-CSCF(A) forwards the 180 Ringing provisional response to UE(A):

SIP/2.0 180 Ringing

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

26) S-CSCF(A) receives a 200OK final response to the INVITE from the remote network, this contains an SDP payload corresponding to UE(B)'s reserved bearer resources:

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.home_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s reserved bearer resources >
27) The S-CSCF(A) proxies the 200 OK response to P-CSCF(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Record-Route:
<Multiple X-CSCFs in remote networks> ,
<sip:ue_b@s_cscf_a.home_a.com> , <sip:ue_b@p_cscf_a.home_a.com>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Rseq:

98765

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s reserved bearer resources >
28)  P-CSCF(A) removes the Record-Route header from the 200OK response, and possibly does a consistency check with the Record-Route that was stored earlier in step 7). (What if the consistency check fails??? Is it possible?)

29) The P-CSCF(A) forwards the 200OK final response to UE(A):

SIP/2.0 200 OK

Via: 


SIP/2.0/UDP 12.34.56::EF:5060
From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

1 INVITE

Contact:

User_B <sip:ue_b@home_b.com>

Content-Type:
application/sdp

Content-Length:
...

< SDP payload of UE(B)'s reserved bearer resources >
30) UE(A) acknowledges the 200OK final response by sending an ACK request, and sends it to P-CSCF(A):

ACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP 12.34.56::EF:5060

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

4 ACK

31) P-CSCF(A) constructs a Route header from the Record-Route header it has stored in step 7). This Route header is inserted into the ACK request. Note: The P-CSCF(A) (<sip:ue_b@p_cscf_a.home_a.com>) and S-CSCF(A) (<sip:ue_b@s_cscf_a.home_a.com>) should be omitted when consctructing the Route header.
32) P-CSCF(A) forwards the ACK request now containing the additional Route header to S-CSCF(A):

ACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks>

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

4 ACK

33)  S-CSCF(A) uses the topmost Route header value from request in step 32) for selecting the next hop, where it proxies the ACK request:

ACK 

sip: ue_b@home_b.com SIP/2.0

Via: 


SIP/2.0/UDP s_cscf_a.home_a.com:5060 ;branch=567ef3.8

Via: 


SIP/2.0/UDP p_cscf_a.home_a.com:5060 ;branch=ab721e.1
Via: 


SIP/2.0/UDP 12.34.56::EF:5060

Route:

<Multiple X-CSCFs in remote networks minus the contact point >

From: 

User_A <sip:ue_a@home_a.com>

To: 


User_B <sip:ue_b@home_b.com> 

Call-Id:

12345@ue_a.home_a.com

Cseq: 

4 ACK
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