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Many existingmedium access control protocols for cognitive radio wireless sensor networks waste bandwidth and suffer from delay
because of the fixed channel negotiation period in the common control channel. In this paper, we propose a medium access control
protocol for cognitive radio wireless sensor networks that adjusts the channel negotiation period based on network density. We
simulate the proposed approach and compare it to the performance of the fixed channel negotiation period based approaches. The
results show that the proposed approach efficiently utilizes white spaces and increases the aggregated goodput.

1. Introduction

Because the number ofwireless sensor networks that basically
work in the Industrial, Scientific, and Medical (ISM) radio
band is increasing, the spectrum scarcity problem is becom-
ing very challenging for researchers and service providers.
Cognitive radio wireless sensor networks (CRWSNs) [1] have
shown promise as a means to mitigate the spectrum scarcity
problem in the near future.Themain objective of CRWSNs is
to utilize the underutilized/unutilized licensed bands without
affecting the incumbent license holders of those bands, also
called the Primary Users (PU). An efficient Medium Access
Control (MAC) protocol is essential to achieve this objective
of CRWSNs. There have been several works that aimed to
utilize the underutilized/unutilized licensed channels oppor-
tunistically by unlicensed users, also called Secondary Users
(SU) or Cognitive Radio (CR) wireless sensor nodes.

Incumbents have the first priority to utilize the licensed
bands. Therefore, most of the Cognitive Radio Medium
Access Control (CR-MAC) protocols use a CommonControl
Channel (CCC) for data channel negotiation to protect their
rights and to mitigate the interference with the incumbents.
Many existing CCC-based protocols divide time into Beacon

Intervals (BIs) and further divide the BIs into the Channel
Negotiation (CN) window, also called the ad hoc traffic
indication message (ATIM) window, and the data transfer
period, also called the data window. Some examples of those
protocols are MMAC-CR [2], ECRQ-MAC [3], P-MAC [4],
and so forth. These protocols use a fixed CN window, similar
to MMAC [5].

In the CN window, nodes send control packets for chan-
nel negotiation and reservation. In the data window, nodes
send actual data packets. In dense network environments, the
existing “fixedCNwindow” based protocols suffer fromCCC
saturation, also called the CCC bottleneck problem. This is
associated with the following problems:

(a) Channel Utilization Limitation. In general, the CN
window size is around one-fourth of the data window
size. In these approaches, CN messages are only sent
in the CN window. Hence, the CN window can
become overcrowded and cannot negotiate for all
available channels, when the number of communicat-
ing pairs exceeds the available time slots in the CN
window. This may lead to some of the data channels
becoming underutilize/unutilized.
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Figure 1: Bandwidth waste in existing approaches.

(b) Bandwidth Waste in Channel Negotiation. If the CN
window is too large, then the bandwidth of all the data
channels is wasted because, in the CN window, nodes
do not send or receive data packets. This problem
is represented in Figure 1, which shows that there
are only a few nodes contending for channels. After
the channel negotiation, CCC is idle. Even worse, all
the data channels are idle for the entire CN window,
which is approximately 𝜏CIT + n × CN in one BI,
where 𝑛 is the number of channels available to be
used opportunistically for secondary users and 𝜏CIT is
the control channel idle time. Furthermore, allocating
more periods for the CN window will decrease the
data window, which undeniably decreases the net-
works throughput.

(c) Long Channel Access Delay. If the CN window is
too short, the contention loser nodes have to wait
until the next BI. In the worst case, if the number of
nodes is very large, waiting delay may be several BIs.
Therefore, they might have to wait for a long time to
access idle channels. Since the data window is much
larger than the CN window, waiting for more than
one beacon interval is costlier in terms of delay and
bandwidth utilization.

