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Abstract— Due to scarcity of spectrum Cognitive
Radio (CR) is one of the most challenging recently
emerged fields of Wireless Networks. Spectrum
decision is the capability of a cognitive radio (CR)
to select the best accessible spectrum band to satisfy
secondary users' (SUs'), quality of service (QoS)
requirements, without causing harmful interference
to licensed or primary users (PUs). It’s solved the
problem by using its sharp sensing and adaptation
to the surroundings. It locates the vacant radio
spectrum which is allocated to the Primary users
and helps to reorganize the unused spectrum to
Secondary users thereby recovering the deployment
of the spectrum. In this paper we focus on various
low power energy efficient techniques in spectrum
detection and boundaries faced by areas such as
wireless sensor networks, vehicular networks, smart
grid, healthcare, and public safety networks and
placed interest in the improvements made to the
consumption of the spectrum as well as the quality
of communication, which makes these networks
more competent. An review paper on CR along with
its various research techniques are presented in the
paper. Cognitive Radio technique like Energy
Detection, Cyclostationary Feature Detection,
Matched Filter, Wavelet Transform, Multiple
antenna, etc. available in literature.

Keywords—cognitive radio, spectrum sensing, low power

. INTRODUCTION

Cognitive radio (CR) network is competent of
healing the wireless access networks from spectral
point of view. The restriction of the spectrum is

relieved by exploiting cognitive networking in
which wireless nodes intelligently sense and operate
on the unused spectrum for communications. CR
increases the network accessibility and thus extends
rising network vigilances. Manipulating CR
networks is challenging. It requires not only the
modeling of dynamic spectrum access but also the
efficient power. This paper surveys the cognitive
radio techniques and the modeling of wireless
networks. Recent works on spectrum sensing,
supervision, and sharing are investigated in brief.
The CR wireless access network is studied in
diverse aspects such as smart cell, cooperative radio
and relay. Network of CR highly depends on the
nature of the existing spectrum. To optimize and
acclimatize the convention of Spectrum according
to the prospect of spectrum accessibility, we
converse research concurrences in designing
cognitive radio networks.

Wireless access networks are surrounded by diverse
behavior of spectrum in the telecommunications
transportation, and their existing rate of power
utilization is swelling because of the unstable pitch
of mobile data traffic [1], [2]. Wireless access
networks can exploit on the wide hypothesis of
cognitive radio (CR). Haykin [3] has correctly
defined CR as “A cognitive radio transmitter is
smart enough that it will learn from the
surroundings and adjust its states to variations in the
existing radio frequency (RF) stimuli by adjusting
the broadcast parameters (e.g., transmission power,
frequency band and modulation mode) in
instantaneous manner”. With the cognitive potential
to sense the vacant spectrum and the modification
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to vigorously change spectrum in order to less
fading and intrusion is experienced, the smart CR
communication system modeled the spectrum
alertness and energy competence [4].Different areas
of wireless systems can be smart and better via CR,
existing research focuses on spectrum efficiency
and allocation to secondary user (SU). Zhao and
Sadler [5] offered an overview of the dynamic
spectrum access (DSA), which compare the CR
wireless system from inheritance wireless systems,
which are accredited to operate in a committed
effective frequency band. Diverse activity of CR is
introduced in [6], [7]. Whereas researchers in [8] -
[10] elaborate spectrum sensing in brief which
enables CR to search and access the spectrum
availability, Wang et al. [11] demonstrate a range of
attention in CR which can take benefit of the DSA
quality of CR, and Akyildiz et al. [12] pay attention
on the CR-based wireless access network structural
design. Cooperative sensing (CS) with compound
Secondary user sense the common signal in a
synchronized manner, has been more better than
sole Secondary User sensing [4]-[13] in the realistic
noisy atmosphere. For its simple and low cost
realization, energy detection based cooperative and
non-cooperative spectrum sensing has been broadly
examined in latest. Generally, the maximum ratio
combing and the square-law combining have been
deliberate in [9], [12]. However, the maximum ratio
combing (MRC) method requires the information of
channel from the primary user to the Secondary
User and from each Secondary user to the fusion
center. If the Square Law Combing method is
applied with a changeable amplification factor at
each Secondary User, are also required. As a result,
both Maximum Ratio Combing and Square Law
Combing method have significantly high
complication. Cooperative energy detection with
equal gain combination is also measured in practical
operation due to its less operational difficulty [9],
[13]. By allowing diverse arriving SNRs of
Secondary User, [8] elaborate a cooperative sensing
scheme based on normalized Energy detection
when Secondary User are capable of sole receive
antenna. The maximum normalized energy method
is also explained in [13]. In some realistic
application atmosphere, each Secondary User in a
Cognitive Radio network have diverse hardware
configuration with different SNR signals, such as
multiple antennas and the accuracy of analog to
digital converter. These diverse requirements of

