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Abstract—The concept of cognitive radio is still adolescent 

and there are a lot of issues that need to be address in future 

for successful implementation in practical use. This paper 

presents the scheduling algorithm of secondary user to ensure 

the effective utilization of spectrum. For selection of 

appropriate secondary user four deterministic parameters 

mobility, distance, spectrum and hold time are considered 

and priority queues with five levels are formulated by 

applying fuzzy rules on these four variables. Hybrid 

approach of underlay and overlay spectrum sharing is 

implemented on the base of collision rate among the users of 

the cognitive network. 

 
Index Terms—Fuzzy Logic, Fuzzy Rule Spectrum sharing, 

Unlicensed user, Spectrum holes, Throughput, Opportunistic. 

I. INTRODUCTION 

Cognitive Radio Networks (CRNs) have distinctive 

features as comparison to traditional wireless networks 

such as in CRNs secondary or unlicensed user access the 

spectrum dynamically that’s mean if primary or licensed 

user demands for the channel for transmission then 

secondary user have to leave that channel and look for the 

other available channel or have to wait for that channel[1] 

and transmission time of the secondary users is not fixed 

but depends upon the activity of the primary users[2].  

Therefore unlicensed users can only access the specific 

spectrum band when they are free from the licensed users 

[3]. So because of these distinctive features existing 

schemes of traditional wireless networks cannot be 

implemented to cognitive radio networks that’s why 

scheduling scheme to deal with the scheduling problem in 

traditional networks need to be reassessed for the CRNs. 

Spectrum sharing is one of the four basic functions of 

cognitive radio networks that refer to spectrum scheduling 

of the secondary users[4-6], and comparison of different 

scheduling techniques have shown that spectrum                          

scheduling is the key factor for the maximum throughput 

and optimal utilization of the resources of CRNs [7].  
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It is necessary for a cognitive radio to access any available 

channel from the targeted free spectrum band, make 

possible network communication by operating complete or 

specific part of the channel[8], sharing the free spectrum 

among secondary users by applying the scheduling 

techniques, and error correction schemes to obtain the best 

throughput. 

Because secondary users don’t have any licensed 

channel like primary user so for the communication they 

have to wait for the spectrum that is free from primary user 

and can opportunistically access this free spectrum. To 

avoid from the interference among the cognitive users we 

need to implement sophisticated scheduling technique. The 

implementation of reliable scheduling technique is much 

necessary because the throughput of the network is 

dependent on this technique. Best technique used for 

scheduling will increase the network throughput as well as 

make possible the optimal utilization of the resources of 

the network.  

II. PROPOSED MODEL 

For selection of appropriate unlicensed user for the 

spectrum access four determining parameters are 

considered such as mobility of unlicensed users, distance 

between the licensed user and unlicensed user, ratios of the 

spectrum required and hold time of unlicensed user. 

A. Mobility 

Mobility is an important parameter because if the 

mobility is high then there will be more chances of 

secondary user to change the position. It will cause 

Doppler Effect. 

fD = (Vcosϴ /c) fc         (1) 

 

Here fD is Doppler shift, θ is the arrival angle of the 

received signal, c is the wave velocity and fc is the carrier 

frequency. If the mobility is high there can be degradation 

of Quality of service due to non-availability of the channel 

[9]. The velocity can be calculated from the given formula. 

Doppler shift is given by by eq. 2 and 3. 

 

f=fm cosϕ           
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 (2) 

 

and 

fm=v/λ            (3) 

 

Here fm is the carrier frequency is the mobile velocity, φ 

is the angle and λ is the carrier wave length. It has three 

membership functions slow, moderate and fast. 

B. Distance 

Distance of the secondary user is another important 

factor because secondary user at a closer distance should 

be given priority to access spectrum, which depends upon 

the SNR, γs, at the secondary user given by eq. 4. 

γs = 10 log((P1 g(R))/ σ2)       (4) 

 

Where P1 is the transmit power user, σ is the noise 

power and R is the distance between the primary and the 

secondary user, which can be calculated from the given 

formula and  mapped into three membership function near, 

moderate and far in fuzzy logic controller. 

C. Spectrum  

The third factor is the ratio of the required spectrum to 

the available spectrum which gives spectrum efficiency 

given by eq. 5. 

ηs =(BWS/BWa) * 100 %      (5) 

 

Where BWs is the required spectrum and BWa is the 

available spectrum. It is mapped into three membership 

functions low, medium and high. 

D. Hold Time 

This is the expected time duration a secondary user can 

occupy the licensed channel without any interruption. If 

this is high (long) a channel can be assigned to user with 

high priority queue [10]. It has three membership functions 

as short, moderate and far. 

E. Output Parameter 

Keeping in consideration the velocity, distance, 

spectrum and hold time we need the desired output that is 

the priority of the secondary user. By making all possible 

combination of different values of the input membership 

function we have different value for the priority. 

F. Priority 

The grading of the secondary users to get the available 

spectrum is called priority. If the priority is high then 

secondary user have more chances to get the free spectrum 

and if priority is low then he have to wait till it gets high 

priority that will increase as its wait time increases. It is 

mapped in fuzzy controller with five different membership 

functions those are very low, low, moderate, high and very 

high. This represents the different priority levels of 

secondary users. 

