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Abstract. In this paper, we design a multi-interface model on single mobile node 
and every node in the cognitive network is implemented multiple transceivers.  
P-persistent slotted CSMA is used as the access protocol. Interfaces with different 
channels may have different values of ps. To avoid crosstalk, multiple 
transceivers of each node must work in the same state, only sending or receiving, 
at one time. This requirement limits the performance of p-persistent algorithm. To 
solve this problem, we propose the Comprehensive P-Persistent Algorithm 
(CPPA), which is to find an optical value of p shared by one node’s multiple 
interfaces. Simulation experiments are conducted to evaluate the performance of 
our algorithm in terms of the throughput and the jitter. Results show that our 
algorithm performs better. 
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1   Introduction 

The concept of cognitive radio (CR) was introduced to improve the frequency spectrum 
utilization in wireless networks. CR is able to do self-cognition, user-cognition and 
radio-cognition [1]. It is adapted for use of frequency without interference to primary 
user. Therefore, the secondary user in cognitive network should continuously perceive 
channels and master the channel occupancy of the primary user. Then it makes decision 
on which channel can be used. To meet this demand, in this paper, the mobile node in 
the cognitive network is designed with multiple interfaces, and every interface can work 
for different purposes independently.  

OFDM (Orthogonal Frequency Division Multiplexing) is chosen as the modulation. 
OFDM may be viewed as using many slowly-modulated narrowband signals rather 
than one rapidly-modulated wideband signal. The low symbol rate makes the use of a 
guard interval between symbols affordable, making it possible to handle time-
spreading and eliminate inter-symbol interference (ISI) [2]. It can support flexible 
selection of frequency, implement adaptive bandwidth allocation, and divide the 
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channels into several narrow sub-channels. So that OFDM provides good imple- 
mentation foundation of spectrum sensing for cognitive radio. Due to the Frame 
synchronization of OFDM, [3] shows that OFDM with slotted aloha does a better job 
than unslotted aloha, and [4] indicates that CSMA provides better performance than 
aloha. So we adopt p-persistent slotted CSMA as the access protocol for single 
interface. Moreover, all of the multiple transceivers of one node only can be either 
transmitters or receivers (ETOR) at one time. It is not admitted that some transceivers 
of one node are transmitting packets while the others are receiving packets. To meet 
this requirement, the performance of p-persistent slotted CSMA is limited. To solve 
this problem, in this paper, the Comprehensive P-Persistent Algorithm (CPPA) is put 
forward, which is to find the optimal value of p shared by the multiple interfaces of a 
mobile node. 

The rest part of the paper is organized as follows: First, we describe the system 
model in Section II. Then we present the Comprehensive P-Persistent Algorithm 
(CPPA) in Section III. In Section IV, we analyze the performance of the CPPA 
according to simulation results. 

2   System Model 

In this paper, the mobile nodes work in the hybrid network including centralized and 
distributed network. In overlapping coverage area of the two kinds of networks, one 
or more nodes become the gateways, interconnecting the centralized and distributed 
network.  

 

Fig. 1. The protocol stack of a mobile node 

As described in Fig.1, each node has one PHY/MAC pair for spectrum sensing and 
three pairs for data communication. In the PHY, multiple transceivers work 
concurrently and independently. The channel device for spectrum sensing has to scan 
all channels continuously, sense and master the state of each channel, and provide the 
information for data channel devices to choose spectrum holes to work. The three data 
channel devices are independent with each other and have the same software and 
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hardware structures. Moreover, the data channel devices work in the same range of 
frequency, so that one’s working frequency is close to other ones. In order to avoid 
the crosstalk between different transceivers, the transceivers working roles of a single 
mobile node are confined to be either transmitters or receivers (ETOR) uniformly. For 
example, at tth time slot, if a transceiver is sending packets, the other two also have to 
be in sending state or shut down even if there is no packet to be sent.  

The three MACs use p-persistent slotted CSMA as the access protocol separately. 
Each MAC entity is implemented with two working modes, one working in the 
centralized network and the other working in the distributed network. With the 
restriction of ETOR mode, given that the three MACs may determine different 
transmission probability p, the channel device that has lower probability can neither 
transmit nor receive data packets when the one that has higher probability is sending 
data packets. This may lower the channel utilization. The CPPA calculates the 
optimal value of transmission probability that can be used by three data channel 
devices commonly so that they can work under the same policy. 

The convergence layer, where the CPPA locates, decides working modes of MAC 
entities and completes the spectrum resource allocation and Hsynchronization 
managementH of the three data channels. 

3   The Comprehensive P-Persistent Algorithm (CPPA) 

In this paper, we assume that the channel is error free and there is no capture 
phenomenon. So the collision is the only reason of packet error or packet loss. The 
collision is divided into two kinds: a) Primary users arrive when secondary users are 
using the same channel. B) Two or more secondary users using the same channel to 
send packets simultaneously. 

The CPPA is aimed to lessen the performance loss from the ETOR mode. So the 
optimal value of p is a number which can make the throughput difference between 
CPPA with ETOR and non-CPPA without ETOR as small as possible. 