The expected channel access delay (1) shows the essen-
tiality of CNwindow adjustment. Here, the expected channel
access delay is calculated as
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Figure 2: Channel access delay in various node densities.

where𝑚 is the maximum retry number,𝑊
𝑗
is the contention

window size,𝑝 is the collision probability, 𝐼data is the datawin-
dow time,𝑁

𝑠
is the number of minislots in one CN window,

Δ is the average time to complete a CN packet exchange for
channel negotiation, and 𝐴(𝑗, 𝑖) counts the number of events
corresponding to a given delay (𝑗) measured in minislots
under the assumption that the transmission succeeds in stage
𝑖. The collision probability 𝑝 is obtained by using the formula
described in Section III of [6]. A more detailed description
about (1) can be found in [7].

Figure 2 shows the expected channel access delay in
various node densities, where the maximum retry limit is
three, Δ is 1.27ms, 𝐼data is 80ms, and the minimum CW size
is 16. In general the CN window size is one-fourth of the
data window. Hence, the CNwindow is about 20ms. Figure 2
shows that when the number of nodes increases, the channel
access delay increases.When the number of nodes exceeds 15,
nodes have to wait for channel access to the next BI, which is
80ms later.
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Figure 3: Channel grouping in the proposed approach.

The number of nodes may increase or decrease arbitrarily
in ad hoc wireless networks. The small CN window is a
bottleneck in a dense network environment and the large
CN window decreases the throughput and increases the
delay in a sparse network environment. Considering all
these shortcomings and the above-mentioned issues, we
propose an adaptive CN window-based MAC protocol for
fully connected single-hop CRWSNs. The proposed protocol
dynamically adjusts the CN period and hence mitigates
the channel utilization limitation, waste of bandwidth in
channel negotiation period, and long channel access delay.
The proposed protocol is effective in both dense and sparse
CRWSNs topologies. Moreover, this protocol adopts a strat-
egy that reduces the number of CN packets mitigating the
control channel bottleneck problem. Hence, it increases the
throughput and decreases the delay. Since hardware costs are
falling, we assume that each secondary user in our protocol
is equipped with two transceivers.

The remainder of the paper is organized as follows.
Section 2 reviews existing protocols and discusses the draw-
backs. Section 3 describes the proposed MAC layer protocol.
The corresponding simulation results and evaluations are
presented in Section 4. The conclusions of the paper are
summarized in the final section.

2. Related Work

A Dynamic Channel Allocation- (DCA-) based proto-
col called the Distributed Coordinated Spectrum Sharing
(DCSS) MAC protocol for cognitive radio is proposed in [8].
Similar to DCA [9], Request To Send (RTS) and Clear To
Send (CTS) packets are exchanged before communications
in DCSS. RTS and CTS include the available data channel
list. The time slot mechanism in DCSS is used to detect
incumbents. However, DCA fully relies on CCC, so they may

incur control channel starvation. In DCA-based protocols,
CCC can become a bottleneck if too much control informa-
tion is sent over this channel. All nodes need to contend for
access to the control channel, and the data channels remain
underutilized [2].

A synchronized multichannel MAC protocol, called a
distributed multichannel MAC protocol for multihop CRNs
(MMAC-CR), is proposed in [2]. This is a CCC-based
protocol similar to MMAC [5]. As in IEEE 802.11 PSM [10],
time is divided into the CN window and the data window
in the MMAC-CR protocol. Control packets for channel
negotiation and channel reservation are transferred in the
CN window, and data packets are transferred in the data
windows. Similar toMMAC-CR, an energy efficient cognitive
radio MAC protocol for QoS provisioning (ECRQ-MAC)
[3] is proposed. All these synchronization and BI-based
protocols are less prone to the CCC bottleneck problem
because only one handshake on the CCC is needed per con-
nection during the beacon interval. Little control information
is required compared to DCA-based protocols, where one
handshake per packet to send is required. However, as we
described in Section 1, these protocols use a fixedCNwindow.
The fixed CN window-based protocols suffer from the CCC
saturation problem in a dense network topology and waste
bandwidth in a sparse network topology.

