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* * * First Change * * * *

4.1
Introduction

4.1.1
Stage 2 description of existing restoration procedures

4.1.1.1
Specified mechanisms

A mobile IMS UE on 3GPP access is unreachable for terminating calls after a P-CSCF failure, either a node total failure or just loss of related UE registration information (e.g. P-CSCF may have restarted and be up and running, but any registration data is lost). Without any P-CSCF restoration mechanism, the UE is reachable for terminating calls only when:

· the UE’s registration timer expires, which implies a new registration. This timer value depends on operator configuration preferences, but in the worst case it may take several hours.

· the UE attempts to make an outgoing call.

Therefore, until any of these actions occur, any call for this UE arriving to terminating S-CSCF is rejected.

From 3GPP Rel-9 onwards, P-CSCF restoration procedures were standardized, trying to minimize the time a UE is unreachable for terminating calls after a P-CSCF failure. 3GPP TS 24.229 [3] and 3GPP TS 23.380 [2] specify some optional restoration procedures for handling of P-CSCF failure.

3GPP TS 23.380 [2] clause 5 specifies 3 mechanisms in Rel-9 for stage 2:

· "Update PDP context/Bearer at P-CSCF failure":

At IMS registration, the P-CSCF, via Rx, informs the PCRF which informs the PGW of the P-CSCF identity. Then the PGW monitors the health of the P-CSCF. In case of failure of the P-CSCF, the PGW updates the list of P-CSCFs in the UE using the PCO functionality. The UE selects another P-CSCF for a new initial IMS registration. This is described in more detail in clause 4.1.1.2.

3GPP TS 24.229 [3] clause B.2.2.1C specifies the stage 3 of this P-CSCF restoration procedure.
· "Inform UE about P-CSCF failure":

This is a variant of the above for UEs where the PGW only indicates a P-CSCF failure to the UE which selects another P-CSCF by another mean (e.g. with a DHCP).

No stage 3 protocol support has been defined for this stage 2 solution.

· "UE uses keep-alive mechanism":

After IMS registration, the UE monitors the health of the P-CSCF. If it detects a failure, the UE selects another P-CSCF for a new initial registration.

3GPP TS 24.229 [3] clause B.2.2.1C specifies the stage 3 of this P-CSCF restoration procedure.

4.1.1.2
"Update PDP context/Bearer at P-CSCF failure" mechanism

The "Update PDP context/Bearer at P-CSCF failure" mechanism is summarized in figure 4.1.1.2-1
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Figure 4.1.1.2-1: Existing P-CSCF restoration mechanism

Steps in figure 4.1.1.2-1 explanation follows:

1.
UE initially registers to IMS.

2.
In connection with the UE registration, the P-CSCF selected by the UE via Rx provides the PCRF with its SIP address. The PCRF in its turn then uses a Gx push procedure to provide this P-CSCF address to the P-GW/GGSN. P-CSCF address is then stored by P-GW/GGSN.

3.
The P-GW/GGSN monitors periodically the availability of all P-CSCFs to which the UEs it serves are attached to. 

4.
When P-GW/GGSN considers a P-CSCF as failed, then P-GW/GGSN sends Update Bearer Request/Update PDP Context Request to all UEs associated with this P-CSCF, including a new PCO (Protocol Configuration Options) IE with a list of available P-CSCF addresses, which does not include the failed P-CSCF address. 
The UE will perform upon receiving the Update Bearer Request/ Update PDP Context Request (with the list of P-CSCF addresses) a new initial registration towards IMS, by using a different P-CSCF, since former P-CSCF will not be included in the list.

* * * Next Change * * * *

7.1
Comparison analysis
7.1.1
Comparison criteria

Comparison among different solution alternatives should be based on the following comparison criteria:

a) Objective compliance.

Compliance to objectives is key for comparison. Each alternative is documenting its own compliance, in this clause it should be qualified from fully compliance to non-compliance at all to ease comparison. See clause 5.

b) Applicability.

For each solution it is documented whether it covers 3GPP accesses and/or non-3GPP accesses. 

c) Impacted network elements.

The number of impacted network elements should be minimized, although complexity should be considered as well.
d) Impacted interfaces.

The number of impacted interfaces should be minimized, although complexity should be considered as well.
e) Complexity.

Complexity should be considered from different points of views:

· Implementation complexity: it refers to impacts on interfaces and node behaviour.

· Signalling complexity: it considers whether signalling flows complexity is increased.

· Configuration complexity: it considers whether configuration is impacted or its complexity increases.

f) Performance.

In case performance may be impacted, it should be properly highlighted. It is related to implementation and signalling complexity.

g) Roaming considerations.

Specific operator agreements, limitations or any other consideration for roaming scenarios should be highlighted.

h) PDN connection reactivation required.
Reactivation of the PDN connection may lead to poor subscriber experience, therefore if required it should be highlighted.

i) Coexistence with existing mechanism.

Coexistence with existing mechanism shall be analysed for each alternative in its corresponding clause. Here it shall be highlighted whether this is possible, required or recommended, or whether there are complex interactions to take into account.

j) Added value.

