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Introduction
The aim of this document is to highlight the issues that charging brings when using VCC. It focuses on the offline charging aspects only associated with CS to IMS interworking where the access leg is carried over the CS domain. The online charging aspects are dealt with through another document (S2-06xxxx). Additionally, standard IMS charging (according to 3GPP TS 32.260) may be applied without any modification when the access leg is carried in IMS / IP-CAN and therefore is not addressed in this document. 
Note for SA5: There is a need for B2BUA handling to be covered beyond VCC i.e. whether the incoming leg and outgoing legs are captured independently or combined.

The Figure 1 below highlights the information available for use in the offline charging records and the nodes responsible for offline charging for VCC call originations. 
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Figure 1. Availability of charging relevant information and Type of charging applicable in CS interworking for VCC call origination
Note: It is unclear at this stage whether the CSAF has any responsibility in online charging, but that will be addressed in a separate contribution.

The information captured by the VMSC can be seen in Figure 2 below. It is important to remember that the VMSC cannot identify whether the CDR being generated to capture usage is associated with either a basic non-VCC related call origination, VCC related call origination or VCC domain transfer (where the access leg post transfer is in the CS domain). All it can do is capture information associated with the call leg that it sees.
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Figure 2. CDR generation from the VMSC

Since the VPLMN is capturing information about the access leg as seen by the VMSC, it is necessary for the HPLMN to capture the same information (for reconciliation purposes at least) through the CDRs generated by the MGCF, CSAF and DTF (where appropriate).
Figure 3 below highlights the information available for use in the offline charging records and the nodes responsible for offline charging for domain transfers. The MGCF may have information associated with the original dialled number which is the VDN, depending on interconnects. However, the DTF almost certainly does not see the VDN if it is not the same as the DTF PSI DN. Additionally the dialled number seen by the MGCF is the DTF PSI DN and is the CAMEL modified No. 
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Figure 3. Availability of charging relevant information and Type of charging applicable in CS interworking for VCC domain transfer
Note: the I-CSCF has been omitted as the information available is no different from the MGCF. 
Based on prior discussions within the VCC drafting groups / ad-hocs, it became evident that the availability of the Calling Party Number and the Original Dialled Number cannot be guaranteed at the MGCF when performing CS to IMS interworking. The availability of this information is dictated by ISUP and / or interconnections – which should not be an issue if the subscriber is in the Home PLMN. It can be seen that some "magic" has to occur between the MGCF and the DTF to ensure that the incoming domain transfer request gets correctly mapped to a pre-existing call. Other issues have also been highlighted within this "magic" to be able to identify specific call instances for the same user (e.g. multiple devices sharing the same public user identity).
The DTF should capture charging information relating to the overall call (e.g. total call duration, timestamp of domain transfer(s), which domain was used, etc.) whilst the MGCF and CSAF will capture information about when the access leg is in the CS domain. It can be seen from Figure 1 and Figure 3 that no single entity may have all the necessary information, since the CSAF currently does not need to stay in the signalling path after it has performed the initial adaptation functions. Furthermore, the CSAF may not be invoked during domain transfer procedures (this is captured in Note 2 in clause 6.4.2.1 of TS 23.206) and therefore the CSAF may be an unsuitable place to capture the complete information for reconciling with the CS information. 
To have a complete offline charging solution, it is necessary to provide full traceability in the recorded information regarding any number manipulation that occurs so that inter-operator accounting / reconciliation can occur, bearing in mind that the visited network will generate CDRs including the full set of information visible to the VMSC for the duration of the call where the access leg is carried in the CS domain as shown in Figure 2.
In an ideal world there should a single piece of information that allows the unique identification of a session irrespective of domain transfers that may be undergone irrespective of whether the access leg is in CS or IMS. This allows for the correlation of each of the access legs used during the end-to-end session either through the information generated by the DTF or through post-processing in the billing domain - (For SA5 consumption – this may equate to running 1 Diameter Accounting Session for the duration of the call being anchored at the DTF). The figure below shows an example of the ideal contents of a CDR resulting from the information generated by the DTF in order to avoid the requirement for correlation of MGCF and CSAF generated CDRs. However, an issue remains at the DTF as to whether there is a means to uniquely identify in an INVITE received for domain transfer purposes that it is associated with an already existing call/session. 
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Discussion
The VDN captured by the V-MSC and CAMEL Service appears to the only piece of information that is not guaranteed to be available to the IMS nodes involved in VCC. It is unclear why the VDN is not the same as the DTF PSI DN. If they were the same then it would avoid discussion about how to get the VDN into the IMS charging information. 
If the VDN is the same as the DTF PSI DN, this would mean that the CSAF would never have to participate in domain transfers and will also enable the DTF to easily provide charging data in a "pre-correlated" manner to the charging systems and therefore avoid the need for complex mechanisms to perform correlation and identify associated records.
However, if VDN is not the same as the DTF PSI DN, then there are 2 ways to get a coherent set of information for charging purposes within the HPLMN:

1. Allow the CSAF to perform just the adaptations (especially when the calling party number and original dialled number are not available at the MGCF), not remain in the signalling path and not be involved in domain transfers. Therefore the accounting will have to rely on offline correlation mechanisms within the billing domain to identify the useful parts of the CDRs from the MGCF, CSAF and DTF and re-create the information that is captured by the VMSC alone. 
2. Mandate the CSAF stay in the signalling path and also be involved in all domain transfers so that the CSAF CDR becomes the only useful CDR generated, thereby avoiding the need for correlation of CDRs in the billing domain. This would result in a similar behaviour to DTF anchoring.

The above can be discussed irrespective of whether dynamic VDNs and/or DTF PSI DNs are required for handling multiple calls from the same public user identity, etc. However, dynamic VDNs would greatly help the correlation process whether it is being done in the VCC application or in the billing domain.
As an additional point for discussion but unrelated to accounting, should the address used in the VDN be the same as the address of the VDI if VDN is dynamically allocated.
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