AMACprotocol tomitigate the CCC bottleneck problem
in dense cognitive radio wireless sensor networks is proposed
in [11]. This is a group-based approach, where channel
negotiation control packets are distributed into the multiple
data channels. In this protocol, all channels are divided into
𝑘 groups. Each SU has a unique ID and the default group of
a node is decided by dividing a unique ID by the number of
groups. Except the first group, every group has one default
group control channel (GCC). The first channel of the group
is assigned as the GCC of the group. In Figure 3, CCC is the
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Figure 4: Efficient bandwidth utilization in proposed protocol.

GCC for Group 0, and GCC
𝑘−1

is a GCC for Group 𝑘−1. The
GCC of each group is the normal data channel and is used
for data communication in the data window. However, CCC
is not used for data communication and is reserved to send
emergency messages, in case the PU arrives at the channel.
This CNmessage exchange is performed in CCC for Group 0
and in GCCs for the rest of the groups.

The entire sender nodes know the group which the
receiver belongs to by its ID. If the receiver node is in the
same group as the sender node, the sender starts sending the
data packet in the data window after successfully exchanging
CN packets. If it is in the different group with the sender,
then the sender tunes its control transceiver into the GCC
of the receiver’s group. The data transceiver switches to the
negotiated channel and starts data transmission in the data
window if it wins contention. It switches back to its default
group after completion of the data transmission. If the control
transceiver tunes into the receiver’s GCC for contention, the
data transceiver starts listening to its own GCC for the CN
window time to avoid missing packets destined to it.

Although the protocol to mitigate the CCC bottleneck
problem by Joshi and Kim [11] significantly mitigates CCC
bottleneck problem in dense CRNs, it needs more sophisti-
cated and intelligent device, which can decide how many 𝑘
should be there and which channel belongs to which group
by monitoring the number of primary channels available to
use opportunistically for SUs. On the contrary, CR nodes do
not need to have such sophisticated cognition capabilities in
the proposed protocol.

The basic idea of window size adaptation in the proposed
protocol is similar to IPSM [12]. In IPSM, at the end of the
ATIM window, each node measures how long the channel
was continuously idle, which is called the current Channel
Idle Time (CIT). If the CIT is greater than a given threshold,
the channel is idle long enough to assume that no node
intends to transmit an ATIM frame. Thus, nodes do not
increase their ATIM window size. However, nodes take
a random backoff from 0 to Contention Window (CW).

When the backoff reaches 0, nodes transmit an ATIM packet
and they double the CW size if they do not receive an
acknowledgement. Because of the random backoff, even if
there are few nodes contending for channel access, the CIT
may not be less than the threshold. Therefore, measuring the
CIT at the end of the ATIM window is not always advisable.

3. Proposed Protocol

In the proposed protocol, we estimate the network density
and adjust the CN window accordingly. At the beginning of
the BI, nodes randomly contend to transmit the synchroniza-
tion beacon as in the Power Saving Mechanism (PSM) spec-
ified in the IEEE 802.11 Distributed Coordination Function
[10]. In the first stage of the CN window, nodes estimate the
number of active pairs and adjust the CN window. In the
second stage of the CN window, nodes having packets in the
outgoing queue contend for channel access. The contention
winner node sends a CN packet along with the available
channel list to the intended receiver. After receiving the CN
packet, the receiver node checks its channel status table,
selects a common channel, and sends an acknowledgement
(CN-ACK) with the selected common channel. Finally, the
sender sends a reservation confirmation message (CN-RES)
with the selected channel. Neighbor nodes update their
channel status table after overhearing the CN-RES.

All the secondary users are equipped with two
transceivers; thus they do not need towait until the expiration
of the CN window to transfer data. They start sending data
packets in the data channels immediately after successful CN
packet exchange. Figure 4 shows how our approach achieves
more effective bandwidth utilization. After successful
channel negotiation in the CN phase, nodes exchange RTS
and CTS packets and transmit data packets according to
IEEE 802.11 DCF. Whenever a primary user reclaims the
channel currently used by a secondary user, the latter stops
sending immediately and buffers packets. The node sends an
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Figure 5: CN window adjustment.

emergency message to the CCC to inform the receiver and
neighbor that the primary user is active in the channel.

