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1. Introduction
<Introduction part (optional)>

2. Reason for Change
This document provides a comparison among Solution D optional extensions (to avoid PDN deactivation and reactivation), taking into consideration feedback received from CT1 during CT4#65 (CT4-141165).
A preferred optional extension is proposed for standardization.

A part from that, some clarifications are included. A variant proposal is discarded. 
3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR 29.806 v1.3.0.
* * * First Change * * * *

6.5.3.2 
Reuse of Rel-9 PCO based P-CSCF Restoration procedures
6.5.3.2.1
 Introduction

Solution D can be optionally extended by reusing a part of the Rel-9 PCO based P-CSCF Restoration procedures with one of the following extensions avoiding the release of the IMS PDN connection.

6.5.3.2.2
Extension 1 – Decision at MME/SGSN 
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 1 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.
If this optional extension is supported, 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.

6.5.3.2.2.2
Methods to indicate the UE’s support for Rel-9 PCO based P-CSCF Restoration to MME/SGSN
Extension described in 6.5.3.2.1 is based on the possibility by MME/SGSN to identify whether or not affected UE supports Rel-9 PCO based P-CSCF Restoration procedures.

In following clauses, some possible methods are described to provide this indication from UE to MME/SGSN.
6.5.3.2.2.2.1
Method 1 – NAS based
One possible method is that the UE indicates this capability to the MME/SGSN, based on transferring capabilities procedures described in 3GPP TS 23.401 [5] and 3GPP TS 23.060 [6].

6.5.3.2.2.2.2
Method 2 – IMS registration based
Another possible method is that the UE provides at IMS registration an indication in case it supports Rel-9 P-CSCF Restoration as described in figure 6.5.3.2.1.1.2-1.
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Figure 6.5.3.2.1.1.2-1: UE capability provided at IMS registration

1. UE may provide its capability at IMS registration.

If the UE supports Rel-9 P-CSCF Restoration it may provide an indication within REGISTER message. This indication could be provided in the Contact header as a feature tag.

2. UE capability is forwarded to S-CSCF

If this indication is included in REGISTER, it is forwarded to S-CSCF, where it is stored for this destination user.

Then, during P-CSCF restoration procedure as described in figures 6.5.3.1-1, UE capability is provided first from S-CSCF to HSS in step 4 and second from HSS to MME/SGSN in step 5.
* * * Next Change * * * *

6.5.3.2.3
Extension 2 – Decision at P-GW/GGSN
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 1 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 If this optional extension is supported, 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.

6.5.3.2.3.2
Method to indicate the UE support for Rel-9 PCO based P-CSCF Restoration to PGW/GGSN
The extension described in 6.5.3.2.3.1 is based on the possibility for the P-GW/GGSN to identify whether or not the UE supports the Rel-9 PCO based P-CSCF Restoration procedures.
The proposed method is that the UE indicates this capability to the P-GW/GGSN at the establishment of the IMS PDN connection /PDP context, in a new PCO parameter which is added to the existing PCO for P-CSCFs addresses described in 3GPP TS 24.008 [11].

This method has no impact on MME, S-GW or SGSN as PCO information is transparently transferred through these network elements. 
This method can be used for roaming users without impacting the HPLMN of the roamer.

* * * Next Change * * * *

7.1.4.2
Reuse of Rel-9 PCO based P-CSCF Restoration procedures extensions
7.1.4.2.1
Extension 1 – Decision at MME/SGSN
7.1.4.2.1.1
Extension 1 Comparison criteria 

Table 7.1.4.2.1.1-1 summarizes the comparison criteria fulfilment for the optional extension to solution D that reuses part of existing Rel-9 based PCO P-CSCF Restoration procedures based on decision at MME/SGSN. This table just includes changes to base solution comparison table 7.1.4.1-1.
Table 7.1.4.2.1.1-1 :

	Alternative with direct Cx communication – Reuse of Rel-9 PCO based P-CSCF Restoration procedures extension – Decision at MME/SGSN

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not compliant
	This alternative requires UE Rel-9 PCO based P-CSCF Restoration procedures support, what is not included in GSMA IR.92 [7]. 

