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Mobility management is important in wireless networks, both in cellular networks and ad hoc networks. User’s mobility directly affects the signaling traffic for handoff, location management, radio resource allocation, routing. In mobile ad hoc networks, data traffic is more susceptible to user mobility due to higher route change and route failure probability. Appropriate, realistic mobility models are crucial in both analytical and simulation-based studies and system design in order to achieve good system performance.

Lots of work for mobility model in cellular networks has been done, such as different random walk models. Some newer mobility models are developed for ad hoc networks simulations due to its special system structure. Even in cellular networks, the mobility models are different under different environments, i.e. macro-, micro- and pico-cellular environments.

Different mobility assumptions lead to different mobility models. We can assume mobile nodes are distributed over an area with certain distribution function, such uniformly, or allocated by predefined position. Each user’s direction can be random, normally taken from a uniform distribution, or predefined. So is the speed selection. Direction is bounded in [0,2(], speed is bounded in [0, Vmax]. Once these values are chosen, they may remain constant until the mobile node reaches the system border or crosses the cell boundary if in cellular networks. Speed and direction values can also be changed from time to time with certain probability or predefined value, under the definition of the specific mobility model.

Border behavior is important to the correct simulation results. When a mobile node reaches system border, different strategies, such as bounce-back, wrap-around and replace, can be taken. In bounce-back case, the node changes its direction towards internal of the system area with certain predefined rules and keeps its speed. In wrap-around case, the node keeps its speed and direction, but the location coordination is updated by modulo arithmetic. In replace case, the old node is removed and a new node is generated with the node initialization distribution.

The following are some current existing mobility models. 

(1) Random walk


Also called Markovian mobility model, frequently used in cellular networks. It includes one-dimensional and two-dimensional random walk. 

One-dimensional random walk is described in [2], which is a ring cellular topology in which cell i and i+1 are neighboring cells. A mobile user that is in cell i can only move to cell i-1 or i+1, or stay in cell i. Time is slotted and a user can only make at most one movement during a slot. The movements are assumed to be stochastic and independent from one user to another. For each user, two movements, the i.i.d. and Markovian movement, are analyzed. In the i.i.d. model, if a user is in cell I at the beginning of a slot, then during the slot, it moves to cell i+1 or cell i-1 both with probability p, or remains in cell i with probability 1-2p. In the Markovian model, during each slot a user can be in one of the following three states: (i) The stationary state (ii) The right-move state (iii) The left-move state.


Two-dimensional random walk is a mesh random walk model [3]. Assume that I mobile node was initially at cell 0 with coordinates (0,0) and moves to cell (x,y) after K cell boundary crossing. In cellular networks, it’s more like a hexagonal random walk, in which each mobile node resides in a cell for a time period then moves to one of its neighbors with each probability, i.e., 1/6. [4]


In random walk model, movement of individual users from cell to cell is described. But the exact location of a user is not of interest, i.e. there is no concept of trips. From these models, analytical measures for the crossing rates of cell and alike can be derived.

(2) Brownian mobility model


In [6], a Brownian motion with drift model was chosen to model mobility of an individual user. If we know a mobile node’s location at a previous time t0<t, probability distribution of the physical location of the mobile node at time t can be calculated.

[Brownian motion: If we know that the particle is at position p at time 0, then, at time t, the particle's position will be a normal random variable, with a mean of p, and a variance of t. Thus, the particle's ``mean distance'' from its starting point is proportional to the square root of the amount of time which has passed.]

(3) Fluid flow model


Traffic flow is conceptualized as the flow of a fluid. One of the simplest fluid models describes the amount of traffic flowing out of a region to be proportional to the population density within the region, the average velocity, and the length of the region boundary [9]. In [7], [8], fluid flow model is used in the analysis of the mobility in terms of the average number of nodes crossing the boundary of a given area, the average location update rate. 