Reducing the number of CN packets certainly mitigates
the control channel bottleneck problem. Therefore, unlike
some existing fixed CN window-based CR-MAC protocols
[2–4] if any neighbour node has previously negotiated with
the same receiver node, the node does not send CN packet to
negotiate for channels to reduce the number of CN packets
exchanged.

For example, nodes 𝑛
0
and 𝑛

2
have pending data packets

for node 𝑛
1
. Assume that node 𝑛

0
wins contention and sends

a CN packet to node 𝑛
1
. Now, node 𝑛

2
does not send a CN

packet to node 𝑛
1
because while node 𝑛

0
was negotiating with

node 𝑛
1
, node 𝑛

2
overhears the channel negotiation control

packets. Hence, node 𝑛
2
knows which channels are available

for node 𝑛
1
. It also knows that 𝑛

1
will remain in the wakeup

state for the entire current BI. Therefore, node 𝑛
2
does not

need to send aCNpacket to node 𝑛
1
.This reduces the number

of CN packets exchanged and providesmore opportunities to
other nodes with pending packets to send to negotiate for the
channel.

3.1. Protocol Descriptions. We assume that a cognitive radio is
an intelligent device that can make observations, orient itself,
and make decisions. Each CR device is equipped with two
transceivers, the control transceiver and the data transceiver.
The control transceiver is permanently hooked into the CCC
and the data transceiver is dynamic and capable of channel
hopping and working in different frequency bands.

Similar to [13], time is divided into BIs, which are sub-
divided into the CN window and the data window. The CN
window size is adaptive and is within [𝜏min, 𝜏max]. The CN
window has two phases, the Nodes Estimation (NE) phase
and the Channel Negotiation (CN) phase. In the NE phase,
nodes estimate the number of nodes that have packets in
the outgoing queue. Initially, every node has the same CN
window size of 𝜏min. If the estimated number of nodes intend-
ing to send packets (�̂�) is less than a given threshold range
(𝑛thresh), the nodes decrease the CN window size according
to a design parameter (𝛼). As discussed in Section 1, the
average time to complete a CN packet exchange for channel
negotiation (Δ) is 1.27ms. Therefore, 𝛼 is a multiple of Δ. If �̂�
is more than 𝑛thresh, the nodes increase the CN window size

if NE phase expired then
estimate �̂�;
if �̂� < 𝑛thresh
and 𝜏 > 𝜏min and 𝜏 ≤ 𝜏max then
𝜏− = 𝛼

else if
�̂� ≥ 𝑛thresh and 𝜏𝑖 < 𝜏max then
𝜏+ = 𝛼

else
remain unchanged

start contention for sending CN packet

Algorithm 1: Algorithm for adjusting CN window.

by 𝛼. If �̂� is within the threshold range, the CN window size
is unchanged. The method for adjusting the CN window size
is shown in Algorithm 1.

As shown in Figure 5, there are 𝑘 data channels from 𝐶
1

to 𝐶
𝑘
and one common control channel. Time is divided into

BIs (i.e., BI
1
, BI
2
, BI
3
, etc.), which are subdivided into the CN

window and the data window. In the first BI (i.e., BI
1
), the

CN window time 𝜏
1
is equal to 𝜏min. The CN window size

is adjusted in 𝜏
2
and 𝜏

3
according to the number of nodes

estimated at the end of the NE phase. At the beginning of
the BI, the data transceivers of each node randomly select
a data channel and detect the energy level to perform Fast
Sensing (FS).Thenodes save the sensing report of the channel
condition in the channel status table. The FS period is also
located in the middle of the data window. The application of
this FS period is described in Section 3.2.