G. Fuzzy Rules 

By making all possible combinations of velocity, 

distance and spectrum and their effect on priority of 

secondary users we have 81 rules as following If 

(Spectrum is Low) and (Mobility is Slow) and (Distance is 

Near) and (Hold_Time is Short) then (Priority is 

Moderate) (1)  

Spectrum Access Technology Base Technique 

The second categorization of spectrum sharing 

techniques for CRNs is based on technology that is further 

classified as overlay spectrum sharing and underlay 

spectrum sharing as explained following 

H. Overlay Spectrum Sharing 

The spectrum sharing technique in which a node 

accesses a part of spectrum that is not being utilized by 

spectrum [11, 12] is called overlay spectrum sharing. 

Overlay spectrum sharing technique minimize the 

interference with licensed users by utilizing a small portion 

of licensed user as shown Figure1. 

 
Fig. 1. Overlay Spectrum Sharing 

I. Underlay Spectrum Sharing 

The spectrum sharing technique in which uses a certain 

portion regarded as noise by the licensed users. After 

acquiring the spectrum allocation map CR node starts its 

transmission to this specific portion of spectrum as shown 

in Figure2. 
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Fig. 2. Underlay Spectrum Sharing 

 

Overlay spectrum sharing technique try to find the 

spectrum holes and dynamic spreading techniques are 

required for underlay spectrum sharing techniques to 

ensure interference free operation between primary and 

secondary users. Considering the tradeoff between system 

complexity and performance, hybrid techniques may be 

considered for the spectrum technique. As a result of 

hybrid approach maximum numbers of users can be 

accommodated for transmission. And decision of selection 

the underlay or overlay approach is done on the base of 

knowledge provided about the collision rate among the 

secondary and primary users. 

III. SPECTRUM SCHEDULING ALGORITHM 

On the base of result of fuzzy logic control system 

keeping in consideration the four parameters velocity, 

distance, spectrum and hold time. We have 5 different 

queues of user with different priority as very low, low, 

moderate, high and very high. Spectrum will be assigned 

to the users those are in top priority queue with very high 

priority. And next we if apply hybrid approach underlay 

and overlay combined then we need to see the collision 

rate of secondary users with the primary users. If the 

collision rate is very high then it’s better to choose 

underlay spectrum scheduling and if this collision rate is 

low then it is best to choose the overlay spectrum 

scheduling. If collision with the primary user or with other 

secondary is high then secondary user cannot use the 

spectrum for their complete transmission because they 

have to leave the channel if primary user arrives back and 

demands for the channel. It is because a primary user 

cannot be scheduled if he demands for the channel and the 

secondary user have to leave the channel even his 

transmission on the last stages. That’s why underlay 

spectrum sharing is preferred for such kind of scenario in 

which secondary user uses a small portion of the spectrum 

consecutively his specified spectrum frequency even 

during primary user demands for that channel. This way 

we can make best utilization of the spectrum when there is 

high collision rate among the users. The other case is that 

when there is very low collision rate among the users of 

the network then it is best to choose the overlay spectrum 

scheduling technique because this will utilize the spectrum 

efficiently and will increase the throughput of the system.  

Follow diagram of the purposed scheduling scheme is 

show in Figure3. 

If the system keep the indexing of the collision rate of 

different areas with keeping and also keeping in 

consideration the time change and implement one of the 

technique (e.g. overlay or underlay) as of the requirement 

of the time and area the system throughput will increase.  

IV. SIMULATION RESULTS 

The system is designed for four fuzzy input variables  

 
Fig.3. Scheduling algorithm for secondary users in high 

priority queue 

TABLE I. Membership Functions of Input Variables 

 

Those are spectrum, mobility distance and hold time. The 

membership functions for these variables are given below 

in Table I. Now we simulate system using these four input 

parameters and have different priority queues of users 

based on the result and then will apply priority based 

scheduling technique to secondary users to assign 

spectrum. Priority of the secondary user will increase with 

time to avoid from starvation of the users in low priority 

queue.  

A. Fuzzification 

In purposed system there are four input fuzzy variables 

those are spectrum, mobility, distance and hold time. The 

value of each variable will lie in one of the three regions. 

After the fuzzification process we get eight linguistic 

values for four fuzzy variables. These linguistic values are 

the mapping values of the fuzzy input variables with the 

membership functions occupied in the regions. As shown 

in Figure4, f1 and f2 corresponds to the linguistic value of 

spectrum, f3 and f4 represents mobility, f5 and f6 for 

distance and f7 and f8 for hold time. The mapping of input 
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fuzzy variables with the functions in five regions is listed 

in Table II. 

 
Fig. 4. Fuzzifier showing 4 inputs crisp values and 8 

outputs linguistic variables 

TABLE II. Linguistic values of fuzzifier outputs in all 

regions 

 
 

B. Inference Engine 

The inference engine consists of sixteen AND operators, 

these are not the logical ANDs but select minimum value 

input for the output. This inference engine accepts eight 

inputs from fuzzifier and applies the min-max composition 

to obtain the output R values. The min-max inference 

method uses min-AND operation between the four inputs. 

