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1. Introduction
In the update WID (CP-140443) on P-CSCF Restoration Enhancements, the following statement is newly captured.

-
The interactions between solutions B and D for the roaming scenarios such that an operator can deploy one of the solutions independently from other operators, and

This P-CR discusses this aspect and proposes a few updates to both solution B and D in order to avoid any operational problems between operators, one adapts solution B and the other one adapts solution D.

2. Reason for Change
This P-CR discusses two roaming scenarios;

1) HPLMN supports solution B while VPLMN supports solution D.

2) HPLMN supports solution D while VPLMN supports solution B.

2.1 HPLMN supports solution B while VPLMN supports solution D
This sub-section discusses this scenario using the following call-flow in the TR 29.806 v130.
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Figure 6.3.3.1-1: Alternative P-CSCF and PCRF Based Restoration for 3GPP accesses

See the underlined text below that excerpted from the step 2. 
2. An S-CSCF, IBCF or ATCF or any other adjacent node forwards the SIP INVITE message to an alternative P-CSCF. The alternative P-CSCF is chosen based on the local configuration. If the failed P-CSCF has been recovered, then the failed P-CSCF would most likely be the alternative P-CSCF. If multiple IMS services are provided in the operator network, an alternative P-CSCF is chosen by the adjacent node that is capable to provide the IMS service associated to the received INVITE message.

The S-CSCF populates the IMSI information into the SIP INVITE message. The IMSI can be coded in the "username" header field parameter in the Authorization header field in accordance with 3GPP TS 24.229 [3].
Based on the texts, it could be understood that possible problem could be happened only the case where an S-CSCF is considered as an adjacent node since other nodes such as IBCF or ATCF are always located in the VPLMN. Further in terms of interworking between PLMNs, it is very hard to imagine that the S-CSCF that resides in the home network can be an adjacent IMS node for a failed P-CSCF that resides in the visited network. With this consideration, there is no interworking problem as respect to triggering the PCRF based P-CSCF restoration. 
Further see the underlined text below that excerpted from the step 2. 

2. An S-CSCF, IBCF or ATCF or any other adjacent node forwards the SIP INVITE message to an alternative P-CSCF. The alternative P-CSCF is chosen based on the local configuration.
Based on the texts, it could be understood that an alternative P-CSCF is chosen based on the local configuration. It means that if the S-CSCF does not have any alternative P-CSCF information at all, this solution is never activated.

Conclusion 1: There is NO interworking problem in this scenario since the S-CSCF in the HPLMN never has a local configuration data for the P-CSCF in the VPLMN where solution B is NOT chosen.
2.2 HPLMN supports solution D while VPLMN supports solution B

This sub-section discusses this scenario using the following call-flow in the TR 29.806 v130.
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Figure 6.5.3.1-1: Alternative with direct Cx communication – IMS PDN release

See the underlined text below that excerpted from the step 5 (Step 7 of solution C) 

7. HSS forwards the P-CSCF Restoration indication to MME/SGSN.

HSS forwards the P-CSCF Restoration indication received from AS to MME/SGSN, using S6a/S6d/Gr.

These interfaces can be extended to accommodate this new indication, as done already for others indications, as mentioned for Sh. A new command is not required.
Based on the texts, the MME in the VPLMN suddenly receives this extended indication and probably this new DIAMETER command is most likely be discarded by the MME due to unknown DIAMETER command. On the other hand, the HSS in the HPLMN has to wait DIAMETER response to come until time out. ( This is not welcome situation for both HPLMN and VPLMN.

