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1 Discussion
Within IMS, supplementary services for users involved in a given communications are often executed within different Applications Services which may be located within different IMS networks. Some supplementary services may be incompatible with each other, leading to undesired interactions.
TR 23.810 describes different kinds of interactions between IMS applications. Undesired application interactions are described in TR 23.810/4.2.2.  
 We can distinguish three kinds of conflicting service interactions:

1) Interactions between services that can be solved by having a good ordering of triggering the related Application Services. TR 23.810 proposes some enhancements to the ISC interface to support dynamic chaining of Application Servers using a service broker Function. This kind of interactions concerns only services provided to the same user (terminating or originating services) as they need to be controlled by the same S-CSCF.
2) Interactions between services that can be solved by allowing the related Application Servers to access static shared data. This kind of interactions concerns only supplementary services offered by the same service provider. An example of such interaction is the case where the user has activated OCB (Originating Call Barring) and Call Transfer service. In this case, the interaction could be solved by allowing Call Transfer Application to access to the OCB data so that it can determine whether the call can be transferred to the requested destination or not.
3) Interaction between services that can be solved only be allowing dynamic exchange of information between Application Servers. This discussion paper focuses on this kind of service interactions. 
Below are examples illustrating interactions between services that require dynamic exchange of information between the holding Application Servers.
Example 1: Interaction between CCBS and Call Waiting:
TS 24.642 in sections 4.6.1 states: "The CW AS shall not invoke the CW service on a CC recall".  

To solve this interaction, for a Completion of Communications recall, the Call Waiting Application Server needs either to receive an indication that Call Waiting is prohibited for the call or an indication that CCBS has been performed for the call.
Example 2: Interaction between CCBS and Call Diversion:

TS 24.642 states in section 4.6.8.1: "The CDIV AS shall not divert a CC recall. The CDIV AS shall give a CC recall to user A at user A's original location" 
To solve this interaction, for a Completion of Communications recall, the CDIV AS needs either to receive an indication that CDIV is prohibited for the call or an indication that CCBS has been performed for the call.
Example 3: Interaction between CAT and Call Diversion:
 TS 24.182 states that for a call from (A) to (B) forwarded to (C) where both (B) and (C) have CAT service, two alternatives are possible (depending on (B) network policy):

1. (B) CAT service is performed, that is (A) receives (B)'s customized announcement. 
2. (C) CAT service is performed, that is (A) receives (C)'s customized announcement. 

 Hence, for a given incoming call, there is a need that (C)'s CAT Application Server knows whether the service must be performed or not.
Example 4: Interaction between "Service Access Number" and Call Diversion

"Service  Phone Number" is a service that allows the user to dial a unique phone number to join a commercial or public service. The "Service  Phone Number" Application Server determines to which destination the call should be routed based on service logic criteria (e.g. location of the calling user, wishes of the calling users obtained after voice interaction, etc.).  
In some situations, the "Service Phone Number" Application Server needs to inhibit call diversion of the routed-to destination. Let's take the example of a service that allows the calling user to dial a unique number to join the nearest and appropriate doctor. When the "Service  Phone Number" AS routes the call to a given doctor, it needs to indicate that the call must not be diverted so that if this doctor is not available it can re-route the call to another destination. 
From the above examples, it appears that in order to handle conflicting interactions between supplementary services, Application Servers need to exchange the following information:

1. Indication of services or actions that must not be performed, possibly under conditions.
2. Downstream Application Servers receive the list of previously activated services with which they may have conflicting interactions (see examples).  This is needed in order to handle interactions where the upstream Application Servers cannot determine all the features that are incompatible with their service.
Example 5: interaction with voicemail

Some applications may needs to inhibit diversion of the call to voicemail.

Other applications may need to enforce the call to be diverted to voicemail. 

