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1. Introduction
This discussion papers provides four diagrams showing examples of illustrating the LI implications in reference to the RAVEL and S8HR based approaches as roaming architecture for VoLTE. The purpose of this discussion paper is to have the same understanding on the two approaches from an LI perspective. 
At the end of the discussion, perhaps, the diagrams associated descriptions can be added to the technical report being developed under the study item for defining the LI functions for S8HR based approach as the roaming architecture for VoLTE. The reference to RAVEL is to have a comparison between the two approaches from an LI perspective.     

2. Originating Calls

2.1 RAVEL with LBO as the roaming architecture

In this illustration, RAVEL approach is used as the roaming architecture for VoLTE. The inbound roaming subscriber originates a call and the HPLMN of that subscriber applies the loop-back for the call routing since the called party is not served by that HPLMN.  The call is terminated at another IMS network.  

In the illustration both visited CSP and Home CSP are served with intercept orders on that subscriber. In other words, the roaming subscriber is a target in the VPLMN and in the HPLMN under two mutually exclusive intercept orders.  
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Figure 1: RAVEL Approach with LBO, interception in VPLMN and HPLMN

In the VPLMN, the P-CSCF provides the interception of IRI messages. The IP-CAN (GGSN/PDN-GW) or IMS-AGW provides the CC interception. Which of the two provides the CC interception is dependent on the deployment scenario. In either case, the P-CSCF sends the CC intercept trigger to the node that performs the CC interception.
In the HPLMN, the S-CSCF or AS provides the IRI interception. With the loop back and optimal media routing being employed for the call, the media does not enter the HPLMN and hence, the CC interception in the HPLMN is not possible. The HPLMN sends a CC Unavailability indication to the LEMF that receives the IRI from the HPLMN. 
2.2 S8HR approach as the roaming architecture

In this illustration, S8HR approach is used as the roaming architecture for VoLTE. No IMS network nodes in VPLMN are involved in the handling of calls originated by the roaming subscriber.  As in the previous case the call is terminated at another IMS network.  

In the illustration both visited CSP and Home CSP are served with intercept orders on that subscriber. In other words, the roaming subscriber is a target in the VPLMN and in the HPLMN under two mutually exclusive intercept orders.  
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Figure 2: S8HR approach for Roaming, interception in VPLMN and HPLMN

In the HPLMN, the S-CSCF or AS provides the IRI interception. The P-CSCF may optionally provide the IRI interception. The IP-CAN (GGSN/PDN-GW) or IMS-AGW provides the CC interception. Which of the two provides the CC interception is dependent on the deployment scenario. In either case, the P-CSCF sends the CC intercept trigger to the node that performs the CC interception.

The current 3GPP LI specifications define that the IRI interception is done at S-CSCF and optionally at the P-CSCF. The CC interception is done at the GGSN or PDN-GW or IMS-AGW or TrGW or the IM-MGW or the MRF depending on the deployment and the call scenario. However, none of the nodes mentioned here are involved in the VPLMN for the handling of the call originated by the target. Therefore, new LI functionalities will have to be defined to address this case. The figure 2 shows that the IRI and CC interception is done in part of the  IP-CAN that belongs to the VPLMN, but how exactly it is done requires some analysis.   
3. Terminating Calls

3.1 RAVEL as the roaming architecture

In this illustration, RAVEL approach is used as the roaming architecture for VoLTE. The inbound roaming subscriber receives a terminating call. The call is originated from another IMS network.  

In the illustration, both visited CSP and Home CSP are served with intercept orders on that subscriber. In other words, the roaming subscriber is a target in the VPLMN and in the HPLMN under two mutually exclusive intercept orders.  
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Figure 3: RAVEL Approach -  interception in VPLMN and HPLMN

In the VPLMN, the P-CSCF provides the interception of IRI messages. The IP-CAN (GGSN/PDN-GW) or IMS-AGW provides the CC interception. Which of the two provides the interception is dependent on the deployment scenario. In either case, the P-CSCF sends the CC intercept trigger to the node that performs the CC interception. 

In the HPLMN, the S-CSCF or AS provides the IRI interception. The Egress TrGW provides the CC interception. The Egress IBCF sends the CC intercept trigger to that Egress TrGW. 

3.2 S8HR approach as the roaming architecture

In this illustration, S8HR approach is used as the roaming architecture for VoLTE. No IMS network nodes in VPLMN are involved in the handling of calls terminated to the roaming subscriber.  As in the previous case the call is originated from another IMS network.  

In the illustration, both visited CSP and Home CSP are served with intercept orders on that subscriber. In other words, the roaming subscriber is a target in the VPLMN and in the HPLMN under two mutually exclusive intercept orders.  
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Figure 4: S8HR approach for Roaming, interception in VPLMN and HPLMN

In the HPLMN, the S-CSCF or AS provides the IRI interception. The P-CSCF may optionally provide the IRI interception. The IP-CAN (GGSN/PDN-GW) or IMS-AGW provides the CC interception. Which of the two provide the interception is dependent on the deployment scenario. In either case, the P-CSCF sends the CC intercept trigger to the node that performs the CC interception. 
The current 3GPP LI specifications define that the IRI interception is done at S-CSCF and optionally at the P-CSCF in the HPLMN. The CC interception is done at the GGSN or PDN-GW or IMS-AGW or TrGW or the IM-MGW or the MRF depending on the deployment and the call scenario. However, none of the nodes mentioned here are involved in the VPLMN for the handling of the call terminated to the target. Therefore, new LI functionalities will have to be defined to address this case. The figure 4 shows that the IRI and CC interception is done in the part of the IP-CAN that belongs to the VPLMN, but how exactly it is done requires some analysis.   
4. Conclusion

Interception in HPLMN and VPLMN can be done as per the current 3GPP LI specifications when RAVEL approach is used as the roaming architecture for VoLTE. In certain scenarios, however, the media may not enter the HPLMN and hence, in those cases, the HPLMN will not able to provide the CC interception, A CC unavailability indication will have to be sent to the LEMF.  

Interception in HPLMN can be done as per the current 3GPP LI specifications when S8HR approach is used as the roaming architecture for VoLTE. The HPLMN will have access to IRI and CC in all scenarios. However, the 3GPP LI specifications do not define how the interception of IRI and CC can be in the VPLMN when S8HR method is used as the roaming architecture for VoLTE.  Additional capabilities will have to be defined to provide the interception in the VPLMN.    
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