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Abstract of the contribution: This document discusses some aspects with respect to use of Inter-Operator Identifiers (IOIs) for RAVEL.
Introduction

The requirements on inclusion of Inter Operator Identifiers are stated in TS 32.240. In that specification the requirements for the Basic IMS call cases are covered. However for the new call cases depicted in TR 23.850 v.0.3.0, it is not self-evident how the IOIs shall be applied.

This contribution discusses based on the existing requirement in TS 32.240 how the IOI can be applied for these new call cases when the session is returned from the H-PLMN to the V-PLMN for routing of the session and the media towards the destination.

Recap of the Basic IMS call case.
TS 32.240 states “The IOI is composed of one pair of originating IOI and terminating IOI. Additionally, one or more transit IOI values may occur. 

If we apply this to the Basic IMS roaming case where media and signalling follow each other we end up with a flow of IOIs as shown in figure 1.
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Figure 1: IOI information exchange for the “Basic IMS” roaming case with home routing of media

IOIs for visited network call routing roaming cases

TR 23.850 v0.3.0 introduces the case where the SIP signalling and media is routed from the V-PLMN to the destination and where the SIP signalling is first is routed to the H-PLMN for service execution and then back to the VPLM to allow the VPLMN to route both sip signalling and media to the destination.
Several slightly different models to solve this are currently proposed, but for most of the models the manner to handle IOIs are not addressed. Figure 2 shows a generic figure on how the SIP signalling is routed, that should cover all different proposals.
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Figure 2

When it comes to what kind of IOIs that shall be generated for this call case, is seems reasonable that the terminating home and visited networks are unaffected. It is also reasonable that the transit network will still generate Transit-IOIs, and that the P-CSCF in the originating visited network continues to generate the Type 1 Orig-IOI.
The main questions are 
Q1: What kind of IOIs does the S-CSCF in the originating network HPLMN-A generate?

Q2: What does the anchor point in VPLMN-A generate3
Figure 3 summarizes the above observations.
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Figure 3
A good starting point for the analysis of what the HPLMN-A S-CSCF and the VPLMN Anchor point should generate is that the each type of IOI shall exist in pairs of an Orig-IOI and Term-IOI for each Type.
This means that the VPLMN-A P-CSCF will expect to receive a Type 1 Term-IOI and the HPLMN-B will expect to receive a Type 2 Orig-IOI.
Following three different options can be depicted:
a) The HPLMN-A S-CSCF generates both the Type 1 Term-IOI towards the P-CSCF and the Type 2 Orig IOI towards the HPLMN-B
b) The VPLMN-A anchor point generates both the Type 1 Term-IOI towards the P-CSCF and the Type 2 Orig IOI towards the HPLMN-B
c) The HPLMN-A S-CSCF generates the Type 1 Term-IOI towards the P-CSCF and the VPLMN-A anchor point generates the Type 2 Orig IOI towards the HPLMN-B
A fourth possibility is that the HPLMN-A S-CSCF generates the Type 2 Orig IOI towards the HPLMN-B and the VPLMN-A anchor point generates the Type 1 Term-IOI towards the P-CSCF; this possibility is excluded as it would mean that two Orig-IOI and two Term-IOI would exist on the leg between the V-PLMN anchor point and the HPLMN A S-CSCF.
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Figure 4: the three different options.
In option a) the question remains, which IOI is generated by the anchor point in the VPLMN-A.
For option b) the same question is valid for the HPLMN-A S-CSCF, and for option c) the question is what kind of IOIs are exchanged between the HPLMN-A S-CSCF and the Anchor point in the VPLMN.

For option a) it can be noted that the orig-IOI towards the HPLMN-B is generated by the HPLMN-A, while the media which is what normally is charged for comes from VPLMN-B, and according to the normal mobile charging principles, it is the V-PLMN that will pay for the call to HPLMN-B. I.e. the network generating the Type 2 Orig-IOI will not be the network that will pay for the call. The VPLMN will according to exiting principles for roaming be reimbursed for the call from the HPLMN, but that money would not be passed via the IPX or transit network using ordinary cascaded charging principles.

As the Anchor point in option a) does not generate an Orig- or Term-IOI, it would instead need to generate a Transit-IOI or a new kind of IOI with similar behaviour.

