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Smart grid (SG) operation requires a reliable, accurate and effective communication link be-
tween the distributed meters and the control center. However, dedicating a portion of the
spectrum is difficult due to the spectrum scarcity problem. Cognitive radio (CR) technology
has been nominated as a good candidate for SG communications due to its efficiency and

flexibility. Indeed, channel selection in CR-based SG systems is still an open issue, and it is in-
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vestigated in this paper. The paper proposes a novel channel selection mechanism that is able
to adapt the selection criteria based on the type of transmitted data. The proposed mechanism
is proven to provide high performance compared to the non-adaptable mechanisms.

© 2015 Published by Elsevier B.V.

1. Cognitive radios for smart grid communication

The communications infrastructure for smart grid (SG)
has recently received an increasing attention. Given the het-
erogeneity of the SG, it is necessary to clarify that the con-
sidered scenario in the paper consists of the communication
links used to interconnect the distributed meters at the cus-
tomers’ side and the local control center. To some extent,
from a communications perspective, this could be consid-
ered the last mile of the SG system. Many wireless technolo-
gies have been nominated in the literature as candidate in-
frastructures for SG communications in such scenario [1,2].
However, two main properties that may distinguish SG na-
ture from other wireless systems: first, both the transmitter
and receiver are always fixed, which alleviate many problems
generated by mobile transmitters, such as fast channel varia-
tion, frequent handovers, etc.; second, a considerable part of
the transmitted data has a regular (fixed) generation rate, i.e.,
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both transmitter and receiver know who will send these data
and when. Moreover, such types of data usually tolerate a rel-
atively long delay (in communication terms). These proper-
ties should be taken into account in order to identify suit-
able, efficient and reliable communication infrastructures for
the SG.

Cognitive radio (CR) technology is one of the candidate
technologies to serve for last mile SG communications [3-5].
CR is an intelligent software-defined radio technology that
facilitates efficient, reliable and dynamic use of the unused
portions of the radio spectrum by adapting its configuration
according to the environment radio conditions [6]. The IEEE
802.22 is the first standardization activity on CR networks
based on opportunistic utilization of TV spectrum bands [7].

CR based on IEEE 802.22 represents a good candidate for
last mile SG communications for several reasons, (i) Unlike
other wireless technologies, CRs operate in unused TV fre-
quencies, which, in view of spectrum scarcity, represents an
extremely useful feature. (ii) high data rates up to tens of
Mbps can be achieved by CR. (iii) Due to the long-range prop-
agation characteristics of the TV bands, the coverage area
can reach up to 100 kM. (iv) CR is adaptive, programmable
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and flexible, since it is built on a software-defined radio
platform.

Although the above mentioned reasons can make CR a
preferred choice for SG communication, three main issues
should be still addressed. First, identifying the unused TV
frequencies represents a key issue in CR implementation.
Usually, information about band occupancy is obtained by a
pre-process called spectrum sensing, which consumes time
and energy [8]. Second, errors can occur in identifying the
availability of the TV bands due to probable imperfect spec-
trum sensing, which is reflected on the reliability of cognitive
transmission [9]. Third, cognitive transmission is a threat-
ened transmission due to the possible and unpredictable ap-
pearance of the original licensed user during transmission.
However, the last issue becomes less significant in case of
CR based on IEEE 802.22 since a TV frequency that has been
identified as vacant cannot be reused during CR’s usage in the
same area. As a consequence, the former two issues (the first
and the second) are taken into consideration throughout this
work.

