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Abstract- A cross layer protocol design approach for cognitive
radio has been presented in this paper. The power adaptation
is done in the secondary user transmitter based on the relay
node. To enhance the signal transmission of the secondary
user (SU) when the receiver moves out of coverage area of the
SU transmitter. The efficient data transmission is achieved
using relay nodes between the SU transmitter and receiver.
The achievable transmission rate in bits/sec is used to evaluate
the performance of the secondary user in mobile cognitive
radio environment. An Energy Efficient Threshold Sensitive
Hierarchical Routing Algorithm (ETSHRA) for Cognitive
wireless sensor networks also has been discussed in this paper.
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I INTRODUCTION

As the number of wireless devices increases the
demand of the radio spectrum has dramatically increased.
Thus, for the new wireless devices the spectrum is scarce.
Due to the current fixed spectrum allocation policy 85
percent of the assigned spectrum is underutilized.
Cognitive radio (CR) technology is a promising solution to
alleviate the spectrum insufficiency problem. . Cognitive
radio (CR) arises to be a tempting solution for the spectrum
scarcity problem by introducing the opportunistic usage of
frequency bands that are not heavily occupied by the
licensed users. One of the main ideas of the opportunistic
spectrum access in a Cognitive radio network is to allow
secondary users (SUs) to maintain efficient data
transmissions without causing interference to the licensed
users. Thus by power adaptation technique controlling the
transmission power of SUs the achievable rate is increased.
The relative distance changes in a mobile CR network if
SUs move away from each other. Thus, the transmission
power of the secondary user needs to be adapted to
maintain their communications. The transmission range of
the SU transmitter under the current transmission power is
represented by a circle. The continuous communication is
not feasible without power adaptation when the SU
receiver moves out of the transmission range. The
integration of cognitive radios and wireless sensor
networks enables the successful transmission of packets to
the base station. Routing in cognitive wireless sensor
networks provides maximum utilization of energy and
reliability. The routing protocol groups the sensor nodes
into clusters with each led by a cluster head. At every
cluster change time, the cluster head broadcasts the

threshold values to its member nodes. The absolute value
beyond which, the node sensing the value must switch on
its transmitter and report to its CH is the hard threshold. A
small change in the value of the sensed attribute, which
triggers the node to switch on its transmitter and transmit,
is the soft threshold.
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Fig.1 Mobile cognitive radio network

1. POWER ADAPTATION

The continuous communication between the two SUs
is feasible by using power adaptation. Assume that the
power adaptation capability to each SU in a mobile
cognitive radio network. Each SU can transmit at any
power which is in the range of the maximum transmission
power so that there is a communication between the
secondary users.
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Fig.2. Mobile CRN with power adaptation
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Consider a power adaptation scheme in a mobile cognitive
radio network. Assume that there are two SUs
communicating with each other in mobile cognitive radio
environment. In addition, there are PUs distributed in the
network area and M channels available. Fig.2 shows the
network model, considering the PU and the SU’s. First of
all, assume that the distance between the SU transmitter
and the SU receiver (Rx) is d1. Then, the SU receiver
keeps moving away from the SU transmitter the next
location of the SU receiver after moving for a certain
amount of time is d2. In addition, the information about the
speed of the SU Rx is known to the SU transmitter. In this
paper, we assume that the SU transmitter and PU do not
move. Moreover, the speed of the SU Rx is v and the
moving angle is 6 with respect to the radial direction.

M. PROPOSED WORK

A. Power Adaptation in mobile CRN

The proposed protocol mainly focuses on the following,

To adapt the secondary user transmission power based on
the mobility information of the moving SU? When the SUs
moves out of the transmission range of each other, to
ensure that the communication is not dropped for the
secondary users. The received power based on the two-ray
ground propagation model,

PGiGrh?h?

p = it (1)

Where,

P,- Transmission power

G.- Gain of the transmitter antennas

G,- Gain of the receiver antennas

h¢- Height of the transmitter antennas

h, - height of the receiver antennas

d - Distance between transmitter and
the receiver

a- Path loss factor.

Assume that the SU receiver must maintain the received
power above Pr. Therefore, the power of the SU transmitter
can be given in the following equation:

P Fd* (2)

“  G,G-h?h?

In order to maintain continuous communications the
process of adapting the SU transmission power need to
perform the power adaptation periodically. We design to
address this problem by changing the power at an equal
interval time. The power adaptation formulation can be
given as follows:

P.(dy + nvcos06,)*
G.G.h?h?

P(n) = (3)
P.(dy + (n + 1)vcos64s,)®

P D= T

4

Py = P(n+1)—-P(n) 5)
where,
P, (n) - Transmission power after the n-th power
adaptation

P'. - The difference of the two consecutive
rounds of the power adaptation.

d0 - distance

n - Starts with 0.

B. Energy Efficient Threshold Sensitive Hierarchical
Routing Algorithm Protocol

All nodes are capable of communicating with each other
and to the base station. The cluster head performs data
aggregation and data dissemination. The ETSHRA provides
good scalability and network life time. Power management
is maximum in ETSHRA. The ETSHRA enhances the
network lifetime by utilizing the resources efficiently by
distributing the load uniformly, aggregating data at the
cluster head. The operation of ETSHRA is broken up into
the following rounds where each round begins with a setup
phase, followed by a steady state phase. Every round
begins with a cluster head selection where each node in the
network decides whether to become the cluster head for the
current round or not. The threshold equation for cluster
head selection for any node is given by,

P
T = e, ©)
Ifn € G, T (n)—0
Where,

P - Desired percentage of CH,

r - Current round

G - Set of nodes that have not been cluster head in the last
1/P rounds

IV.  SIMULATION RESULTS
A. Achievable transmission rate in mobile CRN
To enhance the signal transmission between the secondary
user transmitter and the receiver when the secondary user is

in a mobile environment.

Table 1. Describes the simulation parameters

SIMULATION PARAMETER VALUE
Source node, N 1

Relay node, N, 2

Destination node, Ng 1

Channel model Rayleigh fading
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achievable transmission rates for relay based 1SuTX:N:-15uRX scenario
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Fig.3. Secondary transmission power Vs achievable
transmission rate

V. CONCLUSION

A cross layer design approach between MAC and Routing
protocols for cognitive radio network has been
demonstrated in this paper. The power adaptation protocol
with relay path in MAC layer provides improved
achievable rate compared to direct path. The ETSHRA
routing protocol in the network layer improves successful
packet transmission.
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