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Abstract

In this paper, we propose enhanced dynamic location update mechanisms that perform better than the dynamic distance-based location update mechanism used in CDMA 1X EV-DO. The distance-based scheme does not utilize the knowledge of the direction of motion of mobiles. Such knowledge may be based on long-term and/or short-term observations of aggregate and/or mobile-specific mobility patterns. We model the system as a finite-state absorbing Markov chain and show the conditions under which our enhanced location update mechanism performs better.
1 Introduction

Idle-mode mobility management in cellular systems involve location updates and paging. Idle-mode mobility is not tracked at the granularity of individual cells. Instead, it is tracked at a coarser granularity of a group of contiguous cells termed as a "location area". A location update mechanism involves the reporting of this location area information by an idle mode mobile to the network, whenever it moves from one location area to another. Because the network knows the location of the mobile only at the location area-level, when there is an incoming call for the mobile, the network needs to page the mobile in all the cells in the location area. Both the location update mechanism and paging will generate signaling load on the network, and reducing the load due to one of these would involve an increased load due to the other. The trade-off between location update and paging cost is a well-researched topic as shown by Bar, Kessler, and Sidi  (1994), Ho and Akyilidiz (1995), and Escalle, Jiner, and Oltra (2002).


In CDMA 1X EV-DO, specified in 3GPP2 C.S0024-A v1.0 (2004), a dynamic distance-based location update mechanism is used. In this scheme, a mobile makes a location update if the distance between the BTS in which it is currently camped, and the BTS where it made its last location update is greater than a parameter called RouteUpdateRadius. As shown by Raman and Kalyanasundaram (2005), this scheme provides a significant performance benefit over the static location update mechanism used in GSM/GPRS/UMTS networks. However, the distance-based mechanism does not utilize the knowledge of the direction of mobiles’ movement.


In this paper, we propose an enhanced mechanism that utilizes the knowledge of the direction of the mobiles’ movement. When a mobile is more probable to move in a particular direction, such as in a highway, a location area having more cells in that direction will make the mobile send fewer location updates when compared to the distance-based scheme. We develop an analytical model to compare the performance of our scheme with that of the distance-based scheme. Our analysis shows that a significant reduction in signalling costs can be obtained using our scheme. Our analysis compares the location update costs, while keeping the same paging cost. 

2 Proposed Directional Distance-Based Location Update Mechanism

In the directional distance-based location update scheme, the cells broadcast a set of angle ranges of the form (θ1,θ2), (θ3,θ4), etc. and a set of RouteUpdateRadii R1, R2, etc. corresponding to these angle ranges. These angle ranges together span the entire range of [0, 2π]. In addition, as  in the distance-based scheme, the BTS broadcasts the (x,y) coordinates of the BTS site. A mobile will now calculate not just the distance between the current cell and the cell where it sent the last location update, but also the angle between the locations of these two BTS sites. If the calculated distance is greater than the RouteUpdateRadius corresponding to the range in which the calculated angle falls, the mobile sends a location update. Using this scheme, we can realize non-circular location areas. For example, we can give a larger location update radius along the direction in which the mobile is moving. 

3 Analytical Modeling
We develop an analytical model to compare the performance of the directional scheme with that of the original dynamic distance-based scheme. We use the load due to location update messages as the metric to compare these schemes. We compute this metric by ensuring that the number of cells that need to be paged is almost the same in all the schemes. We assume that a location area contains a center cell surrounded by rings of neighbors for the usual distance based scheme. For the directional scheme, the number of rings of neighbors for different angle ranges is adjusted such that the number of cells in the location area is the same as in the distance-based scheme.
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Figure 1: Transition probabilities for a highway cell

We model the mobility of the users as a finite state discrete-time absorbing Markov chain. The state of the mobile is the cell in which the mobile is currently camping. The state space contains the set of all cells within a location area along with the absorbing state. The cells are numbered 0, 1, 2,...N-1, where N is the total number of cells in the location area. The cell in which the mobile makes an update is named cell 0, and this is the initial state of the mobile. The mobile makes a location update when it enters the absorbing state. For our analysis, we consider a highway scenario where the mobiles that are on highway cells are more likely to remain on a highway cell. We have two types of cells. Those along the highway termed as “highway cells”, and those that are not on the highway termed as “normal cells”. Depending on the type of cell in which the mobile is currently camping, the state transition probability will vary. In normal cells, the mobile can leave the cell through any of the faces with a probability of 1/6. In highway cells, the mobile leaves the cell along the highway in the same direction as it entered with a probability of p, and in all other directions with a probability of (1-p)/5, such that p>=1/6. This non-uniform transition probability models the bias in the direction of motion of mobiles in highway cells. Figure 1 shows the transition probabilities for a highway cell.

