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1. Introduction
This contribution discusses the issue on the P-CSCF list in the PCO parameter that is used for the P-CSCF restoration procedure developed in Release 12.

2. Issue
P-CSCF list in the PCO parameter up to release 11

When the P-CSCF list in the PCO parameter is constructed by GGSN/PGW, the GGSN/PGW knows exactly why the P-CSCF restoration procedure is triggered, because the GGSN/PGW detects the failure, and which an associated P-CSCF has been failed. With this condition, the P-CSCF list in the PCO parameter never includes the failed P-CSCF into the P-CSCF list in the PCO parameter.
There is a clear statement for UE behavior how UE treats the P-CSCF list in the PCO parameter if received. See below as excerpted from the 23.380 section 5.1.2.
It means that if UE receives the P-CSCF list in the PCO parameter with a P-CSCF in use included, UE does not perform an IMS registration towards a new P-CSCF. 

=== Excerpted from 23.380 starts. ===
5.1.2
Network recovery information flow - Update PDP context / Bearer
…….

9.
The GGSN/PDN-GW stores this address for the UE and sends Gx Push Rsp. Also, the GGSN/PDN-GW starts monitoring the health of the P-CSCF if not already done.

10.
The P-CSCF sends 200 OK to the UE.

11.
A failure in P-CSCF is detected via Gi/sGi by the GGSN/PDN-GW. The GGSN/PDN-GW sends a new PCO IE with a new list of P-CSCF addresses (which does not include the failed P-CSCF) to all UEs associated to the failed P-CSCF address. 
12.
The UEs acknowledge the request.

13.
Upon receiving the new list of P-CSCFs, if the P-CSCF in use is missing, each UE performs an initial registration towards a new P-CSCF.

=== Excerpted from 23.380 ends. ===
P-CSCF list in the PCO parameter in release 12
In release 12, two new procedures, HSS-based and PCRF-based P-CSCF restoration procedures, are developed. 

The common thing for both procedures is that GGSN/PGW does not detects a failure thus does not trigger the P-CSCF restoration procedure. Instead, the GGSN/PGW is requested by the S-CSCF to perform P-CSCF restoration procedure only when an UE associated to the failed P-CSCF receives a terminating call.

In general, any P-CSCF may fail at any time. In addition, a failed P-CSCF can recover at any time. With this situation, it is not guaranteed for the GGSN/PGW not to include a failed P-CSCF into the P-CSCF list in the PCO parameter. See Figure 1 for faulty example.
NEC sees it as an issue needs to be fixed in release 12.
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Figure 1
3. Solutions
Solution 1: GGSN/PGW always maintains UE-PCSCF association if a PDN connection is used for IMS

Based on the existing texts in 23.380 below, it could be understood that the GGSN/PGW maintains the associated P-CSCF per UE.

11.
A failure in P-CSCF is detected via Gi/sGi by the GGSN/PDN-GW. The GGSN/PDN-GW sends a new PCO IE with a new list of P-CSCF addresses (which does not include the failed P-CSCF) to all UEs associated to the failed P-CSCF address. 
This solution can be realized that when the Release 12 based P-CSCF restoration procedure is triggered, the GGSN/PGW constructs the P-CSCF address list in the PCO parameter based on health check status with all associated P-CSCFs and removes the associated P-CSCF to the UE if the list includes it.

This solution works for both HSS-based P-CSCF restoration and PCRF-based P-CSCF restoration.
Impacts: 
· GGSN/PGW internal behavior (No protocol update necessary)
Solution 2: UE will considers maintained P-CSCF as a valid choice for new SIP Re-registration if the P-CSCF list in the PCO parameter includes maintained P-CSCF.

When the Release 12 based P-CSCF restoration procedure is triggered, the GGSN/PGW will include all healthy P-CSCF to the P-CSCF address list in the PCO parameter within Update Bearer Request message. Then UE will initiates new SIP Re-registration procedure regardless of its contents of the P-CSCF addresses in the PCO.
This solution works for both HSS-based P-CSCF restoration and PCRF-based P-CSCF restoration.

Impacts: 
· UE behavior (the P-CSCF address list in the PCO needs to be redefined. NAS might need to be updated due to clear indication how UE should interrupt  the P-CSCF address list in the PCO)

· GGSN/PGW behavior (The clear condition needs to be defined when GGSN/PGW shall set the P-CSCF address list in the PCO)
4. Comparison
See below comparison table.

	Solution#
	Pros
	Cons

	Solution1: GGSN/PGW always maintains UE-PCSCF association if a PDN connection is used for IMS
	· It works both HSS-based and PCRF based solutions.
· No protocol change required.
	· It may lead a load balance issue among alive P-CSCFs as restarted P-CSCF never be used by the Release 12 based P-CSCF restoration procedure.

	Solution 2: UE will considers maintained P-CSCF as a valid choice for new SIP Re-registration if the P-CSCF list in the PCO parameter includes maintained P-CSCF.
	· It works both HSS-based and PCRF based solutions.
· This solution can avoid a P-CSCF load balance issue.
	· UE to be impacted.


5. Considerations/ Conclusion
How much benefits the solution 2 can bring?
Basically, UE can make a new UE - P-CSCF association with three different ways after the associating P-CSCF is failed.

· UE origination

· UE termination (the Release 12 based P-CSCF restoration procedure)

· UE periodic IMS re-registration

Although NEC does not have reliable traffic statistics on above mentioned three events, it is questionable how much benefits the solution 2 can bring.
Complexity on the solution 2 for very rare event in the network
Although this aspect has been heavily debated over the E-mail at this moment, NEC understands that basically UE has to understand two different treatments when UE receives the P-CSCF address list in the PCO parameter from the network. As the Release 12 based P-CSCF restoration procedure is very rare event, example once a year or even less, NEC wanders all UE vendors are happy to accept this complex feature for very rare event. As the solution 2 has an impact to UE, CT1 has to review this feature.
Solution 2 can be considered as an improvement.
According to the Release 9 based P-CSCF restoration, the failed P-CSCF is NEVER chosen for all UEs who has an association with the failed P-CSCF. The solution 1 just follows this concept. With this point of view, the solution 2 can be considered as a technical improvement and thus the WID P-CSCF restoration can be safely complete without solution 2 in Release 12.
Unless operators suffer from the load balance issue in Release 9 based P-CSCF restoration, there is no rush to deploy this technical improvement in release 12. In addition, CT4 can revisit solution 2 in later release if operator needs it.
With the view as outlined above, NEC is of an opinion that solution 1 is reasonably good choice to complete Release 12 at the end of this year.

5. Proposal

If CT4 agree to the conclusion as outlined above, NEC would like to ask CT4 to review the companion CR C4-141713.
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