Figure 6 is the expanded figure of the CN window. In
Figure 6, the CN window is divided into NE and CN phases.
NE phase is subdivided into 𝑀 = {𝑡

𝑖
| 𝑖 = 1, 2, . . . , 𝑚}

minislots, and it is significantly smaller than the CN phase.
However, 𝑡

𝑖
is long enough to perform carrier sensing and

determine whether the slot is idle or busy. According to the
IEEE 802.11 specification [10] for Direct Sequence Spread
Spectrum (DSSS), the Clear Channel Assessment (CCA) for
compliant hardware must be less than 15𝜇s. To mitigate
the effect of short-term fading, we set 𝑡

𝑖
to 20𝜇s, which is

equivalent to the default time slot in IEEE 802.11 DSSS.
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In the NE phase, nodes having packets in the outgoing
queue randomly select one minislot and transmit dummy
packets.There is no information in these dummy packets that
needs to be decoded. These are the same as those receiving
a busy signal. Since nodes select minislots randomly, one or
more nodes can send a busy signal in the same slot.Therefore,
the number of communication pairs can exceed the number
of busy signals. Even though collision occurs at the receivers
end, receivers can still know that the slot is busy.

Assuming that the variation in number of active nodes
is relatively gradual, it can be estimated from the statistical
distributions of the number of busy slots in the current and
past beacon intervals. The number of communication pairs
with pending packets for transmission, given the number of
busy minislots observed in the NE phase, can be estimated as
in (4).

Let 𝑁 and 𝐵 be the random variables representing the
number of wireless nodes and the number of busy minislots
in the current NE phase, respectively. We first derive the
relation between the number of the wireless nodes, 𝑁 = 𝑛,
and the average number of busy minislots in the current NE
phase; that is, 𝐸[𝐵 | 𝑁 = 𝑛] = 𝑓(𝑛). We estimate the number
of nodes based on the relation between 𝐸[𝐵 | 𝑁 = 𝑛] and
𝑛. We assume that the number of minislots in the NE phase
𝑀 is selected sufficiently large such that 𝑀 is usually not
smaller than the number of nodes 𝑛; that is, 𝑛 ≤ 𝑀. The
average number of busy slots is estimated using exponential
moving average of (5) and we attempt to estimate the number
of wireless nodes, 𝑛, again by reversing the relation of 𝐸[𝐵 |
𝑁 = 𝑛] = 𝑓(𝑛), that is, by using (4).

In order to facilitate the mathematical derivation, we
consider a little modified situation. Let us consider the case
where the NE phase is performed in a centralized manner
by some center as follows. Each wireless node notifies the
center of its own decision on the specific minislot number for
the busy signal one by one. The center collects the selected
minislot information from all the nodes within the coverage
and advertises the aggregated information back to every
node again. Then, the number of busy slots does not change
compared with the original case where each node broadcasts
the busy signal on its own selectedminislot, and each wireless
node does not feel any difference in terms of the number of
busy slots compared with the original case.

Thus, we derive a relation on the probability Pr(𝐵 = 𝑗 |
𝑁 = 𝑖) assuming that each node notifies its own selected

minislot in sequence. Then, we can derive the following set
of initial condition and recursive equations:

Pr (𝐵 = 1 | 𝑁 = 1) = 1,

Pr (𝐵 = 1 | 𝑁 = 𝑖) = Pr (𝐵 = 1 | 𝑁 = 𝑖 − 1) ⋅ 1
𝑀

,

2 ≤ 𝑖 ≤ 𝑀,

Pr (𝐵 = 𝑗 | 𝑁 = 𝑖) = Pr (𝐵 = 𝑗 | 𝑁 = 𝑖 − 1) ⋅
𝑗

𝑀

+ Pr (𝐵 = 𝑗 − 1 | 𝑁 = 𝑖 − 1)

⋅

𝑀 − 𝑗 + 1

𝑀

,

2 ≤ 𝑖 ≤ 𝑀, 2 ≤ 𝑗 < 𝑖,

Pr (𝐵 = 𝑖 | 𝑁 = 𝑖) = Pr (𝐵 = 𝑖 − 1 | 𝑁 = 𝑖 − 1)

⋅

𝑀 − 𝑖 + 1

𝑀

, 2 ≤ 𝑖 ≤ 𝑀.

