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Abstract—Many energy harvesting techniques have been 

investigated in the literature to solve the limitation of power 

supply problems as it has been one of the crucial challenges in 

wireless communication networks. With the relatively large 

numbers of sensors that are expected to be deployed in the 

upcoming Fifth Generation (5G) and Internet-of-Things (IoT), it 

has become harder to implement reasonably priced networks 

with the normal power supplying techniques. In this paper, a 

proposal of a Cognitive Radio Network (CRN) is presented 

where the SUs have the ability of Secondary-Users (SUs) to 

wirelessly harvest energy from a broadcasted energy which is 

sent from a Central Node (CN). Additionally, the nodes that 

might not get sufficient energy from the CN are considered and 

solved by letting other near nodes relay some of the harvested 

energy to those do not get sufficient energy from the initial 

broadcast. This maintains a fair distribution of energy among all 

the cognitive radio nodes in the network. The individual and 

overall network throughput is derived and investigated as well 

in order to validate the amount of transmitted data in the 

network. 
 
Index Terms—CRN, wireless powered devices, broadcasted 

power, energy harvesting, cooperative CRN, wireless powered 

communication systems. 

 

I. INTRODUCTION 

Deployment of wireless networks has been gaining a 

lot of attention over the past decade as it is considered the 

main building block for the Internet-of-things (IoT) and 

the fifth cellular generation (5G). In order to enable IoT 

technology, research has been contributing a lot in 

developing many technologies such as the Wireless 

Sensor Networks (WSNs), Energy Harvesting (EH) 

approaches, and Cognitive Radio Networks (CRNs). 

WSNs have been proposed to be implemented in 

industries such as agriculture, healthcare, smart 

manufacturing, and underwater environmental 

applications. However, it is not ready yet to be 

implemented fully due to the scarcity of the spectrum and 

the power requirements of such numerous numbers of 

WSNs. Additionally, there are a lot of restrictions on the 

transmission and data processing in wireless networks 

due to the power constrains of these mostly battery 

operated nodes. This has made the concept of harvesting 
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energy from multiple different sources the solution for 

such a problem. Mainly, wireless nodes can harvest 

energy from radio frequency (RF) signals, solar energy, 

vibrations energy, and many more. Energy harvesting 

(EH) is still considered an optimistic research direction in 

wireless networks. Thus, merging WSN, EH, and CRN 

has been discussed in the literature for application to such 

systems where it is not suitable to operate mainly on 

batteries and with the limitation of spectrum resources. 

Two different techniques for wireless energy 

harvesting have been discussed in literature. 

Simultaneous wireless transfer of Information and Power 

(SWIPT), and wireless transmission of information in 

uplink (UL) and transfer of energy in the downlink (DL) 

[1]. The authors of [2] have proposed a novel approach of 

managing the harvested energy in a network with nodes 

equipped with energy harvesters for data transmission in 

wireless sensor networks. The work proposed here is 

similar to [1] but adding CR capabilities to the nodes. A 

Markovian model was used to investigate EH in CRN in 

[3, 4] but without considering the fairness problem of the 

far nodes. Authors of [5] proposed a system in which a 

charging vehicle will periodically enter the network and 

wirelessly charge the batteries of the nodes. However, 

This will add extra infrastructure to the network which 

may not be a good approach economically.  

Cognitive Radio wireless sensor networks (CRWSNs) 

have been slowly merging with EH capabilities in order 

to achieve high Quality of Service (QoS). Several 

research papers have been working on enhancing the 

transmission delay and transmission of data. For example, 

the idea of combining CRWSNs and EH was tested in [6], 

where the SUs harvest energy from transmissions 

performed by the PU. But, since the PU transmissions 

may be sporadic from the point of view of the SUs, SU 

nodes may not get enough power from that source. 

