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1. High-level principles
Motorola’s recommendations on the RAN-CN split for mobility-related functionalities are based on the following high-level principles:
· The mobility scheme being proposed is Mobile IP with proxying techniques and multiple levels of mobility anchors.

· Use proxying techniques, such as proxy Mobile IP, to avoid tunnel headers from being sent over the air and also for network control of mobility.
· Multiple levels (two in most cases) of mobility anchors in the serving network, with mobility within a subnet being anchored at the Micro-mobility anchor and mobility across subnets handled by regional-mobility anchor. Mobility at lower level is hidden from upper-level mobility anchors; only mobility across anchors at lower level is exposed to mobility anchor at upper level.
· Allow for a flat architecture and have the mobility-related functions, such as, paging, location update, etc. be handled by the E-Node-B, with optional involvement of a centralized control-plane server.
· Efficient data and context transfer across E-Node-Bs to enable fast and lossless handovers.
Figure 1 shows the proposed E-UMTS architecture with the various mobility management entities called out. In the following sections, we describe some of these entities in more detail.
2. Intra-technology mobility: Connected/Active mode

Our mobility solution in the connected mode is a hierarchical mobility management scheme, where cell changes within the same subnet are handled within the subnet. The mobility anchor for intra-subnet handovers is handled by the micro-mobility anchor. Mobility across subnets is handled by a regional mobility anchor. The mobility management scheme consists of a combination of L2 ARP proxying and L3 tunneling techniques. We advocate using proxying techniques so that the E-Node-B initiates changes to the routes (e.g. mobile IP-registration requests) to the mobility anchors, and the mobile itself does not participate in the updates of the tunnels with the respective mobility anchors. The tunnel headers are decapsulated in the network itself at the E-Node-B so that tunnel headers are not transported over the air. 
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Figure 1: Proposed E-UMTS architecture

Our proposal also includes E-Node-B to E-Node-B data transfer and context transfer (e.g. header compression context) to have lossless and fast handovers. Techniques similar to those used in the fast Mobile IP proposals can be reused for this purpose [1].
3. Intra-technology mobility: Idle mode

In our mobility management approach, for a mobile in “CN connected” state, the routes (e.g., tunnels) are set up and available to route traffic of a particular mobile to the cell or E-Node-B in which the mobile was last seen. (See Figure 2 for the mobility management states in the regional mobility anchor). This last known cell may be the cell in which the mobile ended its last session, or in which the mobile sent its last location update message, whichever is later. The E-Node-B towards which the tunnels are set up and available for a particular mobile, maintains the current state of the mobile, which would be one of “active” or “idle.” The E-Node-B will transition the mobile to the idle state when there is no activity from the mobile for a time that exceeds a certain time out period. In the active state, the location of the mobile is known at the cell-level, and context-information being moved as the mobile moves across cells [2]. In idle mode, our proposal is to use peer-to-peer messaging between E-Node-Bs to enable one E-Node-B to request another to page the mobile. The E-Node-B of the last cell in which the mobile was seen will page the mobile and send such paging requests to other E-Node-Bs in the location area based on the current state of the mobile. 

Figure 2: Mobility management states at the regional mobility anchor
Upon receipt of a location update message from a mobile, we update the tunnels and routes (e.g., micro-mobility anchor to E-Node-B, and optionally the regional mobility anchor to E-Node-B) and transfer context to the new E-Node-B. Optionally, we can use a centralized control plane server to store context information related to the mobile and to store the addresses of E-Node-Bs in a location area. The control plane server can be used to centralize other functions that may benefit from such centralization. The decision on which of these functions should be centralized and which are to be left distributed are FFS.
There are significant benefits of using a distance-based location update mechanism [3]. Given a distributed architecture with E-Node-Bs storing context information for mobiles in idle mode and because the tunnels are “always on,” it is crucial to distribute the load of handling idle mode mobiles evenly. The distance-based location update mechanism is able to distribute the location update message overhead evenly across all cells unlike the static location update mechanism which loads only the cells on the boundary of a location area.
4. Inter-technology mobility between 3GPP networks: Connected/Active mode
Our inter-technology mobility proposal is based on the loose-coupling model of “Figure B.2.” We have the IAS-MM entity above the GGSN that acts as the equivalent of home agent and tunnels the traffic to the E-UMTS network for an inter-technology handoff from the UMTS to E-UMTS network. Similarly, there is an entity that does the equivalent of the home agent functionality in the E-UMTS network that tunnels the traffic to the UMTS network for an inter-technology handoff from the E-UMTS network to the UMTS network.
We can either have the mobile initiate the L3 Mobile IP-type registration messages to the IAS-MM or can have it be done by proxy by the E-Node-B. It is FFS as to which of these options is preferable.
For layer-2 handoffs and inter-RAT load balancing, the mobile would have to make inter-RAT physical-layer measurements. Such physical-layer measurements can be enabled by the network if it sends out neighbor lists that include cells of both technologies. The mobile is not expected to have two different radios on at the same time. The mechanism for a mobile to make measurements on two different RATs is FFS and depends on the details of the physical layer of E-UTRAN. If the network needs to get involved in the handoff decision-making, it needs to collect measurement reports from the mobile. Handoff decision-making, collection of measurement reports, and neighbor-list advertisement functions are best placed in the RAN. 
5. Inter-technology mobility between 3GPP Networks: Idle mode

There are two options to consider for inter-technology idle mode handoff. In one case, the mobile informs the network about inter-technology handoffs in idle mode and the mobile is paged in either the UMTS network or the E-UMTS network but not both. In this case, we need an entity that keeps track of the radio technology in which the mobile is reachable. This solution will require location update messages each time the mobile makes an idle mode handoff from one technology to another.
The other possibility is that the mobile need not let the network know each time it changes radio access technology. But when the mobile needs to be paged, the network pages the mobile in both technologies. It is FFS as to which of these options is preferable.
6. Inter-technology mobility between 3GPP and non-3GPP Networks
Inter-technology mobility between 3GPP network and non-3GPP network can be allowed to be completely mobile-controlled, with the exception of inter-working between I-WLAN and 3GPP networks for which inter-working mechanisms have already been defined. The mobile can choose the technology to which it should connect based on physical layer measurements, and then start client Mobile-IP mechanisms if it wants to maintain existing sessions.
7. Implications on RAN-CN split

The following are the implications on the RAN-CN split given the above mobility framework.
· IAS-MM is at the core network
· Micro-mobility is anchored in the RAN

	Location:

High-level Function:
	RAN
	CN
	Comments

	Intra-radio access mobility, connected mode
	X
	
	Almost all of this function is in the RAN, except the regional mobility anchor which does tunnel redirection

	Location management, paging, intra-radio access mobility in Idle mode
	X
	
	Most of paging and location management are handled in the RAN. Only mobility that spans across different micro-mobility domains is made known to the regional mobility anchor in the CN

	Inter-Radio Access mobility, connected mode
	X
	X
	Measurements are made by mobile and sent to entities in RAN, Inter-technology handoffs are anchored in the CN at the IAS-MM. Handoffs for radio-related reasons at the RAN, and for services-related reasons at the CN.

	Inter-Radio Access mobility, idle mode
	X
	X
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