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1. Introduction:
There was a discussion at CT4#89 whether over PFCP interface, the support of deferred PDR activation/deactivation should be introduced. This paper provides an analysis.

2. Discussion:
2.1 Use Case Study: 

A typical use case for such deferred PCC/Packet Detection Rule activation/deactivation is that many operators would like to authorize certain services which are applicable for millions of subscribers (i.e. UEs), e.g. gaming, video, p2p, ONLY during certain period of a day, e.g. non-busy hour, 2000-0600. 

To avoid massive signalling, e.g. over Gx between PCRF and PCEF, at the time to activate or deactivate the corresponding PCC rule to authorize/deny services for all UEs/IP-CAN session, a "deferred PCC rule activation or deactivation" mechanism was introduced long time ago. 

This mechanism enables the PCRF to provision a PCC rule to the PCEF with a desired activation or deactivation time in advance to the time to be activated/deactivated. Hence, there will be no more massive signalling over Gx at the time the activation/deactivation.

However, with separation of control plane and user plane (CUPS), to enable to forward any application traffic , the UP function shall be provisioned with a Packet Detection Rule to match the application, otherwise, the packets pertaining to the application traffic will be dropped by default. So, there will be massive signalling over PFCP interface, if such deferred PDR rule activation / deactivation mechanism is not introduced into PFCP protocol.

2.2 Requirements:

On stage 2, 3GPP TS 23.203 [1] has specified the following requirement in subclause 6.3.2 to support the deferred PCC rule activation and deactivation, and SA2 has taken careful consideration to ensure such deferred activation/deactivation doesn't result in the signaling towards the UE, i.e. the deferred modification of PCC rules shall not be applied for changes of the QoS or service data flow filter information of PCC rules, as highlighed in bold below:

6.3.2	Policy and charging control rule operations 

[...]

Policy and charging control rule operations can be also performed in a deferred mode. A PCC rule may have either a single deferred activation time, or a single deferred deactivation time or both.
A PCC rule with only a deferred activation time shall be inactive until that time. A PCC rule with only a deferred deactivation time shall be active until that time. When the rule activation time occurs prior to the rule deactivation time, the rule is inactive until the activation and remains active until the deactivation time occurs. When the rule deactivation time occurs prior to the rule activation time, the rule is initially active until the deactivation time, then remains inactive until the activation time, and then becomes active again. An inactive PCC rule, that has not been activated yet, is still considered to be installed, and may be removed by the PCRF.
The PCRF may modify a currently installed PCC rule, including setting, modifying or clearing its deferred activation and/or deactivation time. When modifying a dynamic PCC rule with a prior and/or new deferred activation and/or deactivation time, the PCRF shall provide all attributes of that rule, including attributes that have not changed.
NOTE 2:	In this case, the PCRF omission of an attribute that has a prior value will erase that attribute from the rule.
Deferred activation and deactivation of PCC rules can only be used for PCC rules that belong to the IP‑CAN bearer without traffic mapping information.
NOTE 3:	This limitation prevents dependencies on the signalling of changed traffic mapping information towards the UE.
Deferred modification of PCC rules shall not be applied for changes of the QoS or service data flow filter information of PCC rules.

Correspondingly, on stage 3, 3GPP TS 29.212 [2] has specified the following requirement in subclause 4.5.13 to support stage 2 requirements, the same here "The PCC rules including Rule-Activation-Time and Rule-Deactivation-Time shall not be applied for changes of the QoS or service data flow filter information."
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[...]

The PCRF may control at what time the status of a PCC rule changes.

1)	If Rule-Activation-Time is specified only and has not yet occurred, then the PCEF shall set the PCC rule inactive and make it active at that time. If Rule-Activation-Time has passed, then the PCEF shall immediately set the PCC rule active.

2)	If Rule-Deactivation-Time is specified only and has not yet occurred, then the PCEF shall set the PCC rule active and make it inactive at that time. If Rule-Deactivation-Time has passed, then the PCEF shall immediately set the PCC rule inactive.

3)	If both Rule-Activation-Time and Rule-Deactivation-Time are specified, and the Rule-Activation-Time occurs before the Rule-Deactivation-Time, and also when the PCC rule is provided before or at the time specified in the Rule-Deactivation-Time, the PCEF shall handle the rule as defined in 1) and then as defined in 2).

