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Abstract: In this paper we study the interference in a general large wireless ad hoc network using 
mathematical methods that is maybe the most important factor in the study of such networks and is 
always unavoidable. We assume that in a large wireless ad hoc networks nodes are distributed 
according to a spatial Poisson point process and considering the interference received by a reference 
receiver at origin we study this important concept an some related concept to it. We discuss when this 
interference is more than acceptable threshold on the other word we study when the probability of the 
signal to interference ratio (SIR) at the reference receiver is below the specified threshold required for 
a successful reception and this is directly related to the active transmitters at the same time or the 
maximum density of successful transmissions. We first drive a general form of upper and lower 
bounds for maximum density of networks when the interference does not make problem called optimal 
contention density. The model we use in this work includes path loss and random distance-independent 
components. then considering two random channel variation we calculate bounds for them 
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INTRODUCTION

 
The study of interference in wireless ad hoc networks nowadays is a very active area of research in 

communications. The interference can be mitigated quite efficiency in systems with centralized control when a 
base station or access point can coordinate the channelization and the power levels of the individual terminals, 
or where sophisticated multi-user detection or interference cancellation schemes can be implemented. However 
many emerging classes of wireless systems, such as ad hoc networks do not permit the same level of centralized 
control but require a more distributed resource allocation. In this networks, interference is not tightly 
controllable and subject to considerable uncertainty consequently interference is the main performance factor in 
most emerging wireless networks, and the statistical characterization of the interference power becomes critical 
but exact characterization of interference or SIR for general node distributions is a very challenging 
problem.Interference is a new version of what is known as shot-noise process.  Even though the study of shot-
noise process goes back to many years ago but the spark of new researches in new years was with  the work by 
Gupta and Kumar (2000) and a lot of researches have been done since then. establishing  the concept of 
transport capacity which measures the end to end sum throughput of the network multiplied by the end to end 
distance. After this magnificent paper a lot of work was done that in all of them a SINR and a channel model 
was employed to study when an outage happens and a lot of stochastic geometry tools used in developing the 
researches in wireless networks (Andrews, J., et al., 2007; Bacceli, F. and B. Blaszczyszyn, 2010; Henggi, M. 
and R.K. Ganti, 2008; Win, M., et al., 2009; Ganti, R. and M. Haenggi, 2009). Even though the mass of new 
works and researches there are a lot of question unanswered and the interference of wireless networks is still a 
key of open problems in information theory with a lot of hypothesizes. The study of  a wide ad hoc network  
generally is difficult because each transmitter – receiver pair faces the interference from  other pairs and this 
makes difficult to have an exact model for this networks.  In this paper we use mathematical tools to analyze the 
interference an its two closely related concepts : outage probability and transmission capacity. The concept of 
transmission capacity was first introduced in (Weber, S., et al., 2005) as the area spectral efficiency of 
successful transmission resulting from the optimal contention density in which the optimal contention density 
shown by  is the spatial intensity of attempted associated with the outage probability : 

                   
In the most related works a simple path-loss model is used but in this paper we have random distant – 

dependent component as well. This leads us to different upper and lower bounds from others. Also in all other 
word the path loss model is  in which  is the path loss exponent. But this model is suffering from the 

singularity   so to avoid this problem we consider a more general form  that has no singularity but is 

much more difficult to deal with. The best value for  is we will see is  because we can drive the close 
form of upper and lower bounds. 
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System Model And Assumptions: 
We consider a general wireless ad hoc network consisting a large number of nodes including transmitter an 

receivers. In our model each transmitter has a unique receiver and we look at the network in a time slot t. We 
assume that all transmitters use the same power  for transmit and all transmitter-receiver pairs have the same 
distance d and each transmitter, decides independently to transmit. Our goal is to find upper and lower bounds 
for transmission capacity that is the number of successful transmissions taking place in a unit area. We consider 
our reference in the origin and compute the probability  that when the SNR is below the desired threshold for 
this receiver. We note that these assumptions are relaxed and do not affect the topology of network. This is 
known as palm distribution[]. Our channel model includes path-loss and fading. All works employ  that 
suffers  the singularity . To solve this we choose our channel model as 

 
In which  is  transmitting power , H is the fading coefficient and  is path-loss exponent. In our work we 

focus on  
Showing the locations of all transmitters by   and assuming that  the distance between nod  to origin 

then all locations form a spatial poisson point process(ppp). We show the intensity of this process by  that is in 

fact the average number of nodes attempting transmissions in a unit area donated by  then the 
outage probability is the probability that the SIR received by the reference receiver is below the threshold : 

 

 
In which d is the distance between our reference receiver at origin from its intended transmitter and and 

 are fading coefficients that are independently identically distributed (iid) also we show  . 

 
lower bounds: 

In this section we derive upper and lower bounds on optimal contention density. Considering as outage 
constraint on  we are going to find upper and lower bounds when  

 
To finds bounds we have to find   as 

 
For calculating   we use Markove and chebyshev inequalities and to that first we calculate the 

expectation and variance of random variable  as below using campbelles theorem (Stoyan, D., et al., 

1996): 
 

 
The integration is taken on  
The above integration can not be solved generally but in case of  and using polar coordinate: 

 

 
 

In above we use the definition of gamma function. 
So by Markov equation we have : 

 
By solving the equation: 
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On  we get the lower bound on  as: 

 
Now to have another lower bound we use Chebysheve inequality and for that we need the variance of our 

random variable calculating below: 

 

 

 

 

 

 
In above calculation again we used polar coordinate and gamma function. 
So: 

 

 
We have to the equation: 

 
Solution of this equation is generally impossible so to find the  we neglect the non dominant terms by 

considering  small enough: 

 
This gives us the lower bound as: 

 
 
Upper bound: 

Calculating the upper bound in our model is complicated so we use the approximation  for  

we have the lower bound[4] as: 

 
Solving the equation : 

 
We have: 

 
Consequently: 

 
In above we used  the Taylor series of logarithm function. So: 
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And in our case: 

 
 
Conclusion: 

our calculation showed that our model is a useful model in calculating at least the lower  bound of outage 
bounds however we saw for upper bounds we had difficulty and were forced to use another approximation. But 
our model introduce here has some benefits for example we do not face any singularity. Even though it seems 
having a perfect model with no weak points is impossible but finding bounds in existing models is still a 
challenging problem. 
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