If HPLMN knows in advance a support of the P-CSCF restoration in the VPLMN, it would provide mutual benefits. For the VPLMN, the MME never gets unrecognizable DIAMETER command from the HPLMN. For the HPLMN, the HSS does not have to wait for DIAMETER response to come. In addition the IMS in the HPLMN can activate the Mobile Terminating call procedures to unregistered Public User Identities as described in the section 5.12 TS 23.228. I.e. Terminating call can be redirected to CS domain or Voice mail box based on service logic. ( Operator can provide appropriate treatment to calling party in case this scenario happens.
Conclusion 2: The MME should provide an explicit indication for support of solution D to the HSS when UE performs location registration to the HSS.
Further this contribution studies how solution B can work solely within the VPLMN without any support by the HPLMN.

As discussed in the previous section, the IBCF or ATCF or any other adjacent IMS node in the VPLMN can only be a triggering node for solution B.
On the other hands, we do recognize that the solution B  relies on the IMSI to be populated into the SIP INVITE message by the S-CSCF in case a P-CSCF has an address translation function (NAT) in it.
Conclusion 3: The solution B can solely work within the VPLMN if a failed P-CSCF has NO address translation function (NAT) in it.
4. Proposal

It is proposed to agree the following changes to 3GPP TR29.806 v130.
* * * First Change * * * *
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* * * Next Change * * * *

6.5.3.1
Procedures

This solution is described in figure 6.5.3.1-1.: 
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Figure 6.5.3.1-1: Alternative with direct Cx communication – IMS PDN release

This solution is explained following steps in figure 6.5.3.1-1:
      0    When a UE performs location registration toward HSS. MME/SGSN indicates explicit indication for support of HSS based P-CSCF restoration to the HSS. This indication can be further forwarded to an S-CSCF during the IMS registration procedure.
1. Terminating S-CSCF receives a message for a UE.

2. S-CSCF tries to reach this called UE terminating P-CSCF.

3. New (or modified) error codes, or no response, are received by S-CSCF.

P-CSCF shall provide enough information to S-CSCF to be able to start P-CSCF recovery mechanism, i.e. to be able to identify whether corresponding subscriber registration data is not available, or when P-CSCF is down.

This step is the same as step 4 described for alternative with AS (via ISC and Sh) describes in clause 6.4.


Detection by S-CSCF is described in detailed in clause 6.4.3.2.

4. S-CSCF directly requests HSS (via Cx) to convey the P-CSCF Restoration indication if P-CSCF knows that the associated MME supports the HSS based P-CSCF restoration procedure. Otherwise, the S-SCSF may activate the Mobile Terminating call procedures to unregistered Public User Identities as described in the section 5.12 3GPP TS 23.228 [X].
There are two implementation possibilities to convey this indication in Cx, either a new procedure is used, what would require creating a new Diameter application for interoperability reason, according to Diameter extensibility rules, or it could be analyzed whether it may be incorporated into one of the existing procedures (e.g SAR may be a candidate for this, defining a new feature). A conclusion on this subject is left to stage 3.

Steps 5, 6 and 7 are the same as steps 7, 8 and 9 in the solution C with AS (via ISC and Sh) described in clause 6.4.
* * * Next Change * * * *

6.5.3.2.2.1
Extension 1 - Procedure description

This extension is based on the possibility for the MME/SGSN to know whether or not the UE supports Rel-9 PCO based P-CSCF Restoration procedures. Two methods on how to provide this information to MME/SGSN are described in detailed in clause 6.5.3.2.2.2.

When the UE supports this capability, the MME/SGSN may request the P-GW/GGSN to provide to the corresponding UE a PCO with the new list of available P-CSCF addresses, reusing part of existing restoration procedures, which implies that the UE registers to IMS using one of the available P-CSCF addresses. This has the advantage that IMS PDN connection does not need to be deactivated and reactivated again.

This extension procedure is described by figure 6.5.3.2.2.1-1 (for EPC) and 6.5.3.2.2.1-2 (for GPRS). 
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Figure 6.5.3.2.2.1-1: UE does support Rel-9 P-CSCF Restoration procedures – Decision at MME/S4-SGSN - EPC
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Figure 6.5.3.2.2.1-2: UE does support Rel-9 P-CSCF Restoration procedures – Decision at Gn SGSN - GPRS
Steps from 0 to 4 are the same as explained in figure 6.5.3.1-1 above. 