 

Fig. 2. State transition diagrams 
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In the environment of cognitive radio network, secondary user scans channels and 
selects a spectrum hole to send packets. According to [5], we use a multi-state 
Markov process to model this environment. 

As illustrated in Fig.2.a, the primary user transits from state 0 (absence) to state 1 
(presence) with probability p01 and stays in state 1 with probability p11. Then the state 
is defined as (Xt, Yt). Xt denotes the real status of the primary users at time t, and Yt 
denotes the sensed status of the primary users by the secondary users. In addition, we 
define the probabilities of misdetection and false alarm as pmd and pfa. Then we get the 
transition probability matrix of multi-state Markov process described in Fig.2.b as 
follows: 

 

 
 

The secondary user can only send packets in the states (0, 0) and (1, 0). When the 
state is (1, 0), the collision probability of the secondary users is 1, because this is a 
misdetection state. Based on the above transition probability matrix, we can determine 
the steady-state probability 00 and 10 which indicate the stationary probabilities of 
state (0, 0) and (1, 0) respectively. 

We consider the case when the number of stations is much larger than that of  
sub-channels. Let N represents traffic load (the number of stations waiting for data 
transmission at tth slot) while there are M sub-channels. If m sub-channels are idle, 
with a probability p the station selects one idle sub-channel and transmits a packet; or 
with a probability 1 p, the station defers the decision for transmission by one time 
slot. In sub-channel selection, the station randomly selects one among idle  
sub-channels. 

We assume that the activity of each sub-channel is independent from each other. 
Let Midle(t) be the stochastic process representing the number of idle sub-channels 
among the M 1 sub-channels for the time slot index t. We can get the probability 
equation (1) that k stations transmit their packets in the sub-channel 1, conditioned on 
that m + 1 sub-channels including sub-channel 1 are idle [4]. 
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When calculating the comprehensive p, we consider the channel occupancy of all 
nodes in the network is similar. Let m be a constant. We denote the steady-state 
probabilities by Pi, Ps, and Pc that the Markov process is in the idle, success, and 
collision states, respectively. According to [4], we can get the equations as follows: 
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                    (3) 
 

      (4) 
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The probability that the transmission on a sub-channel finishes at a certain slot is 
given by  for the packet transmission time LM and the slot duration σ [6]. The 

saturated throughput of a sub-channel is 

 

                                    (6) 

 

Substituting the expressions (6) obtained for Ps (3), Pc (4) and Pi (5), we have the 
finally established (7). 

 

                   (7) 

 
Using equation (7), we can get the value of the comprehensive p in theoretically.  
P-persistent algorithm is researched in many articles [7]-[9], and in this paper, it does 
not be discussed. 

Supposed at tth time slot, the transmission probabilities of the three channels are 
p1, p2, p3, and the throughputs are S1, S2, S3. The throughput of one interface with 
transmission probability p is S. F(p) is defined as below: 

 

When F(p)=0,  p is the optimal value, thus we can get the formula as below: 

                        (8) 

4   Simulation and Analysis 

First, we analyze the influence of the primary user on the throughput of the secondary 
user using the equation (7) we proposed. 

To simplify the simulation, we assume that the number of channels is the same as 
that of the interfaces of the mobile node. For the parameters, we set the slot duration 
to 250μs; the packet transmission time, L, to 2.5 ms; misdetection, pmd, to 0.2; false 
alarm, pfa, to 0.2; and the transmission probability, p, to 0.1. 

The saturated throughput of a sub-channel for p00 = 0.1, p00=0.5 and p00 = 0.9 are 
plotted in Fig.3.  p01 is set as the same as p00. From the Fig.3, we notice that the higher 
the probability of absence is, the higher the throughput of the secondary user is, which 
is in line with the realities. 
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way of using the common policy may not be suitable. The probability p calculated by 
CPPA is a compromise value, which may make a channel in good condition has a low 
probability p, and one in bad condition has a high probability p. It needs more 
researches on that in what range of the difference between the minimum and 
maximum of pi (i is the number label of a interface), the CPPA is more efficient.  
Fig. 5 is the comparison of jitters. Obviously, the difference is not very significant. 
 

 

Fig. 5. The comparison of jitter 

Future work is needed to determine that under what conditions the CPPA perform 
well. As mentioned above, the throughput degrades when the channel states among 
interfaces are very different. A threshold value should be calculated to guarantee the 
efficiency of the CPPA. An adjustment algorithm should be applied when the 
maximum difference goes up to threshold. For example, we choose the minimal pi 

among the three interfaces as the comprehensive p to ease the network collision, and 
choose the p calculated by (8) when the maximum difference is less than threshold.  

5   Conclusion 

We propose the comprehensive p-persistent algorithm (CPPA) which is an optimi- 
zation of p-persistent algorithm when the multiple transceivers of a mobile node in the 
multi-channel and multi-interface cognitive network work in the ETOR mode. CPPA 
can minimize the performance loss and improve the channel utilization, so that the 
throughput of the network can be enhanced by CPPA. Furthermore, the simulation 
result shows the algorithm need further researches to perform better. 
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