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Abstract: 

We investigate the problem of total interference minimization at primary user under the constraint of end-to-end data rate in 

cognitive radio networks. To solve the problem a cross layer approach is adopted. Closed form expression for power allocation  is 

obtained and from which routing metric and spectrum assignment policy is also extracted. Distributed implementation related to 

the proposed optimal routing, power allocation and channel allocation scheme is also proposed. Simulation results show that o ur 

proposed optimal approach succeeds in reducing interference to primary user in a significant manner.   
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I. INTRODUCTION  

 

Cognitive rad io network (CRN) [1] is a dynamic spectrum 

access network where communicat ion among the nodes is 

carried out through the unused spectrum of licensed users 

available at the instant. A CRN consists of Primary Users 

(PUs) that have licensed spectrum bands to operate and 

Secondary Users (SUs) who uses the available spectrum of 

PUs in an opportunistic manner for communications. Most 

research in CRN has focused on a single-hop wireless access 

network, the research community has recently realized that  

cognitive paradigm can be applied in  mult i-hop networks to 

provide great potential for unexplored services and enable a 

wide range of multimedia applicat ions with the extended 

network coverage. In the last few decades different routing 

schemes have been developed for CRNs [2-3]. However any 

routing scheme that increases the level of interference 

optimization [4] than the existing schemes will enhance the 

performance of the networks. Considering the PUs as prime 

concern the best routing scheme will result in minimum 

interference at PUs without any constraint on transmission 

rate. Recently, the issue of routing for interference 

minimizat ion in multihop CRNs was studied in [5- 6]. To the 

best of authors’ knowledge, the issue of joint power allocation, 

routing and channel allocation in data rate restricted CRNs has 

not yet been considered in open literature. Therefore, in this 

paper, we study a cross layer approach with the core objective 

of interference minimization, which has great importance from 

the perspective of green communication. To solve the 

problem, first we propose joint power allocation, routing and 

channel allocation strategy in CRNs for solving the minimum 

interference problem for a given end-to-end data rate 

constraint. The solution may be described in three parts. First, 

a closed form solution for power allocation is obtained for this 

joint optimization problem with end-to-end data rate 

constraint. Next, we design a novel path weight function      

and channel allocation strategy. Further distributed 

implementation is also proposed for the optimal scheme. This 

is the main contribution of the paper. The content of this paper 

is arranged as follows. The system model is described in 

Section II. In Section III, we design the problem for total 

interference power optimizat ion under the constrained 

transmission rate ( ) and derive its solution. A distributed 

route selection strategy, channel allocation and power 

allocation are proposed in Section IV. Sect ion V presents the 

network performance evaluation through simulation. Finally, 

we conclude the paper in Section VI.  

 

II. SYSTEM MO DEL 

 
A. Network Model 

Let us consider a CRN consisting of   no. of SUs and   no. 

of PUs is located outside the network area. The network is 

represented by an undirected graph         where   

denotes the set of SU nodes and   denotes the set of wireless 

links between SU nodes in the network. SUs are numbered 

from            whereas the PUs is numbered 

from           . Each                 consists of a 

primary transmitter     and a primary receiver     . The 

locations of the PU nodes are fixed and the SU nodes are 

considered to be static or moves very slowly. For ease of 

understanding a single routing session is considered between a 

given source-destination pair. Let      be the source node and 

    is the destination node. A path is defined between the 

source and destination nodes by a sequence of connected 

nodes where no node is encountered more than once. The path 

                   , where     (             ) 

acts as decode-and-forward (DF) relay nodes. 

 
B. Wireless Link Model 

We consider that the wireless links between the SU nodes are 

Rayleigh distributed and the fading amplitudes are statistically 

independent to each other. We assume that the network is 

using time div ision multip le access protocol (TDMA) without 

spatial reuse and noise at each SU node is Additive White 

Gaussian Noise (AWGN) with zero mean and unit variance. In 

our system model, only the interference to the PRs due to SU 

nodes are taken into account. The interference to the SU nodes 

due to PRs are ignored. The channel gain from     to     is 

determined by 

 

    
  

                                         (1) 
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where   is any constant,      is the minimum threshold 

distance and       is the distance between  -th  SU node and  -

th PR. The SU nodes that do not take part in a routing session 

are kept in sleep mode to save their battery power. SUs are 

assumed to transmit in an orthogonal channel in order to avoid 

interference due to transmitting SUs following [6]. Assuming 

the interference caused at the PR by corresponding SU nodes 

are independent to each other, we express the total interference 

associated with a path                     as 

 

  
             

      
   

 
                     (2) 

 

where    is the power of transmission at -th SU node and it 

selects the  -th PR and               . 
 