5. The MME/SGSN receives P-CSCF Restoration indication

In this example, it is considered that UE supports Rel-9 P-CSCF Restoration procedures and that MME/SGSN is informed about this capability, two methods could be considered for this, as described in clause 6.5.3.2.2.2. Therefore, the MME/SGSN may avoid requesting IMS PDN connection release to the UE, and instead of that, reuse part of existing P-CSCF Restoration procedures as described in following steps.

6. The MME/SGSN sends Modify Bearer Request / Modify PDP Context to the P-GW/GGSN, for corresponding UE

This request already exists, but a new indication shall be included to identify that this request is related to a P-CSCF Restoration procedure.

MME provides this indication to P-GW via S-GW. When Modify Bearer Request is received by S-GW with an indication of P-CSCF Restoration, this message is forwarded to P-GW. 

The new P-CSCF Restoration indication in the existing Modify Bearer Request / Modify PDP Context message is interpreted by P-GW/GGSN as a request to initiate UE update with newly available P-CSCF addresses as per existing P-CSCF Restoration procedure. Therefore, P-GW/GGSN includes a list of new available P-CSCFs in the PCO that is sent to UE in following steps 7 and 8.

7. The P-GW/GGSN sends Update Bearer Request / Update PDP Context  message back to the MME/SGSN 

This message includes a PCO with a list of available P-CSCF addresses, as per existing P-CSCF Restoration procedures.

8. The MME/SGSN sends Modify EPS Bearer Context Request / Modify PDP Context Request to corresponding UE.

This request includes the PCO with the list of available P-CSCF addresses. Then, the UE as per existing P-CSCF Restoration procedures described in 3GPP TS 24.229 [3] and 3GP TS 29.061 [4] will select one available P-CSCF from the list for IMS registration.

6* * * Next Change * * * *

6.5.3.2.3.1
Extension 2 - Procedure description

This extension is based on the possibility for the P-GW/GGSN to know whether or not the UE supports Rel-9 PCO based P-CSCF Restoration procedures, which is described in clause 6.5.3.2.3.2.
In this extension, the MME/SGSN, when receiving a P-CSCF restoration indication from the HSS, transfers this indication to the P-GW/GGSN.

· When the UE supports the PCO based P-CSCF Restoration procedure, the P-GW/GGSN provides the UE a PCO with the new list of available P-CSCF addresses, reusing part of existing P-CSCF restoration procedures, which implies that the UE registers to IMS using one of the available P-CSCF addresses. This has the advantage that IMS PDN connection does not need to be deactivated and reactivated again.
This extension procedure is described by figure 6.5.3.2.3.1-1 (for EPC) and 6.5.3.2.3.1-2 (for GPRS).
· When the UE does not supports the PCO based  P-CSCF Restoration procedure, the P-GW/GGSN initiates a release of the IMS PDN disconnection.
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Figure 6.5.3.2.3.1-1: UE supporting the PCO based P-CSCF restoration – Decision at P-GW/GGSN - EPC
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Figure 6.5.3.2.3.1-2: UE supporting the PCO based P-CSCF restoration – Decision at P-GW/GGSN - GPRS

Steps from 0 to 4 are the same as explained in figure 6.5.3.1-1 above. 
5 The MME/SGSN receives P-CSCF Restoration indication for the UE.
6 The MME/SGSN sends Modify Bearer Request / Modify PDP Context to the P-GW/GGSN for this UE.

This request already exists, but a new indication shall be included to identify that this request is related to a P-CSCF Restoration procedure.

MME/S4 SGSN provides this indication to P-GW via S-GW. When Modify Bearer Request is received by the S-GW with an indication of P-CSCF Restoration, this message is forwarded to the P-GW. 

