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Introduction
TS 23.203 specifies a generic framework for policy and charging control functionalities, applicable to both 3GPP and non-3GPP Access Networks. This contribution discusses the application of the PCC framework to WiMAX as a non 3GPP IP access network.
Discussion
Figure 1 illustrates the reference architecture of PCC as introduced in TS 23.203.
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Figure 1 - Overall PCC logical architecture
Figure 2 illustrates the logical representation of the WiMAX network architecture as defined in [1]. The network reference model consists of the following logical entities: MS (mobile station), ASN (access service network), and CSN (connectivity service network). (Please refer to [1] for the exact definitions.)

WiMAX Forum Stage 2 document [2] additionally defines the QoS functional model depicted in Figure 3, which includes the following elements: MS, ASN, PF (policy function), AAA server, SFM (Service Flow Management) and SFA (service flow authorization).

PCC functional allocations in WiMAX architecture 

A possible mapping of PCC framework to WiMAX architecture is as follows:

· PCC’s AF can be an integrated or standalone entity in the core network (WiMAX CSN) 

· PCRF maps to the WiMAX CSN PF and is a core network function in all cases  

· SPR can be co-located with AAA server in the core network (WiMAX CSN)

· Rx and Sp reference points can be reused for AF-PF and PF-AAA respectively

· PCEF – there are 2 possibilities – collocated in ASN, or in the core (co-located with the MIP HA)
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Figure 2 - WiMAX Network Reference Model
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Figure 3. WiMAX QoS functional elements
It appears that Rx, Sp, Gy and Gz reference points and their associated procedures from PCC can be reused for WiAMX – but this requires further study. 
The focus of this discussion paper is on the location of PCEF and the Gx reference point. Specifically, we consider two scenarios; first, the scenario where PCEF is included in ASN; and second, the scenario where PCEF is a CSN function. 
SCENARIO 1 – PCEF in ASN 
Under this scenario, PCC entities, PCEF and PCRF, can be mapped to SFA and PF, respectively. Hence, R3 reference point will be equivalent to Gx reference point. However, since Release 7 PCC procedures do not assume possible relocation of PCEF (which is possible if an MS handover across an ASN occurs), applying Gx across the R3 reference point introduces a few open issues. 

PCEF relocation
To enable the PUSH mechanism in PCC framework, a Diameter session is established between a PCRF-PCEF pair for each IP-CAN session.  This session is maintained for the lifetime of the IP-CAN session. No mechanism has been devised for updating an IP-CAN session with a change of PCEF. To resolve this issue there are two possible solutions:
· Termination of the Diameter session and initiation of a new one as the IP-CAN session relocates to a new PCEF. The impact of this approach on the handover delay needs to be carefully considered. Additionally it results in breakage of one session into multiple ones from a charging point of view; which differs from the existing billing model.  

· Enhancing the Gx protocol to support relocation of PCEF, i.e., to extend Gx signalling such that change of PCEF would be covered by IP-CAN session modification updates.
SCENARIO 2 – PCEF in CSN

Locating PCEF in CSN will have minimal impact on the current PCC architecture as, from WiMAX’s point of view, PCEF can be considered a virtual enforcement point which acts as an interface between the true enforcement points, SFAs, and the PCRF.  PCEF would be in charge of 

· Maintaining a database of all the IP-CAN sessions being serviced by the SFAs connected to the PCEF including the address of the serving ASN

· Receiving PCC rule request messages from SFAs and translating them to and  relaying them as CCR messages to PCRF

· Receiving CCA messages from the PCRF and relaying it to the target ASN

· Receiving RAR messages from the PCRF and relaying them to the target ASN

· Receiving responses to RAR messages from SFAs and translating them to and relaying them as RAA messages to PCRF

· Handling the ASN relocation

In other words, PCEF in this scenario acts as a relaying/translation entity for the PCC messages between the PCRF and the true enforcement points (SFAs). A mechanism and additional messages between PCEF and SFAs for relocation of the SFAs need to be developed, which can be an extension of the existing Gx protocol. 

To be compliant with the PCC architecture, PCEF must use the MS home address for establishment and maintaining the IP-CAN session. This requires for PCEF to be co-located with the HA or be capable of inspecting the user plane explicit signalling from HA. 
Requirements on PCC framework:
· PCRF needs to recognize and be aware of WiMAX as an IP-CAN (RAT type) in order to make decisions accordingly.
· A mechanism for PCEF to obtain the home address (when not co-located with the HA) must be specified, as PCEF uses the mobile IP home address of the MS/UE in procedures related to the IP-CAN session. This mechanism should be applicable to all the IP addressing schemes supported by WiMAX.

· PCEF is required to ensure continuity of (both offline and online) charging sessions by hiding the relocation of ASN from Gy and Gz reference points, i.e., by ensuring that the IP-CAN modification does not trigger an “initial”  charging event, rather an “interim” charging event.   
Summary

There are two possibilities for location of PCEF in WiMAX: ASN and CSN. The former one requires extension of Gx protocol to allow for relocation of PCEF. The latter one requires defining a Gx like protocol on R3 and introducing enhancements in PCC framework to ensure continuity of IP-CAN session with relocation of SFAs. 
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