Additionally, several approaches have been proposed to 

solve the Near-Far problem as in [1], [7]-[9]. Authors of 

[8] and [9] tested the effect of multiple antennas on 

solving this problem. On the other hand, the authors of [1] 

and [7] discussed an optimization problem of the time 

and power allocation in order to maximize the overall 

common throughput in a new approach instead of the 

summation of throughput of all nodes. Moreover, 

cooperation among users can be employed to solve the 

Near-far problem as well as in [10]-[13] with aim to 

improve the network throughput.  
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This paper discusses wireless transmission of the 

information in the UL and energy in the DL. The network 

model is considered a centralized network model in 

which a central node (CN) broadcasts a high amount of 

power wirelessly in the DL to a set of uniformly 

distributed nodes with cognitive radio capabilities and 

radio frequency energy harvesters (RFEHs). While in the 

UL, the CRWSNs send their information to the central 

node in Time Division Multiple Access (TDMA) 

approach. The network model used in this paper avoids 

the Near-Far problem, where far CRWSNs may suffer 

from low harvested energy when compared to the near 

users. An effective solution to this problem is to assign 

some of the near CRWSNs the job of relaying some of 

the harvested energy to the far CRWSNs with the goal of 

achieving fairness, continuous connectivity, and 

maximum throughput of the network as a whole.  The 

relay nodes employ amplify-and-forward scheme to avoid 

complex processing and high waste of the harvested 

energy. The rest of the paper is organized as follows; the 

network model is presented in Section II. Section III 

describes the results and discussion. Section IV concludes 

the paper.  

II. NETWORK MODEL 

The model in this paper is inspired by [1] which 

discussed a similar model for wireless sensor nodes 

(WSNs). Our model considers a similar network but with 

adding cognitive radio capabilities to the nodes. The 

CRWSNs receive broadcasted energy in the DL from the 

central nodes (CN) and send their information in the UL. 

The network model is shown in Fig 1. It consists of one 

CN and K CRWSNs. The CN periodically broadcasts 

constant energy in all directions. The CRNs are equipped 

with only one antenna and their energy depends totally on 

the RF energy harvested from the broadcasted energy.  

 
Fig. 1. Wireless powered cognitive radio network 

The channel state information (CSI) and locations of 

the CRWSNs are assumed to be well known to the CN. 

Also, the network assumes a uniform distribution of the 

CRWSNs in a grid circle based network with radius r. 

Relay CRWSNs use amplify-and-forward scheme with 

negligible processing energy.  

Fig. 2 shows the proposed time frame of each of the 

CRWSNs in a cooperative and non-cooperative sensing 

manner where the harvesting and sensing slots take only 

10% each of the overall time frame. Harvesting slot is the 

time used during harvesting of the energy. However, the 

sensing slot is used for sensing vacant spectrum band. 

The rest 80% of the time frame are used for self-data 

transmission and relayed energy for far nodes. on the 

other hand, nodes which are selected to work as relays 

either transmit their data during the total transmission 

time slot or use the time slot to both relay some of the 

energy and transmit their own data. This depends mainly 

on the availability of a transmission from the far Node.  

 
Fig. 2. Time frame of cooperative and non-cooperative users  

At each CRWSN, the state of the spectrum can be 

described by 𝐻0  and  𝐻1 , which represent the spectrum 

being either idle or occupied, respectively. Their steady 

state probabilities can be written as: 

 

𝑃(𝐻1) =
1 − 𝑞𝑖

2 − 𝑞𝑖 − 𝑞𝑜
 (1) 

𝑃(𝐻𝑜) = 1 − 𝑃(𝐻1)
 

(2)
 

 

The probability of spectrum states changes based on 

whether the primary user (PU) is transmitting or not. The 

spectrum state remain unchanged with probability 𝑞𝑜 or it 

changes to idle state with probability (1 − 𝑞𝑜) in the next 

time slot, if the spectrum is occupied by the PU. While, 

the spectrum remain idle with probability 𝑞𝑖 or change to 

occupied state with probability (1 − 𝑞𝑖) in the next time 

slot, if the spectrum is idle in the current slot. The 

received signal at any of the CRNs is: 

 

𝑦𝑖(𝑛) = {
𝑤𝑖(𝑛)               , 𝑓𝑜𝑟 𝐻0

𝑤𝑖(𝑛) + 𝑠𝑖(𝑛), 𝑓𝑜𝑟 𝐻1
 (3) 

 

where 𝑠𝑖(𝑛) and 𝑤𝑖(𝑛)  represent the primary and noise 

signals, respectively. Both values are modelled with a 

circularly symmetric complex Gaussian distribution 

(CSCG) with variances 𝜎𝑠
2  and 𝜎𝑤

2  respectively. 