Based on the dynamic smart grid communication envi-
ronment and comprehensive communication applications in
the smart grid architecture, researchers have explored dif-
ferent challenges of the CR-based SG communications in
recent years [10,11]. Ghassemi et al. [12] studied current
energy management requirements in the smart grid and em-
ployed CR as the solution for the communication require-
ments in the wide area networks (WANSs) of SG, based on IEEE
802.22 standard. In particular, the additional bandwidth re-
quired for non-critical data is addressed by Ghassemi et al.
[12]. Stand-alone radio and secondary radio were proposed
for CR communication systems based on IEEE 802.22 stan-
dard. According to such two architectures, Ghassemi et al.
[12] employed dual-radio scheme for CR-based transmission,
which can offer an effective spectrum sensing process. Yu
et al. [13] proposed a new spectrum access scheme named
hybrid spectrum access (HSA) in which both licensed and un-
licensed spectrum bands can be scheduled to guarantee the
transmission services in SG. The HSA scheme is employed
to balance the spectrum utilization and the QoS provision-
ing in different environments. Based on the HSA strategy, Yu
et al. considered two types of spectrum sensing schemes,
periodic and on-demand sensing. The transmission QoS in
SG is improved via employing the various applications of
the spectrum sensing schemes. Deng et al. in [14] deliv-
ered cognitive radio into SG to improve the communication
quality in distribution network for balancing the real-time
power demand and to schedule the peak load. Especially,
in the data transmission process of smart meters, the deci-
sion of channel selection and the reduction the communi-
cation outage can be guaranteed by the spectrum sensing
and channel switching, in which the licensed and unlicensed
channels have equal opportunities to be selected. During the
best sensing-performance tradeoff, the primary user using
the licensed channel is protected. The sensing-performance
tradeoff problem is formulated to explore the probability of
lower communication cost. The collision of the communica-
tion outage is also analyzed for the power consumers.

The errors can occur during the process of spectrum
sensing, maybe caused by dynamic parameters in the harsh
SG environments, just as equipment noise, cross-tier inter-

ference and etc. According to this challenge, Shah et al. [15]
presented a CR-based cross-layer framework to meet the
QoS requirements of diverse SG applications. The proposed
mechanism employed the emerging cognitive radio tech-
nology to reduce the noisy and congested spectrum bands,
yielding reliable and high capacity wireless links for SG com-
munications. Meanwhile, a distributed control algorithm
(DCA) was also designed to support QoS via channel and
control, scheduling and routing decisions, which maximizes
the network utilization under the constraints of QoS.

Due to the features of IEEE 802.22 standard, CR based
communication technologies can serve the SG applications
with high reliability even in harsh environmental condi-
tions. The growing demands of multimedia applications
in SG communications require large bandwidth and net-
work resources. In particular, large-size and time-sensitive
multimedia delivery requires more reliability and stability
in CR based SG communications. In this case, Wang et al.
[16] and Huang et al. [17] explored related issues of CR
based multimedia communications and delivered their own
mechanisms. Considering the mutual interactions with the
enhanced reliability and efficiency of whole SG system,
Wang et al. [16] proposed a combined scheme of electrical
and CR based networks to effectively support the wireless
transmissions of large-sized multimedia data created by the
dynamic SG applications. In order to achieve the required
quality of experience (QoE) performance in the SG system,
a CR networking paradigm is also proposed in [16] to effi-
ciently manage the channel allocation for both primary users
(PUs) and secondary users (SUs).

As we discussed previously, the CR based communication
platform is essentially needed to support large-size multi-
media data delivery in the SG environment. According to the
various traffic types of SG communications, Huang et al. [17]
developed CR-based channel allocation and traffic schedul-
ing schemes to mitigate the risk in multimedia data trans-
mission via employing CR based communication networks.
In these schemes, two types of channel switch, including
periodic switching and triggered switching are introduced.
Meanwhile, the spectrum sensing errors are also considered
for supporting such mechanisms. Based on the proposed
schemes, the different traffic types in SG are prioritized for
traffic scheduling of the SUs and the system utility optimiza-
tion problem for SG communications system is solved as
well.

