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Abstract of the contribution: Discusses the interaction between the provisioning of QoS rules to the BBERF and PCC rules to the PCEF for off-path PCC. Proposes to update offpath PCC flows for dedicated bearer setup such that PCC rules for dedicated bearers are downloaded to PCEF only after ack is received from BBERF that dedicated resources have been allocated.
Introduction

The current ordering of rules provisioning messages could result in situations in which the customer is charged for services she did not receive.  It is possible to reorder the provisioning of messages in such a way as to render this impossible.  The following discussion introduces the credit control considerations that arise from message ordering and suggests a particular strategy to remove conditions that allow for charging irregularities.
Discussion

Q1: When should PCC rules be updated at the PCEF – before ack from BBERF of bearer setup, in parallel or nested?
In the case of off-path, the PCEF (P-GW) is unaware of the resources that are being allocated by the BBERF. The PCRF is in the middle of coordinating the setup of resources (at BBERF) and that of charging (at P-GW). There are three possible modes of interacting between these two:
 Model-A: Charging for services is only performed if resources have been allocated.

Here there can be two modes of interaction
A.1 PCRF only authorizes charging after confirming that QoS have been setup.

A.2 PCRF authorized charging in parallel with Qos setup. However, if QoS setup does not occur within a certain period (timeout), the PCRF cancels charging (exception based).
Model-B: Charging for services is not traffic measurement based.
B.1 The PCRF download PCC rules to PCEF and Qos rules to BBERF independently (no sequencing or dependency). 

Model-B can apply to flat rate or subscription charging. The QoS (QCI for bearers) provided by the S-GW depends on the subscription (gold customer may get dedicated resources for VoIP, whereas silver customer has to send VoIP traffic on default bearer), but charging is not based on the duration of bearer setup. Charging, for example, can be based on application layer signalling (duration between SIP INVITE-OK to BYE). Hence, a gold customer pays $100 per month for subscription and gets GBR traffic setup for his voice calls, whereas a bronze customer only pays $30 per month and gets non-GBR for his voice traffic. In addition each customer pays per minute for VoIP service (based on SIP signalling). 

For Model-B, PCC rules can be downloaded independent of the QoS setup in the BBERF. PCC rules downloaded to the PCEF may not be for charging, but for setup of QoS, if required, on the S5/S8 or S2a interface in DL direction.

On-path PCC: In the case of on-path PCC model for GTP in Release 7 (23.203 and 23.060), both Model-A and Model-B (“zero-rating” in the PCC rule) can be supported and does not need any different signalling from the PCRF to the PCEF. It all boils to an internal logic inside the P-GW/GGSN. 
However for off-path PCC, one can see that there are impacts on sequence of BBERF and PCEF signalling with PCRF. This gives rise to two questions:
Q2: What charging model (Model A or B) should be supported for off-path PCC in 23.203 in general?

Both the options should be supported for off-path PCC. 

Hence for Model-B, both these options should be supported:
B.1. PCC rules are not downloaded to the PCEF at all (zero-rating and no Qos requirement on S5/S2)

B.2. PCC rules are downloaded in parallel with Qos rules ( PCEF only performs Qos for S5/S2)

For Model-A, where credit control interaction with OCS is required, one of the issues to consider is one of the requirements of credit management from 23.203.  From Section 6.1.3:

During IP‑CAN session establishment and modification, the PCEF shall request credit using the information after policy enforcement (e.g. upgraded or downgraded QoS information), if applicable, even though the PCEF has not signalled it yet in the IP‑CAN.

Since in off-path PCC, the PDN GW does not perform resource setup when it receives PCC rules, it will interact with OCS right away. Hence A.2 could be in violation of the above requirement on credit management. The advantage with A.2 flow is that it could lead to faster setup of both PCC rules and QoS resources by doing them in parallel.
Proposal-1: In 23.402, the flows for PCC for off-path model for dedicated bearer setup should depict the case that PCC rules are downloaded to PCEF after PCRF gets confirmation that QoS resources have been setup by the BBERF. However, caveat should be provided that PCC rules provision in PCEF could occur in parallel or even before Qos rules provision as provided in 23.203.
Special case of default UE-PDN Connectivity (default bearer): The default bearer is the bearer that provides “always on connectivity” for the UE. Hence, for the default bearer the charging rules can be provisioned in the PCEF without the PCRF getting a confirmation from the BBERF that the default bearer has been updated. In case the setup of default bearer fails, there is no UE-PDN connectivity and the PCEF will terminate the IP-CAN session establishment. This is the case also for on-path PCC where at IP-CAN session establishment, the PCRF provides the PCC rules to the PCEF (PDN GW/GGSN) and does not wait for acknowledgement from the PCEF that the default bearer is setup. In case of error in setting up the default bearer, the PCEF will be informed by the access network which will lead to the PCEF terminating the IP-CAN session at the PCRF. This is reasonable. The same logic should be applied to off-path PCC.
Proposal-2: Hence, for default UE-PDN connectivity, the PCRF can download PCC rules to PCEF in parallel or even before downloading QoS rules to BBERF.
Also, the current flows for GW Control Session Establishment show nested interaction between the GW Control Session Establishment and providing PCC rules at the PCEF. This is shown in a segment from the initial attach for PMIP-S5/S8. Here step C.6 and C.7 nested between the GW interactions of C.5 and C.8. The IP-CAN session establishment occurs in steps C.2 and C.3. C.6 may occur to update the PCC rules in the PCEF for eg based on the RAT type provided by the S-GW. However, that transaction should not gate completion of the GW Control Session Establishment. 
Proposal-3: During GW Control Session Establishment at initial attach, the update of PCC rules, if required, should occur after the GW Control Session Establishment is completed and not nested


[image: image1]
Figure 5.2-1: [23.402] Initial E-UTRAN attach with PMIP-based S5/S8.

