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ABSTRACT 

A key to improve the quality of service for wireless 

networks is using multichannel communication. The 

multichannel MAC protocol design is attracting interest 

of many researchers.  Various design approaches have 

been proposed but most of them require either time 

synchronization or multiple radios. Distributed 

Information SHaring (DISH) is new cooperative 

approach which uses asynchronously operating single 

radio. It aids nodes in decision making processes via 

information sharing through neighboring nodes. DISH 

is based on control-plane cooperation strategy as 

neighboring nodes share control information with each 

sender-receiver pair to facilitate it to choose collision-

free channels or to avoid busy receivers. Distributed 

information sharing can significantly boost the system 

throughput for multichannel MAC protocols, but the 

energy consumption due to its information sharing 

component remains a critical issue. This paper gives 

the insight on energy efficiency for cooperative 

multichannel MAC protocols.  We study the of energy 

efficient DISH-based protocols, where each node 

switches on its radio only when sending/receiving its 

own packets. 
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1.  INTRODUCTION 

Communication in wireless sensor networks can be 

divided into several layers. One of those is the 

Medium Access Control (MAC) layer which uses MAC 

protocol to ensure that no two nodes are interfering 

with each other's transmissions, and deals with the 

situation when they do. The traditional MAC 

protocols are designed to maximize packet 

throughput, minimize latency and provide fairness. 

The multichannel MAC protocol design has attracted 

substantial attention from the research community 

due to its efficient quality of service. Luo et al. 

proposed a distinct approach called Distributed 

Information SHaring (DISH), which uses a single radio 

but operates asynchronously [1]-[3]. A new DISH-

based protocol called CAM-MAC, in which 

neighboring nodes share control information with 

each sender-receiver pair to facilitate it to choose 

collision-free channels, is proposed [4].  DISH is 

essentially control-plane node cooperation. The key 

difference is that, in traditional cooperation, called 

data-plane cooperation, intermediate nodes help 

relay data for source and destination nodes, but DISH, 

on the other hand, only requires control information 

to be sent. Energy consumption is a crucial issue as 

DISH is designed for battery powered ad hoc 

communication devices. In this paper, for a 

quantitative understanding, we conduct simulation of 

energy efficient DISH-based protocols, where each 

node switches on its radio only when 

sending/receiving its own packets, i.e., sleep when 

idle (no overhearing). Our simulation conveys the 

message that there is potentially large space for 

improvement in energy efficiency. In this paper, we 

conduct an investigation on the strategies with the 

following objectives: 1) reduce energy consumption, 

2) maintain or not compromise the high throughput 

achieved by DISH, and 3) maximize cost efficiency 

[4][10][11]. The rest of paper elaborates and gives a 

qualitative analysis of energy efficient strategies for 

control –plane cooperation and related work is 

reviewed.  

 

2. ABOUT MULTICHANNEL MAC 
PROTOCOL AND DISH 

There are a few hardware implementations of 

multichannel MAC protocols. Chereddi et al. [5] 
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proposed a hybrid multichannel MAC protocol, which 

is based on a channel abstraction module requiring 

two interfaces per node: one is tuned to a fixed 

channel for packet receiving and the other switches 

channels for packet transmission. McMAC[4] uses a 

single radio and was implemented on Telos [5]. Y-

MAC [7]-[10] is another single-radio multichannel 

MAC proposed for WSNs. It is TDMA based and 

specifically deals with bursty traffic in dense WSNs. It 

classifies every time slot as a send or a receive slot, 

and divides each slot into a contention window and a 

send/receive window. All the above protocols require 

time synchronization.  It is difficult to achieve 

synchronization in multichannel networks and it 

incurs significant overhead. They also implemented a 

multichannel time-synchronizing protocol, but the 

protocol only exchanges beacons and does not handle 

data packets [9]-[11]. 

In ad hoc networks, three power saving protocols for 

multi-hop scenarios was proposed, with time 

synchronization not required [12]. These protocols 

differ in their power saving capability and neighbour 

discovery time, and can be chosen according to 

specific application needs. In WSNs, there are lots of 

proposals and most of them can be applied to or 

adapted for static ad hoc networks as sensor devices 

are more resource-constrained.  

 

2.1 Energy Efficient Multichannel 

MAC Protocol 

The PSM-MMAC and TMMAC [11] was implemented 

based on the estimated number of active links, queue 

length, and channel condition. In wireless sensor 

networks (WSNs), MMSN [7] was proposed to use 

multiple channels. When the number of channels is 

small, it can be seen from the paper that MMSN 

consumes more energy than single-channel CSMA. 

Energy saving is not one of its design goals rather it is 

common consequence of using multiple channels. 

Also, Chen et al [9] propose another protocol for 

cluster-based WSN. The protocol is shown to be more 

energy efficient than MMSN by assuming 1) all cluster 

heads can directly communicate with each other and 

2) there are many sink nodes and hence no single-

sink bottleneck [8][15],  which are both synchronous 

protocols, does not require time synchronization. 

However, it needs to assign every node a channel that 

does not overlap with any other node in 2-hop range. 