For both types of cells, we assume that the mobiles stay in a cell for a finite duration of time called cell residence time, which is generally distributed, possibly with different means. Let Q be the matrix of transition probabilities, such that the (i,j)-th element of this matrix gives the transition probability of the mobile going from cell i to cell j. Let I be the identity matrix of the same order as Q. If the average cell residence times in highway cells and normal cells have the same mean, then the first element of the column vector (I-Q)-1[1 1 1...1]T gives the average number of cell residence times before the mobile reaches the absorbing state from state 0. The i-th element in the first row of (I-Q)-1 gives the number of cell residence times spent by the mobile in the i-th state, given that the initial state of the mobile is the center cell (or cell 0) of the location area. To account for different cell residence times in different cells, we can appropriately multiply the number of times the mobile visits a certain cell with the average cell residence time in that cell. Let us denote by m, the ratio of the average cell residence time of a mobile in a normal cell to that of the mobile in a highway cell. Let us denote by v the column vector whose i-th element is m, if cell i is a normal cell and it is 1 if i is a highway cell. Then the i-th element of the column vector         (I-Q)-1v gives the average number of highway cell residence times for a mobile in state i to make its next update. The metric of interest is the first element of the column vector (I-Q)-1v.

The parameter m effectively captures the effect of velocity of motion of the mobiles. Thus, a higher value of m would mean that the mobile is moving at a greater velocity in the highway cell than in the normal cell, and hence spends lesser time in the highway cell when compared to the normal cell. 

When the network knows the direction in which the mobile is moving based on short-term mobility pattern, a mobile-specific optimization is possible. For example, the mobile's previous cell can be considered while assigning a RouteUpdateRadius.   All     the     normal     cells broadcast an isotropic RouteUpdateRadius similar to the usual distance-based mechanism resulting in circular location areas. But all the highway cells broadcast non-isotropic RouteUpdateRadii depending on the direction of mobiles, resulting in a non-circular location area. For ease of exposition, we assume that the highway is along the east-west direction. Thus, in this case the broadcast information specifies a larger RouteUpdateRadius along the eastern  direction  if 
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Figure 2: Example system model for directional distance-based location update mechanism

the previous cell is to the west of the current cell, and vice-versa. The RouteUpdateRadii for the different angle ranges can be broadcast by the cell and the mobile can be forced to remember the previous cell so that it can choose the correct RouteUpdateRadius value from among the different options broadcast by the cell for the same angle value. As part of the location update message, the mobile also lets the network know the RouteUpdateRadius that it picked from the possible options. This will enable the network to know the set of cells in which to page for the mobile.

Figure 2 shows an example of the directional distance-based location area. In this particular example, the mobile makes an update in the center cell, which is a highway cell. Because the previous cell is to the west of the current cell, the mobile is given a larger RouteUpdateRadius of Dmax = 4 in the eastern direction within a range of (-30o, +30o). All the  cells  that  are strictly within this range of angle up to a distance of Dmax = 4  (in units of BTS-to-BTS distance) from the center cell belong to this location area. In all other directions a smaller RouteUpdateRadius of Dmin = 2 is specified, and these cells are also included in the location area as shown in Figure 2. Throughout the analysis in this section we use the ordered pair notation (Dmin,,Dmax) for referring to the   RouteUpdateRadii   transmitted   by  the  cell when the angle ranges over which their distances apply are clear. We also use this notation  because
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Figure 3: Comparison between distance-based and directional distance-based algorithms
the cases we consider have only two possible distance values. Thus, in this example, the RouteUpdateRadii can be written as (2,4). Because the direction of motion of the mobile is known (as shown in Figure 2), a larger RouteUpdateRadius is needed only along that direction. The usual dynamic distance-based mechanism is a special case of our formulation, where Dmin = Dmax. 


For our analysis, we vary the following parameters: the probability p of remaining in the highway cell, the RouteUpdateRadii pair (Dmin,,Dmax), and the normalized cell-residence time of remaining in a normal cell m. We compare the average number of “highway” cell residence times between two location updates across different values of p for the distance-based and the directional distance-based mechanisms. Figure 3 shows this plot for (3,3) for the distance-based mechanism, and   (2,6)   and   (1,8),   for the directional distance-based mechanism. Note that all these radii values will result in almost the same paging cost. We can see from the figure that the usual distance-based mechanism performs better than the directional distance-based mechanism for small values of p. However, at higher values of p, the directional distance-based scheme performs better than the distance-based scheme. This shows that the directional distance-based scheme will be beneficial when the mobile tends to move in a particular direction with a high probability, as in a highway. Also, it can be seen from the figure that the directional scheme using (1,8) performs better  than the directional scheme using (2,6) at even higher values of p. The figure also shows the performance comparison for two different values of m. It can be seen from the plots that when the mobile stays in a highway cell for a smaller time than in a normal cell (corresponding to m = 2 in the figure), the benefit due to the directional-distance based scheme can be obtained only at higher values of p when compared to the m=1 case. 

We can obtain an optimal location update mechanism which is essentially the envelop of the performance curves obtained for different RouteUpdateRadii at a given paging cost. The optimal scheme therefore requires the network to choose and send the appropriate RouteUpdateRadii values depending on its knowledge of p.
4 Conclusion

Using analysis, we show that a location update mechanism that utilizes the knowledge of the direction of mobiles’ motion can provide a significant reduction of signaling load over the distance-based scheme.
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