In this paper, we focus on the channel selection in CR-
based SG communications. Generally, several channel selec-
tion mechanisms in CR networks have been proposed. In [18],
Jiang et al. created a dynamic programming approach to ex-
plore the channel selection scheme for an optimal sensing
order with adaptive modulation. The optimal sensing order
problem is settled in the scenario of multi-channel cogni-
tive medium access control involved opportunistic transmis-
sions. In the SNR-based channel selection scheme, the SNR
is regulated in the time slot and changes stochastically in
the previous and next time interval. The SNR is also denoted
as the core parameter to create a common probability den-
sity function and the achievable transmission rate, in order
to deliver the optimal selection mechanism of sensing or-
der in even more complex scenarios. The dynamic transmis-
sion rate is settled to compare with expected rate on each
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channel to decide which channel should be selected as the
current transmission channel for secondary user. In [19], Zou
et al. explored the adaptive cooperation diversity mecha-
nism with best-relay selection in cognitive radio networks.
In the proposed adaptive cooperation scheme, the SNR is
introduced to establish the equations of the primary out-
age probability and secondary outage probability. Specifi-
cally, the performance of secondary outage probability has
direct linear relationship with transmit SNR, when the pri-
mary outage probability is guaranteed. In the best-relay se-
lection mechanism, the mathematical relationship of these
two probabilities decides the result of adaptive cooperation.
As for the reliability-based mechanisms, a reliability-based
clustering cooperative sensing mechanism is addressed by
Liu et al. in [20], considering the accuracy and throughput for
the spectrum sensing between randomly allocated primary
user and secondary user. The secondary users’ reliability is
one important step in the proposed reliability-based mul-
tiple sensors clustering cooperative scheme. The parameter
represents the reliability of secondary user in settled time in-
terval, can be amended to fit dynamic complicated environ-
ment. The system throughput has been enhanced in view of
the situation of primary user. In order to reduce the commu-
nication outage in the data transmission, the spectrum sens-
ing and channel switching are introduced in the proposed
mechanism with the energy detector. Also in [21], in order to
explore the channel selection problem with reliability guar-
antee in the cognitive radio networks, Zhang et al. addressed
a novel scheme formulated the route reliability based on the
link valid probability includes the channel usable probability
and channel numbers. A link valid probability based reliabil-
ity modeling (LVPR) is proposed to value the rout reliability
based on link valid probability. The use of link is valid as long
as at least one channel can be employed. Then the channel
selection is preferable on the stability consideration. Other
proposed channel selection mechanisms aim at improving
energy efficiency. For example, in [22], Abolarinwa et al. pre-
sented energy-efficient channel selection using a learning al-
gorithm where a transmitter selects the most energy efficient
channel based on its learned experience in the past. In [23],
a channel selection mechanism for control channels in cog-
nitive mesh networks has been proposed. In detail, a coop-
erative swarm intelligence-based algorithm is used to select
the control channel based on its quality and the decisions of
neighbors. Channel contention is used as metric for channel
selection in [24]. Specifically, the sensing process should be
able to provide information about the contention of all chan-
nels, and consequently, the less-contention channel will be
used in order to improve throughput. Similarly, the energy ef-
ficiency has been considered together with the channel con-
tention as a combined metric for channel selection in [25].
The above discussed works have not considered the type
of the transmitted data. Such an issue should affect the over-
all performance of the system. In SG systems, transmitted
data belong to different categories, namely, delay-sensitive
and nondelay-sensitive data. Ignoring the data type in se-
lecting the transmitting channel may lead to degraded per-
formance. For example, selecting the channel based on their
reliability will negatively influence the throughput. On the
other hand, adopting the expected data rate as a selection
metric will increase the re-transmission probability, which

delays the delivery of delay-sensitive data. In this work, we
propose a mechanism for selecting the best channel to use for
SG communications. In the proposed mechanism, the type
of transmitted data plays a significant role in choosing the
best channel, as the criteria for selecting the transmit channel
change according to the transmitted data. In detail, data that
are delay sensitive should be transmitted through a channel
with high reliability, while other types of data that are not de-
lay sensitive can be transmitted over channels with high data
rates. Based on such principle, the transmit node will have
more freedom to select the transmit channel based on the
special requirement for their instantaneous transmitted data.
Although our proposed channel selection mechanism might
be applied to different communication systems, its high per-
formance in CR-based SG systems is evident. This is due to
that the proposed mechanism takes into consideration a spe-
cial property of CR-based SG systems which is the delay sen-
sitivity of the transmitted data. Nevertheless, the proposed
mechanism might be able to achieve high performance in
communication systems that share this special property with
the SG systems.

The rest of the paper is organized as follows. Section 2
presents the system model considered in this paper. The pro-
posed mechanism is discussed in detail in Section 3. The per-
formance of the proposed mechanism is explored through
simulation results in Section 4, and finally conclusions are
drawn in Section 5.

2. System model

A typical SG system is considered, as shown in Fig. 1.
In general, a SG consists of power plant, power utilities,
transmission grid, distribution grid and terminal power con-
sumers. There are two types of flows in the SG system, the
power flow and the information flow. One of the important
differences between the traditional power grid and the smart
grid is that terminal power consumers do not only unilater-
ally receive the orders from utilities, but they can also report
and send their demand information back to utilities via com-
munication links. Considering the SG communications envi-
ronmental conditions, safe, stable, reliable and efficient com-
munications between terminal power consumers and utili-
ties is recognized as a huge challenge.

