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Abstract of the contribution: Impacts of handling multiple BBERFs on PCC and other related topics.
******* WORK IN PROGRESS *******
Definitions: 

UE-PDN Default PCC rules: PCC rules provided by the PCRF to the PCEF on IP-CAN session establishment for the IP-CAN type provided by the PCEF. 

NOTE: For PDN Default PCC rules, the PCRF does not expect an ACK from PCEF after these are setup. In case of failure of setup of bearer/resources for these PDN default PCC rules, the PCEF will provide an exception report to PCRF.

UE-PDN Default QoS rules: QoS rules corresponding to the UE-PDN Default PCC rules 
UE-PDN Active PCC rules: Set of all the PCC rules in the PCRF that are active for a UE-PDN PCC session. 

NOTE: 
In PCRF for each active PCC rule, there should be a list of IP-CANs for which resources have been reserved for the particular PCC rule.

UE-PDN Active QoS rules: QoS rules corresponding to the UE-PDN Active PCC rules

Primary BBERF:  The BBERF that is responsible for BB and ER corresponding to the UE-PDN PCC session. The PCRF determines which BBERF is an Primary BBERF.

Non-Primary BBERF: A BBERF that is associated with a UE-PDN PCC session, but is not the Primary BBERF.

Scenarios for Multiple BBERFs
Nomenclature: 

UE-PDN Default PCC rules: PCC rules provided by the PCRF to the PCEF on IP-CAN session establishment for the IP-CAN type provided by the PCEF. 

NOTE: For PDN Default PCC rules, the PCRF does not expect an ACK from PCEF after these are setup. In case of failure of setup of bearer/resources for these PDN default PCC rules, the PCEF will provide an exception report to PCRF.
UE-PDN Default QoS rules: QoS rules corresponding to the UE-PDN Default PCC rules 
UE-PDN Active PCC rules: Set of all the PCC rules in the PCRF that are active for a UE-PDN PCC session. 
NOTE: 
In PCRF for each active PCC rule, there should be a list of IP-CANs for which resources have been reserved for the particular PCC rule.
UE-PDN Active QoS rules: QoS rules corresponding to the UE-PDN Active PCC rules

Primary BBERF:  The BBERF that is responsible for BB and ER corresponding to the UE-PDN PCC session. The PCRF determines which BBERF is an Primary BBERF.
Non-Primary BBERF: A BBERF that is associated with a UE-PDN PCC session, but is not the Primary BBERF.

There are several situations in which there can be more than one BBERFs for an IP-CAN session (so far, not more than two). These include:

1. Scenario-1: Intra-access network HO
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2. Non-optimized inter-technology  handover
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3. Inter-technology optimized HO (Pre-registration) with release from source BBERF on HO.

[image: image3]
Editor’s Note: What about the case when in pre-registration phase the UE moves to a new BBERF3 in AN2? In this case there will be three BBERFs corresponding to a UE-PDN PCC Session. Does the PCEF handle more than two BBERFs, one active and others non-active. 
Q1: Does the PCRF need to differentiate between PCC/QoS-rules provided to the PCEF at IP-CAN session establishment and additional PCC rules that are set up subsequently?

Yes, When an IP-CAN session is established by the PCRF needs to know what set of PCC rules to be pushed to the PCEF. 

Q2: In case of multiple BBERFs for a UE-PDN PCC Session, when new QoS rules need to be provisioned in the BBERF, does the PCRF initiate QoS rules provision in both the BBERFs or only one of the BBERFs?

No, the PCRF should only do QoS rules provision on one of the BBERFs, “Primary BBERF”. Otherwise,  How does the PCRF react if one of the BBERFs sends a NACK and the other-one and ACK and the IP-CAN type of both the BBERFs is the same as that reported by the PCEF? What if the BBERF with the same IP-CAN type reports a NACK and the BBERF with IP-CAN type different from the one reported by the PCEF sends an ACK. Also the logic at the PCRF becomes complicated.
Q3: How does the PCRF figure out which is the Primary BBERF?

