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Abstract. In this paper, we propose a novel dynamic IP paging scheme, where 
a paging area size is configured dynamically based on the speed and direction 
of a mobile node. The performance evaluation results demonstrate that the 
proposed IP paging scheme reduces the power consumption, compared to a 
fixed IP paging scheme.   
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1   Introduction 

An important design factor of IP Paging is the size of a paging area because the 
overall system performance may depends on the factor. Several studies on IP paging 
have been progressed for determining the paging area size dynamically [1,2,3]. 
However, those studies considered the speed of MN only at the calculation of the 
paging area size and suggested that the paging area size of MN should expand as its 
speed increased, Since the larger paging area may cause the more routers to go 
through the signaling overhead for paging area updates, those approaches have to be 
further refined. This paper attempted to reduce the signaling overhead by proposing a 
novel dynamic IP paging scheme, where a paging area size is configured dynamically 
based on the velocity of MN as well as its direction.  
The remainder of this paper is organized as follows. Section 2 presents our Paging 
scheme for PMIPv6 in which the paging areas are configured dynamically according 
to the velocity of the mobile node. Then, simulation results demonstrate the 
performance of our proposed scheme in Section 3. Finally this paper is concluded in 
Section 4. 

2   A Dynamic IP Algorithm 

There are researches for IP paging in PMIP [4,5]. However, previous researches just 
considered MN’s speed and fixed PA. In this paper, our aim is to reduce paging and 
update costs by applying dynamic PA according to the mobile speed and direction. 
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The random processes for speed change and direction change are modeled as 
completely independent of each other. However, it is normally not true in reality [6]. 
If the fixed PA is optimized for very low-speed MNs, the probability of crossing the 
PA boundary for high-speed MNs will increase significantly, and vice versa. 
Therefore, it is desirable to have a more adaptive PA, i.e., the paging area is shaped as 
taller-than-wider for high-speed MNs and wider-than-taller for low-speed MNs as 
shown in Figure 3.  

Here, we propose a principle that models typical movement patterns of mobile 
nodes. Movement patterns correlate the direction change with the speed change. It is 
assumed that the direction is varied exponentially according to the mobile speed. 
Equation 1 shows the relationship between direction and speed. v indicates the current 
MN’s speed, and f(v) indicates direction change. The angular span of PA is used to 
determine the dynamic PA as a function of the MN’s speed. α is defined as the 
gradient of angular span. 
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Figure 1 shows the angular span according to the mobile speed. In this paper, the 

paging update period is set to 10 min. Figure 2 shows the proposed paging area (PA) 
according to the mobile speed. 

 
Fig.1. Angular span according to the mobile speed 

 

 
Fig. 2. Paging areas according to the mobile speed 
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3   Performance Evaluation 

In this section, we carry out an evaluation of the proposed paging algorithm. We 
estimate the bandwidth cost of location update and paging in the access network. 
Total cost is calculated in Equation 2. 

update pagingC = C +C . (2) 

 
where Cupdate is update cost and Cpaging is paging cost.  
• λc: rate of session arrival 
• λs: the number of times an MN goes to sleep-mode per unit time 
• Cb: bandwidth cost 
• R: cell radius 
• v: speed of mobile node 
• Rcc: the number of MMs that cross the Paging Area boundary per unit time in fluid-

flow mobility 
 
The parameter values used to estimate the costs are shown in Table 1. 

Table 1.  Parameter values used for simulation 

λs λc R Cb v 
0.2~0.8 0.2~0.8 1 km 1 0~150 km/h 

 
Figure 3 shows the overall bandwidth cost according to the mobile speed with the 

parameter of gradient (α). The overall bandwidth cost consists of paging cost and 
update cost. The lower the gradient (α), the smaller the paging area. Since the paging 
area becomes smaller, the paging cost (Cpaging) becomes lower. However, because the 
probability of crossing the boundary (Rcc) is increased, the cost of crossing the 
boundary (Ccrossing) is increased. Therefore, we choose the optimal gradient value 
(α=0.02) in that the overall bandwidth cost is the lowest on the average over the entire 
speed ranges. 

 
Fig. 3. Overall bandwidth cost of paging and update  

according to the mobile speed for different gradient values 
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4   Conclusions 

Both of the handover and the paging are two important functions of the mobility 
mechanism. Many IP handover schemes have been developed but IP paging schemes 
have not gathered much attention due to the simplicity and efficiency of the existing 
fixed paging. This paper explored the dynamicity of the paging area depending on the 
speed and the direction of MN for the first time. Throughout the analytic study and 
OPNET simulation, we proved that the proposed paging scheme outperformed the 
fixed paging and the dynamic paging with the speed of MN only considered in terms 
of the overall cost. 
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