Recently, the major changes are being promoted in the
distribution networks of SG system. A simple architecture
of the distribution grid is shown in Fig. 2. From Fig. 2, the
distribution grid represents the last mile of the SG and it in-
cludes, primary substation, secondary substation, feed lines
and terminal power consumers with residential renewable
energy generation system. Huge amount of terminal power
consumers would have dynamic and random power con-
sumption behaviors that would generate an aggregate power
demand and other potential requests to the utilities. The pa-
per discusses the usage of the TV spectrum based CR com-
munication technologies as a potential candidate to establish
the wireless communication links in the distribution section
of the SG system for the multimedia information delivery.

The considered TV spectrum is divided into L channels :
{C;,Gy, ..., C.}. The process of SG transmission based on CR
technology is performed in three phases: spectrum sensing,
channel selection, and data transmission. In the spectrum
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sensing phase, the idle channels are identified, and as a se-
quence, a channel (or more) is selected in the channel selec-
tion phase in order to transmit the data in the last phase. The
following subsections provide additional details on each of
the three phases.

2.1. Phase I: spectrum sensing

As mentioned earlier, the first phase is to identify the idle
TV channel through the spectrum sensing process. The con-
sidered spectrum sensing technique in this work is energy
detection, due to its simplicity and low cost [26]. Energy de-
tection is performed by collecting a set of energy samples
from each channel, and then comparing the accumulated av-
erage of the collected samples with a predefined threshold,
denoted by A. If the average is larger than A, the correspond-
ing channel will be declared as used, while otherwise it will
be identified as idle. The following formula describes the
function of the detection process [27]:

used, if Y;> A,
di = {idle, ifY = A (M

where d; the detection decision of the ith channel, Y; is the
average of the collected samples from the ith channel.

The performance of spectrum sensing is usually measured
by two probabilities, namely, the detection probability (Py)
and the false-alarm probability (Pf). The detection probability
is defined as the probability that a channel is identified as
used given that it is used, and is expressed as follows [27]:

Y; -0} —0?
(7112_(7)(2
NS

where o/ is the noise variance, o is the variance of the
transmitted signal, S is the number of the collected samples

. . 1 oo 2
during the sensing, and Q(x) = 7= I exp(T) -dt.

The false-alarm probability is the probability that a chan-
nel is identified as used given that it is idle, and is expressed
as follows [27]:

Fi=Q ; (2)

Y — o7
oi
N
The reader should note that high performance can be

achieved by high detection probability and low false-alarm
probability [28]. Moreover, it should be underlined that the
spectrum sensing is imperfect process, i.e. the availability de-
cision can be a false decision [29]. The false decision occurs
in two cases, the false-alarm case and the missed-detection
case. While the former is described earlier, the latter occurs
when a channel is identified as idle given that is used. The
missed detection is the complementary probability of the de-
tection probability, and can be expressed as follows:

P=Q

(3)

52 _ o2
Y -0y -0y
ai-o¢

75

Prai=1-0Q (4)

2.2. Phase II: channel selection

As the idle channels have been identified according to the
spectrum sensing process, the transmitter node will be able

to choose a channel for data transmission from the set of
the available channels. The mechanism for selecting the used
channel will be discussed later.

Generally, the achievable data rate of the ith channel (in
case itis actually idle) can be expressed as follows (Shannon’s
law):

R; = Blog, (1+ ¥y, (5)

where B is the channel bandwidth and y; is the signal to
noise ratio of the ith channel.

2.3. Phase IlI: data transmission

After identifying the transmit channel based on the
adopted channel selection mechanism, the data transmission
will start. The transmitted data can be classified into two cat-
egories as follows [30-32]:

« Delay sensitive (DS): this type of data is very important
and should be delivered as fast as possible to the control
center. An example for this type is fault alarms.

« Non-delay sensitive (NDS): this type of data can tolerate a
longer delay. For example, statistical data about the con-
sumption, load variation, etc., as well as the regular meter
readings.

3. The proposed channel selection mechanisms

In this section, we propose a channel selection mecha-
nism for CR-base SG communications. The proposed mech-
anism is designed to adapt the selection criteria according to
the type of data to transmit. Thus, it should (as will be proved
later) provide high performance compared to other channel
selection mechanisms.

The proposed channel selection mechanism is described
in Fig. 3. The figure describes the whole process of SG com-
munication based on CR technology, starting from spec-
trum sensing, channel estimation, channel selection, and
data transmission.

