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Introduction

TS 24.228 and 24.229 currently document a mechanism (the Path: header) for establishing a static route from the P-CSCF to the S-CSCF at registration time. This route is then used for subsequent signalling from the P-CSCF to the S-CSCF for originating signalling and from the S-CSCF to the P-CSCF for terminating signalling. As an option, this static route can include a THIG, a special purpose I-CSCF that exists to hide the topology of one operator’s network from other operators. This contribution proposes an alternative mechanism to achieve the same results as the Path: header.

Discussion

The Path: header mechanism satisfies two basic requirements:

1. The ability to provide a topology hiding gateway (THIG) between the P-CSCF and S-CSCF. (an option)

2. The ability to provide a direct signalling relationship between the P-CSCF and S-CSCF, bypassing the I-CSCF. (an optimization)

There is an alternative that satisfies these same requirements while not requiring any extensions to SIP itself. Using a simple SIP redirection, the P-CSCF can be directed either to communicate directly with the S-CSCF or through an I-CSCF (THIG). This affects future signalling for the duration of the registration, as with the Path: header extension. The routing of REGISTER requests, including re-registrations will still go through an I-CSCF. Subsequent non-REGISTER requests will be routed through the P-CSCF, acting as a local outbound proxy. The Request-URI for such requests will not be modified as per the static Route: established by a Path: header. Instead, the Request-URI from the P-CSCF to the THIG or S-CSCF will remain unchanged and routing of the request will be based on the “next hop” remembered by the P-CSCF from registration. 

The following sequence diagrams explain how this works, for both the case where a THIG is involved and the case where no network hiding is required.

Scenario 1: Network Hiding is requested
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Figure 1 - Network Hiding is Requested

The following sequence assumes that PDP context establishment and P-CSCF discovery has already occurred. DNS interactions are not explicitly shown for simplicity.

1. SIP REGISTER request (UE to P-CSCF) 
REGISTER sip:registrar.home1.net SIP/2.0

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:[5555::aaa:bbb:ccc:ddd]>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

Request-URI: 
The Request-URI (the URI that follows the method name, “REGISTER”, in the first line) indicates the destination domain of this REGISTER request. The rules for routing a SIP request describe how to use DNS to resolve this domain name (“home1.net”) into an address or entry point into the home operator’s network (the I-CSCF). This information is stored in the USIM.

2. SIP REGISTER request (P-CSCF to I-CSCF)
REGISTER sip:registrar.home1.net SIP/2.0

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:registration_token@pcscf.visited1.net>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

The P-CSCF updates the “next hop” for this subscriber to point to the URI in the Contact: header of the 302 response (“sip:scscf_token.thig.home1.net:23134”). This is stored as part of the registration state of the subscriber. The P-CSCF will use this for routing subsequent requests (e.g. INVITE) to the subscriber’s S-CSCF to execute originating services. A DNS query performed on this SIP URL is sufficient to route the request.

At this point in time, the P-CSCF performs a DNS SRV query on “registrar.home1.net” to determine the address of the I-CSCF in the home network to forward the REGISTER request to. The P-CSCF stores this Request-URI as the “next hop” address for this subscriber as part of the registration state for this user.

3. Cx-Query

The I-CSCF requests information related to the required S-CSCF capabilities from the HSS. The HSS provides the I-CSCF with either the S-CSCF address for the subscriber (if the subscriber is currently registered) or the S-CSCF required capabilities (if the subscriber is not currently registered.)  Since the subscriber is not registered in this case, the HSS returns the S-CSCF required capabilities and the I-CSCF uses this information to select a suitable S-CSCF.

As part of the Cx-Query procedures, the I-CSCF determines the appropriate THIG to use for this subscriber/S-CSCF.
4. 302 Moved response (I-CSCF to P-CSCF)
SIP/2.0 302 Moved

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:scscf_token.thig.home1.net:23134>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Content-Length: 0

The I-CSCF determines that network hiding is required for this subscriber/network and redirects the P-CSCF to the appropriate THIG.  The THIG can be identified using all the characteristics of a URI including hostname, port, and additional parameters. This allows the THIG to map the given URI to a particular S-CSCF. Note that the host portion of the Contact: must be resolvable by DNS (as with any SIP URL). Optionally, an IPv6 address could be used instead. Using ports to multiplex to the appropriate S-CSCF is the recommended solution.

Contact: The Contact: header in this 302 response redirects the REGISTER request to the appropriate THIG for the selected S-CSCF.

