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1. Introduction

A discussion paper "Support for SCTP Associations" was presented in Zagreb in CT4#39bis (C4-081518) and in CT3 (C3-080908). This "Zagreb paper" presented and compared two models when establishing SCTP associations between SIP nodes: single association and dual association (see Annex at the end of the document). 
In CT4#39bis some companies expressed their preference to standardize the use of the single association model, and some other companies preferred the other model. Therefore no decision could be made and further input for discussion was requested for CT4#49. In CT3 the document was noted, and companies were asked to provide feedback to CT4 if there are any arguments from interworking point of view.
This document consists of two parts: Section 2 discusses the association models in the context of MSC node architectures where the SIP-I application is distributed. Section 3 further extends the list of arguments already presented in the Zagreb paper.
2. Discussion for distributed SIP-I Implementations
2.1 Requirements

If any SCTP association model shall be mandated in SIP-I on Nc, then the expectations from Ericsson are the following:
1. It shall be possible that a MSC sends initial SIP INVITE requests always to the published IP address and published port of the target MSC. This is required to avoid complex network and node configurations.
2. SIP responses to a request shall be returned via the same SCTP association the request, as long as it exists. This is required to re-use existing SCTP associations.
3. The specified usage of SCTP shall not restrict the MSC implementation to use functionality provided by SIP mechanisms.
4. The specified usage of SCTP shall not restrict or complicate the SIP-I implementation when a certain node architecture of the MSC is used.

Furthermore it is required (from operators) that SIP-I implementations provide high resilience and are scalable. This can be achieved by a distributed SIP-I implementation. A distributed SIP-I implementation can for example be realized within a MSC node architecture, which is based on a multi processor platform or on a blade cluster concept. For the purpose of this document we say that the SIP application of a MSC node is distributed over a number of processes P1, P2, …, Pn: 
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Figure 1

2.2 Single Association Model
The single association model requires that all processes reuse only one and the same SCTP association. In the example shown in figure 2 below the STCP end point for the SCTP association with MSC-B is provided by P1: 
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Figure 2

With above example a number of disadvantages of the single association model must be noticed:
-
When another process, e.g. P2, wants to send a new SIP request to MSC-B, then it is required that P2 knows/detects that it has to "route" the request via P1. Thus there is a need for centralized coordination of the processes within the MSC.
-
P1 must be able to forward outgoing SIP requests and incoming SIP responses from/to P2, .., Pn. That means that P1 must be a SIP B2B UA; the implementation becomes complex.
-
The solution does not scale. The capacity of P1 is static when the MSC is extended with more processes.  
-
P1 is not able to make use of the Contact Header to direct the peer MSC to send subsequent SIP requests within a dialogue directly to another process.
-
P1 is not able to send target-refresh requests (re-INVITE with new Contact header field) to move the current dialogue to another process.
Above listed "requirement 3" and "requirement 4" are not fulfilled when the single association model has to be used. 

To achieve better scalability, it is possible that the single associations to the different MSC peer nodes are distributed over P1 ... Pn (P1 for MSC-B, P2 for MSC-C and MSC-D, etc. etc.) . This would mean that "requirement 1" is violated, because the external MSCs have to use either different IP addresses or different port numbers to address MSC-A. In addition such a solution would require even more internal coordination and node configuration.
2.3 Dual Association Model
The dual association model requires that only one SCTP association is used for incoming SIP requests, e.g. terminated by P1, which is also used for outgoing responses.:
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Figure 3

When another process, e.g. P2, wants to send a new SIP request to MSC-B, then P2 can establish the second SCTP association for all outgoing SIP requests, if yet no SCTP association for outgoing requests exists.
Obviously the dual association model has similar disadvantages as the single association model, because also P1, P3 .. Pn may want to send SIP requests to MSC-B.
2.4 Generalized Dual Association Model

As an alternative to the dual connection model, which has 1 SCTP association for incoming SIP requests and has 1 SCTP association for outgoing SIP requests, a multiple association model can be specified:
1. The MSC provides one SCTP endpoint consisting of a public IP address and a well-known server port (e.g. 5060 for SIP). This is used by all remote nodes (clients) to establish a SCTP association to that node and to send all initial SIP INVITE requests. The MSC sends responses to the request within this association.
The remote node also sends subsequent SIP requests of the dialogue within this SCTP association, except the MSC provided another contact address for subsequent requests (see 3rd bullet point). 