As indicated in Fig. 3, the first step is to sense the channel
set, which will result in identifying a subset of the sensed
channels as idle. The idle subset can be different among
nodes, since each node can experience different sensing per-
formance and channel conditions. Therefore, the two com-
municating nodes should exchange the sensing results which
include: (i) the idle channel subset, and (ii) the missed-
detection probability of each channel in the idle channel sub-
set. Notice that only channels that have been jointly (i.e. by
both nodes) identified as idle can be used. The two missed-
detection probabilities will be used to compute the aver-
age missed-detection probability of each channel in the joint
idle channel subset. The average missed-detection probabil-
ity is used to compute the reliability of the channel (p;) as
follows:

1
Pai

pi= (6)

The main aim of the next step, channel estimation, is to
estimate the SNR of each channel in the joint idle channel
subset.
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Fig. 3. The flow chart of the proposed channel selection mechanism for CR-based SG communications.

By performing the first two steps, the two communicat-
ing nodes will have (i) a small subset of the channels that
are commonly identified as idle, (ii) the reliability value of
each channel in the obtained subset, and (iii) the SNR of each
channel in the obtained subset.

Now, once the transmitter node has data ready for trans-
mission, the transmitter should examine the type of the
transmitted data: i.e. “is it DS or NDS ?”. According to the data
type, the transmitter should select the proper channel. For DS
data, the channel should be the most reliable channel, since
DS data are very important and should be successfully deliv-
ered as soon as possible. On the other hand, for NDS data, the
channel with highest SNR should be selected, since this type
of data is large and requires high data rates.

The last step in the proposed mechanism is to ensure
the delivery of the transmitted data, where we assume that
the receiver node will inform the transmitter node if the
data have been successfully delivered or not through an ac-
knowledgment mechanism. If the data have not been suc-
cessfully delivered, the transmitter node will re-transmit the
data and exclude the previously used channel from the selec-
tion mechanism.

4. Performance analysis and simulation results

In this section, the performance of the proposed channel
selection mechanism is explored through simulation results.
The results of other three channel selection mechanisms will
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Table 1
Simulation parameters.

Channel bandwidth (B)

20kHz

Probability of channel occupancy
Detection probability (P4)
False-alarm probability (Ps)
Probability of DS data
Probability of NDS data

No. of channels

Average SNR

No. of iterations

A uniform random variable on [0.5, 1]
A uniform random variable on [0, 0.5]

Indicated on each figure
Indicated on each figure.

be shown for comparison purpose. The three mechanisms are
as follows:

» SNR-based channel selection mechanism: It implies
that the transmit channel will be selected based on the
instantaneous SNR. Specifically, the channel whose SNR is
the maximum will be selected from those that have been
identified as idle by both the transmitter and the receiver.
Reliability-based channel selection mechanism: The
most reliable channel is chosen for data transmis-
sion, where the channel whose instantaneous missed-
detection probability is the minimum will be selected
from channels that have been identified as idle by both
the transmitter and the receiver.

Random channel selection mechanism: Unlike the
above mechanisms, this mechanism randomly selects
the transmit channel from the channels that have been
identified as idle by both the transmitter and the
receiver.

The reader should notice that the proposed mechanism
can be considered as a combination of the first two mecha-
nisms. In the proposed mechanism, the type of the transmit-
ted data is used to identify the selection criteria (reliability
or data rate) most appropriate for the data to be delivered.
On the other hand, the three mechanisms described above
do not explicitly consider the data type for channel selection
process.

In the simulation setup, we consider the bandwidth of
each channel equals to 20 kHz. The probability that a channel
is occupied is identical for all channels and equals to 0.5,
which is a reasonable assumption, especially when no prior
statistics about channels’ usage are available. Regarding
the sensing ability of the distributed nodes, the detection
probability and the false-alarm probability are modeled as
uniform random variables over the range [0.5, 1] and [O,
0.5], respectively. The probability that the transmitted data
is delay-sensitive is 0.2, while the probability of non-delay
sensitive data is 0.8. Regardless of the employed mechanism,
we consider that the transmitted data will not be delivered
in two cases: (i) if none of the channels has been identified
as idle by both transmitter and receiver nodes, and (ii) if
the transmit channel is actually occupied by a primary user.
The reader should notice that in case that the transmitted
data have not been delivered, the transmitter node should
retransmit the same data in the next transmission phase.
The shown results are taken from 104 transmission rounds.
Table 1 summarizes the simulation parameters.
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Fig. 4. The retransmission probability versus the total number of channels
for the considered channel selection mechanisms. Average SNR = 5.

