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Abstract of the contribution: This paper discusses different scenarios of PFD provisioning and propose to clarify what “list of PFDs deployed” mean.   
1 Introduction

CT3 raised a number of questions on PFD provisioning procedure in LS (C3-190468/S2-1903042), and the main point is on how to interpret the sentence “the list of PFDs in this request should be deployed within the time interval indicated by the Allowed Delay” in TS 23.682 (also in TS 23.502 and TS23.503). 
2 Discussion
2.1 PFD provisioning in EPC
2.1.1 Specified in TS 23.682 and TS 23.203
The procedures for management of PFDs are specified in both TS 23.682 and TS 23.203:
In TS 23.682, procedure for PFD management from SCS/AS -> SCEF -> PFDF is specified:
5.14
PFD management via SCEF

5.14.1
Procedure for PFD management via SCEF

5.14.2
PFD definition
In TS 23.203, procedures for PFD retrieval from PCEF/TDF and for PFDF pushing PFDs to PCEF/TDF are specified: 
7.12
Procedures for management of PFDs

7.12.1
PFD Retrieval by the PCEF/TDF ("Pull mode")

7.12.2
Management of PFDs in the PCEF/TDF ("push mode")

In TS 23.203, management of Packet Flow Descriptions using the PFDF is specified as follows:
6.1.20
Management of Packet Flow Descriptions using the PFDF
2.1.2 Observations from TS 23.203
6.1.20
Management of Packet Flow Descriptions using the PFDF
…

When the "push" mode is used, the PFDF distributes PFDs for each application identifier to those PCEFs/TDFs that enable access to those applications. The PFDF may be configured with the list of PCEFs/TDFs where PFDs should be distributed. There are three methods to provision PFDs from the PFDF to the PCEF/TDF, as described in clause 7.12.2:
[Observation-1] In “push” mode, PFDF discovers PCEF/TDFs based on configuration.
a)
Push of whole PFDF state according to operator configuration in PFDF (e.g., provision per day according to operator configuration);

b)
Selective push of an ASP change in the PFD set (i.e. ASP changes the PFD set while operator configuration defines when to push);

c)
Selective push of an ASP change in the PFD set according to ASP request (i.e. ASP indicates to push changes in a PFD set within the time interval indicated by the Allowed Delay as described in TS 23.682 [42]).

NOTE 2:
In all cases listed above, how to protect the PCEF/TDF from overload during the procedure to provision PFDs is up to Stage 3.

The SCEF may be configured with a minimum allowed delay based on SLA to authorize the allowed delay provided by the ASP, as defined in TS 23.682 [42].

[Observation-2] Push of ASP requested PFD update is expected to be completed with the time interval indicated by the Allowed Delay.
When the "pull" mode is used, at the time a PCC/ADC Rule with an application identifier for which PFDs provisioned by the PFDF are not available is activated or provisioned, the PCEF/TDF requests all PFDs for that application identifier from the PFDF. The PFDs retrieved for an application identifier from the PFDF are cached in the PCEF/TDF with an associated caching timer to control how long the PFDs are valid. When the caching timer elapses, if there are still active PCC/ADC rules that refer to the corresponding application identifier, the PCEF/TDF reloads the PFD(s) from the PFDF. When the PCEF/TDF removes the last PCC/ADC rule that refers to the corresponding application identifier, or when the caching timer expires and no PCC/ADC rule refers to the application identifier, the PCEF/TDF may remove the PFD(s) related with the application identifier.

NOTE 3:
It is assumed that all PCEF(s)/TDF(s) and PFDF(s) in an operator network are configured with the same default caching time value to be applied for all application identifiers.

[Observation-3] Caching timer is used in “pull” mode for the PCEF/TDF to refresh the PFDs for the application identifiers. 
Within one PLMN, "push" mode only, "pull" mode only, or a combination of "pull" and "push" mode may be supported if the feature is supported.

When the "pull" mode is used, the PFDF may provide to the PCEF/TDF a caching time value per application identifier. The PCEF/TDF receives the caching time value together with the PFD(s) from the PFDF over Gw/Gwn and applies this value for the application identifier instead of the configured default caching time value. In case no caching time value is received from PFDF, the PCEF/TDF uses the configured default caching time value.

NOTE 4:
The configuration of a caching time value per application identifier PFDF is based on the SLA between the operator and the ASP.