The PCRF will need to determine the Primary BBERF implicitly.  The PCEF cannot report to the PCRF about which of the BBERFs is the active one, since for DSMIPv6, the PCEF will  not know about the BBERF, forget about which one is active and which one is not. Again for DSMIPv6, the BBERF will not know when it becomes the Primary BBERF (after the UE does a successful BU/BA). In some cases the BBERF could provide an explicit signal to the PCRF that it is an Primary BBERF (in PMIP if the BBERF has performed or is performing PBU/PBA), however the PCRF should not depend on such a signal/parameter to be present in a GW Control Session Establishment.
The “active” BBERF for an IP-CAN session can be determined by the PCRF as follows at the time a BBERF does a GW Control Session Establishment:

1. For PMIP: Correlating the “IP-CAN” type parameter provided by the BBERF and the PCEF. In case the IP-CAN types provided by two BBERFs are the same and equal to that provided by the PCEF (intra access-technology HO), the BBERF that was the last one to create a GW Control session is the “active” BBERF. In case the IP-CAN type provided by one of the BBERFs is not the same, then the “active” BBERF is the one whose IP-CAN type equals that provided by the PCEF.

2. For CMIP (DSMIPv6, MIPv4): The correlation of a GW Control session to an IP-CAN session is based on the CoA provided by the PCEF in the “tunnelling information”.  The Primary BBERF is the one that provided the UE’s address which is equal to the CoA address provided by the PCEF to the PCRF along with the “tunnelling information”.  

The “active” BBERF for an IP-CAN session can be determined by the PCRF at PCEF initiated UE-PDN PCC Session Modification (DSMIPv6 case): Linking the CoA provided by the PCEF with the CoA provided by the BBERF.

Q4: When a BBERF creates an GW Control Session, does the PCRF push only UE-PDN default QoS rules or UE-PDN Active QoS rules?

Case 1: New BBERF becomes the Primary BBERF – In this case the PCRF should download the UE-PDN Active QoS rules.

Case 2: New BBERF is a non-Primary BBERF – For this BBERF, the UE-PDN active QoS rules, need to be re-computed based on the IP-CAN type provided by the BBERF. In this case, the PCRF should download the UE-PDN default QoS rules corresponding the IP-CAN type reported by the BBERF. These rules should be marked “active” i.e gate status open. It should also download the QoS rules corresponding to the IP-CAN type provided by the non-Primary BBERF. Moreover, the BBERF should be made aware which of these QoS rules are “active” in the PCRF, by setting the Gate Status open, for those rules for which reservation was made by another BBERF, and which ones are inactive for the IP-CAN, i.e gate status is set to closed. 
Q5: When new PCC rules are created for a UE-PDN PCC session, what rules does the PCRF push to the non-Primary BBERF?
Case 1: IP-CAN type reported by the Non-Primary BBERF is the same as the UE-PDN PCC Session – The PCRF should push these rules as active.

Case 2: IP-CAN type reported by the Non-Primary BBERF is different from the UE-PDN PCC Session – The PCRF should provide QoS rules corresponding to the IP-CAN type reported by the BBERF, as non-active QoS rules.  This would enable the non-Primary BBERF to setup QoS resources for the new SDFs that have been setup for the UE, such that when a HO occurs, latency is reduced during this HO.
Q6: How does the PCRF react to various transactions initiated by the non-Primary BBERF?
Request for authorization of new QoS rules (UE-init bearers access network): This is the case when the non-Primary BBERF is requesting authorization for setting up bearers for SDFs that do not exist in the PCRF. The PCRF should reject such a request from non-Primary BBERF, since there are no charging rules for this session in the PCEF. Also, since the IP-CAN reported by the non-Primary BBERF can be different from that reported by the PCEF, the PCRF cannot just download new PCC rules into the PCEF (as some PCC rules would belong to one IP-CAN type while the others correspond to a different IP-CAN type).
Request for authorization of existing QoS rules (UE-init bearers access network):  This should typically not happen, as the PCRF has kept the non-Primary BBERF aware of QoS rules for all active PCC rules for a UE. The PCRF should provide the QoS rules, but provide this as in-active for a BBERF with IP-CAN type of the UE-PDN PCC session. 

Request for PCRF initiated new PCC rule activation (eg. UE resource allocation request, in network-init bearer access network): In this case the network is requesting for PCRF to initiate a new PCC rule for the UE, i.e the PCC rule is not in the active PCC rules for the UE-PDN PCC Session. The PCRF should reject such a request for PCRF-init 
Request for PCRF initiated existing PCC rule activation (eg. UE resource allocation request, in network-init bearer access network): Should reject saying PCC rule already active

GW Control Session Termination: Ack
Acknowledgement of QoS rules Provision: This is the situation in which the non-Primary BBERF has setup resources corresponding to QoS rules provided (as inactive (gate closed)) by the PCRF. The PCRF should keep track of whether resources for PCC rules have been reserved in an access-network (IP-CAN). The reason for doing that is that subsequently when a PCEF does a UE-PDN PCC Session modification and provides an IP-CAN type which was provided by a non-Primary BBERF, the PCRF can download PCC rules for all active PCC rules for which resources have been allocated in the IP-CAN reported by the PCEF.
Q7: What PCC rules are downloaded to PCEF when it does an UE-PDN PCC Session Modification with a different IP-CAN type than the one present in the UE-PDN PCC Session context in PCRF?

