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Abstract— Multicast is a key technology that provides efficient
data communication among a set of nodes for wireless multi-hop
networks. In sensor networks and MANETSs, multicast algorithms
are designed to be energy efficient and to achieve optimal
route discovery among mobile nodes, respectively. However, in
wireless mesh networks, which are required to provide high
quality service to end users as the “last-mile’ of the Internet,
throughput maximization conflicting with scarce bandwidth has
the paramount priority. We propose a Level Channel Assign-
ment (LCA) algorithm and a Multi-Channel Multicast (MCM)
algorithm to optimize throughput for multi-channel and multi-
interface mesh neiworks. The algorithms first build a multicast
structure by minimizing the number of relay nodes and hop
count distances between the source and destinations, and use
dedicated channel assignment strategies to improve the network
capacity by reducing interference. We also illustrate that the
use of partially overlapping channels can further improve the
throughput. Simulations show that our algorithms greatly out-
perform the single-channel multicast algorithm. We observe that
MCM achieves better throughput and shorter delay while LCA
can be realized in distributed manner.

keywords: Wireless Mesh Networks, Multicast, Multi-Interface,
Channel Assignment.

I. INTRODUCTION

The Wireless Mesh Network (WMN) is an emerging
paradigm for the next-generation wireless Internet. In such
networks, most of the nodes are either stationary or minimally
mobile and do not have power constraints. Compared with
their single-hop counterpart, wireless LANs, the WMNs are
self-organized with the nodes automatically establishing ad
hoc networks and maintaining their connectivity, which pro-
vides more reliability as well as larger coverage, and reduces
equipment cost. Being used on the last mile for extending or
enhancing Intemet connectivity, commercial deployments of
WMNs are already in the works, such as MIT Roofnet [8]
and Seattle Wireless [10].

Mesh networks are characterized by the use of multi-
ple chamnels and multiple interfaces to improve the system
throughput. Recent research has focused on how to assign
charmnels to different wireless interfaces in unicast routing to
improve system throughput in WMNs. However, the multicast
communication, which intends to transmit the packets from
the source to a set of nodes, draws less attention in the
literature of mesh networks, We believe that efficient multicast,
which cannot be readily achieved through combined unicast
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or simplified broadcast, is essential to wireless mesh networks
and is worthy of thorough investigation. It is often necessary
for a portion of end users to retrieve data packets from the
Internet. For example, a large number of users may like to
watch the FIFA World Cup or some other field pickup on the
Internet. The gateway that helps to connect the mesh network
with the Internet can effectively multicast the data packets to
those users.

Efficient multicast protocols in WMNs cannot be achieved
by adopting or slightly modifying the multicast protocols for
other types of multi-hop wireless networks. Unlike mobile ad
hoc networks or wireless sensor networks, route recovery or
energy efficiency is not the major concern for mesh networks
due to the limited mobility and the rechargeable characteristic
of mesh nodes. Moreover, supporting the potential major
applications such as Video On Demand poses a big challenge
for the limited bandwidth of WMNs. Thus, it is necessary to
design an effective multicast algorithm for mesh networks.

Traditional multicast protocols for wireless networks as-
sume that each node is equipped with one interface, while the
mesh networks provide the nodes with multiple interfaces that
can be used to improve the throughput substantially. However,
channel assignment is subject to the number of available
charmmels and interfaces, the network topology, the communi-
cation requests, and other factors. Especially, the interference
cannot be completely eliminated due to the limited number of
available channels. Inappropriate channel assignment strategy
will result in throughput reduction due to the multi-channel
hidden terminal problem [26], disconnection of the topology
[20], or unfair bandwidth allocation to various users [27].

In this paper, we aim to design a multicast protocol for
mesh networks that has the following characteristics: 1) it
improves the system throughput by allowing simultaneous
close-by transmissions with multi-channel and multi-interface,
and ii) it assigns all the available channels to the interfaces
instead of just the non-overlapping channels.

We propose a Level Channel Assignment (LCA) algorithm
and a Multi-Channel Multicast (MCM) algorithm to opti-
mize throughput for multi-channel and multi-interface mesh
networks. The algorithms first build a multicast structure by
minimizing the number of relay nodes and hop count distances
between the source and destinations, and use dedicated channel
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assignment strategies to improve the network capacity by
reducing the interferences.