Therefore, it would be relevant that GSMA considers either recommending or requiring such support for UEs.

	Impacted elements
	5
	EPC: MME, S-GW, P-GW

GPRS: SGSN, GGSN

	Impacted interfaces
	4
	EPC: S11, S5

GPRS: Gn/Gp

	Complexity
	Low


	MME, SGSN, S-GW, P-GW and GGSN (and related interfaces) impacts.

	PDN connection reactivation required
	No
	Update Bearer Request / Update PDP Context is used instead of IMS PDN release

	Coexistence with existing mechanism
	Partial reuse
	Part of existing P-CSCF Restoration mechanism is required


7.1.4.2.1.2
Methods to indicate the UE’s support for Rel-9 PCO based P-CSCF Restoration procedures to MME/SGSN
7.1.4.2.1.2.1
Introduction

The optional extension that reuses Rel-9 based PCO P-CSCF Restoration procedures is based on the possibility by MME/SGSN to identify whether or not affected UE supports Rel-9 PCO based P-CSCF Restoration procedures. 
Following methods are defined to provide such information to MME/SGSN
7.1.4.2.1.2.2
Method 1 – NAS based

One possible method is that the UE indicates this capability to the MME/SGSN, as described in clause 6.5.3.2.1.1.1. Table 7.1.4.2.1.2.2-1 summarizes the comparison criteria fulfilment for this method implementation, just including changes to base solution comparison table 7.1.4.1-1.

Table 7.1.4.2.1.2.2-1 :

	Alternative with direct Cx communication – UE Rel-9 PCO based P-CSCF Restoration procedures support indication – Decision at MME/SGSN - NAS based

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not compliant
	UE is impacted to be able to provide to MME/SGSN an indication of its Rel-9 PCO based P-CSCF Restoration procedures support. 

Therefore, it would be relevant that GSMA considers either recommending or requiring such indication.

	Impacted elements
	3
	UE, MME/SGSN

	Impacted interfaces
	1
	NAS
Note: NAS impacts should be minimized, and then they are not normally accepted by CT1 unless they could be highly justified. Therefore, this proposal should be shared with CT1 in order to determine whether this could be considered as a feasible alternative.

	Complexity
	Low


	MME/SGSN new indication processing


7.1.4.2.1.2.3
Method 2 – IMS registration based

Same approach is followed for the method described in clause 6.5.3.2.1.1.2, where the UE provides this capability to S-CSCF during IMS registration, while during P-CSCF restoration procedure it is provided to HSS and then to MME/SGSN. Table 7.1.4.2.1.2.3-1 covers this case.

Table 7.1.4.2.1.2.3-1 :

	Alternative with direct Cx communication – UE Rel-9 PCO based P-CSCF Restoration procedures support indication – Decision at MME/SGSN - IMS registration based

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not compliant
	UE is impacted to include a feature tag at IMS registration that indicates Rel-9 PCO based P-CSCF Restoration procedures support. 

Therefore, it would be relevant that GSMA considers either recommending or requiring such feature tag.

	Impacted elements
	2
	UE, S-CSCF

	Impacted interfaces
	1
	New indication in SIP REGISTER. 

It could be a feature tag in Contact header.

	Complexity
	Very low


	Storing of indication in S-CSCF and indication forwarding


7.1.4.2.2
Extension 2 – Decision at P-GW/GGSN
7.1.4.2.2.1
Extension 2 - Comparison criteria 

Table 7.1.4.2.2.1-1 summarizes the comparison criteria fulfilment for the optional extension to solution D that reuses part of existing Rel-9 based PCO P-CSCF Restoration procedures and is based on decision at P-GW/GGSN. This table just includes changes to the base solution comparison table 7.1.4.1-1.
Table 7.1.4.2.2.1-1 :

	Alternative with direct Cx communication – Reuse of Rel-9 PCO based P-CSCF Restoration procedures – Decision at P-GW/GGSN

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not compliant
	This alternative requires UE Rel-9 PCO based P-CSCF Restoration procedures support. what is not included in GSMA IR.92 [7].
Therefore, it would be relevant that GSMA considers either recommending or requiring such support for UEs.

