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Abstract 
The cognitive radio system with the primary 
user and a single secondary user (SU) 
accesses multiple channels via periodic 
spectrum sensing. In this sensing scheme 
average energy cost of SU that includes 
channel switching, spectrum sensing and 
data transmission. The sensing reliability 
throughput is increased and delay of the 
secondary transmission is reduced. In this 
proposed scheme, when the channel is busy, 
the user is handed off to another channel 
which improves energy efficiency and 
reduces time consumption. A new algorithm 
is proposed to reduce the cost of energy 
consumption. The increasing throughput and 
also reduced delay are validated by the 
numerical results. 
Keywords: Periodic spectrum sensing, trade- 
off, Cognitive Radio, sensing/Transmission 
trade off, Spectrum Handoff 
 

1. Introduction 
Cognitive radio involuntarily detects accessible 
channels in wireless spectrum and consequently 
changes its transmission or reception 
parameters to allow more concurrent wireless 
communications in a given spectrum band in 
one location. It allows incumbent wireless 
providers to spectacularly enhance the capacity 
of their network and diminish the interference. 
The issue of spectrum underutilization in 
wireless can be solved in a better way than 
others by using Cognitive radio technology. 
 Spectrum sensing is the key enabling 
technology for cognitive radio networks. The 
main objective of spectrum sensing is to 
provide more spectrum access opportunities to 
cognitive radio users without interfering with 
the operations of the licensed network. The 

periodic spectrum sensing involves balancing 
the tradeoffs among spectrum utilization, 
interference to Primary Users and sensing 
overhead by selecting an appropriate sensing 
period. The sensing time and sensing period 
are the two key sensing parameters for periodic 
spectrum sensing scheme. 

A novel generalized detector is proposed in [2], 
this detector by examining the target sub band 
by exploiting the noise information of white sub 
band. A combination of sleeping and censoring 
as a energy saving mechanism, in spectrum 
sensing is focused on [1] to maximize the 
channel utilization while limiting the 
interference to primary users. A periodic 
spectrum sensing opportunistic spectrum 
accesses to remove the partial availability by 
sensing the channel periodically. The SU only 
transmits data or wait without transmitting, on 
the channel that is sensed in the same frame. 
 In wideband cognitive radio networks, 
spectrum handoff is performed when multiple 
narrow band channels are available for sharing. 
When the current channel is sensed as busy, the 
spectrum handoff will result in high energy 
consumption and hence it is not always 
preferred, particularly in wireless cognitive 
sensed networks [5] where energy is critical. 
Instead the SU is chosen to stop transmission 
and wait on the current channel for a period of 
time with the increased delay and reduced 
average throughput. In this proposed system, 
energy consumption of the SU is considered.   
 The optimal spectrum access strategy is 

designed to maximize the throughput of the SU 
without considering the energy constraint 
[6].Based on the literature [7],[8],[9],it is known 
that the existing systems use either the 
sensing/Transmission trade off while neglecting 
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spectrum hand off or the wait/switch trade off 
while ignoring sensing errors. 
 In the proposed scheme is designed to 
maximize the throughput and reduce the delay 
of the secondary user in addition to reducing the 
power constraint. In the proposed system the 
periodic spectrum sensing/transmission trade 
off is used to reduce the power. The optimal 
sensing and spectrum handoff occurs based on 
the availability of the channel on the particular 
time interval i.e., either to switch to another 
channel or to retain the same channel. The total 
energy cost of the SU includes the energy due 
to spectrum sensing, hand off and data 
transmission with the increase in reliability, 
average throughput and delay. 

Section I deals with the introduction of the 
model. Section II deals with the system model 
and Section III explains the system approach 
considering the spectrum access mechanism. 
Section IV describes and solves the 
optimization problem. Performance analysis is 
given in section V and section VI gives the brief 
conclusion. 

