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Additional discussion(if needed):
In TR 29.816v1.0.0 we find 8 “solutions” listed. It is time to evaluate them and draw a conclusion regarding what shall subsequently be specified by 3GPP. 
Already a rough scan reveals that the 8 solutions are not on an equal level. In fact, some of them are not independent and some exclusive to each other.  

Table 1 compiles a so-called level 1 evaluation for all 8 solutions, as a first step. (Note that this is based on the input version of the TR to CT3#58, and modifications may need to be applied according to the agreements within the meeting.)
	Solution
	Main characteristics
	Impact on specification
	Relationship to other solutions

	1 (Solution for the PCRF failure reselection for the DRA)
	This solution describes how Redirection-DRA and Proxy-DRA can handle PCRF failures for session establishment and modification.
	Uses only DIAMETER base functionality for signaling with both Red-and Proxy-DRA. Describes additional, but optional behaviour for the DRA which could be imported into specifications (TS 29.212 – 215). 
	If it is known to DRA that PCRF state has been restored (solutions 5, 6, 8), this can be utilized in modification requests. 

	2 (use of DIAMETER base protocol in Single PCRF deployment (with Direct Client-Server Connection))
	Gives small clarifications.
	Refers to DIAMETER base functionality. Text on particular handling in failure case is quite unspecific. 
	Refers to other solutions. Text on emergency services needs to be considered for all other solutions.

	3 (Graceful termination of services)
	Timer based handling with potential improvement of user experience. Enables further handling in other nodes.
	Details yet to be described (but see C3-100465).
	Refers to solution 4 for teardown handling. Can be used  with bulk signaling (solution 7).

	4 (Strict termination of bearer services)
	Describes usage of existing mechanisms for immediate teardown of  bearer sessions.
	No impact if bulk signaling is not used; requires DIAMETER extensions if bulk signaling is used (preferred).
	Refers to bulk signaling (solution 7) as preferred mechanism.

	5 (PCRF session state restoration)
	Describes how PCRF sessions can be restored on the same or on a different PCRF, in a quite general and flexible approach. 
	Impact on Gx/Rx interfaces, as documented in coding example in annex A.3.
	May be combined with solution 3, may not be combined with solution 4. May be be combined with solution 7 (for maximum benefit).

	6 (Soft recovery after a PCRF restart)
	Argues that in some cases user sessions may not be impacted by PCRF failure. Handles the state restoration on the same PCRF after restart.  No notion of bulk signaling. Has several options for binding procedure and information from PCEF.
	Proposes restoration method as a feature to be known/agreed on by both sides. Impacts on PCRF application signaling, but amount not yet described in detail.
	Is explicitly not suitable for combination with solution 7. 

	7 (Bulk Signaling based on PCRF Session Set ID (PSSID))
	Proposes extension of the similar concept (CSID) in the bearer plane.
	Impacts on PCRF signaling as documented by coding example in annex A.1, and potentially in DIAMETER. Corresponding enhancements in node behaviour (TS 23.007) .
	Can be used by solutions 3, 4, 5 and 8. 

	8 (Adding explicit resilience to PCRF sessions)
	Distributes PCRF’s session information in transparent container towards clients.
	Requires enhancements in Gx/Rx interfaces and node behaviour. Details yet to be described (but see C3-100467).
	Potentially usable in conjunction with solution 5.


Table 1: level 1 evaluation of solutions

A more detailed comparison of solutions 5, 6 and 8 is found in a companion paper (C3-100466).

In a second step we analyse further the solutions in conjunction with the functional requirements stated in subclause 5.2 and propose a way forward per solution.
Solution 1: there is some benefit for documenting the behaviour, as it was noticed during the solution study not to be so clear. It is proposed to specify some minimum of details, with special consideration of PCRF session state restoration. 