Our design builds a new multicast backbone - “iree mesh”,
which partitions the mesh routers into different levels based
on the Breadth First Search (BFS), and then heuristically
assigns channels to different interfaces. Tree-based multicast
is well established in wireless networks for its data forwarding
efficiency over other types of approaches at the expense
of low robustness. However, unlike MANETs, WMNs are
normally considered stationary and always put the throughput
maximization as the first priority. Thus, tree-based multicast is
suitable for WMNs since the topology change is not a major
concem in WMNs.

We also illustrate that the use of partially overlapping
channels can further improve the throughput. Simulations
show that our algorithms greatly outperform the single-channel
multicast algorithmm. We observe that MCM achieves better
throughput and shorter delay while LCA can be implemented
in a distributed manner.

The rest of this paper is organized as follows. Section
IT describes the system model and the design consideration.
Section III proposes an intuitive algorithm, the LCA algorithm,
which is easy to implement but has drawbacks. Section IV
introduces the MCM algorithm to build a more efficient
multicast structure, which is followed by the description of
how to assign channels on it. Several companion mechanisms
for our protocol are presented in Section V. Section VI presents
simulation results. Section VII surveys the related work, and
the last section concludes this paper.

II. SYSTEM MODEL

We start from the underlying network model by introducing
some basic terminology and the partial channel conflict phe-
nomena, which is followed by the design considerations for
the multicast algorithms in WMNs.

A. Basics

Mesh networks are composed of three types of nodes:
gateways (access points), mesh routers, and mesh clients.
Gateways enable the integration of WMNs with various other
networks, including the Internet. As dedicated devices provid-
ing stable high throughput for mesh clients, the mesh routers
have minimal mobility and form the mesh backbone. In order
to further improve the flexibility and capacity of WMNs,
the mesh routers are often equipped with multiple wireless
interfaces. As a result, two transmissions of two nearby pairs
can be simultaneously scheduled if non-overlapping channels
are assigned. Mesh clients are usually end users, such as
laptops and PDAs, which access the Internet through the mesh
routers, so that the mesh clients are usually within one-hop
of the mesh routers. Since the multicast packets are always
relayed among the mesh backbone, we only consider how to
transmit the packets to multiple mesh routers; then packets
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will be forwarded one more hop to the corresponding mesh
clients that desire to receive the packets.

To simplify the system model, we consider the network as
a graph G = (V, E), where V represents the set of gateways
and mesh routers, and [ represents the physical links among
neighboring nodes (the node refers to the mesh router or the
gateway in the subsequent sections). We assume that each node
has the same fixed communication range, that is, if node « can
transmit directly to node v (and vice versa), there is a link
(u,v) in £.

The number of available channels is limited in the current
network protocols. In addition, each node is able to be
equipped with & (k > 2) Network Interface Cards (NICs), any
of which can be tuned to any available channel. Multi-channel
and multi-interface characteristics enable more concurrent
transmissions. When one NIC is transmilting or receiving
packets on one channel, another NIC on the same node is
able to undertake transmission on another different channel at
the same time. The value of & usually equals to 2, 3, or 4
due to economical reasons. In this paper, we only consider
the situation that each node has 2 interfaces.

B. Measuring Parfial Overiap

To improve the throughput of WMNs, many studies have
been conducted on how to assign orthogonal channels to
adjacent wireless links to minimize interference. It is known
that 802.116/ g and 802.11a provide 3 and 12 non-overlapping
channels, respectively. Although 802.114 provides more non-
overlapping channels than 802.11b/g, it has several draw-
backs. Because 802.11a works on a higher frequency spec-
trum (5GHz) than 802.11%/g (2GHz), it is more difficult to
penetrate walls and other obstructions, and thus 802.11a has
a shorter range. In addition, 5GHz belongs to the regulated
frequency spectrum, which makes 802.11a more expensive.
As a result, 802.11h/g is more commonly used.

Previous channel assignment algorithms for 802.115/g only
use three non-overlapping channels: 1, 6, and 11. In these
studies, a binary interference model is usually assumed, that
is, if two links are within interference range of each other,
they will interfere with each other if they are on the same
chamnel, and otherwise not. However, the interference can be
further reduced by using the partially overlapping channels
too, that is, by using any channel from 1 to 11 in the channel
assignment.

Through experiments, we observe that the interference be-
tween two links depends on both their physical distance and
channel separation [17]. Unlike the traditional interference
model, the interference range is no longer a constant. Instead,
it varies with the channel separation. Let I, be the interference
range of two links with channel separation <. That means,
when the channel separation of two links is ¢, they will
interfere with each other if their distance is less than [, and
otherwise not. For example, Iy = 2R, which means the same
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