hardware lead to different sensing dependability for
each Secondary User. For such a mixed
environment CR network composed of Secondary
Users with diverse analyzing capabilities and
consistency, no efficient method has been modeled
yet, to the best of our known information, to
recognize the cooperative sensing of Secondary
Users with different capabilities. In general,
Secondary Users need to sample their analyzing
data before transport them to the Fusion Center due
to the scarcity of the bandwidth. Quantization and
quantization noise method for Cognitive Radio
spectrum sensing systems have been demonstrated
in [14]-[17] there is lot of things is yet to be done.
In[8], the arriving error is modeled as Gaussian
random variable, based on which the impact of the
reporting errors on the sensing performances have
been elaborated for the case of Energy Detection
based linear combining cooperative spectrum
sensing. Moreover, [18] analyze the decision
making power of cognitive radio under hard
situation. Space-time coding has also been proposed
to expose the reporting error of cooperative
spectrum sensing in [18].

The survey gives the summary of the energy
efficient cognitive radio systems from three aspects:
1) Achieving power aware functionality in the CR
systems,

2) Designing energy efficient wireless access
systems via cognitive radio, and

3) Optimizing CR networks.

1. ENERGY EFFICIENCY IN CR

Conventional spectrum allotting schemes use the
control and command model, in which they have
certain protocol for allotting spectrum [15]. Static
licensed spectrum presents great challenges for the
wireless network to handle the growing status of
new wireless devices and applications. To get the
spectrum access easily, dynamic spectrum access
techniques have been proposed to solve this
spectrum inefficiency problem, by allowing
secondary users to access the radio spectrum under
certain restrictions but in this problem of switching
of SC in the spectrum again and again energy lost is
must. Dynamic  spectrum access  network
categorized in three different models (based on [5],
[15]) shown in Fig. 1 are commonly used.
Cognitive radio technology has emerged as a key
for dynamic spectrum access. In a CR-based
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Dynamic Spectrum Access network, the primary
system owns the spectrum rights, while unlicensed
users can dynamically share the licensed spectrum
in an opportunistic manner. This capability is
provided by the following cognitive functionalities

[6].

A. Spectrum Sensing and Analysis

Spectrum sensing is defined as the task of finding
spectrum opportunities, i.e., spectrum holes, in the
local neighborhood of the overlay CR receiver [16].
Once the spectrum hole is utilized by a secondary
(unlicensed) transmitter, no primary receiver will be
affected by this secondary transmitter, and no
primary transmitter will interfere with the intended
secondary receiver either [17]. Spectrum analysis
uses the information obtained from spectrum
sensing to schedule and make a decision to access
the spectrum by SUs. The primary goal of CR is to
access the spectrum. As much as the spectrum
accessing is easier the allocation is as simple as
possible. The categories of spectrum sensing,
energy related advantages and drawbacks, and the
research problems concerning energy efficiency are
presented in block diagram.

To design energy efficient low power spectrum
sensing methods, the Performance of cognitive
radio shown by following parameters: the detection
probability P4 and the false alarm probability Ps. it
is good for the spectrum the P4 should be as higher
as possible. The lower the P¢, the more spectrum
opportunities are explored by Secondary User [19].
Note that the opposite of the probability of Py, is
called miss-detection probability Pn, and
sometimes called as collision probability [5]. To
improve the quality of spectrum sensing under
various conditions, such as whether prior
information about the probability of the primary
user’s presence on the target channel, defined in Eq.
(2), is available or not, and the target channel is
narrow or wide, a collection of spectrum sensing
methods have been proposed [8].

My = Prob{Hp}.....ccecvvvvvvnvnin. ()
my = Prob{Hi}....ccoovvvviiiinn . (2)

Where H; is the hypothesis that PU is active, while
Ho means the spectrum is idle. Although the
aforementioned algorithms vyield different sensing
performance and power consumption, the

relationship in Eq. (3) holds in general, based on the
binary hypothesis testing.

Pa = Prob{f (Ts,y) > Aq/H1}eeeveinnn... (3)
pr = Prob{f(Ts,y) > A¢/Hg}............. 4)
Where f is related to signal detection and

processing in the physical layer (PHY) [8], [12]. Py
is increasing with the sensing time and SNR, but is
decreasing with the detection threshold. ps is
decreasing with sensing time and as well as the
false alarm threshold. In addition to sensing
performance, the energy efficiency of the spectrum
sensing algorithms depends on the power
consumption, as shown in Eq. (4), which involves
the scheduling of a spectrum sensing activity in the
time and spatial domains by the media access
control (MAC) layer.