Solution 2: it is assumed that the small clarifications given, beyond already specified behaviour, may be considered when specifying other solutions and with general brush up of specifications. Consequently there is no extra effort and no extra place needed for documenting solution 2. Functional requirement #7 will then be fulfilled.
Solution 3, Solution 4: it is possible to unify these, together with the “loose handling” (which is not described as a separate solution). The benefit would be that functional requirements #1, #3 and #4 can be fulfilled with one mechanism. See also companion document C3-100465.
Solution 5:  this one fulfils functional requirement #5 to a great extent. When combined with solution 7 (bulk signaling) it reduces impacts on load and performance of the PCRF infrastructure and achieves most timely PCRF restoration (see also C3-100466). Yet, in its generality it seems to go quite far. As PCRF failure and restoration handling is a new topic in 3GPP’s specification work, it can be argued that in a first step simpler solutions should be prioritized.  
Solution 6: it fulfils functional requirement #5 in part. The solution description is still incomplete and includes several options. Taking into consideration companion document C3-100466 it would need further justification to recommend it for specification.
Solution 7: it sems that this solution can serve as a base mechanism, for both PCRF session state restoration (solutions 5 and 8) and termination (solutions 3 and 4). Considering the reasonable tradeof f between effort and benefit, it is recommended to specify it as an optional mechanism in TS 23.007 and TS 29.212 – 15, with second priority.    
Solution 8: this one fulfils functional requirement #5 to a great extent. When combined with solution 7 (bulk signaling), it additionally minimizes impacts on load and performance of the PCRF infrastructure. It can be combined with solutions 5 and 7, as described in a companion paper (C3-100467). It is proposed to specify this solution in TS 23.007 and TS 29.212 – 15 with first priority.
According to the above analysis, we propose the changes in TR 29.816 as listed below.
Proposed changes:
*** 1st Change ***
7
Evaluation
Table 1 compiles an evaluation for all 8 solutions on a first level.
	Solution
	Main characteristics
	Impact on specification
	Relationship to other solutions

	1 (Solution for the PCRF failure reselection for the DRA)
	This solution describes how Redirection-DRA and Proxy-DRA can handle PCRF failures for session establishment and modification.
	Uses only DIAMETER base functionality for signaling with both Red-and Proxy-DRA. Describes additional, but optional behaviour for the DRA which could be imported into specifications (TS 29.212 – 215). 
	If it is known to DRA that PCRF state has been restored (solutions 5, 6, 8), this can be utilized in modification requests. 

	2 (use of DIAMETER base protocol in Single PCRF deployment (with Direct Client-Server Connection)
	Gives small clarifications.
	Refers to DIAMETER base functionality. Text on particular handling in failure case is quite unspecific. 
	Refers to other solutions. Text on emergency services needs to be considered for all other solutions.

	3 (Graceful termination of services)
	Timer based handling with potential improvement of user experience. Enables further handling in other nodes.
	Details yet to be described (but see C3-100465).
	Refers to solution 4 for teardown handling. Can be used  with bulk signaling (solution 7).

	4 (Strict termination of bearer services)
	Describes usage of existing mechanisms for immediate teardown of  bearer sessions.
	No impact if bulk signaling is not used; requires DIAMETER extensions if bulk signaling is used (preferred).
	Refers to bulk signaling (solution 7) as preferred mechanism.

	5 (PCRF session state restoration)
	Describes how PCRF sessions can be restored on the same or on a different PCRF, in a quite general and flexible approach. 
	Impact on Gx/Rx interfaces, as documented in coding example in annex A.3.
	May be combined with solution 3, may not be combined with solution 4. May be be combined with solution 7 (for maximum benefit).

	6 (Soft recovery after a PCRF restart)
	Argues that in some cases user sessions may not be impacted by PCRF failure. Handles the state restoration on the same PCRF after restart.  No notion of bulk signaling. Has several options for binding procedure and information from PCEF.
	Proposes restoration method as a feature to be known/agreed on by both sides. Impacts on PCRF application signaling, but amount not yet described in detail.
	Is explicitly not suitable for combination with solution 7. 