2. SYSTEM MODEL 
Consider a cognitive radio, which has M 

channels shared between a primary link and a 
secondary link as shown in fig 1. One of the M 
channels is allocated to the SU at any given 
instant of time. The secondary transmission is 
processed through periodic spectrum sensing 
and each frame consists of a sensing in which 
each frame consists of a sensing slot of duration 
߬௦ and transmission slot of duration T. 

 
                 Fig.1 System Model 
 
The primary transmission is continuous and 

it follows an on-off traffic model [10], where 
the probability of the transmission being on 
(off) is the same for each channel. In the 
sensing slot, the wide band sensing is performed 
by the SU to obtain the availability status of all 
channels. The channels are sensed 
simultaneously by energy detection. 

Let SNR be the average received signal 
to noise ratio of the PU’s signal on each channel 
and it is assumed when transmitting one packet 
of data [11]. ௗܲ	and ௙ܲ	 are detection probability 
and false alarm  probability respectively. Then  

 ௗܲ ൌ ܳ ቆ
ଵ

ඥଶఊାଵ
ቀܳିଵሺ ிܲሻ െ ൫ඥ ௦ܶ ௦݂ߛ൯ቁቇ     (1) 

௙ܲ ൌ ܳ ቆ ଵ

ඥଶఊାଵ
ቀܳିଵሺ ஽ܲሻ൫ඥ ௦ܶ ௦݂ߛ൯ቁቇ          (2) 

Where ஽ܲ	ܽ݊݀	 ிܲ are the target detection 
probability and false alarm probability 
respectively,  they are considered as the same 
for all channels. 
A minimum sensing time exists for a fixed 
sampling frequency ௦݂ to satisfy the target 
detection probability and false alarm 
probability. 
The minimum sensing time is ߬ௌ௠௜௡ [2] and it is 
given by  

߬௦௠௜௡ = 
ଵ

ఊమ௙ೞ
ቀܳିଵሺ ிܲሻܳିଵሺ ிܲሻ൫ඥ2ߛ ൅ 1൯ቁ (3) 

The energy consumption is determined 
by using the length of sensing time used during 
the energy detection. Thus the energy cost of 
the SU is minimized by using  ߬ௌ௠௜௡ as the 
sensing duration.   ߬ௌ௠௜௡ is not the finest in 
terms of reducing the total energy cost. When 
the sensing time is increased, it will result in 
more perfect sensing results, reduced 
probability of switching to a channel and 
thereby reduces the energy consumption and 
increases the throughput and delay constraints 
of the secondary transmission. Hence optimal ߬ௌ 
will exist as far as when the SU is considered. 
When the information about the availability of 
all channels is obtained through sensing, the SU 
will decide whether it switches to another 
vacant channels or retains on the current 
channel. 

3. PROBLEM FORMULATION 
We consider a cognitive radio system with a 

primary user and a secondary user with M 
channels shared between these users. The 
secondary transmission is done through periodic 
spectrum sensing. In this periodic spectrum 
sensing optimization can be achieved, when the 
spectrum tradeoff is considered jointly with 
periodic spectrum sensing. 
 The optimization can be achieved by 
reducing the delay, improving the throughput, 
reducing the false alarm probability and also by 
increasing the detection probability. The 
problem can be formulated as 
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߬௦௠௜௡, ௦ܲ; ܬሺ߬௦ ௦ܲሻ; 	 ௗܲሺ߬௦ሻ 	൒ 	 ௗܲ௧; 
 ௙ܲሺ߬௦ሻ ൑ ௙ܲ௧; ܴሺ߬௦ ௦ܲሻ ൒ Ṙ;ܦሺ߬௦ ௦ܲሻ ൑  (4)   ܦ

Where ܬ is the total average energy 
consumption required to complete the 
transmission of one packet of data. ܴ		is the 
average  throughput and ܦ is the average delay. 
Ř and Ď are the thresholds for the average 
throughput and delay of the secondary 
transmission respectively. By deriving the 
expression for ,  the optimization can , ܦ	݀݊ܽ	ܴ
be achieved. 
 Let us launch the probabilities for 
hypothesis testing in the spectrum sensing. 
௜ܪ	݀݊ܽ		௜ܪ

ᇱ are the events of hypothesis testing. 
Consider 0 and 1 are the channel idle and 
channel busy respectively, that is assumed to be 
known for the primary system [10].  

