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Abstract 

In view of the cognitive radio network more groups of multicast, this paper proposes a multicast group 

matching based on collaboration between groups of information transmission mechanism. We 

formulate an overall rate optimization problem based on relay location and primary user (PU) location 

with interference constraints to the PU and peak power constraint of each user and obtain the optimal 

solution by theoretical analysis in this new transmission model. Numerical results show the impact of 

relay location and PU location on rate for every multicast group. 
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1 Introduction 

As the number of wireless users and the rapid growth of wireless communications business 

demand, spectrum resources shortage problem increasingly prominent. Cognitive radio can 

make full use of the spectrum to spectrum sharing resources, to solve the frequency spectrum 

resource shortages, especially low frequency band, and the existing spectrum resources has 

not been used
[1]

. In cognitive radio, as long as on the premise of not harmful interference 

authorized users, unauthorized users can access authorized user frequencies, improve 

spectrum efficiency
[2]

. 

Due to the wireless mobile devices allows multiple terminal to receive the same signal source 

signals, multicast mechanism allows the same data set from a base station to send to a group 

of users, so multicast mechanism can improve the bandwidth consumption
[3,4]

.
 
 

One of the main features of the wireless multicast is that multiple users on the same channel 

to receive the same service
[2]

. Because the multicast group transmission rate depends on the 

rate of the group of the worst case
[5]

. Therefore, cooperative communication is applied to 

solve this problem, and puts forward a new form of space diversity to combat fading of 

negative effects, improve the performance of the whole system
[6]

.
 

Relay location problems in different application scenarios caused widespread concern. In
[7]

 

the authors studied the selection scheme based on adaptive relay location. In
[8]

 the authors 

using vector quantization method, studied the uplink transmission in relay location 

optimization problem. In
[9]

 the authors put the system capacity as objective function, and the 

relay position optimization problem of two kinds of cooperation mode cell were studied. 

Based on the above research results, our team proposed a new transmission mechanism called 

multi-group multicast (MGMC) based on inter-group and inner-group cooperation is proposed 

for cognitive networks
[10]

. In this paper, we analyzed the effect of relay location and PU 
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location in the transmission mechanism. 

 

2 System model 

We'll describe the MGMC based inter-group and inner-group cooperative transmission 

mechanism, as shown in Fig. 1. It includes three transmission steps
[10]

: 

During phase 1, CR BS send data x1. CU1, Relay1 and Relay2 receive x1.  

During phase 2, the Relay1 forwards data x1 to CU2, at the same time CR BS send data 

x2 to CU3 and Relay2. Meanwhile, Relay2 also receive x1 from Relay1.  

During phase 3, Relay2 forwards data x2 to CU4, which improves the system throughput. 

According to DF protocol, the rate of transmitting x1 and x2 are 
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Respectively. The overall data rate of the multicast group pair in CR network is the sum rate 

of both group 1 and 2. 
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Fig. 1-The structure of a MGMC CR network. 

 

3 Overall Rate Optimization 

In this paper, we study the underlay access scheme. By considering in each CR user 

constraints, optimization problem was prepared as follows. 

),,,(max 321
,,, 4321
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Firstly, we consider P1 and P4, the optimal value of P1 and P4 are
[10] 
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For P2 and P3, they are difficult to solve because of Eq. (6), so we will divide the original 

problem in some cases. 

1) 3,12,1   , 3,22,2    

It is very clearly that P3 is monotonically increasing function of R, so it should be as large 

as possible as long as all the constraints are satisfied. As a result, the optimal values of P2 

and P3 are  
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When 3,11,1   and 3,11,1   , 3,21,2   have the similar results. 
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4) 3,12,1   , 3,22,2    

When 3,11,1   is similar to 3) when 3,11,1   , 3,21,2    
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4 Results and Discusses 

In this section, we discuss the performance of the optimal power allocation. We assume that 

all the channel model as Rayleigh block fading channels, and the channel gains remain 
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constant during all phases. The path gains are with Rayleigh distribution and depend on the 

distance between the transmitter and the receiver, which can be expressed as  

h                       (13) 

where  is the pathloss, which is inversely proportional to the power of the distance with a 

path loss exponent,  , i.e, 
  d , and the  is a unit-variance Raleigh distribution 

random variable. 

We assume the location of the PU transmitter, PU receiver, CR BS, CU1, CU2, CU3 and CU4 

are fixed, which are (0, 1), (2, 1), (1, 0), (3, 0), (1, -1) and (-3,0), respectively. Without loss of 

generally, we set the peak power constraints as PCR=10dB, PR1= PR2=10dB, and the 

interference power constraints as I=1.5dB. The noise power on each channel is 12  , and 

the path loss exponent is =4. 

 

Fig. 2– Sum rate of the system for optimized 

power solution for different relay locations 

 

Fig. 3– Sum rate of the system for optimized 

power solution for different PU locations 

Fig. 2 shows relay1 for group 1 and relay2 for group2 at different locations when the system 

overall rate of the optimal solution. From the figure, we can find that the overall rate of the 

optimal solution at relay1=2.3 and relay2=-2.  

We assume the location of the PU transmitter, PU receiver, CR BS, CU1, CU2, CU3 and CU4 

are fixed, which are (0, 1), (x, y), (1, 0), (3, 0), (1, -1) and (-3,0), respectively. 

Fig. 3 shows PU at different locations when the system overall rate of the optimal solution. 

From the figure, we can find that the distance from PU to CR BS is monotonically increasing 

function of the overall rate, but when the distance between PU and CR BS reaches a certain 

value, the rate is not increased. 

 

5 Conclusion 

In this paper, we analyzed the effect of relay location and PU location in a new transmission 

mechanism called multi-group multicast (MGMC) based on inter-group and inner-group 

cooperation. We considered two multicast groups as a pair for cooperative communication, 

and then got the optimal power allocation scheme for a given location under considering some 

practical constraints, such as the interference power constrain and peak power constraints. 
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