	7 (Bulk Signaling based on PCRF Session Set ID (PSSID))
	Proposes extension of the similar concept (CSID) in the bearer plane.
	Impacts on PCRF signaling as documented by coding example in annex A.1, and potentially in DIAMETER. Corresponding enhancements in node behaviour (TS 23.007) .
	Can be used by solutions 3, 4, 5 and 8. 

	8 (Adding explicit resilience to PCRF sessions)
	Distributes PCRF’s session information in transparent container towards clients.
	Requires enhancements in Gx/Rx interfaces and node behaviour. Details yet to be described (but see C3-100467).
	Potentially usable in conjunction with solution 5.


Table 1: level 1 evaluation of solutions

In a second step the solutions are analysed further in conjunction with the functional requirements stated in subclause 5.2 and propose a way forward per solution. (Re-)formulations in terms of concrete conclusions for 3GPP’s specification work are found in clause 8.
Solution 1: there is some benefit for documenting the behaviour, as it was noticed during the solution study not to be so clear. It is proposed to specify some minimum of details, with consideration of PCRF session state restoration. 

Solution 2: it is assumed that the small clarifications given, beyond already specified bahviour, may be considered when specifying other solutions and with general brush up of specifications. Consequently there is no extra effort and no extra place needed for documenting solution 2. Functional requirement #7 will then be fulfilled.

Solution 3, Solution 4: it is possible to unify these, together with the “loose handling” (which is not described as a separate solution). The benefit would be that functional requirements #1, #3 and #4 can be fulfilled with one mechanism. As this is an important portion of operator requirements this should be considered for specification. The propagation of grace time indication to neighbouring nodes should be considered, but has no high importance.  
Solution 5:  this one fulfils functional requirement #5 to a great extent. When combined with solution 7 (bulk signaling) it reduces impacts on load and performance of the PCRF infrastructure and achieves most timely PCRF restoration (see also C3-100466). Yet, in its generality it seems to go quite far. As PCRF failure and restoration handling is a new topic in 3GPP’s specification work, it can be argued that in a first step simpler solutions should be prioritized.  

Solution 6: it fulfils functional requirement #5 in part. The solution description is still incomplete and several options. It would need further justification to recommend it for specification.

Solution 7: this solution can serve as a base mechanism, for both PCRF session state restoration (solutions 5 and 8) and termination (solutions 3 and 4). Considering the reasonable tradeof f between effort and benefit, it is recommended to specify it as an optional mechanism in TS 23.007 and TS 29.212 – 15, with second priority.    

Solution 8: this one fulfils functional requirement #5 to a great extent. When combined with solution 7 (bulk signaling), it additionally minimizes impacts on load and performance of the PCRF infrastructure. It can be combined with solutions 5 and 7. It is proposed to specify this solution in TS 23.007 and TS 29.212 – 15 with first priority.

*** 2nd Change ***
8
Conclusions
The conclusions drawn from the study on PCRF failure and restoration are the following:

1. Specify the behaviour described in solution 1 (“solution for the PCRF failure reselection for the DRA”) with a minimum of details and with consideration of PCRF session state restoration in Rel. 10.
2. Consider the clarifications given in solution 2 (“use of DIAMETER base protocol in Single PCRF deployment (with Direct Client-Server Connection2), beyond already specified behaviour, when specifying other solutions.
3. Specify termination of services due to PCRF failure in a unified manner (strict, with grace time and loose i.e. no termination at all) in Rel. 10. The propagation of grace time indication to neighbouring nodes should be considered, but has no high importance (e.g. could be done in Rel. 11). 
4. Specify solution 7 (“Bulk Signaling based on PCRF Session Set ID (PSSID”) it as an optional mechanism with second priority (i.e. if possible, in Rel. 10; otherwise, in Rel. 11).
5. Specify solution 8 (“adding explicit resilience to PCRF sessions”) with first priority in Rel. 10.
*** End of Changes ***
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