When only "pull" mode is supported in one PLMN, if the Allowed Delay is shorter than the caching time value stored for this application identifier, or shorter than the default caching time if no application-specific caching time is stored, the PFDF sends a response to SCEF with an indication that the Allowed Delay cannot be met. The PFDF may still store the PFD(s) and if so, indicate this to the SCEF. The PFDF shall also include the caching time value in the response to the SCEF. The SCEF shall forward the indication that the PFDF stored the PFD(s) (if available) and the caching time value to the ASP when informing that the Allowed Delay could not be met.

[Observation-4] When only "pull" mode is supported in one PLMN, Allowed Delay is checked against the caching time. If Allowed Delay is shorter than Caching Time, PFDF responds to SCEF that Allowed Delay could not be met.
2.2 PFD provisioning in 5GC
2.2.1 Specified in TS 23.502 and TS 23.503
The procedures of PFD management, including PFD management from AF to NEF, and PFD retrieval from SMF and PFD notification to the SMF, are specified in the following clauses of TS 23.502
4.18
Procedures for Management of PFDs
4.18.1
General

4.18.2
PFD management via NEF (PFDF) 

4.18.3
PFD management in the SMF
4.18.3.1
PFD Retrieval by the SMF
4.18.3.2
Management of PFDs in the SMF
The management of packet flow descriptions is specified in TS 23.503 as follows:

6.1.2.3
Management of packet flow descriptions

6.1.2.3.1
PFD management
6.1.2.3.2
Packet Flow Description
2.2.2 Observations from TS 23.502 and TS 23.503
[Observation-5] In 5GC, the NEF(PFDF) notifies the SMF of the PFDs if the SMF has subscribed to the PDF management service per TS 23.502 (clause 4.18.3.2), while in EPC the PFDF push the PFDs to the PCEF/TDF based on configuration.
[Observation-6] The handling of Allowed Delay in 5GC for network supporting only PULL mode is the same as in TS 23.203 for EPC captured in [Observation-4].
2.3 Provisioning PFDs to PFDF (in EPC) or to NEF (PFDF) (in 5GC) within time internal indicated by Allowed Delay

Case-1 “push” mode only, or “push mode” + “pull mode”

Case-1a PFDs pushed to all the known PCEF/TDFs or SMFs successfully within the time interval indicated by Allowed Delay;

Case-1b PFDs pushed to all the known PCEF/TDFs or SMFs but some failed;
[Proposal-1] If PFDs pushed to all the known PCEF/TDFs or SMFs but some failed, the PFDF should inform the failure to the SCEF and then to SCS/AS, or the NEF (PFDF) should inform the failure to the AF. The 3GPP network need to ensure the data consistency among all PCEF/TDFs or SMFs, and how the data consistency is ensured is implementation specific.
Case-1c There is no known PCEF/TDFs or SMFs to push the PFDs to, i.e. PCEF/TDFs are not configured in PFDF, or no SMF has subscribed to the PFD notification. 
PCEF/TDFs not configured in PFDF is considered unlikely (which is probably due to configuration error) and will not be addressed.

If no SMF has subscribed to the PFD management service when provisioning happens, the NEF (PFDF) could still store the PFDs to the UDR so that the SMF(s) once subscribed could be notified but it is up to implementation.
Case-2 Only “pull” mode is supported in the PLMN
Case-2a Allowed Delay is longer than Caching Time
In EPC, PFDF stores the PFDs and send successful response to SCEF (and then to SCS/AS).

In 5GC, NEF (PFDF) stores the PFDs in UDR and send successful response to AF
Case-2b Allowed Delay is shorter than Caching Time

In EPC, PFDF responds to SCEF (or NEF responds to AF) that Allowed Delay could not be met and PFDF may still store the PFDs (already specified, see [Observation-4])

In 5GC, NEF (PFDF) responds to AF that Allowed Delay could not be met but NEF (PFDF) may still store the PFDs to the UDR.
3 Proposals
[Proposal-1] If PFDs are not successfully pushed to some of PCEF/TDFs or SMFs, the PFDF should inform the failure to the SCEF and then to SCS/AS, or the NEF (PFDF) should inform the failure to the AF. The 3GPP network need to ensure the data consistency by means of fall back to the previous PFDs and how the data consistency is ensured is implementation specific.
See 23.682 CR0438 (S2-1903161).
See 23.502 CR1151 (S2-1903162)
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