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1
Decision/action requested

SA5 SWGB is invited to use the information presented as a basis for discussion and decision about some inconsistencies in 3GPP R6 IMS Charging Specifications when a SIP request forks.

2
Detailed proposal

Initial comments about forking
A S-CSCF may "fork" a request, routing it to multiple destinations. When a request forks, each different response can be distinguished by the tag in the To header. SIP RFC [RFC 3261] ensures that the S-CSCF should only forward to the upstream nodes one final response to a non-INVITE request and only one non-2xx response or one or more 2xx responses to an INVITE request.

Also SIP RFC states that, when a 2xx final response to a forked request have been received and forwarded to the upstream nodes, the S-CSCF performing forking should send a CANCEL request to terminate all pending transactions for which the S-CSCF has not received a final response yet.

When a S-CSCF receives a request which should be forked to several destinations, it may try to contact each target identified (UE instance) serially or it may try to contact every target in parallel. The first situation has no special impact in charging and the charging shall be developed consistently according to current specifications.

The second situation (parallel forking) may cause undesirable effects, as it is analyzed below. 

Possible scenarios:
Three different scenarios have been identified. In all of them it has been considered that the S-CSCF serving the called user forks a SIP Invite request. Some comments are added in the document explaining special situations to show the case in which the forked request is a SIP non-Invite request.

First scenario (Figure 1): All the contacted targets either respond with a SIP Final Error Response or not respond. 

According to RFC 3261, the S-CSCF executing forking procedures must wait until all possible responses from the targets (or C timers have expired) are received. Then it will select the best response to forward to the calling party according to the rules specified in SIP RFC [RFC 3261]. In this scenario, the S-CSCF serving the calling user will receive only one SIP Error Final Response (i.e: It will not advice the forking situation).
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Figure 1: None of the forked requests results in a positive response

Second scenario (Figure 2): Exactly one of the contacted targets generates a 2xx final response. 

Previously to this successful answer, other targets may have already sent a SIP Error Final response. In this scenario, the S-CSCF serving the called user will forward the 2xx final response to the calling party and will send a CANCEL to each pending transaction (i.e. each request that have not produced a final response yet) as stated in SIP RFC (RFC 3261). 
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Figure 2: One of the forked requests results in a positive response

Third scenario (Figure 3): Two or more 2xx responses are forwarded to the calling user.

This scenario is similar to scenario 2. However when the terminating S-CSCF sends the CANCEL request to cancel all the pending transactions after it has received the first 2xx response, another target UE may already have sent a 2xx response. Accordingly to SIP RFC, the terminating S-CSCF should forward this answer to the calling party. The request will arrive to the calling user who will automatically send a SIP BYE as is stated in TS 24.229. 

This scenario will never occur when the initial request is a non-INVITE request. The reason is that according to the rules specified in SIP RFC [RFC 3261], it is ensured that exactly one final response to a non-INVITE request will be forwarded. Therefore the S-CSCF serving the calling party will not receive more than one final response to a non-INVITE request.
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Figure 3: More than one of the forked requests results in a positive response

Charging impacts:

C.1) Offline Charging

It is assumed that a CDR is generated for each new branch resulting from forking. 
· Scenario 1: 

· Calling party: When the final error response is received in the originating S-CSCF, an ACR [Event] is triggered indicating an unsuccessful set-up. No impact identified.

· Called party: An ACR [Event] shall be triggered for each error response received. All the CDRs generated by the terminating S-CSCF shall share the same ICID and Call-Id, so further information is needed to distinguish this scenario.

· Scenario 2:

· Calling party: When the 2xx response is received in the originating S-CSCF, an ACR [Start] is triggered to open a CDR. No impact identified.

· Called party: An ACR [Event] is triggered for each error response received and an ACR [Start] is triggered when the 2xx response is received. After forwarding the 2xx response to the calling party, the terminating S-CSCF shall send a SIP CANCEL request to each pending transaction. Each CANCEL request should trigger the generation of an ACR [Event] in the terminating S-CSCF. All the CDRs generated by the terminating S-CSCF shall share the same ICID and Call-Id, so further information is needed to distinguish this scenario.