The sign ^ between the membership function values is 

used for Min-ANDing process. In this process we get the 

minimum of the function values being ANDed. This 

interpretation is used in Mamdani-min process. Figure5 

shows interference process. 

C. Rule Selector 

Crisp values of spectrum, mobility, distance and hold 

time are given to rule selector as input and as output rule 

selector gives the singleton values of output function by 

applying the algorithm. To get the singleton values of these 

four input variables sixteen rules are required specified by  

 

 
Fig. 5. Block diagram of inference process 

the division of the regions. 

D. Defuzzification 

Defuzzification process gives the crisp value output by 

estimating the input values. Defuzzifier takes the input 

values and gives crisp output value by estimating with the 

help of center of coverage method using this formula Σ Si 

* Ri ⁄ Σ Ri . In this system 32 input variables are given to 

fuzzifier where 16 are the values obtained from 

interference engine and the other 16 are singleton values 

from the rule selector. From defuzzifier we have one 

output variable that is the priority of the secondary user as 

shown in Figure6.  

Output variable “Priority” is dependent on four input 

values and there will be effect on the value of output 

variable if any change occurs in four of the input variables.  

 

 

 

 

 

 

 

 Fig. 6. Defuzzifier for the system 
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Result obtained from Matlab simulation of the system 

shows that in which we have all possible combinations of 

input variables and their effect on the priority. Now we 

will see the effect of two input variables together on the 

priority as shown in Figure7. We have mobility and 

spectrum and their corresponding output priority. 

 

 
Fig. 7. Mobility and Spectrum Effect on Priority 

Similarly all other possible combinations of input and 

their corresponding effect on output variable priority is 

show in Figure8 and Figure9. 

 
Fig. 8. Distance and Spectrum Effect on Priority 

 

V. CONCLUSION 

In this research a scheduling algorithm is for the 

secondary users in cognitive radio is developed whose 

purpose was to increase the performance throughput of  the 

overall network and make assure the fairness among the 

secondary user for the selection of available channel. For 

this purpose firstly a priority queue with five different 

levels of priority (very low, low, moderate, high and very 

high) on the base of effect of input parameter mobility, 

spectrum, and distance and hold time. For this fuzzy logic 

is implemented because fuzzy logic provides a different a 

 
Fig. 9. Hold Time and Spectrum Effect on Priority 

different way to solve the problem. In fuzzy logic 

formulation of rules using the expert’s knowledge in the 

specific domain, the combination of the set and 

defuzzification is required. In formulation of rules we 

considered the effect of input parameters and find that if 

the mobility is high then chances to get the spectrum will 

be low that’s why  priority will be low and if mobility is 

low then priority will be high , and in case of  input 

parameter spectrum if the ratio of the available spectrum to 

the required spectrum is high then priority of the secondary 

users will be high and if it is low then priority will be low , 

in case of distance if secondary user is near to the available 

spectrum then priority will be high otherwise low and in 

case of hold time if it is long then priority is low and other 

case if  it is short then priority will be high. By keeping in 

consideration these four parameters and their effect on the 

different levels of priority we have 81 rules for all possible 

combinations on input parameters.  

As we have 5 different levels of priority that will keep 

the secondary users in different queues there is need to 

access the spectrum using some spectrum sharing 

technique. For this we applied the hybrid approach of 

combination of underlay spectrum sharing technique and 

overlay spectrum sharing technique that will be chosen on 

the base of collision rate. If the collision rate is high then 

underlay spectrum sharing will be chosen and if collision 

rate is low then overlay spectrum sharing will be 

implemented. This hybrid approach will increase the 

throughput of the network by making possible the 

maximum and efficient utilization of available spectrum 

bands. Adaptive behavior through which network get can 

mature with time is implemented by keeping a complete 

log of the collision rate in different time for different 

location , with the help of all previous log system can take 

decision of choosing the spectrum sharing technique 

without checking the collision rate every time. Because 

spectrum is just assigned to the users in high priority queue 

so there was possibility that some user always keep waiting 

in low priority queues that can be reason of being starved 

for some users .To remove this possibility of being starved 
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in the low priority queues the priority level of the users is 

increased to its higher level as its waiting time increases. 

This will maintain the fairness among the secondary users 

of the network by giving chance to all users to get the 

spectrum. 

VI. FUTURE WORK 

Concept of cognitive radio is getting still immature and 

there are a lot of issues that need to be address in future for 

successful implementation in practical use. Because the 

main concept behind the cognitive radio is the sharing of 

licensed spectrum that is in idle state or not being utilized 

by the licensed user so the privacy and security concerns 

need to address proper way.  In perceptive of scheduling 

there are many other scenario of practical usage need to 

investigate and many other factor that need to consider for 

the selection of suitable channel, firstly need to investigate 

all possible factor and then later there effect on the 

selection of channel.  After the selection of channel, 

assurance of successful transmission of secondary user 

without interrupting the licensed users is also need to 

address. 
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