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Decentralized Cognitive Radio Medium Access Control Protocol for Cognitive
Radio Wireless Sensor Networks
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Department of Information and Communication
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SOUTH KOREA
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Abstract

Cognitive radio  wireless sensor networks enable
opportunistic spectrum access. In this paper, we propose a
MAC protocol for cognitive radio wireless sensor networks.
In the proposed protocol, secondary users recognize
spectrum opportunities and transmit data, based on the
licensed users’ arrival prediction in the channel. Nodes
estimate the number of active sensors and adjust the sleep
cycle to conserve energy. The proposed protocol does not
need dedicated common control channel. We evaluate
energy consumption and goodput through simulation. The
results show that the proposed protocol utilizes white spaces
efficiently and conserve energy with a small cost of per
packet delay.

Keywords: Cognitive radio, wireless sensor networks.

1. Introduction

The wireless applications that utilize the resource are
experiencing drastic growth in the past few years. Due to the
fixed radio spectrum allocation system, some licensed radio
spectrum resources are underutilized, while, some unlicensed
bands the sensor networks use are becoming overcrowded.

Cognitive radio came up with the idea of open spectrum
access that allows unlicensed users to utilize these
underutilize spectrum bands opportunistically.

The cognitive radio wireless sensors (CRWS) are the
battery-operated devices. When CRWS network is deployed
in an ad hoc fashion, they may be inactive for long periods
and whenever something is detected, they have to be active
suddenly. These characteristics of cognitive radio sensor
networks and applications motivate a MAC protocol that is
different from traditional cognitive radio MAC protocols.

The main two additional responsibilities of the
CRWS-MAC protocols are to protect incumbent licensed
users, also called primary users, of the channels from the
interference of the cognitive users, and to conserve energy.
In this paper, we present decentralized cognitive radio MAC
protocol for CRWS networks.

2 System model and assumptions

We consider CRWS devices are the intelligent devices with

the cognition capacity that can observe, orient, plan, learn,

decide and act as mention in the [1]. Each CRWS device is

equipped with control transceiver and data transceiver.
When a secondary sensor (SS) node wakes up, it waits

for a certain predefined time in a randomly selected channel.

37

If it does not hear any activity from any SS node, it considers
itself is the first SS node in the network. The SS node divides
time into k£ equal slots of fixed duration ‘#’. Each slot is
dedicated to one channel called default slot for the channel
and #xk is the incumbent’s maximum tolerable time, as in
Figure 1.

The control transceiver of the SS node hops into all the
channels. It senses and sends beacon into all channels at the
corresponding time slots, if it do not sense incumbent
licensed user’s signal on the channel. After beaconing, it
broadcast available channels list, other SS nodes in the
network then respond sending their available channel set.
The SS nodes record their own and neighbors’ channel
information in the channel status table. If a channel occupied
already by the incumbent licensed user, then the SS node
skips that channel. After sending beacon in all the channels,
the SS nodes know default slot for the channel and available
channel sets of the neighbor SS nodes.

All the SS nodes in the network tune their control
transceiver in the channel’s default slot. At the beginning of
each default slot, SS nodes compete to send beacon that is
carrying their local time. This is similar to the timer
synchronization function (TSF), in the IEEE 802.11 [2].

At the system level, it follows two kinds of sensing — fast
sensing and fine sensing and from the logical view, the
proposed approach use cooperative sensing to learn
network-wide spectral opportunities.

3. Protocol description

The SS nodes record the sensing results in a table called
channel status table and make a preferred channel list of the
available channels according to the availability for the SUs
using historical prediction method [3]. Same channel can be
in different rank in different SS nodes as per geographical

location and time.
& Default time slot for channel-1
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Figure 1. Default timeslots of the channels.
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The SS nodes select the highest ranked common channel
between sender and receiver for data communication. Then,
the data transceiver of the sender SS node and the receiver
SS node hop into the negotiated channel and starts data
transfer.