௖ܲ௜ ൌ ൫1 െ ௙ܲ൯ሺ1 െ   ,ሻߩ

௙ܲ௜ ൌ ሺ1 െ ௗܲሻߩ, 

௖ܲ௕ ൌ ௗܲ.ρ, 
௙ܲ௕ ൌ ௙ܲሺ1 െ   ሻߩ

 the functions of sensing slot duration߬ௌ. 
4.  Proposed Algorithm 
 The secondary user accesses the primary 
user spectrum when the primary user is not 
using the system. When the secondary user 
starts to sense the channel and if the currently 
sensed channel is idle then it starts transmission. 
The secondary user periodically senses the 
spectrum. If the current channel is idle then it 
starts its transmission with the probability of ଵܲ 
(event1) or otherwise it senses all other 
channels with the probability of ሺ1 െ ଵܲሻ. If all 
the channels are sensed busy with the 
probability of ( ௕ܲሻ, then the least time taken by 
the transmission of the channel i.e., ௧ܸ the SU 
handoff to another channel (event3) which has 
lesser ௧ܸ with the probability of ሺ1 െ ௌܲሻ is 
calculated. When any of the channel is in idle 
state, the SU switches to that channel resumes 
data transmission for ܶ with the probability 
ሺ1 െ ௕ܲሻ (event 4) or otherwise. If the busy 
time of all the channel is greater than  ܶ, SU 
waits on the current channel and power off for 
ܶ with the probability of ௌܲ (event 2). The 
above proposed algorithm is to minimize the 
energy consumption and also to reduce the 
delay. 
       4.1 Average Energy Consumption. 
         The energy consumption in 
cognitive radio is the total energy consumed by 
secondary user is to sense, transmit switching 
and also waits for the current channel. The 

average time required for the secondary user to 
complete the transmission of one packet of data 

with time duration of ܵ is given by ௌܶ ൌ
ௌ

௉೟
 

௧ܲ 	 is the probability of transmission. 

														ܰሺ߬ௌ, ௌܲሻ ൌ ቂ
ௌ

௉೟
. ܶቃ                        (5) 

If the current channel is idle then it starts its 
transmission with the probability of ଵܲ event 1. 
ଵܧ												 ൌ ௖ܲ௜ + ௙ܲ௜ = ൫1 െ ௙ܲ൯ሺ1 െ ሻߩ ൅ 
																																									ሺ1 െ ௗܲሻ(6)             ,ߩ 
 When the current channel is sensed 
busy, the secondary user periodically senses all 
other channels sensed as busy with the 
probability of ௕ܲ. 
					 ௕ܲ ൌ ሺ ௖ܲ௜ ൅ ௖ܲ௕ሻெିଵ  

          =ൣ ௗܲሺߩሻ ൅ ൫1 െ ௙ܲ൯ሺ1 െ ሻ൧ߩ
ெିଵ

    (7) 
Calculate 	 ௧ܸ, if ௧ܸ is greater than the 
transmission time, the SU waits on the current 
channel with the probability of ௕ܲ i.e., event 2. 
ଶܧ ൌ ሺ1 െ ଵܲ	 ௕ܲ ௌܲሻ. The SU chooses the idle 
channel to continue its transmission with the 
probability of ௕ܲ i.e., event 3. ܧଷ ൌ
ሺ1 െ ଵܲሻ ௕ܲሺ1 െ ௌܲሻ and ܧସ ൌ ሺ1 െ ௕ܲሻ. 
The total probability is  given by 