Solution 1: use of a dedicated message body with a new MIME type
In this solution, the exchange of information needed to guarantee a good interaction between supplementary services is carried in the body of SIP messages with a new MIME type. XML elements defined for supplementary services configuration over the Ut interface (XCAP) can be used within this new XML schema.
Application of this approach to the examples described above:

Example 1 and 2; CCBS AS includes a XML body in INVITE indicating that Call Waiting and Call Diversion Services performed. The names of Call Waiting and Call Diversion services used over the XCAP interface can be used.

Example 3: CAT AS of user B includes a XML body in INVITE indicating that CAT service will be provided for this call. The name of CAT service used over the XCAP interface can be used.  The CAT service of user C on receiving this information does not provide CAT service. If another downstream AS is invoked that needs to send an announcement which it considers more important than CAT, it may indicate this in the body of 180 Ringing Response and thus CAT AS of user B will not provide the CAT service for the session. 
Example 4:  "Service Phone Number" includes a XML body in INVITE indicating that CDIV service must not be performed. The name of CDIV service used over the XCAP interface can be used.

Example 5: If an Application Server needs to prohibit the diverting the call to the voicemail, it includes an XML body indicating that diversion to voicemail action of CDIV service is prohibited.  If an Application Server needs to enforce the call to be diverted to the Voicemail, it includes an XML body indicating that diversion to voicemail action of CDIV service should be enforced. 

Pros:

The use of a new MIME type based on XML to carry information related to service interactions would allow having a flexible solution for handling interactions between IMS supplementary services for the following reasons:
· Information related to service interactions is carried within SIP signalling, hence there is no need for synchronisation mechanism as the information of the context is given by the SIP message itself.

· There is no need to define new SIP parameters each time the exchange of a new information to handle a given service interaction is identified as the XML schema may be extended to carry such information.  

Cons:

This solution does not work for interactions that involve services located in non-IMS SIP-based networks.
Solution 2: use of SIP headers/parameters: 
For interactions that require Application Servers to explicitly indicate forbidden features or services, SIP parameters/headers are used. If no existing SIP parameter/header allows carrying the needed information, then a new SIP extension needs to be defined. 
For interactions that can be solved by providing the list of performed services to downstream Application Services, History-Info header may be extended to carry this information.

Application of this approach to the examples described above:

Example 1: Usage of "BS" parameter in the Request-URI parameter defined in draft-ietf-bliss-call-completion-02 (June 2008): "Call Completion for Session Initiation Protocol (SIP)". The Call Waiting and Call Diversion Application Servers on detecting the presence of this parameter do not execute their service logics.
Example 3: usage of P-Early-Media header. The CAT service of user B includes in INVITE  the P-Early-Media header set to inactive to indicate that no announcement shall be provided. The CAT Application Server of user C on detecting the presence of this header does not perform the CAT service for user C. If another downstream AS is invoked that needs to send an announcement which it considers more important than CAT, it may indicate this in the body of 180 Ringing Response by inserting P-Early-Media = inactive, thus CAT AS of user B will not provide the CAT service for the session. However, this implies that the semantic and the syntax of P-Early-Media header need to be redefined. In fact, as currently defined, P-Early-Media within INVITE could be used only to indicate that the header is supported and the presence of P-Early-Media = inactive in 18x response does not currently indicate that early media should not be performed by preceding Application Servers. 
Example 4 and 5: a solution would be to extend caller preferences to indicate that the call must not be diverted.
Pros:

Interactions that involve services in other SIP based networks could be solved provided that the related information is not carried over a Private header (e.g. P-Early-Media).
Cons:

This solution would make SIP protocol more complex and requires requesting SIP extensions to the IETF which may take a long time. This may make this solution not realistic. 
2 Conclusion 
It is proposed to adopt solution 2 to solve interactions where suitable SIP headers/parameters needed to carry the related information exist or may be easily defined (e.g. definition of new media feature tags for caller preferences to solve example 4)  and to adopt solution 1 for the other cases. Solution 1 should be considered as the target solution. 
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