(2)

Table 1 shows the structure of the probabilities Pr(𝐵 = 𝑗 |
𝑁 = 𝑖)’s obtained by (2). It is not easy to derive a closed form
relation for Pr(𝐵 = 𝑗 | 𝑁 = 𝑖). The value of each element in
Table 1 can be easily obtained from the recursive relation (2) if
the value of𝑀 is given. If the value of the probability Pr(𝐵 =
𝑗 | 𝑁 = 𝑖) is obtained by (2), then the value of 𝐸[𝐵 | 𝑁 =
𝑛] can also be obtained from

𝐸 [𝐵 | 𝑁 = 𝑛] =

𝑛

∑

𝑗=1

𝑗 × Pr (𝐵 = 𝑗 | 𝑁 = 𝑛) . (3)

Figure 7 shows the graph of 𝑓(𝑛) = 𝐸[𝐵 | 𝑁 = 𝑛] for
various values of𝑀, that is, 32, 64, and 128. Since 𝑓(𝑛) is a
monotonically increasing function andwe assume that 𝑛does
not change abruptly, if we canmeasure the average number of
busy slots 𝐵, then the corresponding number of nodes can be
estimated by

�̂� = 𝑓
−1

(𝐵) , (4)

where the inverse function 𝑓−1(⋅) can be evaluated numeri-
cally using (2) and (3) and the graph in Figure 7. We can also
infer that the accuracy of (4) can be improved by using a large
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Table 1: A table summarizing the probability Pr(𝐵 = 𝑗 | 𝑁 = 𝑖) for various values of 𝑖 and 𝑗.
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Figure 7: Expected number of busy slots, that is, 𝐸[𝐵 | 𝑁 = 𝑛],
obtained for various values of𝑀.

value of𝑀 at the cost of increased NE phase duration since
the slope is steeper for larger values of𝑀.

If 𝐵
𝑘
denotes the number of measured slots at the 𝑘th

beacon interval, then the average number of busy slots 𝐵 can
be estimated by using exponential moving average:

�̂�
𝑘
= 𝛾�̂�
𝑘−1
+ (1 − 𝛾) 𝐵

𝑘
, (5)

where the weight 𝛾 is set to 0.9 in the current version.

3.2. Energy Conservation and Protection of PUs. We consider
that one BI is equal to the maximum tolerable interference
time for the primary users because licensed users’ right to
access the channel should be the first priority in CRWSNs. To
increase effectiveness, CR nodes hold their transmission and
buffer packets and perform fast sensing at the quiet period in
the middle of the data window as shown in Figure 3. If they
detect a PU’s activity on the channel, they stop transmission
and send an Emergency Control Message (ECM) on the
CCC. Otherwise, they continue their transmission.The ECM
is similar to a CN message with a “no use” flag in the
current channel. After sending an ECM, CR nodes contend
for channel access and renegotiate for the new channel and
continue transmission if channel negotiation is successful.

In the proposed protocol, the data transceiver enters the
doze mode if there is no data to send or receive in order
to conserve energy. The control transceiver enters the doze
mode after the CNwindow and reawakens just before the end
of the quiet period in the middle of data window as shown
in Figure 8. This is possible because one BI is equal to the
maximum tolerable interference time for the PUs. Assuming
that control transceiver of a cognitive radio wireless sensor
(CRWS) node can be turned off completely in the doze
mode, the doze and wakeup cycles in the proposed protocol
conserve around 40% of the total energy consumed by the
control transceiver.