CRWSNs detect the signal T(yi) based on the calculation 

of their energy:  

 

𝑇(𝑦𝑖) =
1

𝑁
∑ |𝑦𝑖(𝑛)|2

𝑁

𝑛=1

 (4) 
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The summation of the received signals in the energy 

detection is calculated with number of samples (N) of 

CRWSNs. where 𝑁 = 𝜏𝑠𝑓𝑠 , and 𝜏𝑠 and 𝑓𝑠 are the sensing 

time and sampling frequency, respectively.  

For high probability detection of the transmission of 

CRWSNs, 𝑃𝑑(𝜆)  is maximized and probability of false 

alarm 𝑃𝑓(𝜆) is at the minimal to avoid false sensing of the 

PU. The probabilities of false alarm and detection can be 

written as: 

 

𝑃𝑓(𝜆) = 𝑄((
𝜆

𝜎𝑤
2 − 1)√𝜏𝑠𝑓𝑠 ) (5) 

𝑃𝑑(𝜆) = 𝑄( (
𝜆

(𝛾𝑝 + 1)𝜎𝑤
2 − 1) √𝜏𝑠𝑓𝑠) (6) 

 

where 𝛾𝑝 is the measured Signal-to-noise-ratio (SNR) of 

the PU, 𝜆 is the received signal strength at CRWSNs, and 

𝜎𝑤
2  is the noise power. The individual achievable 

throughput is derived based on [1] as: 
 

𝑅𝑖 = (1 − 𝑃𝑓(𝜆)) 𝑃(𝐻0) 𝐴 𝑙𝑜𝑔2(1 + 𝐵
𝑇𝑜

𝑇𝑖

) (7) 

 

where 𝐴 = 𝜏𝑖  and 𝐵 =  
𝑃𝑜ℎ𝑖𝑜

2

𝜎2   are used for direct mode. 

While 𝐴 = 𝜏𝑖𝑟 and  𝐵 =  
𝑃𝑜ℎ𝑖𝑜ℎ𝑖𝑗ℎ𝑗𝑜

𝜎𝑤
2 (ℎ𝑗𝑜+1)

  are considered for 

the relayed mode. In both cases, 𝑃𝑜  is the fixed 

broadcasted energy, ℎ𝑖𝑜, ℎ𝑗𝑜 , and ℎ𝑖𝑗 are the channel gain 

between the source i and destination o, relay j and 

destination o, and source i and relay j, respectively.  

The channel gain is measured as:  
 

ℎ𝑖𝑗 = 10−3𝜌𝑖
2𝑟𝑖𝑗

−𝛼 , 𝑖, 𝑗 = 1,2, . . . , 𝐾 
 

(8) 

where, 𝛼   is the path loss exponent, 𝜌𝑖  is the Rayleigh 

short-term fading, and 𝑟𝑖𝑗  is the distance between nodes i 

and j. 

III. SIMLUATION RESULTS AND DISCUSSION 

The proposed model is evaluated by testing it in two 

scenarios of cooperative and non-cooperative CRNs.  The 

simulations are conducted under assumption that relaying 

function in the near CRWSN happens when the far 

CRWSNs do not have sufficient energy to transmit. 

While, direct transmission happens in case of far 

CRWSNs having sufficient energy for transmission. Both 

scenarios are considered in our results. The evaluation of 

the two scenarios is done using the simulation parameters 

listed in Table I.  

TABLE I:   NETWORK SIMULATION PARAMETERS  

Parameter Description Value 

K Number of nodes 10 

P0 Power broadcast from CN 50-100 dBm 

r Radius of the circular area where nodes 

are located 

100 m 

Pd Probability of detection 90% 

qo Transition Probability of being 0.7 [14] 

occupied 

qi Transition Probability of being idle 0.5 [14] 

SNR Signal-to-Noise-Ratio -20-10 dB 

𝜏𝑠 Sensing time 20 ms 

𝑓𝑠 Sampling frequency 1 MHz 

T Frame time 100 ms 

 

Figs 3 and 4 show the individual normalized 

throughput according to the SNR, and Downlink power, 

respectively. Both Relaying and Direct Transmission of 

CRWSNs were tested.  Direct transmission occurs when 

the CN does not assign a relay for a far CRWSN. This 

usually occurs when far CRWSNs have harvested 

sufficient energy for transmission and the network has a 

high traffic in the current state. This makes the CN decide 

to maintain the network throughput over fairness. Also, 

as the downlink power increases, the individual 

throughput is slightly increased in both cases. In general, 

CRNs who are located near the CN perform better than 

far CRWSNs. This is mainly because the path loss which 

is lower at the near nodes. Despite this loss, the network 

model maintains connectivity to CRWSNs that do not 

have sufficient power which helps to avoid loss of data.  