(4) Random direction


Users can move freely anywhere in the system area. The values for user’s direction are taken from a uniform distribution on the interval [0,2(]. The speed values v follow, for example, a uniform distribution or a normal distribution. After a randomly chosen time, taken from an exponential distribution, the user chooses a new direction. The same procedure is performed for speed changes. The stochastic processes for direction and speed change are in general not correlated to each other. So, a node is completely described by its current space vector (x(t),y(t)), current speed v(t), and current direction ((t). [1]


A simplified version of the random direction model is used in [5]. Mobile nodes’ Initial positions are chosen from a uniform random distribution over a square area. Each node moves at a constant speed, v, and is assigned a direction, (, uniformly distributed between 0 and 2(. When a node reaches the edge of the simulation region, it is reflected back into the coverage area, by setting its direction to -(  (horizontal edges) or to (-( (vertical edges). The magnitude of the velocity is not altered.

(5) Random waypoint


A user, currently with speed v=0, randomly chooses a destination point in the system area, moves with constant speed v (chosen between [vmin, vmax], uniformly distributed) on a straight line to the destination point, and then pauses for a certain time before it again chooses a new destination [1].


Random waypoint is very similar to a generalized random direction model. The difference is that not the direction is chosen, but the destination point [1].
A mobile node is described by its current space vector (x(t), y(t)), current speed v(t), current destination point (xd(t), yd(t)). Random waypoint model is used by several authors in the ad hoc networking community (e.g., [10],[11],[12],[13]).

(6) Smooth random mobility model [1]


Basically, it’s an improvement over the random direction model with smooth speed and direction change. There are two random processes for speed control and direction control. For speed control, linear acceleration is introduced when a mobile node wants to change speed from v1 to v2. So, it will take some time to reach the target speed, thus avoid the sharp speed change, which is unrealistic. Also, a set of preferred speeds and acceleration range are introduced. For direction control, it’s similar to the speed control principle to avoid sharp curve. The random processes for speed and direction control can run independently from each other. However, to be more realistic, they can be correlated with each other. For example, when the direction changes, the mobile node may need to slow down, which is the case for car movement and the car is ready for wireless communication. So, correlation is additional (optional) principle in the smooth random mobility model. Due to the detail of individual movement, this model is not suitable for macroscopic mobility modeling.

(7) Actual environment specific mobility models


European Telecommunications Standards Institute (ETSI) defined a set of test scenarios for system simulation of Universal Mobile Telecommunication System (UMTS). It describes mobility models for three environments: an indoor office, an outdoor pedestrian, and a vehicular environment [1]. The indoor office model means individual movement is infrequent and normally confined in a small region. The model for the outdoor pedestrian environment uses a Manhattan-like street structure (rectangular grid). Pedestrians walk along streets in a straight line and can change direction at intersections with certain probability. Speed changes are possible after certain intervals. The model for the vehicular environment is a random mobility model without a street structure. Vehicles move with constant speed and can change direction after traveling a certain amount distance with predefined probability. The angle of direction change every time is up to 45 degree (both clockwise and anti-clockwise).

(8) Mobility traces


Mobility traces are the movement behavior collected from real mobile nodes. So, mobility traces are more realistic. However, it is difficult to collect the movement traces in a large area with large population. Hence, it’s more suitable to be used for small region or in-door environment, such as WLAN and ad hoc networks. However, how to get a typical mobility trace that can represent the normal case is difficult.

(9) Group mobility model


In some relative big ad hoc network environment, the mobility pattern may show some kind regularity, rather than complete randomness. A certain number mobile nodes with similar interest or mobility pattern may form a relative stable group, and have different movement from other nodes in the system. So, we can simulate the network by using group mobility model. Each group is a cluster that has a reference node. Other nodes in the same group has their own movements, but only with small speed and direction change, relative to the reference node. For the overall network mobility, we only consider the movement of reference nodes. If a node’s movement pattern has a big change, compared to its reference node, it may leave the group and join another group. This kind group mobility model is ideal for some clustering ad hoc routing protocols.
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Figure: concept map of mobility models used in simulation and analysis of wireless communication systems. [1]
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