For option b) we can observe that the VPLMN Anchor point generates the Type 2 Orig-IOI towards HPLMN-B, hence the problem of different source for the cascaded charges for the media, and the network generating the Type 2 Orig-IOI is solved.  However it is not clear what kind of IOI the HPLMN-A S-CSCF should generate, it could be a Transit-IOI or some new kind of IOI with similar behaviour. In this option, it can also be noted that it is the same network that generates both the Orig- and Term-IOI of Type 1. This may also be confusing in particular to the IPX transit networks, which are requested to route the SIP signalling to the HPLMN-A but receives a term-IOI indicating quite a different network. It can also be noted that the HPLMN-A S-CSCF that executes the originating services behave differently towards the P-CSCF depending on if the session is routed back to the V-PLMN for VPLMN call routing or if the session is routed directly from the HPLMN to the destination. 
Finally in option c) the problem with different sources of the cascaded charging and the Type 2 Orig-IOI to the destination network is solved as the VPLMN Anchor point generates the Type 2 IOI towards the HPLMN-B.

There is also no difference in behaviour towards the VPLMN P-CSCF depending on how the call is progressed as the HPLMN-A S-CSCF always generates a Type 1 Term-IOI towards the P-CSCF. However, it has to be decided what kind of IOIs should be exchanged between the HPLMN-A S-CSCF and the VPLMN anchor point.
According to the Charging principle a pair of Orig- and Term-IOIs has to be present. Therefore an obvious solution is that the HPLMN-A generate an Orig- IOI towards the VPLMN Anchor Point which generates the corresponding Term-IOI.

If this solution is used, the only question remaining is which Type of IOI is used, is it Type 1 as it is exchanged between a Home and a visited network or is it a Type 2 IOI as it is part of call routing to the destination network or is it a new e.g. Type 4 IOI?. This is more a problem of semantic and descriptive nature, than it is a practical one 

The above discussion on the different option is summarized in Table 1.

Table 1 
Summary of the options
	Characteristics
	Option a)
	Option b)
	Option c)

	Orig- and Term-IOI Pair 
	- VA P-CSCF<_>HA S-CSCF
- HA S-CSCF<-> Destination
VA Anchor Point generates new kind of IOI similar to Transit-IOI
	- VA P-CSCF <-> VA Anchor
- VA Anchor <-> Destination 
HA S-CSCF generates new kind of IOI similar to Transit-IOI
	- VA P-CSCF<_>HA S-CSCF
- HA S-CSCF<-> VA Anchor
- VA Anchor <-> Destination

	Does the Orig IOI identify the source for cascaded charging?
	No
For the leg VPLMN-A to HPLMN-B, the source for cascaded charging is VPLMN-A but Orig-IOI indicates HPLMN-A
	No. 
It is the HPLMN that decides to route the session back to the VPLMN Anchor point, I.e. it is the HPLMN-A that is the requester and source for cascaded charging for that leg, while the Orig IOI  indicates the VPLMN-A. (P-CSCF)  
	Yes

	Does the Term IOI correspond to the requested destination for routing?
	No
Requested destination for routing from the HPLMN-A is the VPLMN anchor point, while the Term-IOI will indicate HPLMN-B.
	No
For the roaming leg from the P.CSCF to HPLMN-A The requested destination is the S-CSCF in HPLMN-A, but Term IOI will for this case indicate VPLMN-A!
	Yes
For all legs

	Does the Option affect any other network than the Originating Home and/or Visited HPLMN?
	Yes
HPLMN-B and other destination network as well as IPX/intermediate networks will be affected if new kind of IOI is generated by HPLMN-A is introduced
	Yes
IPX/intermediate networks will be affected if new kind of IOI is generated by HPLMN-A is introduced
	No
Potentially an new type of IOI different to Types 1-3 could be defined. However the type of IOI has only significance to the “Pair” end-point networks, and is transparent to “transit networks” 


Conclusion
Of the three options only option c) does not introduce any confusion with respect to pairs of Orig and Term IOIs and cascaded charging, Also option c) does not need an new elements of charging information, except potentially that a new type of IOI pair may need to be defined. However, this is more of a descriptive nature than a real technical change.

Both option a) and option b) introduces confusion with respect to what to charge for and what is identified by the Orig- and Term IOIs, in that the requested routing destination does not always correspond to the Term-IOI and the originator of a new routing destination doe not always correspond to the Orig-IOI, 
Both of these options may also require changes to network not involved in the decisions for routing. In particular option a) will require changes to the Destination network to interpret the charging information correctly.
Option c) is therefore the preferred options. 
Proposal
Based on the conclusion, it is proposed to adopt the principles of Option c), which is currently also depicted in Solution 5.1. The following updates are proposed to TR 23.850.

First Change

5.1.2 Functional Entities
5.1.2.1 V-CSCF
Editor’s note: It is left open the functional location of the V-CSCF (i.e. whether V-CSCF would be functionality within existing functional entities e.g. P-CSCF, BGCF, or IBCF, or potentially combined with Transit functionality).

The V-CSCF includes functionality to: 

-
Perform CDR generation. 

