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1 Introduction

At last SA2 meeting in Sophia Antipolis, the function split between CN and RAN has been discussed and the document S2-052381 [1] has been issued as a basis of discussion. One of the open points concern the allocation of Location management, Paging, Intra-radio access mobility in LTE_IDLE mode to RAN or CN. It is discussed below.

2 Discussion

2.1 Separation of User Plane and Mobility Management Control Plane

One of the main requirements for SAE-LTE is to minimize the end-to-end transfer delay in the user plane. This implies to reduce the number of nodes all along the user plane path. It is therefore proposed to have a direct user plane connection between the ASGW (Access System Gateway) and the ENB (Enhanced NodeB) when the UE is in ACTIVE state, as shown in figure 1.

When the UE is in LTE-IDLE, the ASGW should maintain a UE Mobility context (VRF address, see further), created at UE registration, in order to be able to page the mobile. The first idea is to separate user plane functions from mobility management control plane functions. For this, we introduce two logical functions 
1- a “Paging Controller Function” (PCF) owning the Tracking Area / Cells mapping and responsible for paging the UE in all the cells of the Tracking Area. 
2- a “Visited Register Function” (VRF) accessed at UE registration, responsible for performing the authentication and access authorization in a Tracking Area with the help of HSS subscriber data. 

When a UE in LTE-IDLE is moving from a Tracking Area to another, it “registers” by sending a “Tracking Area Update” request to the ENB it is camping on. The ENB sends this request to the VRF function that is in charge of controlling the access authorization in the Tracking Area for the UE with the help of the HSS. 
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Figure 1: Visited Register Function and Paging Controller Function
In LTE-ACTIVE state (including Dormant substate), the UE is known at cell level (Dormant is equivalent to Cell-PCH). It is assumed that there is a direct tunnel established between the ASGW and the ENB.

In LTE-IDLE state, the UE is known at “Tracking Area” level. It is assumed that there is no tunnel between ASGW and a ENB: indeed, the UE is only known at Tracking area level which encompasses several ENBs. 

When user data are to be sent to this UE, either 
a) the ASGW has a tunnel established with the ENB for that UE (LTE-ACTIVE), and it just sends the user data into that tunnel. If the UE is in “Non-dormant Active” state, the data will be sent in the established connection. If the UE is in “Dormant Active” state, the ENB will page the UE under the cell and the data will be sent after paging response from the UE.
b) the ASGW has no tunnel for that UE (LTE-IDLE), and it notifies the “Visited Register Function” about the need to page the UE. The “Visited Register Function”, knowing the current Tracking Area of the UE, requests  the “Paging Controller Function” to page the UE in the corresponding cells. The Paging Controller Function requests the corresponding ENBs to page the UE. The UE response will be received by the Paging Controller Function via the ENB. The Paging Controller Function is able to return the ENB IP address directly to the ASGW (VRF not needed anymore), and the ASGW can establish a tunnel with the ENB in order to send the user data. 

2.2 These two functions (VRF and PCF) are in the control plane only. The VRF function maintains a UE context indicating the Tracking Area where the UE is registered. The PCF function is aware of the cells corresponding to a Tracking Area. By O&M, a Tracking Area is configured as a set of cells with ENB IP addresses.

2.3 Paging Controller location

The Paging Controller function may be:
a) implemented in the ASGW
b) distributed in the ENBs
c) in a separate node

Alcatel believes that the Paging Controller function is a RAN function. This is because the Tracking Area is defined as a set of cells, and the well-known rule for UMTS is that the Core Network is not aware of cells. Instead, 3GPP has introduced the concept of SA “Service Area”. 
The mapping of Tracking Areas to Cells, in the Paging Controller Function, is a RAN matter. The size of the tracking area is radio dependent since it is a compromise between the Paging signalling amount and the Tracking Area Update signalling amount. Radio cells and the relationship with Tracking Areas are configured by the O&M controller of the RAN operator. In a shared network scenario with one RAN operator and several CN operators, it is clear that the Paging Controller must be in the RAN. 

Therefore, Alcatel does not recommend to implement the Paging Controller Function in the ASGW. The ASGW is clearly part of the CN and mixing CN and radio objects in the O&M is not a good principle. 

The two remaining scenarios i.e. Paging Controller in the ENB, and Paging Controller Function in a separate RAN nodes, both mean that the Paging Controller Function is in the RAN. Which scenario among b) and c) is the best solution can be studied in a further contribution. 

The subscriber roaming authorizations related to PLMNs and to Tracking Areas are owned by the CN operator and can be provided to the VRF function for local access authorization. 

3 Proposal


	
	RAN
	CN
	Comments

	Location management, Paging, Intra-radio access mobility in LTE_IDLE
	
	
	

	· Indicate cell information (PLMN-ID, tracking area-ID, radio parameters) to UE for cell/PLMN selection in LTE_IDLE
	X
	
	Radio parameters, cells and mapping between cells and tracking areas are hidden to the Core Network. They are managed and configured by the RAN operator, also allowing Network Sharing with several CN operators.

	· Accept/deny and store UE’s location (tracking area) in LTE_IDLE
	
	X
	For paging inactive UEs and for recovery. Roaming authorizations for the UE are handled by the Visited Register Function (VRF), allowing RAN Sharing.


	· Initiation of Paging of LTE_IDLE UEs within tracking area
	X
	X
	Decision to initiate paging is in the Visited Register Function (VRF).

Execution of paging in the corresponding cells is carried out in the ENB under control of the Paging Controller Function (PCF)


	· Local Storage of subscriber information about allowed PLMNs and location restrictions within PLMN 
	
	X
	To decide on tracking areas allowed for UE/user. Roaming authorizations for a given UE are maintained by the Visited Register Function (VRF).



4 References

[1] S2-052381, RAN-CN Function list Version 06
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