The new P-CSCF Restoration indication in the existing Modify Bearer Request / Modify PDP Context message is interpreted by P-GW/GGSN as a request to initiate an UE update with newly available P-CSCF addresses as per existing PCO based P-CSCF Restoration procedure, if the UE has previously indicated this support.

If the UE does not support the PCO based P-CSCF Restoration procedure, the P-GW/GGSN releases the IMS PDN connection/PDP context by sending a Delete Bearer Request / Delete PDP Context Request to the MME/SGSN (not described in the figures).

7 The P-GW/GGSN sends Update Bearer Request / Update PDP Context message back to the MME/SGSN.
This message includes a PCO with a list of available P-CSCF addresses, as per existing P-CSCF Restoration procedures.
8 The MME/SGSN sends Modify EPS Bearer Context Request / Modify PDP Context Request to the UE.

This request includes the PCO with the list of available P-CSCF addresses. 

9 The UE as per existing P-CSCF Restoration procedures described in 3GPP TS 24.229 [3] and 3GP TS 29.061 [4] selects one available P-CSCF from the list for IMS registration.

* * * End of Changes * * * *

0 Location registration





0 Location registration





0 Location registration





0 Location registration





0 Location registration








_1451427789.vsd
UE

MME/S4-SGSN

Register completion


3. Error / lack of response


Failed  P-CSCF

New  P-CSCF

S-CSCF

2. INVITE


4. P-CSCF Rest
    indication


5. S6a/S6d/Gr: P-CSCF Restoration indication


6a. Modify Bearer Req
(P-CSCF Rest Ind)


6b. Modify Bearer Req
(P-CSCF Rest Ind)


S-GW


7a. Update Bearer Req


7b. Update Bearer Req


HSS

9. Register


8. Modify EPS
 Bearer Context Req


9. Register


1. INVITE


P-GW

UE Capability: P-CSCF Restoration supported



_1462775108.vsd

_1451427907.vsd
UE

Gn SGSN

Register completion


3. Error / lack of response


Failed  P-CSCF

New  P-CSCF

S-CSCF

2. INVITE


4. P-CSCF Rest
    indication


5. Gr: P-CSCF Restoration indication


6. Modify PDP Context
   (P-CSCF Rest Ind)


7. Update PDP Context


HSS

9. Register


8. Modify PDP
    Context Req


9. Register


1. INVITE


GGSN

UE Capability: P-CSCF Restoration supported



_1451201926.vsd
UE

Gn-SGSN

Register completion


3. Error / lack of response


Failed  P-CSCF

New  P-CSCF

S-CSCF

2. INVITE


4. P-CSCF Rest
    indication


5. Gr: P-CSCF Restoration indication


6. Modify PDP Context
   (P-CSCF Rest Ind)


7. Update PDP Context


HSS

9. Register


8. Modify
   PDP Context Req


9. Register


1. INVITE


GGSN

UE Capability: P-CSCF Restoration supported



_1451423884.vsd
UE

MME/S4-SGSN

Register completion


3. Error / lack of response


Failed  P-CSCF

New  P-CSCF

S-CSCF

2. INVITE


4. P-CSCF Rest
    indication


5. S6a/S6d/Gr: P-CSCF Restoration indication


6a. Modify Bearer Req
(P-CSCF Rest Ind)


6b. Modify Bearer Req
(P-CSCF Rest Ind)


S-GW


7a. Update Bearer Req


7b. Update Bearer Req


HSS

9. Register


8. Modify EPS
Bearer Context Req


9. Register


1. INVITE


P-GW

UE Capability: P-CSCF Restoration supported



_1449480298.vsd
UE

MME/ SGSN

Register completion


3. Error / lack of response


Failed  P-CSCF

New  P-CSCF

S-CSCF

2. INVITE


4. P-CSCF Rest
   indication


5. S6a/S6d/Gr: P-CSCF Restoration Indication


6. IMS PDN  release


IMS PDN re-establishment


HSS

7. Register


7. Register


1. INVITE