The UE-PDN default PCC rules corresponding to the IP-CAN type provided by the PCEF. All the active PCC rules for which BBERF (primary/non-primary) has acknowledged that resources have been established in the access-network corresponding to the IP-CAN type. The PCRF should also mark the PCC rules which were previously active PCC rules, the PCRF should initiate “QoS Rules Provision” procedure with the primary BBERF. The PCC rules for which resources are successfully allocated by the BBERF, the PCRF do a “PCC rules provision” to PCEF and mark those rules as active (after PCEF acks). For the PCC rules for which resources are not successfully reserved in the access-network the PCRF should mark those rules as inactive and do the appropriate (interaction with AF etc).
Proposed changes to 23.203

· Definitions

1. UP-PDN PCC session to replace IP-CAN session definition?

2. UE-PDN Default/active PCC/QoS rules

· Primary BBERF: 
1. Need to add definition 
2. determination step in GW Control Session Establishment

3. determination step at IP-CAN Session Modification (to cover for DSMIPv6 case)

4. Addition that PCEF also provides the CoA address as part or in addition to the tunnelling header.
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UE is connected to BBERF1


BBERF1 does GW control session establishment (IP-CAN= AN1). Gets default Bearer QoS (active) rules.


BBERF1 does PBU/PBA with PCEF


PCEF does IP-CAN session establishment . Get default PCC rules


Dedicated bearer setup. Ded1 QoS rules to BBERF1. Ack to PCRF.


PCRF pushes Ded1 PCC rules to PCEF.








UE is connected to BBERF2


BBERF2 does PBU/PBA (ATT=AN1) with PCEF. PCEF does not modify IP-CAN with PCRF.


BBERF2 does GW control session establishment (IP-CAN= AN1). Gets (Def_B, Ded_B_1) QoS (active) rules.


Dedicated bearer setup. PCRF pushes new QoS rules to both BBERFS? Only one?


PCRF pushes Ded_B_2 PCC rules to PCEF.








BBERF1 does GW Control Session Termination. 


Life as usual. Single BBERF session








At a later point, BBERF1 does GW Control Session Termination. 


Life as usual. Single BBERF session.








UE is connected to BBERF2


BBERF2 does GW control session establishment (IP-CAN= AN2). What rules does the PCRF push to the BBERF2?


BBERF2 in parallel does PBU/PBA (ATT=AN2) with PCEF. 


PCEF modifies IP-CAN session (IP-CAN = AN2)


PCRF pushes only Def rules to PCEF for AN2


BBERF2 acks Ded1 Qos to PCEF


PCEF pushes Ded1 PCC rules to PCEF.


New Dedicated bearer.  What does PCRF do?








UE is connected to BBERF1


BBERF1 does GW control session establishment (IP-CAN= AN1). Gets default Bearer QoS (active) rules.


BBERF1 does PBU/PBA with PCEF


PCEF does IP-CAN session establishment . Get default PCC rules


Dedicated bearer setup. Ded1 QoS rules to BBERF1. Ack to PCRF.


PCRF pushes Ded1 PCC rules to PCEF.
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BBERF2 does PBU/PBA to PCEF (ATT = AN2).


PCEF does IP-CAN session modification (IP-CAN=AN2). Both (Def ,Ded1, Ded2) PCC rules are downloaded to PCEF. 


Life as usual. Single BBERF session.








UE is also connected to BBERF2


BBERF2 does GW control session establishment (IP-CAN= AN2). Gets (Def_B) QoS rules. Q1: what does PCEF do about Ded1 Qos?


PCRF also does QoS rules provision (Ded1) with BBERF2. Does it?


BBERF2 setups Ded1. Acks to PCEF. 


New Dedicated bearer.  Q2: What does PCRF do?








UE is connected to BBERF1


BBERF1 does GW control session establishment (IP-CAN= AN1). Gets default Bearer QoS (active) rules.


BBERF1 does PBU/PBA with PCEF


PCEF does IP-CAN session establishment . Get default PCC rules


Dedicated bearer setup. Ded_B_1 QoS rules to BBERF1. Ack to PCRF.


PCRF pushes Ded_B_1 PCC rules to PCEF.
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