 
Fig. 3. Normalized achievable throughput vs SNR 

 
Fig. 4. Normalized achievable throughput vs Downlink power where 

SNR= -10dB 
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Additionally, we can observe that the achievable 

throughput in Figs 3 and 4 increases monotonically as the 

SNR increases and saturates at SNR=-10 dB. This 

happens because the probability of false alarm saturates. 

Also, direct transmission has a higher throughput than the 

relaying as the transmission time slot is reduced when the 

node is in relaying mode. Furthermore, it is apparent that 

the throughput decreases as well due to the increase in the 

channel gain of the relaying links. The network 

throughput is measured as 27%, and 19% for direct and 

relaying transmission, respectively.  

Fig. 5 shows the overall network throughput in Mbps 

with respect to the SNR. In the case of Relaying, all 

CRWSNs are connected and able to transmit which 

makes the throughput reaches a value of about 13 Mbps 

at SNR=-10dB. While, without Relaying, 40% of the 

CRWSNs who can’t harvest sufficient energy to transmit 

their own data are disabled which reduces the overall 

network throughput by around 1 Mbps. This value is 

because these far nodes contribute with a lower value to 

the overall throughput.  

 
Fig. 5. Overall network throughput vs SNR 

 
Fig. 6. Overall Network throughput vs Number of nodes 

Additionally, the network model is tested the effect of 

the number of nodes in the network on the overall 

throughput. The results shown in Fig. 6 represent the 

overall network throughput with various network sizes 

where the network consists of 10, 20, 30, and 40 nodes. 

Fig. 6 shows that the overall network throughput 

increases with the increase the number of nodes for both 

scenarios. But, in the relaying scenario, we can see from 

the figure that there is more increase in the overall 

throughput than that of the no-relaying scenario. This is 

because of the relaying, farther node are able to access 

the network which leads to an increase in the overall 

throughput. 

Finally, the overall throughput in the no relaying 

scenario saturates when it the network has 30 or more 

nodes. This is because the number of the far nodes 

increases which means that more nodes will not be able 

to access the network which leads to higher loss which 

saturates the overall throughput at 23 Mbps. On the other 

hand, in the relaying scenario, we can observe that the 

overall network throughput monotonically increases until 

it reaches 32 Mbps in the case of 40 nodes.  

IV. CONCLUSIONS 

In this paper, we have proposed a cognitive radio 

network model in which, the cognitive radio nodes are 

able to wirelessly harvest energy from a broadcasted 

energy periodically sent from a central node. Moreover, 

we considered the nodes that might not get sufficient 

energy from the central node by letting near nodes relay 

some of the harvested energy to those who do not get 

sufficient energy. This is done to maintain fairness 

distribution of energy among all cognitive radio nodes. 

The individual throughput measurements have shown that 

transmission reaches 27% and 19% for direct and relay 

transmission, respectively. While, the overall network 

throughput reaches 13 and 11 Mbps for relay and direct 

transmission modes, respectively. Also, this Network 

model maintains connectivity to all CRWSNs including 

those who do not get sufficient energy from the CN. This 

enables about 40% of the CRWSNs to be connected. 

Additionally, the effect of the number of nodes in the 

network was investigated. The overall network 

throughput linearly increases until it reaches 32 Mbps at 

40 nodes in the relaying scenario. While it only reaches 

23 Mbps in the no relaying scenario and saturates. This is 

because the number of nodes which do not get sufficient 

energy for transmission increase as we add more nodes to 

the network.  

REFERENCES 

[1] M. M. N. Aboelwafa, K. G. Seddik, and M. ElNainay, 

“Cooperation in multi-user wireless powered 

communication networks,” in Proc. 13th International 

Conference on Wireless and Mobile Computing, 

Networking and Communications (WiMob), Rome, Italy, 

2017, pp. 1-6. 

[2] A. M. Zungeru, L. M. Ang, S. Prabaharan, and K. P. Seng, 

“Radio frequency energy harvesting and management for 

wireless sensor networks,” Green Mobile Devices and 

Networks: Energy Optimization and Scavenging 

Techniques, pp. 341–368, 2012. 