After knowing the default slot of the channels, all the SS
nodes tune their control transceiver into the channel’s
default slot. Contention winner node sends channel
negotiation message (CNM) with the perferred channel list.
Receiver node selects a common channel and sends back
CNM-ACK with the selected channel. When, the sender SS
node receives the CNM-ACK, it sends CNM-RES.

If PU’s activity sensed on the channel, they skip the
default time and wait for the next default time.

After the communication pairs select a common channel
for data transfer, nodes send data in the selected channel by
sending RTS/CTS as in the 802.11 DCF fashion. If the SS
node finds that the incumbent licensed user reclaimed the
selected channel, it immediately stops sending packets and
buffers packet until the SS node successfully negotiates for
the next data channel.

After synchronization, a SS node that has residual battery
power more than a threshold, waits for random time and
sends a signal, claiming cluster head to its vicinity for
number of SS nodes estimation. Other SS nodes suppress
their cluster head-claiming message after they receive the
message from the neighbor. After that, SS nodes estimate the
number of active SS nodes. Because of space limitation, we
cannot describe the details of the node estimation method
here. The control transceiver enters into sleep state
according to the number of SS nodes estimated. If the
number of active SS nodes estimated is large, the active state
of the control transceiver is large and vice versa. If any
incumbent user is detected, the SS nodes update their CST
and enter into the sleep state and wake up in the next default
slot.

4. Performance evaluation

We simulate the proposed protocol in ns-2 [4]. The SS nodes
are deploy to a 100m x 120m area. The transmit, receive,
idle, and sleep powers are set to 24mW, 15 mW, 15mW and
5 uW respectively. We use the constant bit rate (CBR) traffic
with varying offered load and the packet size is 512 bytes.
Each simulation is run for around 300 seconds.

- Without NE s
-=+ With NE :

Average consumed power (mW)
w
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Offered load (Kbps)

Figure 2. Average consumed power in different offered load.
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Figure 3. Aggregated goodput.

Figure 2 shows average consumed power in 10 SS nodes
and four channels scenario. In the ‘without node estimation
(NE)’ approach, control transceivers of the SS nodes enter
into the doze state if PU is detected in the channel. However,
in the ‘with NE’ approach, control transceivers of the SS
nodes enter into the doze state according to the SS nodes
density. Therefore, the SS nodes conserve more energy.
Although, in the ‘with NE’ approach, nodes have to wait for
cluster head selection and node estimation before channel
negotiation. It has more overhead than the ‘without NE’, still
it conserve more energy than the without node estimation.

Figure 3 shows the aggregated goodput of the network in
6 SS nodes. We select DCA-based MAC protocol [5] to
compare aggregated goodput with our approach. It is a
common control channel based MAC protocol. Because the
selected channel for data communication in the proposed
protocol is less prone to claim by PUs, it acheives better
aggregated goodput.

5. Conclusions

We proposed decentralized MAC protocol for CRWSN.
The proposed NE based approach achieves higher energy
conservation with small cost of delay and adequate
aggregated goodput. Since, energy conservation is very
important in wireless sensor network, the proposed
protocol’s achievement is remarkable.

References

[1] J. Mitola IIT and Jr. G. Q. Maguire, “Cognitive radios:
Making software radios more personal,” IEEE Persondl
Communications, vol. 6, no. 4, 1999, pp. 13—18.

IEEE Standard for Information
Technology—Telecommunications and Information
Exchange Between Systems—Local and Metropolitan Area
Networks—Specific Requirements Part II: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY)
Specs., TG 802.11, 2003.

G.P. Joshi, S.W. Kim, “An Efficient MAC Protocol for
Throughput Enhancement in Dense RFID System”
ISWPC2009, pp.1-5.

The network simulator — ns-2. Internet: http://www.isi.edu/
nsnam/ns/ . Accessed 17 June 2009.

H. Nan, T.-I. Hyon and S.-J. Yoo, “Distributed coordinated
spectrum sharing MAC protocol for cognitive radio,
DySPAN2007, pp. 240—249.

(2]

[3]

(4]
(3]



	ProceedingsCover
	20120201_AIM_Program_Final
	20120206-FTRAAIM
	Paper-1
	Paper-2