Ps = Fs(Ts) = Fs(Ns) ... (5)
Pr=Fr(Nc,D) ... (6)

Where Fs and Fr are the sensing and reporting
power functions, respectively. The sensing power
Ps is increasing with the sensing timeTs, which is
further proportional to Ng, the number of collected
samples. Pg, the power consumed by reporting the
sensing result, is increasing with the transmission
distance D and the number of nodes participating in
the sensing Nc. Besides the energy consumed to
obtain the sensing result, the major energy waste of
CRNs is due to the miss-detection of PU, which can
lead to collision and retransmission. As a result, the
power consumed for data transmission, P+, is
related to the detection probability P4 and SNR,
according to a decreasing function Fr defined as
follows.

PT = FT(]/, pd) ....................... (7)

1.) Sensing Duration and Frequency Problem:

To poise the energy-stability of continuous
spectrum sensing (high Ps) and the irregularity of
periodic spectrum sensing (low P4 and high Ps ),
Gan et al. [20] optimized the sampling rate (Ns/Ts)
and sensing time to minimize the total sensing
power in multiple potential channels, within the
constraints of detection performance.

2.) Sensing Architecture Design Problem:
With various Secondary Users sensing and sharing
information, power used by sensing Ps and
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reporting Pr can both be decreased when every
cognitive radio will randomly turn off its sensing

further exploited from a new degree of freedom.
There are many scheduling problems existing in the

Spectrum sensing
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device, this energy saving approach is referred to as

sleeping or on-off sensing.
Fig.1) Categories of spectrum sensing [12].

With various secondary user waiting for sensing
and sharing information , consumed by sensing
power and reporting the sensing result both
decreased when cognitive radio randomly turn off
its sensing and sharing device this scheme referred
as sleeping or on-off sensing. Two more approach
to reduce power consumed by reporting the sensing
result is censoring and clustering [21], where in
clustering, we sent local data to the cluster head
instead of fusion center, which make sent decision
to the fusion center and in censoring the result is
sent only if it is informative in this way energy
induction is reduced.

Algorithms for performance optimization of
Extensive centralized detection and overhead
minimization can be found in [22] - [24]. Here
three different schemes are there. Each secondary
users have the authority to decide whether to sleep
or share. This kind of nature is generalized by
spatial diversity scheduling.

With the introduction of scheduling in the
frequency domain, spectrum opportunity can be

Non cooperative ] Sensing order
Sensing duration no sensing result Cooperative share €SS problem problem
and frequency sharing Sensingresult Stoppingrule
problem | I_‘L problem
Centralized Distributed

sharing sharing

k.

Sleeprate problem
censor rate problem
Cluster head problem

Selection problem

frequency domain which are further discussed in the
new era of wireless communication.

The problem of cooperative sensing scheduling is
automatically generated when the multiple channels
exist; it is very difficult to allot the spectrum vacant
node to the secondary user in multiple channels. So

a tradeoff between energy-performance should be
maintained [28].

3).Sequential Channel Scheduling:

For the perfect fencing and allocation of a spectrum
the first step is that the secondary users should be
able to sense whether the channel is free or
occupied. Once the channel is sensed secondary
user can switch to the vacant slot or wait for the
sloth to be empty. Using these sensing results
quality estimation can be done [29].

More research has to be done in the area of sensing
and efficiently allocating the ideal slot. A protocol
has to be designed for channel selection.

The performance parameters to detect the spectral
efficiency are delay time and power.

These two parameters can be analyzed to detect the
efficiency of the spectrum sensing.
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B.Spectrum management and handoff:

This provide you the capability of detecting the
vacant position in spectrum and allocate the
frequency to secondary user [12], by this major
challenges come through , as well as the diverse
quality of service (QoS) requirements of various
applications [7]. The spectrum management
mechanism is further subdivided into two major
components which are spectrum analysis and
Spectrum access. The first strategy specifies
whether to send and where to send. Then according
to these results spectrum holes are identified. After
this, decision will be made by the access strategy,
whether to access or not according to best available
channel. Data transmission power level according to
the user requirement can be determined with the
help of channel characteristics. Thus in order to
design spectrum management mechanism Energy
Efficiency is an important parameter.

1) Spectrum Access: With the help of sequential
Decision Process secondary users come up with one
more option: whether to use the vacant slot or not if
energy consumption is an important parameter to be
taken care of. So in the case of poor fading signal, it
is better for secondary user to be idle.

The partially observable Markov decision process
the POMDP framework [30] indicates that the
optimal sensing decision and access strategy uses a
threshold structure in terms of channel free
probability and channel fading condition, i.e., SU
with un-rechargeable battery and limited power
should sense the channel when the conditional
probability that the channel is idle in the current slot
is above a certain threshold, and it will access the
channel if the fading condition of this idle channel
IS better than a certain threshold.