௧ܲ ൌ ሺ1 െ ሻ൫1ߩ െ ௙ܲ൯ ൅ ሺ1ߩ െ ௗܲሻ ൅
ሺ1 െ ଵܲሻ ௕ܲሺ1 െ ௌܲሻሺ1 െ ଵܲሻሺ1 െ ௕ܲሻ    (8) 
The probability of all other channels is busy, 
based on the value of least time taken by the 
transmission ( ௧ܸሻ	of the channels, the 
probability of waiting at the same channel and 
power off for T.  The total energy cost for the 
energy consumption due to spectrum sensing, 
spectrum hand-off and data transmission. 
,ሺ߬ௌܬ ௌܲሻ ൌ ܰ߬ௌܧௌ ൅ ܰሺܧଷ ൅ ௧ܧܵ+	ௌௐܬସሻܧ                             
(9)  
For the secondary system, consider that sensing 
power ௌܲ, transmission power ௧ܲ 	 and ܬௌௐ are 
known, the average energy cost can be obtained 
by deriving the average energy cost which is 
low due to switching. 
4.2 Average throughput  
 The throughput of the secondary user 
based on the probability of false alarm and 
probability of detection. Each frame consists of 
sensing slot of duration ߬ௌ and total 
transmission slot 	ܶ.  
       The secondary user accesses the spectrum 
periodically, when the primary user is not 
present i.e., the channel is idle, the secondary 
user starts its transmission. The primary 
transmission can arrive at any time during the 
transmission slot  ܶ, causing the interference 
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among the primary and secondary transmission. 
When the interference occurs the secondary 
transmission rate is approximately zero. 
Consider the SU data rate 
଴ܥ ൌ ଶሺ1݃݋݈ ൅ ܴܵܰሻ                             ( 10) 
       Where SNR is the received SNR at the 
secondary user. The channel is idle and the PU 
being off in a given channel ߚ଴ and is known 
based on the traffic model of a given system 
[10] 
Let ݐ be the average time duration for the 
primary transmission to occur in an idle channel 
for a transmission slot ܶ and  
ݐ ൌ ܶ െ ଴ሺ1ߚ െ ்݁/ఉబሻ                           (11) 
The number of bits transmitted in one 
transmission slot ܶ	is denoted by 

B୘ ൌ ቀ1 െ ቀ
୲

୘
ቁ C଴. Tቁ                             ( 12) 

ܴሺ߬ௌ, ௌܲሻ ൌ 	
௉೎೔஻೅ା൫௉యሺଵି௉೐ሻ൯ା௉రሺଵି௉೙ሻ.஻೅

ఛೄା்
 (13) 

4.3 Average Delay 
 In the secondary transmission, the delay 
is caused by spectrum sensing and SU is 
waiting on the current channel without 
transmission and ܰ߬ௌ is the delay due to the 
spectrum sensing. When all the channels are 
sensed as busy, the probability that the SU waits 
on the current channel is given by 
ௐ்ܲሺ߬ௌ, ௌܲሻ ൌ ଶܧ ൌ ሺ1 െ ଵܲሻ. ௕ܲ. ௌܲ	      (14) 

Where ௐ்ܲpower of SU is waits on the current 
channel. The average delay is to complete the 
transmission of one packet of data is given by 
,ሺ߬ௌܦ ௌܲሻ ൌ ܰ߬ௌ ൅ ܰܶܲௐ்                     (15)  
From the above equations, it is known that for a 
given ߬ௌ, ܴ is monotonically diminishing with 
ௌܲ,, because the less data can be delivered when 

the SU’s waiting time more on the current 
channel. For given	߬ௌ,	 ܬሺ ௌܲሻ is continuously 
decreasing with ௌܲ when  
ௌௐܬ ൒ /ௌሺ߬ௌܧ ଵܲሺ߬ௌሻሻ                              (16) 
The optimal is given by 