This paper concentrates on energy efficiency for 

cooperative multichannel MAC protocols. DISH is a 

simple yet effective strategy designed for ad hoc 

networks using a single radio per node and not using 

time synchronization.   

 

2.2 In-situ Energy Conscious DISH 

The basic idea of DISH is to retrieve control 

information for node via cooperation when needed. In 

multichannel environment, the nodes fail to tune to 

certain channels in time or that a radio can listen to 

one channel at a time. This causes either channel 

conflict problem or deaf terminal problem. In such 

cases control information is missing due to 

shadowing and noise. There are various solutions like 

dedicate extra radio to each channel or a common 

control channel in order not to miss information. 

However such solutions will inevitably increase 

hardware cost and size. Sometimes time 

synchronization also helps but adds considerable 

complexity and degrades scalability.  

DISH compensates for nodes’ missing information 

from distributed databases. Thus the need for 

multiple radios or time synchronization becomes not 

necessary. T. Luo, M. Motani, and V. Srinivasan 

proposed two energy-efficient strategies, in-situ 

energy conscious DISH and altruistic DISH [1][4]. In 

the in-situ strategy, existing nodes rotate the 

responsibility of information sharing. The nodes 

without this responsibility can sleep when idle in 

order to save power. In the altruistic strategy, 

additional nodes, i.e. altruists   are deployed to take 

over the responsibility of information sharing from 

existing nodes so that the existing nodes can sleep 

when idle.  

 

3. EXPERIMENT DESIGN AND 
SIMULATION 

 
In our simulation study, we assume an ad hoc 
network with static topology. Each node has a single 
half duplex radio which can switch dynamically 
among all available channels. Only one channel can be 
used at a time. There is one dedicated control channel 
and others are data channels. All links are 
bidirectional and data channel selection is random. 
The simulation works as shown in fig 1.  
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3.1 Route Discovery 

 

Fig 1 : Route Discovery in Energy Efficient 
Broadcasting in cooperative Multichannel MAC 
protocol 
 
A node has a data packet to send. It initiates the route 
discovery procedure by broadcasting a control 
packet, called route request (RREQ). Upon receiving 
an RREQ, the destination prepares another control 
packet, called route reply (RREP), and replies back to 
the source with the complete route information. 
When RREP reaches the source, it saves the route 
information in its local memory, called route cache, 
for future uses. Since nodes move randomly in a 
network, link errors occur and route information that 
includes a broken link becomes obsolete. When a 
node detects a link error during its data transmission, 
it sends another control packet, called route error 
(RERR), to the source informing about obsolete route. 
The source node then deletes the stale route from its 
route cache. Overhearing improves the network 
performance by allowing nodes to collect more route 
information. Nodes in the vicinity of a transmitter 
would learn about the path to the destination via 
overhearing. 
 

3.4   Power Saving Mechanism 
When a node has a large number of neighbors, 

protocol can take advantage of a high redundancy 

exists there. It is possible that a neighbor offers route 

information when a node asks for a routing path by 

sending an RREQ. This is one of the most obvious 

criteria that helps extend the network lifetime: less 

overhearing and less rebroadcast if remaining battery 

energy is low. However, it is necessary to take other 

nodes’ remaining battery energy into consideration in 

order to achieve balanced energy consumption. 

 

Figure 2: Power saving mechanism in control 

plane cooperation 

 

4 IMPLEMENTATION AND RESULTS 

The simulation is performed using Java platform for 

testing performance of cooperative multichannel MAC 

protocol with energy efficiency for route discovery in 
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ad hoc network. The result of simulation with demo 

execution is presented in Table 1.  

 

Table 1 : Route discovery and packet delivery in energy efficient control-plane cooperation in 

multichannel MAC protocol

 

 

(a)Source Node 

 

 

(b) client node 1                                                           

 

(c) client node 3 

 

(d) client node 5 

 

(e) destination node 
(f) packet delivery status 

 

The work is concentrated on in-situ energy conscious 

DISH strategy to reduce power consumption and 

increase lifetime of network. The execution results 

confirms the substantial reduction in energy 

consumption while maintaining (sometimes even 

enhancing) the throughput benefit  from DISH. 
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 It is a very simple strategy which does not involve 

protocol redesign nor incur additional runtime 

overhead. It notably improves cost efficiency.  

However, in-situ energy conscious DISH, is suitable 
for applications with light traffic or few nodes, or 
those that preclude using additional nodes. The four-
way control channel handshake in the DISH protocols 
can result in more overhead than usual  
 

5 CONCLUSIONS 
 
The in-situ energy conscious Distributed information 
sharing can significantly boost the system throughput 
for multichannel MAC protocols. This paper presents 
energy-efficient strategies and conducts a simulation 
to show that the in-situ energy conscious DISH is a 
very simple strategy which does not involve protocol 
redesign nor incur additional runtime overhead. DISH 
achieves cost efficiency and higher throughput via 
control-plane cooperation in Multichannel MAC 
protocol. The in-situ conscious DISH substantially 
reduces energy consumption while maintaining or 
enhancing the throughput benefit from DISH, and also 
notably improves cost efficiency. However the in-situ 
energy conscious DISH is suitable for applications 
with few nodes or light traffic.  
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