In Fig. 4, the retransmission probability versus the to-
tal number of channels for the considered channel selec-
tion mechanisms is shown. As the proposed mechanism is
the only one that distinguishes between the data type, it
is plotted in Fig. 4 separately for delay-sensitive and non-
delay-sensitive data types. The random and the SNR-based
mechanisms show a poor performance whatever the chan-
nels’ number due to not including the reliability of the trans-
mit channel in the selection process. On the other hand, the
reliability-based mechanism has the best performance, as it
achieves the minimum retransmission probability. Regarding
our proposed mechanism, it achieves the minimum retrans-
mission probability (as in reliability-based mechanism) for
only delay-sensitive data since this type of data cannot tol-
erate long delays. For non-delay-sensitive data, our proposal
allows for higher retransmission probability (equals to the
SNR-based mechanism).

The total achievable data rate versus the number of chan-
nels for all the considered mechanisms is shown in Fig. 5.
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Fig. 5. The total achievable data rate versus the number of channels for all
the considered mechanisms. Average SNR = 5.

Generally, for mechanisms that adopt the SNR in the se-
lection (i.e. SNR-based and the proposed mechanism), the
total data rate increases as the number of channels in-
creases, while the other mechanisms (reliability-based and
random mechanisms) achieve approximately constant total
data rate although the number of channels is increasing. In-
tuitively, the SNR-based mechanism attains the maximum
total data rate as it always chooses the maximum SNR for
data transmission. However, the proposed mechanism is able
to achieve high total data rate that is near to that achieved
by the SNR-based mechanism. This is because the proposed
mechanism partially (only for non-delay-sensitive data) de-
pends on the channel SNR.

Comparing the results in Figs. 4 and 5, we can see that
the reliability-based mechanism achieves the minimum re-
transmission probability, while it achieves low data rate. On
the other hand, the SNR-based mechanism provides the max-
imum total data rate, while its achievable retransmission
probability is high compared to the other mechanisms. In
the light of this trade-off between reliability and data rate,
the proposed mechanism achieves the balance for the trade-
off, where it is able to achieve low retransmission probabil-
ity for delay-sensitive data, and high data rate for non-delay-
sensitive data.

The total data rate for all mechanisms versus the average
SNR is shown in Fig. 6. Clearly, the total data rate increases for
all mechanisms as the average SNR increases. The proposed
mechanism achieves data rate that is near to the maximum
value (achieved by the SNR-based mechanism).

In Fig. 7, the retransmission probability versus the
occupancy probability of the channels for the proposed
mechanism is depicted. The occupancy probability is the

Total data rate [bps]

3 4 5 6 7 8 9
Average SNR

Fig. 6. The total data rate for all mechanisms versus the average SNR. Num-
ber of channels = 20.

Il Delay-Sensitive Data
Il Non-Delay-Sensitive Data

o
N
T
i

0.15 b

Re-transmission probability
=)

0.05 i

01 02 03 04 05 06 07
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Fig. 7. The retransmission probability versus the occupancy probability of
the channels for the proposed mechanism. Average SNR = 5, Number of
channels = 20.

probability that the transmit channel is used by a primary
user. It should be underlined that due to the fact that the pro-
posed mechanism changes the selection criteria according to
the data type, the delay-sensitive data can experience lower
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retransmission probability than the non-delay sensitive
data.

5. Conclusions

This paper investigates the channel selection problem of
cognitive radio based smart grid communications in the dis-
tribution section. SNR-based mechanisms can offer high data
rate, while the cost is in longer delays due to not consid-
ering the reliability of the transmit channels. On the other
hand, reliability-based mechanisms are able to shorten the
transmission delay, and the corresponding data rate loss is
high. The proposed mechanism is able to achieve balance
in this trade-off as it adapts the selection criteria based on
the data type. The proposed mechanism selects the most re-
liable channel for delay-sensitive data, and the maximum
SNR channel for non-delay-sensitive data. Simulation results
have proved the high performance of the proposed mecha-
nism compared to the other mechanisms. As a potential fu-
ture work, the proposed channel selection mechanism can be
evaluated in real environments taking into account the differ-
ent sensing abilities of the transmitting nodes, the variable
activity of licensed users and the potential congestion in case
of large number of nodes.
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