2. For outgoing requests the MSC (client) establishes 1..N associations using the same IP address and ephemeral ports. 

3. The MSC may direct the peer MSC to send subsequent SIP requests within an existing (early) dialogue to another contact address (e.g. as a means to distribute load).The remote node uses the content of the Contact header to establish another SCTP association (if it does not already exist). 

4. The MSC may redirect a dialogue/session to another contact address by sending target refresh request to the remote node.
With above model the expectations as listed in section 2.1 are fulfilled and enable scalable and redundant implementations. 

A potential disadvantage of this approach is the multiplied number of SCTP associations compared to the single association model. But it shall be noted that this does not mean any increase in configuration complexity.
Well known mechanisms (Virtual IP) can be used that incoming SCTP association requests to the published port can be distributed to one of the processes P1…Pn. 
Once the associations are established and used for initial INVITE requests, they should be semi-permanent. All other SCTP associations may be semi-permanent. 

3. Additional Arguments

When comparing the association modes the following aspects should be considered as well:

1. As stated in the Zagreb paper the single association model requires from the SCTP user to handle collisions when both nodes attempt to establish SCTP associations at the same time. This can for example be solved by configuration to assign for each relation between 2 nodes the roles of server and client. 
Protocol based solution could be standardized as well: as an example RFC 3588 'Diameter Base Protocol' describes an election process with the help of the Diameter messages 'Capabilities-Exchange-Request/Answer' (CER/CEA). With this process one of the two connections is shut down in a coordinated way between the two peer nodes. It may be worthwhile to standardize similar mechanism for SIP-I when the single association model shall be used. But this will lead to additional complexity of the SIP-I implementations.  

2. In the Zagreb paper it was stated that the single association model is similar to the SIGTRAN use of SCTP in concept. In SIGTRAN SCTP users like M3UA have their own concept of AS (Application Servers) and ASP (Application Server Processes), which allow the distributed modeling of applications. In SIP the use of the Contact header can be used as an enabler to distribute SIP applications. But it is based on host addresses and is therefore incompatible with the Single Association Model.
3. It is assumed that most current SIP-I implementations in external SIP-I networks are using TCP instead of SCTP as a transport for SIP-I signaling. It is expected that implementers will not use the single association model because there are no reasons to deviate from the clean client-server concept which can be inherited from the previous TCP based implementations.
4. Conclusion
It has been discussed that the single association model is not well suited for distributed SIP-I applications within MSC nodes. It restricts the scalability (and redundancy) of the application and adds unnecessary coordination and complexity. Instead the SIP-I on Nc standard should allow for decentralized implementations. This could be achieved by using a multiple association model. 

This is in accordance with draft TS 29.231 V.1.3.0, where in section 5.18 states:
"Multiple local SCTP endpoints may be supported. Multiple remote SCTP endpoints shall be supported. When multiple local or remote SCTP endpoints are configured, several simultaneous SCTP associations shall be supported between peer 3GPP SIP-I entities." 

Annex: Recap SCTP Association Models
(copy from the Zagreb paper)

Two models may be used when establishing SCTP associations between SIP nodes: single association and dual association.
a. Single Association Model

In the single association model only one SCTP association is established between two SIP nodes.
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Once the association is established, it will be persistent so both nodes need to be able to reuse the association at any time. SIP requests and responses may be sent and received over the single SCTP association by both nodes, i.e., the association may be reused by both nodes.

b. Dual Association Model

In the dual association model, each SIP node is responsible for establishing their own SCTP association to the far node. The will result in a pair of associations being established between two server.
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Each server will act as a SCTP client for the associations it initiates and as a SCTP server for the association initiated by the far node. In this case, the associations will typically be initiated from the published IP address and a local ephemeral port to the far published IP address and port. A SIP node will only send requests on the association that it initiated. Responses are returned on the association over which the request was received.
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