4)	If both Rule-Activation-Time and Rule-Deactivation-Time are specified, and the Rule-Deactivation-Time occurs before the Rule-Activation-Time, and also when the PCC rule is provided before or at the time specified in the Rule-Activation-Time, the PCEF shall handle the rule as defined in 2) and then as defined in 1).

5)	If both Rule-Activation-Time and Rule-Deactivation-Time are specified but time has already occurred for both, and the Rule-Activation-Time occurs before the Rule-Deactivation-Time, then the PCEF shall immediately set the PCC rule inactive.

6)	If both Rule-Activation-Time and Rule-Deactivation-Time are specified but time has passed for both, and the Rule-Deactivation-Time occurs before the Rule-Activation-Time, then the PCEF shall immediately set the PCC rule active.

PCC Rule Activation or Deactivation will not generate any CCR commands with Charging-Rule-Report since PCRF is already aware of the state of the rules.

If Rule-Activation-Time or Rule-Deactivation-Time is specified in the Charging-Rule-Install then it will replace the previously set values for the specified PCC rules. If Rule-Activation-Time AVP, Rule-Deactivation-Time AVP or both AVPs are omitted, then any previous value for the omitted AVP is no longer valid.

The 3GPP-MS-TimeZone AVP, if available, may be used by the PCRF to derive the Rule-Activation-Time and Rule-Deactivation-Time.

If the PCC rule(s) that include the Rule-Activation-Time AVP are bound to a bearer that will require traffic mapping information to be sent to the UE, the PCEF shall report the failure to the PCRF by including the Charging-Rule-Report AVP with the Rule-Failure-Code set the value "NO_BEARER_BOUND (15)" for the affected PCC rule(s) identified by the Charing-Rule-Name AVP in either a CCR or an RAA command.

NOTE 3:	This limitation prevents dependencies on the signalling of changed traffic mapping information towards the UE.
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The PCRF may modify a currently installed PCC rule, including setting, modifying or clearing its deferred activation and/or deactivation time. When modifying a dynamic PCC rule with a prior and/or new deferred activation and/or deactivation time, the PCRF shall provide all attributes of that rule in the Charging-Rule-Definition AVP, including attributes that have not changed.
NOTE 4:	In this case, the PCRF omission of an attribute that has a prior value will erase that attribute from the PCC rule.

2.3. Other Considerations:

CT4 had discussed similar issues in 2017 as described in C4-172225 as below, however one of assumption of the paper is that signaling towards UE is always required for such deferred PCC activation/deactivation. This is not correct assumption. 

It is proposed to not introduce any extension over Sx for these procedures for the following reasons:
· Changing the authorized QoS per APN or the authorized default EPS bearer QoS requires the PGW to signal corresponding changes to the UE. Stage 2 and stage 3 require the PCRF to spread the times at which changes are applied for different UEs to avoid causing signalling storms in the EPS. As a result, the signalling load will also be spread for any required Sx sessions modifications. 
· The PCRF may provide conditions for applying the changes such as a list of RAT-Types and/or a list of IP-CAN types. These conditions have to be evaluated at their execution time. The UP function cannot evaluate these conditions. Thus such changes cannot be provisioned in advance in the UP function.
· The motivation of these procedures is to avoid signalling storms over Gx (where one single PCRF can interface multiple PGWs and handle a large number of UEs). Thanks to the spread in time of the execution times, and because these changes will result in signalling over a larger number of (PGW-C, PGW-U) pairs, the resulting load on a particular Sxb or Sxc interface is expected to be significantly lower.  
· Adding time conditioned activation/deactivation of CP instructions to the UP function would add significant complexity to the UP function.


3. Proposal:
The majority OTP applications on the market utilize only default bearer with best effort QoS, therefore authorizing (add) those applications into IP-CAN session or N4 session does not result any change for the bearer binding (TFT) or QoS, thus no signaling to the UE. 

In addition, both stage 2 and stage 3 have clear specified that such deferred PCC rule activation or deactivation SHALL NOT be applied for changes of the QoS or service data flow filter information. 

To avoid massive signaling over PFCP interfaces (Sxb/Sxc/N4), It is proposed to introduce deferred PDR activation and deactivation as described in C4-191099.
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