Note: The target UEs should send a SIP 487 response (Request Terminated) when it receives a Cancel request. It is assumed that this Error response should not generate a new ACR event in the terminating S-CSCF. 
Scenario 3:

· Calling party: An ACR [Start] is triggered each time the originating S-CSCF receives a 2xx response. The problem is mainly the same as explained before: the charging system needs a mean to identify the forking situation.  In the situation described in Figure 3, two successful CDRs shall be generated in the originating S-CSCF. The calling user shall be charged twice.

· Called party: An ACR [Event] is triggered for each error response received or cancelled transactions. An ACR [Start] is triggered on receiving a 2xx response. The charging system won’t have enough information to distinguish the generated CDRs and won’t be able to charge in a correct way. In the situation described in Figure 3, two successful CDRs shall be generated in the terminating S-CSCF. The called user shall be charged twice.

C.2 Online charging
In this case, the charging becomes more complex. According to current specifications, credit control sessions are opened with the reception of an initial request (an Invite request in the scenarios described). 

Is it worth to open an online credit control session for each forked request on the terminating S-CSCF?. This is not consistent because only one session will finally be established. Therefore the general assumption for online charging is to open only one credit control session in the S-CSCFs. 
Scenario 1: 

· Calling party: When the initial request is received in the originating S-CSCF, it triggers a CCR (Initial). This session is terminated when the originating S-CSCF receives the final error response. No impact identified.

· Called party: When the initial request is received in the originating S-CSCF, the online credit control is established. Rules in TS 32.260 state that 4xx, 5xx and 6xx SIP Final Responses should trigger a CCR [Terminate]. Which error response should trigger the CCR (Terminate)?. We think that the ongoing credit control session should not be closed until all the dialogs resulting from forking have been finalized. Triggers defined in TS 32.260 appear to be inconsistent to cover this situation.
· Scenario 2: 

· Calling party: The originating S-CSCF  open an online credit control session when the initial request is received. When the originating S-CSCF receives the final response, it generates a CCR [Update] and the credit control session continues according to the online charging procedures. No impact identified.

· Called party: The terminating S-CSCF triggers the CCR (Initial) on receiving the initial request. Reception of any error responses previously to a 200 OK answer will trigger a CCR [Terminate] as described for scenario 1. However consequences in this scenario will be even worse, because the called UE shall not be charged, (the 200 OK response will trigger a CCR [Update] for a credit control session already closed by the first 4xx, 5xx or 6xx response received in the terminating S-CSCF). Triggers defined in TS 32.260 appear to be inconsistent to cover this situation.
· Scenario 3: 

· Calling party: The originating S-CSCF opens an online credit control session when the initial request is received. When the S-CSCF receives the first 2xx final response, it generates a CCR [Update]. The problem appears when the second 2xx response arrives, because a new CCR [Update] will be triggered, updating the credit control session and causing an undesirable behavior on the OCS. The first SIP BYE message received in the originating S-CSCF and sent by the calling UE to finish the second ‘forked branch’ will close the online credit control session. The first SIP session shall not be charged. This situation could be avoided if the terminating S-CSCF would only forward one 2xx response to the upstream nodes.
· Called party: Same problems as described for Scenario 2. The situation is even more complex, because two positive responses are generated.

From the former analysis, triggers for online charging are not consistent when forking occurs.
4
Conclusion

· In offline charging, a CDR should be generated for each forked branch.

· In offline charging, the information sent to the charging system is not enough to distinguish forked branches. This may result on users being incorrectly charged.
· In online charging a unique credit control session should be created even when forking occurs.
· Current defined triggers for online charging may cause erroneous behaviours when a request forks. The solution to avoid this situation is not trivial. Several triggers may have to be redefined/clarified for forking scenarios.
· Forwarding several 2xx responses to the calling party should be avoided. 
Requested actions:

· A new Action Point should be created in order to study and redefine online triggers for forking scenarios to avoid incorrect charging. 

· A new Action Point shall be created to study and identify new CDR fields to identify forked branches in order to avoid incorrect charging. 

· A LS should be sent to CT1 group explaining the impact on charging derived from forwarding more than one 2xx response to the originating S-CSCF when forking occurs and raising the following question/action requested: 

· Could it be possible to modify S-CSCFs behaviour to ensure that only one 2xx response to an INVITE request is forward to the upstream nodes when forking is executed?
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