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Introduction

This document addresses the interaction aspects between P-CSCF restoration (for 3GPP access and/or for WLAN) and NBIFOM. This interaction is due to the fact that NBIFOM can be applied to the IMS PDN connection which is simultaneously established over the two types of access. An analysis is performed on how P-CSCF restoration will be handled for an IMS PDN connection established over the two accesses.

There are many combinational cases according to:
-
the HSS-based and the PCRF-based solutions;

-
the cases where the IMS PDN connection is established over one access or over  two accesses (3GPP access, WLAN access);

-
the cases where the basic mechanism and/or the extended mechanism for P-CSCF restoration are supported by the network over only one access or on both accesses used by the IMS PDN connection;

-
the capabilities of the IMS UEs with NBIFOM regarding the support or not of the extended mechanism for P-CSCF restoration over the 3GPP access, the trusted WLAN and/or the untrusted WLAN.
For WLAN access, the discussion is the same for trusted WLAN (multi connection mode) and untrusted WLAN. For a trusted WLAN with the single connection mode or the transparent single connection mode, only the basic mechanism may apply.
In the discussion hereafter, the support of the basic mechanism or of the extended P-CSCF restoration mechanism is meant as the support over the whole chain of involved functional elements over an access type as described in TS 23.380 (e.g. subclause 5.6.6 for WLAN) at the creation of the IMS PDN connection over the concerned access.
IMS PDN connection established over only one access
When the IMS PDN connection exists over only one access, the P-CSCF restoration depends on whether it is supported over the concerned access, as for the case where NBIFOM is not applied.
This may drive to cases where, for a given UE, P-CSCF restoration will be applied (e.g. the IMS PDN connection is over the 3GPP access with support of P-CSCF restoration) and cases where it will not be applied (e.g. the IMS PDN connection is over a WLAN access with no support of P-CSCF restoration over this access).
IMS PDN connection established over two accesses - with the basic P-CSCF restoration mechanism
The analysis hereafter concerns Rel-13 onwards UEs that are NBIFOM capable, with the assumption that the IMS PDN connection is established over both 3GPP and WLAN accesses.
When the UE decides to do a new IMS registration due to the release of the IMS PDN connection over one access or to the reception of a list of available P-CSCFs, it is assumed that before doing the IMS registration, it also releases the existing IMS sessions/media, over the two accesses.
Case a1)
	3GPP access
	WLAN access

	No mechanism supported
	No mechanism supported

	
	


NBIFOM does not introduce any specificity, as no P-CSCF restoration mechanism is applied. The UE, as without NBIFOM, will detect the P-CSCF failure with a mobile originating event or at the re-registration event.

Case a2)

	3GPP access
	WLAN access

	Basic mechanism supported
	No mechanism supported

	HSS-based: the MME or the PGW (if MME configured to forward the P-CSCF restoration indication to the PGW) releases the PDN connection over the 3GPP access.
	Nothing happens on the WLAN side. The PDN connection is maintained by the network.

	PCRF-based: the PGW releases the PDN connection.
	PCRF-based: this case does not occur as, if the PGW supports the basic mechanism for 3GPP access, it also supports it for WLAN (see TS 23.380 subclause 5.5.2 step 9).


For HSS-based P-CSCF restoration, the UE will receive a request to release the IMS PDN connection with the cause "reactivation requested" over the 3GPP access or a Detach request with the cause "reattach required", but the UE will still have the IMS PDN connection established over the WLAN access. The UE behaviour is undefined so far in this case.

As it is a Rel-13 UE, it is proposed that a NBIFOM UE which receives a request to release a PDN connection with the cause "reactivation requested" over the 3GPP, or which receives a Detach request with the cause "reattach required" initiates the release of the related PDN connection over the other access towards the PGW, if the PDN connection was established over multiple accesses.

NOTE 1:     This will apply to all reactivation requested case (e.g. SIPTO).

This behaviour will result, in the case of P-CSCF restoration, in the NBIFOM UE with IMS releasing the IMS PDN connection over the WLAN access towards the PGW, then re-establishing the IMS PDN connection and initiating a new IMS registration.
NOTE 3:    There is no new IMS specific requirement for the UE. The UE will re-register to the IMS as the result of having released the IMS PDN connection over the two accesses, as per existing principles.
Case a3)
	3GPP access
	WLAN access

	No mechanism supported
	Basic mechanism supported

	HSS-based: Nothing happens on the 3GPP access side.
	HSS-based: the PGW releases the PDN connection over the WLAN access.

	PCRF-based: the PGW releases the PDN connection but currently TS 23.380 subclause 5.5.2 step 9 assumes that the PDN connection is over only one access.