ௌܲ
௢௣௧(߬ௌ) = min ߙሺ߬ௌሻ,  ሺ߬ௌሻ are obtained byߚ

substituting ܴሺ߬ௌ, ௌܲሻ ൌ Ř and	 
,ሺ߬ௌܦ ௌܲሻ ൌ Ď   respectively. 
ܴሺ߬ௌ, ௌܲሻ

ൌ 	 ௖ܲ௜்ܤ ൅ ൫ ଷܲሺ1 െ ௘ܲሻ൯ ൅ ସܲሺ1 െ ௡ܲሻ. ்ܤ
߬ௌ ൅ ܶ

 

αሺτୗሻ ൌ 1 െ
ሺத౏ା୘ሻିଵ୔ౙ౟.୆౐ା୔రሺଵି୔౤ሻ.୆౐

ሺଵି୔౛ሻሺଵି୔భሻ.୔ౘ.୆౐
    (17) 

from equation (15) 
,ሺ߬ௌܦ ௌܲሻ ൌ ܰ߬ௌ ൅ ܰܶሺ1 െ ଵܲሻ. ௕ܲ. ௌܲ    

 βሺτୗሻ ൌ
ୈି୒த౏

ሺଵି஗ሻሺଵି୔భሻ.୔ౘ
                            (18) 

 

5. Performance Analysis 
In this section, performance of the proposed 

scheme evaluated. The optimality of the 
proposed periodic spectrum sensing and access 
mechanisms and comparison of the secondary 
transmission in terms of throughput and delay 
is carried out. We assume three channels 
between the primary and secondary user. The 
duration of a packet of data is ܵ ൌ  the ܿ݁ݏ5
duration of each transmission slot ܶ ൌ   ܿ݁ݏ1
and the power required for spectrum sensing 
and transmission ௌܲ ൌ and ௧ܲ ݓ40݉ ൌ
 .ݓ69.5݉

The results of all these figures are obtained 
by letting the received SNR of the PU's signal 
that is, ߛ ൌ െ10ܾ݀, the probability of channel 
being busy ߩ ൌ 0.45 and the probability of 
target detection and false alarm probability 
	 ௗܲ ൌ 0.7 and  ௙ܲ ൌ 0.3	respectively. The 
throughput and delay thresholds are defined as 
ܴ ൌ μܴ଴ and  ܦ ൌ  where μሺ0,1ሻ and ܵߣ
ሺ0,1ሻ and ܴ଴ߣ ൌ ሺ1 െ  ଴ are the averageܥሻߩ
throughput and delay constraints which can be 
active in the optimization procedure.   

 
Fig 2.  Delay with throughput coefficient for 
different ௌܲ 

 
Fig. 3 energy consumption with delay  for 
different ௌܲ 
From fig. 2,3 and 4 depicts that the throughput 
of the proposed scheme is increased and the 
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delay of the system is reduced for different 
sensing power ௌܲ. 

 
Fig 4. Energy consumption with throughput 
coefficient 

 
Fig 5 Total energy consumption when Jsw = 40 
mJ 

 
Fig 6 Total energy consumption when Jsw = 2 
mJ  
From fig 5 and 6 depicts that the energy 
consumption is reduced for two different energy 
cost. Therefore the energy consumption and 
delay time is reduced at the same time 
throughput is increased. 

6. Conclusion 
 The proposed optimized system results 
in lesser energy consumption with the better 

channel switching probability. It is achieved by 
calculating the least time taken by the 
transmission i.e., ௧ܸ of all channels. Based on 
the ௧ܸ, the secondary user will decide whether 
to wait on the same channel with power off or 
switch over to another channel which is ௧ܸ ൏ ܶ. 
So, the sensing time spectrum handoff to false 
channel is reduced, thereby increases 
throughput and also reduces the energy 
consumption and delay incur in the system, 
which results in better energy efficiency.  
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