-
Provide calling party termination routing functionality. 

-
Provide breakout points to any type of interconnect network (CS/PSTN or IMS). 

-
Provide breakout for both E.164 numbers and SIP URIs.

NOTE: 
The V-CSCF can be considered as functionality within existing functional entities (e.g. P-CSCF, BGCF, or IBCF), potentially combined with Transit functionality. 

5.1.3 Procedures and Flows


5.1.3.1 Registration procedures 

The procedures of TS 23.228 [3] apply.

5.1.3.2 Session origination procedures with VPLMN routing

The clause describes the procedures when an originated flow is routed back from the originating HPLMN to the originating VPLMN for onward routing decision. For simplicity of the drawings, only one intermediate network is shown, and only the originating side routing. The termination routing is expected to follow the procedures of TS 23.228 [3].
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 Figure 5.1.3.2-1: Session Origination flow with VPLMN routing.

The following steps are performed: 

1.
The UE initiates a session towards the remote end, and forwards it to the P-CSCF. 

2.
The P-CSCF performs normal handling of the INVITE, with the additional procedure of adding the address of the V-CSCF to the INVITE (this could be a FQDN pointing to one or more physical functions). Additionally, the P-CSCF applies the OMR procedures to allow for short cutting of media on for the HPLMN tromboning. The P-CSCF adds the charging ICID with the ORIG-IOI pointing to the VPLMN.  The INVITE is forwarded toward the home network (IBCF next hop). 

3.
The IBCF adds additional OMR information to allow short cut of media for the HPLMN tromboning prior forwarding the message to the intermediate network.  

4.
The intermediate network applies OMR procedures as required, and adds its own transit-ioi for charging purposes, prior forwarding to the originating HPLMN. 

5.
The IBCF in the HPLMN applies the OMR procedures as required, and forwards the INVITE to the S-CSCF. 

6.
The S-CSCF performs service invocation. 

7.
The S-CSCF performs routing decision and based on that the UE is roaming, and a roaming agreement for VPLNM call routing is in place and home routing is not required, the S-CSCF decides to route back to the VPLMN for onward call routing. It adds in charging information, the HPLMN id as the ORIG-IOI, and routes the session back to the VPLMN based on the V-CSCF addressed received in the INVITE (added by the VPLMN in step 2). 

NOTE 1:
The S-CSCF adds the HPLMN id to the orig-ioi for the onward routing to ensure that the CDR and settlement on the "leg" back to the VPLMN is treated correctly. 

8.
The IBCF applies the OMR procedures as required, and forwards the INVITE to the intermediate network.

9.
The intermediate network applies OMR procedures as required, and adds its own transit-ioi for charging purposes, prior forwarding to the VPLMN. 

10.
When receiving the INVITE, the IBCF will apply OMR procedures (and will detect that a media loop is now available within the VPLMN). The IBCF forwards the INVITE towards the V-CSCF. 

11.
The V-CSCF will perform calling party number routing using the same mechanisms as used for the S-CSCF. If required, the call may be routed through a BGCF for further number analysis if not available in ENUM. The V-CSCF will replace the orig-ioi with the VPLMN id to for the continuation of the call. If desired, the V-CSCF may also decide to not use OMR for the remaining part towards the remote end, and thereby remove appropriate OMR attribute to have the short cut within the VPLMN only.  The V-CSCF forwards the INVITE towards the remote end (i.e., towards selected IBCF or MGCF). 

NOTE 2:
In case the called user is an IMS user of the VPLMN- the call will be routed directly to the terminating side, (i.e., I-CSCF of the VPLMN) without traversing an MGCF/IBCF

12.
The MGCF/IBCF performs normal call routing procedures to route towards the remote network/end. 

13.
Provisional responses may be received. At this time, the OMR shortcut within the VPLMN will be found and established. 

14-15. A final response is received from the terminating side, and forwarded towards the V-CSCF. 

15.
The V-CSCF generates needed CDRs, and will route back the 200 OK towards the HPLMN. The V-CSCF restores the ioi parameters to what was received from the HPLMN. 

16-19. The 200 OK is routed back towards the S-CSCF. OMR procedures are applied, and CDR generation performed. 

20.
The S-CSCF restores the charging ioi parameters to that of the original INVITE received, prior forwarding the 200 OK. 

21-24. The 200 OK is forwarded back to the UE. 

At this point, the signalling path will be established via the HPLMN, and back to the VPLMN. The media path will remain in the VPLMN and send out directly together with signalling towards the terminating network. 

The above procedures will also work for MSC Servers enhanced for ICS/SRVCC. In such case, the MSC Server will however need to provide the V-CSCF address unless it is provided by an IBCF. 

End of Change
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