	PCRF-based: the PGW releases the PDN connection but currently TS 23.380 subclause 5.5.2 step 9 assumes that the PDN connection is over only one access.



This case is rather theoretical, as in practice it can be assumed that a network supporting the basic mechanism for WLAN will support it for 3GPP access. This case is quite similar to the previous case with similar comments (except the detach case) by exchanging 3GPP access and WLAN.
Case a4)
	3GPP access
	WLAN access

	Basic mechanism supported
	Basic mechanism supported

	HSS-based: the MME or the PGW (if MME configured to forward the P-CSCF restoration indication to the PGW)  releases the PDN connection.
	HSS-based: the PGW releases the PDN connection.

	PCRF-based: the PGW releases the PDN connection but existing TS 23.380 subclause 5.5.2 step 9 assumes that the PDN connection is over only one access.

	PCRF-based: the PGW release the PDN connection but existing TS 23.380 subclause 5.5.2 step 9 assumes that the PDN connection is over only one access.



For HSS based P-CSCF restoration: it is proposed that the UE when receiving the first release of the IMS PDN connection over one access will initiate the release of the IMS PDN connection over the other access, re-establish the IMS PDN and initiates an IMS registration. In parallel of the release of the IMS PDN connection over the second access initiated by the UE, the UE may receive another release of the IMS PDN connection. which does not bring changes to the process.

In the case where the MME is configured to forward the P-CSCF restoration to the PGW, the PGW is triggered twice but it is proposed that the PGW sends only one request to release the IMS PDN connection, which, for the UE is equivalent to case a2 or a3.
For PCRF-based P-CSCF restoration, it is proposed that the PGW releases the PDN connection for only one access, so with the same situations as in case a2 or a3.

IMS PDN connection established over two accesses - with the extended P-CSCF restoration mechanism
Case b1)

	3GPP access
	WLAN access

	Extended mechanism supported
	No mechanism supported

	HSS-based: the PGW sends a list of available P-CSCFs to the UE.

	Nothing happens on the WLAN side.

	PCRF-based: the PGW sends a list of available P-CSCFs to the UE.
	PCRF-based: this case does not occur as, if the PGW supports the extended mechanism for 3GPP access, it also supports at least the basic mechanism for WLAN.


The UE receives a list of available P-CSCFs on one access and initiates a new IMS registration. 

Case b2)

	3GPP access
	WLAN access

	No mechanism supported
	Extended mechanism supported

	HSS-based: Nothing happens on the WLAN side.

	HSS-based: the PGW sends a list of available P-CSCFs to the UE.


	PCRF-based: this case does not occur as, if the PGW supports the extended mechanism for 3GPP access, it also supports at least the basic mechanism for WLAN.
	PCRF-based: the PGWs send a list of available P-CSCFs the UE.
 


Similar to case b1, where the UE receives a list of available P-CSCFs on one access and initiates a new IMS registration.
Case b3)

	3GPP access
	WLAN access

	Extended mechanism supported
	Basic mechanism supported

	HSS-based: the PGW sends a list of available P-CSCFs to the UE.

	The PGW (triggered by the 3GPP AAA server) uses the other access to send a list of available P-CSCFs.

	PCRF-based: the PGW sends a list of available P-CSCFs to the UE.
	PCRF-based: The PGW uses the other access to send a list of available P-CSCFs.


For HSS-based P-CSCF restoration, the PGW receives two P-CSCF restoration indications, one from the MME, one from the 3GPP AAA server; one may be a bit delayed.

It is proposed that the PGW always sends a list of available P-CSCFs on the 3GPP access (even if the P-CSCF restoration indication is received from the 3GPP AAA server). The UE, when receiving this list, will initiate an IMS registration.
For PCRF-based P-CSCF restoration, the PGW uses the access supporting the extended mechanism with the UE over which it sends the list of available P-CSCFs.
Case b4)

	3GPP access
	WLAN access

	Basic mechanism supported
	Extended mechanism supported

	HSS-based: the MME releases the PDN connection over the 3GPP Access.

	HSS-based: The PGW sends a list of available P-CSCFs over the WLAN.

	PCRF-based: The PGW uses the other access to send a list of available P-CSCFs.
	PCRF-based: the PGW sends a list of available P-CSCFs to the UE.


For HSS-based P-CSCF restoration: This case is somewhat different from case b3 as the MME releases the IMS PDN connection over the 3GPP access. In parallel the UE will receive a list of available P-CSCFs from the PGW over WLAN.  Even if the UE receives first this list, it will not avoid the release of the IMS PDN connection over the 3GPP access. The UE may send an IMS registration over the WLAN access in particular if the signalling bearer is over the WLAN, or it may re-establish the IMS PDN connection over the 3GPP access and initiate the IMS registration over the 3GPP access. The UE should avoid re-registering twice to IMS.
For PCRF-based P-CSCF restoration, the PGW uses the access supporting the extended mechanism with the UE over which it sends a list of available P-CSCFs.
Case b5)

	3GPP access
	WLAN access

	Extended mechanism supported
	Extended  mechanism supported 

	HSS-based: the PGW (triggered by MME) may send a list of available P-CSCFs via any access.