2) Spectrum Mobility: As the problem mentioned,
listed in the above section there are lot of time
variation in spectrum, sometimes it is impossible to
get the empty hole for the secondary user or it
continuously switching the spectrum one place to
other due to arrival of primary user [31],by using
spectrum mobility secondary user does not interfere
to primary user under any circumstances. CR works
on the mobility management adaptively and should
gone through heterogeneous spectrum availability.
In general, spectrum handoff is divided into two
parts. One is the reactive-sensing spectrum handoff,

in which the target channel is sensed or selected
only after the spectrum handoff request is made.
The second is the proactive-sensing spectrum
handoff, where the object channel for spectrum
handoff is prearranged [32]. The reactive spectrum
handoff gives accuracy but time taken is more. By
pre-determining the target channel, the proactive
spectrum handoff is vice versa. Extensive
performance analysis of spectrum handoff can be
found in [32] - [35]. As shown in Eq. (8), tuning the
radio frequency of the cognitive device will result
in additional power consumption

Pio = Fuo(fs = £-)ereeeeeiineannn (8)

Where FHO is an increasing function and the
handing off power PHO is related to the frequency
difference between the target channel ft and the
current channel fc. In order, to reduce the energy
consumption which occurred during the process of
handoff, the secondary user gets an option to wait
for the current channel. In this way energy can be
conserved and quality of service can be maintained.
Because of this, a decision should have to be made
whether to request handoff should be requested or
not.

Now in next section coordination among secondary
users for spectrum access, effective usage of
spectrum resource will be studied.

C). Spectrum allocation and sharing: Here in order
to maintain the collisions and interference caused
by secondary users to an acceptable level, the
access to the available channel with other primary
as well secondary users should be coordinated
properly. Based on these coordination results three
different spectrum sharing process are there [36].
First is Spatial spectrum sharing, for example
spectrum underlay, in which secondary users can
access the spectrum subject to interference
temperature (IT) [37]. Second is Temporal spectrum
sharing, e.g., spectrum overlay, in which secondary
users can utilize the spectrum only when it is idle.
Third one is Hybrid spectrum sharing, in which SUs
initially sense for the status (active/idle) of a
frequency band (as in the temporal spectrum
sharing) and adapt their transmit power based on
the decision made by spectrum sensing, to avoid
causing heavy interference (as in spatial spectrum
sharing) [38].
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Inorder to improve efficiency and fairness of
resource sharing [39], [40], [41], spectrum sharing
is further subdivided in two categories: cooperative
and non-cooperative, which depends on the
behavior of SU in the network. The energy
consumption and performance of each secondary
user and the complete network can be improved by
proper choice of spectrum sharing model and proper
choice of spectrum allocation mechanisms. As a
result efficient designs in terms of energy, power
budget, quality of service and channel conditions
can be maintained.

1) Spatial Spectrum Sharing: In order to build an
energy efficient underlay cognitive radios it is very
important to consider the parameters light spectrum
sharing, power control, bit rate and antenna beam
location. These parameters are implemented by
dynamic resource allocation (DRA) [42]. The result
of efficient spectrum sharing and allocation can
build more revenue which is beneficial for the
spectrum owner. Thus satisfaction of primary users
can also be enhanced. Here inspite of using
centralized DRA in which full knowledge of
network is required, Distributed DRA can be used if
no such information is available. Also we can use
auction based energy spectrum trading scheme in
order to minimize the primary energy consumption
along with the power budget and rate using
distributed spectrum allocation scheme.

2) Temporal Spectrum Sharing: Spectrum
exploitation is another issue for transmission of
signal efficiently. In this how secondary user
manage the spectrum allocation efficiently can be
studied. Interference of secondary user for the
vacant node of primary user is being easily detected
in spectrum exploitation. The reuse of frequency
again and again is becoming a disadvantage in
today’s scenario to achieve quality of service in the
undeterministic ~ spectrum  condition  energy
requirement is the challenge [46].

Hasan et al. [46] Measured Limited transmission
power budget and centralized power allocation in
multiple OFDM careers along with IT constraint.
Also few more schemes proposed in order to
increase the utility which considers the parameter
data rate and rate loss because of sensing error
reoccupation buy a primary user [47].

VI. CONCLUSION

This paper surveys different area of low power and
energy efficient cognitive radio functionality from
spectrum  sensing and analysis, spectrum
management and handoff, to spectrum sharing and
allocation. The state of the art of the energy
efficient CR based wireless access network, such as
relay and cooperative radio and small cells, is
reviewed from each aspect. Recent advances and
challenges in research related to energy harvesting
based green cognitive radios are elicited. Yet, many
challenging problems remain to be tackled. This
article will hopefully help readers to jump start
further research in provisioning green energy
powered cognitive radio networks.
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