310©2019 Journal of Communications

Journal of Communications Vol. 14, No. 4, April 2019



[3] H. Mahmoud, H. M. Elattar, A. Saffan, and H. Elbadwy, 

“QoS enhancements in energy harvesting cognitive radio 

communications networks,” in Proc. International 

Conference on Communication, Networks and Satellite 

(COMNETSAT), Semarang, 2017. 

[4] H. Mahmoud, H. M. Elattar, A. Saffan, and H. Elbadwy, 

“Optimal operational parameters for 5G energy  

harvesting cognitive wireless sensor networks,” IETE 

Technical Review, 2017. 

[5] Y. Shi, L. Xie, Y. T. Hou, and H. D. Sherali, “On 

renewable sensor networks with wireless energy transfer,” 

in INFOCOM, IEEE, 2011, pp. 1350–1358. 

[6] S. Lee, R. Zhang, and K. Huang, “Opportunistic wireless 

energy harvesting in cognitive radio networks,” IEEE 

Transactions on Wireless Communications, vol. 12, no. 9, 

pp. 4788–4799, 2013. 

[7] H. Ju and R. Zhang, “Throughput maximization in 

wireless powered communication networks,” IEEE 

Transactions on Wireless Communications, vol. 13, no. 1, 

pp. 418–428, 2014. 

[8] L. Liu, R. Zhang, and K. C. Chua, “Multi-antenna 

wireless powered communication with energy 

beamforming,” IEEE Transactions on Communications, 

vol. 62, no. 12, pp. 4349–4361, 2014. 

[9] Q. Sun, G. Zhu, C. Shen, X. Li, and Z. Zhong, “Joint 

beamforming design and time allocation for wireless 

powered communication networks,” Communications 

Letters, vol. 18, no. 10, pp. 1783–1786, 2014. 

[10] H. Ju and R. Zhang, “User cooperation in wireless 

powered communication networks,” in Proc. IEEE Global 

Communications Conference (GLOBECOM), 2014, pp. 

1430–1435.  

[11] A. Sendonaris, E. Erkip, and B. Aazhang, “User 

cooperation diversity. Part I. System description,” IEEE 

Transactions on Communications, vol. 51, no. 11, pp. 

1927–1938, 2003. 

[12] Y. Liang and V. V. Veeravalli, “Gaussian orthogonal 

relay channels: Optimal resource allocation and capacity,” 

IEEE Transactions on Information Theory, vol. 51, no. 9, 

pp. 3284–3289, 2005. 

[13] A. Sula and C. Zhou, “A cooperative scheme for spectrum 

sensing in cognitive radio systems,” Journal of 

Communications, vol. 4, no. 10, pp. 741-751, 2009. 

[14] S. Wu, Y. Shin, J. Y. Kim, and D. I. Kim, “Probability of 

packet loss in energy harvesting nodes with cognitive 

radio capabilities,” IEEE Commun. Lett., vol. 20, no. 5, pp. 

978–981, 2016. 

 

Haitham Hassan received his 

Bachelor degree in Electronics and 

Communication engineering from 

the British University in Egypt 

(BUE), Cairo, Egypt. He is working 

as a Teaching assistant in 

Electronics and Comm. Dept. at 

BUE. His research interest includes Cloud Radio access 

Network (CRAN), Network Function Virtualization 

(NFV), Cognitive Radio Networks (CRN) and Wireless 

Sensor Networks (WSN) with special emphasis on 

Energy harvesting techniques 

Email: Haitham.hassan@bue.edu.eg 

 

Mohammad M. Abdellatif is a 

Lecturer at the British University in 

Egypt (BUE). Dr. Mohammad holds 

a BSc '04 in Electronics and 

Communications Engineering from 

Assiut University, Assiut, Egypt, an 

MSc '06 in Telecommunication 

Engineering from King Fahd University of Petroleum and 

Minerals, Dhahran, Saudi Arabia, and a PhD '15 in 

Telecommunications engineering from the electrical and 

computer engineering department of the University of 

Porto, Portugal. His research interest includes Internet of 

Things (IoT), Cognitive Radio Networks (CRN) and 

Wireless Sensor Networks (WSN). 

Email: mohammad.abdellatif@bue.edu.eg 

 
 

311©2019 Journal of Communications

Journal of Communications Vol. 14, No. 4, April 2019

mailto:Haitham.hassan@bue.edu.eg
mailto:Haitham.hassan@bue.edu.eg



