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Proposed changes:
*** 1st Change ***
6.4
Solution 4: Strict termination of bearer services

The solution consists in performing the appropriate tear-down procedure on the PCRF clients for all bearer and application sessions, for which PCRF control would be required, but cannot take effect, due to PCRF failure or unreachability, as soon as this failure condition is detected. More concretely, depending on the deployed network architecture, the following procedures are invoked (with the obvious modification that the normally foreseen PCRF interactions in these procedures, if any, are left out):

1) on network nodes implementing PCEF:

- at PDN GW: once PDN GW detects the PCRF failure, PDN GW initiates the PDN GW initiated bearer deactivation procedure as described in subclause 5.4.4.1 of 3GPP TS 23.401 [5] ;

- at the trusted non-3GPP access: once the trusted non-3GPP access detects the PCRF failure, the trusted non-3GPP access initiates the network initiated detach procedures as described in subclauses 6.4.1 and 6.4.4 of 3GPP TS 23.402 [6];

- at GGSN: once GGSN detects the PCRF failure, GGSN initiates the GGSN initiated PDP Context deactivation procedure according to subclause 9.2.4.3 of 3GPP TS 23.060 [7];

2) on network nodes implementing BBERF:

· at Serving GW: 

a. in  non-roaming: once Serving GW detects the PCRF failure, Serving GW behaves according to the PCC initiated bearer deactivation procedure described in subclause 5.4.5.1 of 3GPP TS 23.402 [x2], with the triggering message from PCRF substituted by the failure detection. 

b. in roaming: once V-PCRF detects the H-PCRF failure, V-PCRF initiates the PCC initiated bearer deactivation procedure as described in subclause 5.4.5.1 of 3GPP TS 23.402 [x2]; once the Serving GW detects the failure of the V-PCRF, Serving GW behaves as in bullet 1.
3) on network nodes implementing AF:

· at P-CSCF: once the P-CSCF detects the PCRF failure, the P-CSCF initiates the appropriate teardown action as specified in the corresponding specification (e.g. according to subclause 5.10.3.2 in 3GPP TS 23.228 [8]).
· at any other type of AFs the behaviour is application specific; 

In roaming, if H-PCRF detects the failure of the V-PCRF, the possible actions depend on the traffic routing scenario:
- for roaming with local breakout no specific action need to be taken in the control plane. It can be expected that the behaviour in the VPLMN is sufficiently detailed in roaming agreements;

- for roaming with home routed traffic, the H-PCRF can initiate the PCRF initiated IP-CAN session termination.
Editor’s note: for roaming scenarios, further details how failures to either the  H-PCRF or V-PCRF are handled are FFS.


In order to deal with the masses of sessions potentially involved in PCRF failure and restoration procedures, possible methods are:
1) in case of multiple PCRF deployment: equi-distribution (or at least non-concentration) of sessions on PCRFs; the number of affected sessions can be reduced roughly by a factor of N, where N is the number of deployed PCRFs.  
2) rate limiting of signaling: although the termination should ideally happen immediately, the number of signaling messages per time slot should be limited (e.g. by delaying and queueing). 
3) bulk signaling: it could (additionally) be used on interfaces Gx, Gxx and  Rx. This concept is already in use for signaling between other network nodes (based on CSI - Connection Set Identifier, used between Serving GW, PDN GW and MME; see 3GPP TS 23.007 [x]) and can be carried over to PCRF application signaling. 
Editor’s note: the usage of bulk signaling with set identifiers for PCRF failure and restoration will differ from the existing usage; e.g. instead of sets of PDN connections it would be based on sets of PCRF sessions. Corresponding details need to be elaborated within this study, preferably in a dedicated solution chapter. 
*** 2nd Change ***

2
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*** End of Changes ***
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