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1. Introduction
Policy associated with QoS and charging is emerging as an important function in today’s mobile networks. It provides an operator the capability to specify and apply policy related to the quality of service for users and to control the charging in a transport node. In UMTS Release 7, the PCRF function is connected to a gateway (e.g. GGSN) through the Gx+ interface and controls the policy enforcement point (PEP) for QoS handling and Traffic Plane Function (TPF) for flow-based charging [1]. 
This contribution considers the different options for the attachment of the PCRF to the Evolved AS, whether it should be connected: 
1. Solely to the evolved packet core only, as in the B1 architecture [2], or 
2. To the evolved RAN only, or 
3. To both the evolved packet core and the evolved RAN. 
The choice for the point of attachment of the PCRF depends on the location where the PEP and TPF functionality will be placed. This contribution analyses these different options and describes the advantages as well as the associated issues arising with these different options. The level of impact on the baseline RAN and CN architecture is also highlighted. 
2. Architectural options
2.1 PCRF attached to the Evolved Packet Core

[image: image1]
Figure 1. Architectural option with PCRF attached to the Evolved Packet Core
This architecture is consistent with the existing PCC architecture, whereby the PCRF is connected to the Gateway located at the packet core. The Gateway provides user plane traffic handling and its QoS, and service data flow detection and counting as well as online and offline charging interactions. These network control rules for QoS and charging are provided by a PCRF attached to that Gateway. 
This option could inherently guarantee QoS for the packet flow between the Gi+ interface towards the UE by some form of tunnelling between QoS enabled nodes, as currently defined in the standards, or any other appropriate mechanism that is able to guarantee the QoS across the evolved packet core and evolved RAN. 
For charging, the advantage of having the TPF in the core network is that the TPF is less impacted by mobility of a UE between the RANs. 
2.2 PCRF attached to the Evolved RAN


[image: image2]
Figure 2. Architectural option with PCRF attached to the Evolved RAN
A second option is to enhance the capability of the PCRF to support an interface to the RAN. This architectural option is considered to be on a more extreme concept, in that it is moving away from the conventional case of attaching the PCRF to the packet core, whereby the PEP and/or TPF functionality has been moved to the RAN. 

This option has the advantage that the RAN would contain the capabilities to directly support user to user data flows without necessarily using the packet core for transporting user data, potentially improving end-to-end latency and reducing transport requirements between the packet core and RAN. 

This essentially means that not only the RAN has to be IP-based, but also the RAN needs to be connected to other entities (for e.g. HSS) in order to support some of the functionalities which are conventionally located at the packet core. Furthermore, whilst potentially offering more flexibility, handover between RAN nodes, this would result in increased complexity in the charging (for e.g. correlation of CDRs, handover of charging information, etc).
2.3 PCRF attached to both the Evolved Packet Core and Evolved RAN
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Note: A separate PCRF attached to each of the packet core and RAN may be needed if they are managed by different operators
Figure 3. Architectural option with PCRF attached to both Evolved Packet Core and Evolved RAN
The option of attaching the PCRF to both the evolved packet core and evolved RAN can potentially combine the advantages offered by the first two options described earlier. 
A potential scenario of this architecture is when the evolved RAN and the evolved packet core are managed by different operators, for e.g. when a certain operator only has control over a RAN, but not the packet core. 

For the case when both the evolved packet core and evolved RAN are managed by the same operator, there is a need to decide if the PEP/TPF functionality is required in both the core and RAN. If it is envisaged that all user traffic is routed through the evolved packet core even in the case of two UEs located within the same evolved RAN communicating with one another, then maintaining the TPF and PEP in the packet core may be sufficient. In this case, the connection between the evolved packet core and the evolved RAN could be based on some form of tunnelling mechanism. 
However if a pure IP solution (for e.g. Mobile IP) is used for routing between the packet core and the RAN, then it is envisaged that the PEP/TPF functionality is needed in both the core and RAN. Providing packet marking in the RAN and utilizing native IP routing between the network nodes allows a more flexible treatment of user to user transport flows i.e. not constrained by the connectivity of the tunnelling endpoints (RNC->SGSN->GGSN) as used in the current 3GPP network architecture. 
2.4 Impact level on the baseline architecture

Here we summarize the level of impact foreseen on the baseline RAN and CN architecture for the different point of PCRF attachments to the Evolved AS.

	PCRF attachment options
	Impact on the baseline RAN architecture
	Impact on the baseline CN architecture

	1. PCRF attached to the Evolved Packet Core
	No impact
	No impact

	2. PCRF attached to the Evolved RAN
	Major impact - some existing CN functionality (e.g. TPF/PEP) moved to RAN
	Potential impact if CN functionality is reduced

	3. PCRF attached to the Evolved Packet Core and Evolved RAN
	Moderate to major impact (depending on functional split between CN and RAN)
	Negligible to moderate impact (depending on functional split between CN and RAN)


3. Conclusions and Proposal
3GPP LTE and SAE activity is currently been tasked to develop the core network and RAN functional split by September. For the majority of functions, it is likely we can achieve a clear agreement.  However, Fujitsu encourages the working groups not to discount the placement of functions at this stage that could lead to more flexible architectures in the future.
In particular, identifying functions that can lead to the additional flexibility should be noted as a key result of the LTE and SAE study. Two of these functions are the TPF and PEP. The value of these functions and the associated PCRF component are recognised in the CN and should remain in an Evolved CN. However, it is also recommended that the existence of these functions in the Evolved RAN should not be discounted and should be marked for further study. The need for such functions will be dictated by future discussion on the flexibility applied on the user data transport.
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