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1 Introduction

In RAN2 #51, we have presented a contribution that highlighted the benefits of tailoring tracking areas to match the mobility patterns of UEs [1]. In this contribution, we present an approach based on the concept of reporting centers that can be used to achieve such tracking areas. Note that the approach we have outlined in this contribution is also dynamic in the sense that the tracking area is formed based on the cell in which the UE makes the tracking area update. 
2 Reporting-centers based tracking areas
The following are the key features of the scheme presented in this paper:

· Dynamic tracking area that depends on the cell in which the update is made

· Tailoring of tracking area based on knowledge of the mobility patterns of UEs

· Capability to achieve arbitrary tracking area shapes

· Significant reduction in signaling load due to tracking area updates and paging

The distance-based scheme presented in [2, 3] can only achieve circular tracking area shapes and cannot be tailored to make use of mobility patterns of UEs.  In this paper, we propose a simple scheme that makes use of the knowledge of the UEs' direction of motion. Such knowledge may be based on long-term and/or short-term observations of aggregate and/or UE-specific mobility patterns. For example, UEs on a highway are more likely to keep moving along the highway, and hence we should be able to reduce tracking area update signaling by including more cells on the highway in the tracking area. Such arbitrary shapes can be achieved using a static tracking area, but cannot be obtained using a dynamic distance-based approach of [2, 3]. Our scheme combines the benefits of a dynamic approach, where the tracking area is determined by the cell in which the update is made, with that of the static approach, where there is the flexibility of achieving arbitrary shapes. The approach outlined in this paper can achieve arbitrary shapes to tailor the tracking area for different scenarios, such as, winding highways, criss-crossing highways, etc. 
In our scheme, we designate the cells on the outer boundary of the desired tracking area as “reporting centers”. A UE makes a tracking area update if it enters any of these reporting centers. The UEs receive the identities of the reporting centers from the cell where they make their tracking area updates. The main idea is we should ensure that the UE does not leave the desired tracking area without sending a tracking area update. Sometimes this may require that we include more than the first ring of boundary cells. We can use this scheme to realize arbitrary tracking area shapes for scenarios, such as, a winding highway. Using the reporting center technique, cells on either side of the highway can be designated as reporting centers. This scheme does not involve any computation at the UE. However, the cell has to broadcast a list of cell identities designated as reporting centers, which need to be stored at the UE. Alternatively, if we want to capitalize on knowledge of UE-specific mobility patterns, the UE can be informed of its reporting centers individually in a unicast fashion.

A more parsimonious representation of the reporting centers is possible by forming polygonal tracking areas, which are determined by its vertices. The UE is only informed of the (x,y) co-ordinates of the vertices, and it is expected to determine other reporting centers that are not vertices of the polygon by interpolating adjacent pairs of vertices. For this purpose, the cells should broadcast their (x,y) co-ordinates as in the distance-based scheme.
For our description, we consider a highway scenario where the UEs that are on highway cells are more likely to remain on a highway cell. We have two types of cells: those along the highway, which we term as “highway cells,” and those that are not on the highway, which we term as “normal cells.” For the description that follows, we assume that the  highway is along the east-west direction. 
2.1 UE’s directional bias is not known

In this case, the direction towards which the user's mobility is biased is either not known or is not used to determine the tracking area. Because the mobility is just as likely to be biased in the eastern direction as in the western direction, there is no reason to pick different numbers of rings of neighbors for these two directions. However, for the other directions, a smaller number of rings of neighbors can be picked. An example of the tracking area achieved for this case is shown in Figure 1. Here the UE makes an update in the center cell, which is a highway cell. But the network does not know in which direction on the highway the UE is heading. The UE is given four rings of neighbors in both the eastern and western directions corresponding to the angle ranges (-30o, +30o) and (+150o, +210o). The number of rings of neighbors in the tracking area in all other directions is two.
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Figure 1: Example of tracking area shapes achieved for the case where the UE's directional bias is not known. The first ring of white cells is designated as the set of reporting centers
2.2 UE’s directional bias is known
If the UE's directional bias is known, we can make use of this knowledge to reduce the signaling load even further. This can be achieved by several means. One alternative is to inform the UE about the UE-specific reporting centers in a unicast fashion when it makes its tracking area update. The network can rely on short-term or long-term observations made of a particular UE's likely directional bias to decide on the set of reporting centers. As part of the tracking area update, the UE can inform the network of its short-term directional bias. The set of reporting centers can also make use of correlation of the directional bias with time-of-day statistics.

Another approach is to inform the UE of multiple sets of alternative reporting centers (from which the UE would choose one set) by means of broadcast messages. In this case, we would consider a UE's previous cell while determining its reporting centers. The broadcast information would specify a set of reporting centers farther away along the eastern direction for all UEs whose previous cell is to the west of the current cell and vice-versa. Note that the network itself does not know the previous cell of the UE. Therefore, multiple reporting center options need to be broadcast by the cell, and the UE is expected to remember the previous cell so that it can choose the correct set of reporting centers. As part of the tracking area update message, the UE also lets the network know the set that it picked from the possible options. This will enable the network to know the set of cells in which to page for the UE.

Figure 2 shows an example of a tracking area which makes use of the knowledge of the directional bias of the UE. In this example, the UE makes an update in the center cell which is a highway cell. It is known that the UE's directional bias is in the eastern direction, for example, because the previous cell is to the west of the current cell. Hence the UE is given a larger number of rings of neighbors in the eastern direction within a range of (-30o, +30o). In all other directions a smaller number of rings of neighbors (2) is specified, and these cells are also included in the tracking area as shown in Figure 2.
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Figure 2: An example of tracking area achieved when the UE's directional bias is known to be along the eastern direction. The first ring of white cells around the shaded region forms the set of reporting centers
3 Conclusion 

In this contribution, we have outlined a dynamic reporting-center based tracking area approach that can be used to tailor the tracking area shape based on knowledge of mobility patterns of UEs. We can achieve significant reduction in signaling load due to tracking area updates and paging, and we can achieve arbitrary tracking area shapes. 
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