	HSS-based: The PGW (triggered by the AAA server)  may send a list of available P-CSCFs via any access.

	PCRF-based: the PGW sends a list of available P-CSCFs to the UE only over one of the accesses.
	PCRF-based: the PGW sends a list of available P-CSCFs to the UE only over one of the accesses.


 For HSS-based P-CSCF restoration, the PGW receives two triggers, one from MME, one from AAA server; one may be a bit delayed. The PGW should avoid sending twice a list of available P-CSCFs.. A possible implementation is that the PGW, on the first received P-CSCF restoration indication, selects the access on which to send the list of available P-CSCFs and ignores the second P-CSCF restoration indication.
Proposals
The above analysis is exhaustive on all the NBIFOM different cases where the IMS PDN connection is established over the 3GPP and the WLAN accesses. 

The following principles are proposed when the IMS PDN connection is established over both 3GPP and WLAN accesses or over only on access:

HSS-based solution

If the MME/SGSN is configured with the extended mechanism (i.e. the MME/SGSN forwards a received P-CSCF restoration indication to the PGW) and:
-
 if the IMS PDN connection is established over at least one access supporting the extended mechanism with the UE, the PGW, when receiving a P-CSCF restoration indication (be it from the MME or the 3GPP AAA server), shall select one access supporting the extended mechanism and send the list of available P-CSCF addresses over this access. The PGW shall ignore any second P-CSCF restoration indication which may be received shortly afterwards;
-
 if the IMS PDN connection is established over access(es) not supporting the extended mechanism with the UE but at least over one supporting the basic mechanism, the PGW, when receiving a P-CSCF restoration indication (be it from the MME or the 3GPP AAA server), shall select one access supporting the basic mechanism and release the IMS PDN connection over that access with the cause "reactivation requested". The PGW shall ignore any second P-CSCF restoration indication which may be received shortly afterwards.
If the MME supports only the basic mechanism (i.e. the MME does not forward the P-CSCF restoration indication to the PGW), the MME, when receiving a P-CSCF restoration indication, shall release the IMS PDN connection with the cause "reactivation requested" or if this is the last PDN connection of the UE, sends an explicit detach to the UE with the cause "reattach required" (as specified in subclause 5.4.2.1). The UE may, over the WLAN access, also receive a release of the IMS PDN connection or a list of available P-CSCFs.
Upon receipt of a request to release an IMS PDN connection with the cause "reactivation requested" over the 3GPP or the WLAN access, or a Detach request with the cause "reattach required" over the 3GPP access, the UE shall also initiate the release of the IMS PDN connection towards the PGW over the other access the IMS PDN connection was established on both accesses, then re-establish the IMS PDN connection and do a new IMS registration. The UE should avoid doing two new IMS registrations in a row
.

NOTE;
When a Detach request with the cause "reattach required" over the 3GPP access occurs due to a P-CSCF restoration indication, there is no PDN connection other than the IMS PDN connection established over the 3GPP access, so any PDN connection established over the WLAN access other than the IMS PDN connection is maintained.

PCRF-based solution

If the IMS PDN connection is established over at least one access supporting the extended mechanism with the UE, the PGW, when receiving a P-CSCF restoration indication, shall select one access supporting the extended mechanism and send the list of available P-CSCF addresses over this access.

If the IMS PDN connection is established over access(es) not supporting the extended mechanism with the UE, but over at least one supporting the basic mechanism, the PGW, when receiving a P-CSCF restoration indication, shall select one access supporting the basic mechanism and release the IMS PDN connection over that access with the cause "reactivation requested".
Upon receipt of a request to release an IMS PDN connection with the cause "reactivation requested" over the 3GPP or the WLAN access, or a Detach request with the cause "reattach required" over the 3GPP access, the UE shall also initiate the release of the IMS PDN connection over the other access if the IMS PDN connection was established on both accesses, then re-establish the IMS PDN connection and do a new IMS registration.
NOTE;
When a Detach request with the cause "reattach required" over the 3GPP access occurs due to a P-CSCF restoration indication, there is no PDN connection other than the IMS PDN connection established over the 3GPP access, so any PDN connection established over the WLAN access other than the IMS PDN connection is maintained.

It is proposed to update TS 23.380 by adding a new subclause 5.7 P-CSCF restoration and NBIFOM with the above principles (see the corresponding CR in C4-151645).