Any extra benefits by each solution should as well be highlighted.

k) Limitation or drawback.

Document any already identified limitation or drawback, if any.

* * * 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 6.5.3.2.2.2.1. 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 6.5.3.2.2.2.2, 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 7.1.4.2.2.2-1:
	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


* * * Next Change * * * *

7.1.5
Sol-B: Alternative P-CSCF and PCRF based restoration
7.1.5.1
Introduction

The comparison criteria fulfilment of Sol-B and its extension with support of indication of UE supporting the PCO based P-CSCF restoration is described in this section.
7.1.5.2
Basic mechanism – PDN disconnection

Table 7.1.5.2-1 summarizes the comparison criteria fulfilment for this alternative. Objective compliance is grey shaded.

Table 7.1.5.2-1:
	Alternative P-CSCF and PCRF based Restoration

	Criteria
	Fulfilment
	Evaluation

	Avoid massive signalling
	Fully compliant 
	Since the proposed P-CSCF recovery procedure is triggered only when an associated P-CSCF receives incoming IMS call.

	Improve reliability
	Fully compliant
	Since the proposed P-CSCF recovery procedure is triggered only when an associated P-CSCF receives incoming IMS call.

	Do not impact existing GSMA compliant UE
	Fully compliant
	No specific UE procedures required.

	Service availability
	Fully compliant
	Recovery is not dependent on massive signally that overloads the system and delays re-registration. 
If the S-CSCF continues the terminating procedure after the UE completes the IMS registration, there would be no service loss at all to the UE.

	Minimize H-PLMN resource usage to provide visited P-CSCF recovery
	Compliant
	Little impact to the HPLMN for the IMS service to roaming users.

	Applicability
	Compliant
	3GPP accesses and Non-3GPP accesses.

	Impacted elements
	8
	S-CSCF/ATCF/IBCF, P-CSCF, PCRF and P-GW/GGSN.

	Impacted interfaces
	3
	Rx, Gx and Mw.

	Complexity
	Medium
	Impacts on an alternative P-CSCF could be considered as medium impacts since alternative P-CSCF has to receive and treat a SIP INVITE message that has no UE context in the P-CSCF.

Impacts on Rx could be considered as medium impacts since STR command must be sent without session ID.
Impacts on S-CSCF could be considered as medium impacts if it is to support continuation of terminating procedure.

	Performance impact
	Very Low
	Very low impacts since restoration triggering is done on per UE need basis and node behaviour complexity is low.

	Roaming considerations
	 Yes
	Both HPLMN and VPLMN network have to be upgraded to support this feature. 

	PDN connection reactivation required
	Yes 
	

	Coexistence with existing mechanism
	Yes
	It is possible since this alternative is basically reusing the Rel-9 based solution.

	Added value
	None
	-

	Limitations or drawbacks
	Yes
	The PDN connection shall be disconnected and established again even UE supports the Release 9 PCO based behaviour due to lack of UE capability information in EPC


7.1.5.3
Extension – Reuse of Rel-9 PCO based P-CSCF restoration

This extension is based on Sol-B with additional support of the indication of UE supporting the PCO based P-CSCF restoration. There are two options for the UE to indicate its support of the Rel-9 PCO based P-CSCF restoration to the P-GW/GGSN, as described in section 6.3.3.2.3.

Table 7.1.5.3.1-1 summarizes the comparison criteria fulfilment which is different from the basic mechanism for the extension with IMS Registration based Indication. 
Table 7.1.5.3.1-1:
	Alternative P-CSCF and PCRF based Restoration – extension with IMS Registration based Indication

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not Compliant
	To support the optional function of indication of UE supporting the PCO based P-CSCF restoration, the UE needs to provide its capability regarding supporting the PCO based P-CSCF restoration to the network, which would introduce some impact on the UE.

	Impacted elements
	2
	UE, S-CSCF

	Impacted interfaces
	1
	New indication in SIP REGISTER. 

It could be a feature tag in Contact header.

	Complexity
	Medium
	SIP REGISTER is impacted with addition of a new feature tag in the Contact header.

	PDN connection reactivation required
	No 
	

	Limitations or drawbacks
	No
	


Table 7.1.5.3.1-2 summarizes the comparison criteria fulfilment which is different from the basic mechanism for the extension with PCO based Indication. 

Table 7.1.5.3.1-2:
	Alternative P-CSCF and PCRF based Restoration – extension with PCO based Indication

	Criteria
	Fulfilment
	Evaluation

	Do not impact existing GSMA compliant UE
	Not Compliant
	To support the optional function of indication of UE supporting the PCO based P-CSCF restoration, the UE needs to provide its capability regarding supporting the PCO based P-CSCF restoration to the network, which would introduce some impact on the UE.

	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
	Addition of a new PCO parameter, transparent to MME and SGW.

	PDN connection reactivation required
	No 
	

	Limitations or drawbacks
	No
	


* * * End of Changes * * * *