4. Simulation Results and Evaluations

We simulate the proposed protocol in ns-2 and compare it
to the MMAC-based CR-MAC protocol that has fixed CN
window.We assume that CCC is free from the intervention of
PUs.The entire simulation is done in four channels including
the CCC scenario. The number of CR nodes varies from
four to 100 nodes. The arrival of PUs is modeled as ON/OFF
channel usage. ON means the channel is busy; that is, a PU
is active on the channel and it cannot be utilized by the SUs.
The packet size is 512 bytes and the traffic rate ranges from
10 to 1000 packets per second. A beacon interval is equal to
100ms and a CNwindow size for the fixed CNwindow-based
protocol is 20ms. The total simulation time is 40 seconds.

In Figure 9, we compare the fixed CN window-based
approach and the proposed dynamic CN window-based
approach. The numbers after the legends are the size of the
CN windows in milliseconds. The figure shows that, in the
fixed CN window-based approach, the goodput decreases if
the CN window sizes are very small (5) or large (30). The
reason is that if the CN window is too small, it can exchange
fewer CN packets, resulting in lower goodput. When the CN
window is too large, more CN packets are exchanged, but
there is only a short time to transfer the data packets and the
channel bandwidth is wasted.

Conversely, in the proposed approach, the CN window
is adjusted as required, providing better results in various
CRWS node densities. As shown in the figure, the proposed
protocol performs similar to the fixed CN window-based
approach with average CN window size of 15 up to 44 nodes.
When the number of nodes is more than 44, the goodput of
the proposed dynamic window size-based protocol is better
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Figure 8: Energy conservation and PUs’ protection.
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Figure 9: Aggregated goodput with various CN window sizes and
node densities.

than others. Thus, the proposed method outperforms other
protocols drastically when the CRWSN is dense.

Figure 10 shows the aggregated goodput in various offered
loads, which varies from 10 to 1000 packets per second in
various CR nodes densities. The values after the legends are
the number of CR nodes in both the proposed and existing
approaches. The fixed CN-based protocol has 20ms of CN
window. Comparing the aggregated goodput results of fixed
CN-based and dynamicCN-based 6 nodes and 16 nodes, high
goodput can be yieldedwith the dynamic CN-based protocol.
The fixed CN-based protocol wastes bandwidth and cannot
provide the best output as compared to the proposed dynamic
CN-based protocol. In 64-node case, the aggregated goodput
is similar because of the channel saturation problem that is
ordinary problem of the wireless networks. In all cases, our
proposed approach performs better than the existing fixed
CN-based approach.

Figure 11 shows the average packet delay in six nodes and
different offered loads. The values after the legends are the
CN window sizes. In all the cases, the proposed protocol
has lower delay. The Following are the reasons for the better
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Figure 10: Aggregated goodput in various offered loads and node
densities.
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performance in the proposed approach. (a) In the proposed
protocol, SUs do not have to wait until the expiration of
the CN window; hence it achieves better goodput and lower
delay. (b) The proposed protocol adjusts the CN window
and provides opportunities to more nodes to negotiate for
channels in the dense topology. In the sparse topology, it
provides more time for data transmission. (c) The strategy to
exchange only one CN packet for the same receiver reduces
the numbers of CN control packets significantly. Therefore,
more nodes get the opportunity to negotiate for the data
channel. Hence, it increases network goodput and decreases
delay.

5. Conclusions

We presented a MAC protocol for cognitive radio wireless
sensor networks based on CN window adjustment according
to node density for fully connected single-hop CRWSNs.
In ad hoc CRWSNs, nodes may join or leave arbitrarily. In
the dense network topology, a small CN window can be
a bottleneck, and in the sparse network topology, a large
CN window decreases network performance and increases
delay. Our proposed adaptive CN window-based approach
performs better than the fixed CN window-based schemes
in highly dense and highly sparse topologies. The strategies
used to turn off transceivers conserve energy. It also protects
licensed users by performing sensing in the middle of the
data window and sending an ECM in case of signal detection
of licensed users. The strategy to reduce the number of
CN packets carried out in the proposed protocol mitigates
the common control channel bottleneck problem; hence it
increases throughput and decreases delay.
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