 Based on Proposal-3, the segment of the attach procedure would be shown as where the PCC decision provision occurs after the GW Control session establishment has been completed.

[image: image2]
Figure 5.2-1: [23.402] MODIFIED Initial E-UTRAN attach with PMIP-based S5/S8. The interaction with PCEF occurs after the GW Control session is established and not nested. 
There are several different flavours of PCC rules interaction and QoS rules provision in TS 23.402:

1. PCC rules provisioned to PCEF before QoS rules provisioned to BBERF

· 5.4.1 Dedicated bearer setup for PMIP S5/S8.
· 6.6.1 Trusted non-3gpp PCC init dynamic PCC for S2a

· 6.6.2 Trusted non-3gpp PCC init dynamic PCC for S2c


[image: image3]
Figure 5.4.1-1: Dedicated Resource Allocation Procedure, UE in Active Mode [TS 23.402]

Impact on Dedicated bearer setup for PMIP

The impact on dedicated bearer setup for LTE is provided below:


[image: image4]
Figure 5.4.1-1 MODIFIED: Dedicated Resource Allocation Procedure, UE in Active Mode [TS 23.402]

Here first the BBERF is requested to setup resources in the access-network and only after successful completion is the PCEF informed of the new charging rate. Here the charging at default rate could occur for a short duration. However, the UE DL and UL traffic is using dedicated bearers, but charged at default rate for a short duration of time.

Impacts to other sections of TS 23.402 are provided in contribution S2-08xxxx.  There are no impacts to on-path PCC model
Impact on Dedicated Bearer Activation in combination with Attach Procedure
The above conclusion also has an impact on PCC interactions for setting up of dedicated bearers in combination with attach.
Currently the procedure as in Annex F of TS 23.401 is:


[image: image5] Figure F-1: Dedicated bearer activation in combination with the attach procedure. [Step 14 shown as two messages]
The issue with the above flow is that the PCRF does not get a confirmation that the dedicated PCC and QoS rules have been applied. One cannot assume that step 15 automatically assumes that dedicated PCC rules have been applied. Since, at initial attach both rules for default bearer and dedicated bearers are being download to the PCEF, in such a case, it should be assumed that both “IP CAN session establishement” and “PCRF initiated IP-CAN Session Modification procedures are being started in parallel. Hence, a more appropriate flow would be the following:

[image: image6] Figure F-1: Dedicated bearer activation in combination with the attach procedure. 

The equivalent message flow for off-path PCC is more pronounced and should based on current procedures be:


[image: image7]
Figure X: [23.402] PMIP-based S5/S8 variant of Dedicated bearer activation in combination with the attach procedure.

Here the difference is more pronounced. 
· In steps C.2 rules only for default bearers are downloaded to the PCEF (since the PCRF has not got any confirmation that dedicated bearers have been setup).  In step C.2 the PCEF acknowledges application of the PCC rules to the PCEF.
· Step C.8 downloads the QoS rules for the default bearer and step C.9 does a QoS rules provision for the dedicated bearers. The PCRF will wait for response from BBERF (S-GW) before providing PCC rules for dedicated bearers to the PDN-GW. Steps C.8 and C.9 can be piggybacked.

· Once the dedicated bearers are setup and indication provided to the S-GW is Step 21 of Figure F-1, 23.401, the S-GW acks the QoS rules provision to the PCRF in step D-1. The PCRF will then update the PCC rules in the PCEF, since the PCRF now has confirmation that dedicated QoS resources have been setup and the PCEF can now be authorized to charge for the dedicated bearers. The PCRF then goes ahead in Step C.6  to download PCC rules corresponding to the dedicated bearers to the PCEF and receive ack  (Step C.7)
Proposal

Agree on the conclusion to Question-1 and the impacts shown above:
· S2-082124: Update to 23.402 for dedicated resource-allocation procedure
· S2-082122: Update to 23.401 for the combo dedicated-default bearer PCC interactions

· S2-082123: Update to 23.402 for the combo dedicated-default bearer PCC interactions
 





 





 





Scenario





 





Roaming 





 





 





 





hPCRF





 





 





 





)





 





B





 





(





 





 and 





 





)





 





A





 





(





 





1, between 





 





-





 





Figure 5.4.{1,2,3,4}





 





Dedicated bearer procedure as per TS 23.401, 
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Dedicated bearer procedure as per TS 23.401, 
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B.1. Gateway Control and QoS Policy Rules Acknowledgement
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C.3 Acknowledge IP-CAN Session Establishment
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Attach procedure as in TS 23.401, Figure F-1, between step (C) and (D)





Attach procedure as in TS 23.401, Figure F-1, between steps (B) and (C)
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Attach procedure as in TS 23.401, Figure F-1, after step (D)
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These two messages are not needed. See S2-08xxx
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Attach procedure as in TS 23.401, Figure 5.3.2-1, between steps (B) and (C)





Attach procedure as in TS 23.401, Figure 5.3.21, after step (C)
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Attach procedure as in TS 23.401, Figure 5.3.2-1, between steps (B) and (C)





Attach procedure as in TS 23.401, Figure 5.3.21, after step (C)
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