III. PROBLEMFORMULATION AND ITS SOLUTION  

 

In this section, we formulate the problem to min imize the 

aggregate interference to the PRs under the constraint that in a 

given routing session the end-to-end data rate should exceed 

the transmission rate     which may be given as 

 

                               
                         (3) 

 

where       
   is the channel gain between     and       along 

the route. So, using (2) and (3) mathemat ically, optimal 

interference in a multi-hop CRN such that the end-to-end data 

rate should exceed   can be represented as 

 

   
             

         
   

    

      
 

 Subjected to:                          
   

 
              (4) 

 

where            represents set of all paths between     

and   . Since the above mentioned objective function is linear 

and the constraint equation is convex, thus the optimization 

problem is convex hence it has unique solution. Using 

Lagrange multiplier method [7], the Lagrangian   associated 

with the optimizat ion problem (4) is  

 

         
   

 
   
                            

   
 
     

          

(5)  

 

where λ is Lagrange multip lier. Now taking the derivative of 

the   with respect to    (assumed to be positive) and solving 

with respect to the KKT condition we get 

 
  

   
                    

   
 
               (6) 

 

Solving (6), optimal power allocation may be expressed as 
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Now substituting the value of     of (7) in the optimized 

problem (3) we get total optima l interference as 
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Using (8) the routing metric    
   ,which is to be minimized 

can be expressed as 

   
     

  
   
   

 

       
   

 
   
                           (9) 

 

Therefore, the spectrum assignment strategy of     may be 

represented as, 

   
          

     
   

 
                                  (10) 

 

 

IV. DISTRIBUTED  IMPLEMENTATION 

 
A. Joint Routing and Channel Allocation 

A routing metric also called path weight structure can be 

represented as a set of elements (ѡ, S, ⊕ , Ω, ≤), where ѡ is the 

set of metric values, S is the set of all paths in the network, Ω 

is a function that maps a path to a metric value, ≤ is the order 

relation and ⊕  is the path concatenation operation from a link. 

A routing metric is called strictly isotonic [8] if Ω (  ) < Ω  

(  ) implies both Ω (  ⊕   ) < Ω (  ⊕   ) and Ω  (  ⊕
  ) < Ω  (  ⊕   ), for all path             S. The routing 

metric is strictly  monotonic [8] if it holds Ω (  ) < Ω  (  ⊕
  ) and Ω (  ) < Ω  (  ⊕   ) fo r any path            S. It  

has been proved in [8] that monotonicity and isotonicity 

properties are sufficient to ensure the three important 

requirement of routing protocol i.e. optimality, consistency 

and loop freeness. It can be easily shown that our additive 

routing metric of (9) are strictly isotonic and monotonic. 

Therefore link-state, path vector or distance vector routing 

protocols like DSDV [9] or AODV [10] based routing 

protocols can easily be modified to implement the proposed 

optimal routing scheme. Before implementation of routing 

protocol each SU node selects most suitable communication 

channel following (10). 

 
B. Power Allocation 

Once the route is selected, each SU node in the route allocates 

its transmission power following (7) and obtained total 

average interference power following (2). Th is can be done 

with      message complexity where,    is the number of SU 

nodes.  

 

V. PERFORMANCE EVALUTION 

 
A. Simulation Setting  

For performance evaluation of the proposed algorithm we 

considered a CR network consisting of   no. of SU nodes 

spread over an area of         dimensions. The network 

is fully connected. The locations of the source and destination 

SU nodes are fixed and are at diagonally opposite of the area, 

i.e. the source SU is at (0,0) and the destination SU is at 

(50,50). The remaining SU nodes are randomly deployed over 

the area.   Number of PRs are having fixed position outside 

the area of the network such that it is at a distance from nearest 

SU node which is greater than the double distance between 

source and destination nodes. The channel gain between the 

node      and     is calculated by (1). The proposed routing 

algorithm is run for each network realization and a path 

between source and destination which corresponds to minimum 

interference is found. The interference is averaged over 10000 

random and independent network realizations. Values of the 

simulation parameters are listed in Table I.  
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TABLE-I . SIMULATION PARAMETERS  

Description with symbols Value 

Path loss,  α 3.5 

End-to-end data rate,   1 

bit/sec/Hz         

Proportionality constant,       

Minimum threshold distance  

between  any SU  PR pair,      

0.01 

 

 
Figure.1. Average interference comparison with network 

size 
 

B. Simulation Result 

In this sub-section the performance of the optimal interference 

routing session is described. Here the comparisons are made 

between optimal interference scheme and shortest path routing 

random-channel allocation with equal power allocation which 

is represented as SPR-RCH-EPA in the following subsection. 

Fig. 1 represents average interference with increasing network 

size. With increase in network size, the average interference 

decreases for a fixed desired capacity  . This may be explained 

as follows. With increase in network size, availability of routes 

with shorter distance between any SU node pair increases. So, 

transmission power requirement of individual nodes along the 

route deceases. Thus following (2) the interference decreases. 

As expected the optimal interference is achieved by our 

proposed routing scheme. The best case of the optimal scheme 

achieves 64.9% less interference than SPR-RCH-EPA at   
  , whereas in worst case performance is 5.3% when     .  

Fig. 2 depicts the variation of the average interference power 

with desired capacity    when     . The plot indicates that 

with increase in  , the average interference also increases. The 

reason behind this, with increase in   , transmission power 

requirement at each SU node along the route increases 

following (7) resulting in increase in the interference. The best 

case of optimal scheme provides 50.4% less than SPR-RCH-

EPA when              whereas the worst case 

performance is 13.1% less when           . As expected 

the performance of optimal routing scheme is best in terms of 

interference minimization for a CR network of all possible size.  

 

VI. CONCLUS ION 

 

In this paper we have addressed the problem of joint power 

allocation, routing and channel allocation for interference 

minimizat ion in a Cognitive Radio Network under the 

constraint of end-to-end data rate. A distributed solution for 

interference power optimizat ion has been proposed. The 

proposed solution is optimal in decode-and-forward technique. 

 
Figure.2.Average interference comparison with desired 

capacity 
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