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Discussion

This paper provides an analysis of the PCC-based solutions described in the current version of TR 23.842.

In order to analyse the solution described in TR 23.842 clause 6.2 we re-drew the origination call flow to better highlight the relationship between the IMS, PCC and PS domain signalling (see figure 1).
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Figure 1: Origination
The messages in box B represent the location reporting triggered by activity on the signalling bearer resulting from the the INVITE The procedure in box A is optional. New signalling is represented by the messages in red.
Although the details of the new signalling over Rx and Gx can reasonably be left to Stage 3, it is worth noting that it might be difficult to piggy-back the location information request in the Diameter AAR/AAA exchange because of the resulting Gx signalling triggered by the location information request. For that reason it is safest to assume at this point that the session establishment time will always be increased by the round trip delay of the new Rx and Gx signalling shown in Figure 1.

In addition to this additional session establishment delay, there is race between the reporting of the location change to the P-GW and the request for location from the P-CSCF (via the PCRF) since the procedures are independent and triggered by the INVITE. There will be some circumstances where the P-GW will not have received the location information from the eNB before the policy and charging rules request from the PCRF arrives. This issue is made worse by the use of the optimization in the PS domain to only report location changes when there is activity on the signalling bearer. It is quite likely that there is no location change to report, and so the P-GW is in the position that it doesn’t know whether it should wait for a location report to arrive. 
To try to eliminate the race condition, a timer could be configured to minimize the chance of the P-GW not receiving a report that is still on its way. However, the P-GW would continue the call even if the timer has expired and no location report has been received (since there is a reasonable likelihood that there isn’t a location report on its way anyway).

The most frequent impact of this is that the session establishment time will be increased by the length of the timer in addition to the time taken for the round-trip signalling between P-CSCF, PCRF and P_GW. This erodes the benefit of location change reporting up to the P-GW as compared with a direct request for location information (from P-CSCF -> PCRF -> P-GW -> S-GW -> MME). 

In addition, there is a chance that the UE has moved location significantly since the last SIP signalling event (eg REGISTER) but the location change does not get reported by the eNB. There will be no report to the P-GW, and since the P-GW waits for the timer to expire and then continues the call anyway, there will be a (small) percentage of calls that will proceed with incorrect location information. In some circumstances the error in location information could be large (eg rapidly travelling UE).
We considered a number of options for reducing the additional session establishment delay: -

· Variant 1: The P-GW reports the location to the PCRF (there is existing functionality to trigger these reports). The P-CSCF requests the location from the PCRF (via a to-be-determined message exchange, as above). This could reduce the session establishment delay but is likely to involve additional signalling load since the location reporting trigger would probably need to be armed at the time of IMS registration.

· Variant 2: The P-GW reports the location to the PCRF, and the PCRF reports the location to the P-CSCF. This would require a new Rx procedure to set a trigger for the PCRF to report, as well as the existing P-GW reporting of location change information over Gx. Again, this would appear to allow additional session establishment delay to be reduced, but would increase signalling load.
These two variants also suffer from a race condition.

In order to avoid a race condition it is necessary to look at solutions that “synchronize” the signalling over Rx, Gx and the PS domain. The solution described in TR 23.842 clause 6.4 does this since a request from the P-CSCF for location information is part of the existing signalling over Rx that results in provisioning of PCC rules on the P-GW and the bearer creation procedures. Unfortunately, this occurs after the INVITE has been sent towards the far party and so the NPLI isn’t available in the INVITE.

Conclusion
As it stands, the solution described in TR 23.842, clause 6.2 has a drawback in terms of session establishment delay (time for round trip from P-CSCF – PCRF – P-GW), and a race condition exists that means that a guard timer would need to be configured to try to ensure that the location information is reported to the P-CSCF. There is also a small chance that incorrect location information could be provided to the P-CSCF.

The solution in TR 23.842, clause 6.4 provides a more “deterministic” method for obtaining the location information (ie no race condition) but is not able to provide the location information in time to be included in the INVITE.
We therefore propose that two further alternatives should be considered: -

· Use the signalling from P-CSCF – PCRF – P-GW proposed by 6.2 but instead of a mechanism for the eNB to report location changes to the P-GW, the P-GW sends a query to the MME, via the P-GW to directly request the location information

· A solution that looks at the problem from the perspective that UE-provided location information (that was originally obtained from the network anyway) will almost always be valid and if a UE does not provide valid location information then this is an error case. The UPLI would therefore be used, and in parallel with the IMS signalling continuing the network obtains the NPLI and validates the UPLI against this.
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