	Impacted elements
	5
	EPC: MME, S-GW, P-GW

PC: SGSN, GGSN

	Impacted interfaces
	4
	EPC: S11, S5

PC: Gn/Gp

	Complexity
	Low


	MME, SGSN, S-GW, P-GW and GGSN (and related interfaces) impacts.

	PDN connection reactivation required
	No
	Update Bearer Request / Update PDP Context is used instead of IMS PDN release

	Coexistence with existing mechanism
	Partial reuse
	Part of existing P-CSCF Restoration mechanism is required


7.1.4.2.2.2
Method to indicate the UE’s support for Rel-9 PCO based P-CSCF Restoration procedures to P-GW/GGSN
The optional extension described in clause 6.5.3.2.3.1 that reuses Rel-9 based PCO P-CSCF Restoration procedures is based on the possibility for the P-GW/GGSN to identify whether or not affected UE supports Rel-9 PCO based P-CSCF Restoration procedures. The possible method described in clause 6.5.3.2.3.2 is that the UE indicates this capability to the P-GW/GGSN.
Table 7.1.4.2.2.2-1 summarizes the comparison criteria fulfilment for this method implementation, just including changes to the base solution comparison table 7.1.4.1-1.
Table 7.1.4.2.2.11 :
	Alternative with direct Cx communication – UE Rel-9 PCO based P-CSCF Restoration procedures support indication - Decision at P-GW/GGSN – Indication from UE to P-GW/GGSN

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not compliant
	UE is impacted to be able to provide to P-GW/GGSN an indication of its Rel-9 PCO based P-CSCF Restoration procedures support. 

Therefore, it would be relevant that GSMA considers either recommending or requiring such indication.

	Impacted elements
	3
	UE, P-GW/GGSN

	Impacted interfaces
	1
	NAS
 Impact limited to an additional PCO parameter, transparent to MME or SGSN

	Complexity
	Low


	P-GW/GGSN additional PCO processing



7.1.4.2.3
Optional extensions comparison and selection

7.1.4.2.3.1
Introduction

As a summary, solution D can be optionally extended to avoid PDN deactivation and reactivation. Extensions are based on partial reuse of the existing Rel-9 PCO-based restoration mechanism.

Alternatives are compared in the following clauses, taking into account the feedback received from CT1 (see LS CT4-141165).

7.1.4.2.3.2
NAS based 

See clause 7.1.4.2.1.2.2.

This option is discarded according to CT1 comments: "This option seems to imply that the SGSN/MME needs to handle a non-NAS capability in NAS and based on that select a NAS procedure. This would break the layering principles".

7.1.4.2.3.3
IMS registration based 

See clause 7.1.4.2.1.2.3.

CT1 does not have any feasibility concerns: "It is possible to do this using e.g. a media feature tag."

UE impacts are small. The UE has to include a media feature tag at IMS registration (SIP REGISTER) that indicates Rel-9 PCO based P-CSCF Restoration procedures support.
The use of an IMS registration to convey this UE capability impacts the same network elements and interfaces as those impacted by the implementation of the basic mechanism (see clause 7.1.4.1), i.e.: network elements: P-CSCF, S-CSCF, HSS, MME/SGSN; interfaces: Cx, S6a/S6d/Gr.

This solution requires to include a new indication (that identifies UE support for Rel-9 P-CSCF Restoration mechanism) coupled with the P-CSCF Restoration Indication, therefore the impacts on several nodes and interfaces, on top of basic mechanism, is small. The S-CSCF needs to store this new indication, to be able to forward it later when a P-CSCF failure is identified.