5. REGISTER request (P-CSCF to THIG)
REGISTER sip:scscf_token.thig.home1.net:23134 SIP/2.0

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:registration_token@pcscf.visited1.net>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

6. REGISTER request (THIG to S-CSCF)
REGISTER sip:scscf1.home1.net:23134 SIP/2.0

Via: SIP/2.0/UDP scsf_token.thig.home1.net:23134

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:registration_token@pcscf.visited1.net>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

The THIG uses the Request-URI of the REGISTER request to determine how to route the request to the proper S-CSCF.  The S-CSCF stores the Contact: address (re-written by the P-CSCF) to use as the Request-URI for subsequent terminating requests to this subscriber.

7. Cx-Location

8. Cx-Profile

The S-CSCF shall send the subscriber’s identity to the HSS in order to be able to download the subscriber profile to the S-CSCF. The HSS returns the subscriber’s profile to the S-CSCF. The S-CSCF shall store the subscriber profile for that indicated user.

Either as part of the subscriber’s profile or as part of provisioned information, the S-CSCF knows the appropriate THIG to use for terminating requests for this subscriber. Note:  This complexity is inherent in the provisioning of a THIG and is not specific to this solution. Allocation of a THIG at registration time has not yet been specified fully in TS 24.228.

From this point on, registration proceeds as normal with the THIG performing the network hiding function for the S-CSCF.

Scenario 2: Network Hiding is not requested

In this scenario, network hiding is not requested and therefore no THIG is placed on the signalling path between the P-CSCF and the S-CSCF. The registration procedure in this case is nearly identical to the previous sequence except that the P-CSCF is redirected to the S-CSCF rather than to a THIG. Note that this scenario applies to both the roaming and non-roaming case.
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1. REGISTER request (UE to P-CSCF)
REGISTER sip:registrar.home1.net SIP/2.0

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <Sip:[5555::aaa:bbb:ccc:ddd]>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

Request-URI: 
The Request-URI (the URI that follows the method name, “REGISTER”, in the first line) indicates the destination domain of this REGISTER request. The rules for routing a SIP request describe how to use DNS to resolve this domain name (“home1.net”) into an address or entry point into the home operator’s network (the I-CSCF). This information is stored in the USIM.

2. REGISTER request (P-CSCF to I-CSCF)
REGISTER sip:registrar.home1.net SIP/2.0

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:registration_token@pcscf.visited1.net>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

The P-CSCF updates the “next hop” for this subscriber to point to the URI in the Contact: header of the 302 response (“sip:scscf.home1.net”). This is stored as part of the registration state of the subscriber. The P-CSCF will use this for routing subsequent requests (e.g. INVITE) to the subscriber’s S-CSCF to execute originating services. A DNS query performed on this SIP URL is sufficient to route the request.

At this point in time, the P-CSCF performs a DNS SRV query on “registrar.home1.net” to determine the address of the I-CSCF in the home network to forward the REGISTER request to. The P-CSCF stores this Request-URI as the “next hop” address for this subscriber as part of the registration state for this user.

3. Cx-Query

The I-CSCF requests information related to the required S-CSCF capabilities from the HSS. The HSS provides the I-CSCF with either the S-CSCF address for the subscriber (if the subscriber is currently registered) or the S-CSCF required capabilities (if the subscriber is not currently registered.)  Since the subscriber is not registered in this case, the HSS returns the S-CSCF required capabilities and the I-CSCF uses this information to select a suitable S-CSCF.

4. 302 Moved response (I-CSCF to P-CSCF)
SIP/2.0 302 Moved

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:scscf.home1.net>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Content-Length: 0

The I-CSCF determines that no network hiding is required for this subscriber/network and redirects the P-CSCF directly to the newly selected S-CSCF. 

Contact: The Contact: header in this 302 response redirects the REGISTER request to the appropriate S-CSCF for this subscriber.
5. REGISTER request (P-CSCF to S-CSCF)
REGISTER sip:scscf1.home1.net:23134 SIP/2.0

Via: SIP/2.0/UDP pcscf.visited1.net

Via: SIP/2.0/UDP [5555::aaa:bbb:ccc:ddd]

From: <sip:user1@home1.net>

To: <sip:user1@home1.net>

Contact: <sip:registration_token@pcscf.visited1.net>

Call-ID: 123456789@[5555::aaa:bbb:ccc:ddd]

CSeq: 1 REGISTER

Expires: 7200

Allow-Events: org.3gpp.nwinitdereg

Content-Length: 0

The S-CSCF stores the Contact: address (re-written by the P-CSCF) to use as the Request-URI for subsequent terminating requests to this subscriber.

From this point on, registration proceeds as normal.
Proposal

It is proposed that the concept of using a redirection at registration time to locate the S-CSCF or THIG be adopted in place of the existing Path: header mechanism. If this concept is accepted, Ericsson will contribute detailed call flows and text to update TS 24.228 and TS 24.229. If necessary, a CR against TS 23.228 will also be contributed.
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