This optional extension, on top of the basic mechanism (see clause 7.1.4.1), impacts some new network elements and interfaces, i.e.: network elements: S-GW, P-GW, GGSN; interfaces: S11, S5, Gn/Gp, for the MME/SGSN to trigger the Update Bearer Request /Update PDP Context Request from PGW/GGSN when the UE supports the PCO based restoration mechanism.  This impact is small.
In a roaming case, this procedure impacts the HPLMN, through the new indication at IMS registration plus indication conveyance. This procedure cannot be used by the VPLMN if the HPLMN of the roamer has not implemented this optional extension on top of the basic mechanism.

7.1.4.2.3.4
PCO based
See clause 7.1.4.2.2.2.

CT1 does not have any feasibility concerns: "It is possible to use the PCO IE to transfer the capability indication to the PGW/GGSN".

The UE impact is small, it has to indicate Rel-9 PCO based P-CSCF Restoration procedures support to the P-GW/GGSN at the establishment of the IMS PDN connection /PDP context, in a new PCO parameter. 

This optional extension, on top of the basic mechanism (see clause 7.1.4.1), impacts some new network elements and interfaces, i.e.: network elements: S-GW, P-GW, GGSN; interfaces: S11, S5, Gn/Gp for the MME/SGSN to trigger the Update Bearer Request /Update PDP Context Request from P-GW/GGSN. This impact is small.

This solution requires the MME/SGSN to contact the PGW/GGSN in order to check UE capability. Complexity is small. The PGW/GGSN needs to store UE capability, since it needs to trigger PDN deactivation only when UE does not support Rel-9 P-CSCF Restoration procedure.

In a roaming case, this optional extension does not impact the HPLMN.

7.1.4.2.3.5
Selection

Both solutions have following similarities:

· UE impacts are required, although impacts are small.
· Procedures and protocol complexity is small.

· Both are impacting the MME/SGSN, SGW, P-GW/GGSN signalling path to trigger Update Bearer Request /Update PDP Context Request from the PGW/GGSN.

IMS registration based alternative have some particularities:
· Disadvantages: 
-
In a roaming case, this optional extension impacts the HPLMN. This procedure cannot be used by the VPLMN if the HPLMN of the roamer has not implemented this optional extension on top of the basic mechanism of solution D.

-
Although conveyance of the UE capability information does not impact any new network element on top of the basic mechanism, it does impact several network elements (i.e. P-CSCF, S-CSCF, HSS and MME). This impact for each network element is small as it is transferred coupled with the P-CSCF restoration indication, required for the basic mechanism, in the same messages.

-
The S-CSCF is required to store the UE capability that is used for 3GPP accesses only, when at the moment the S-CSCF is completely access technology independent, with any such capabilities being constrained to the P-CSCF.

 PCO based alternative have some particularities:
· Advantages:

-   Conveyance of the UE capability information only impacts the PGW/GGSN network element.    

-
In a roaming case, this optional extension does not impact the HPLMN. However, the basic mechanism always impacts HPLMN, since it is triggered by HPLMN.

-
This optional alternative has more commonalities in solution B (PCRF-based) and solution D (HSS-based) than the IMS based alternative (see clause 7.2.y.5). Taking into account the conclusion in clause 7.2 that both solution B and D are subject to standardization, having more commonalities can be considered to be an advantage.  

· Disadvantages:

-  
An additional message is required on the signaling path between the MME/SGSN and the PGW/GGSN to trigger Update Bearer Request /Update PDP Context Request from the PGW/GGSN when the UE does not support the PCO based P-CSCF restoration mechanism.      

As the new PCO parameter based alternative has advantages over the IMS registration based alternative, the PCO parameter based alternative is selected for standardization as an optional extension for the HSS-based solution basic mechanism. 
* * * End of Changes * * * *
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