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Abstract— One fundamental problem of WMNs with a 

limited number of radio interfaces and orthogonal channels 

is that the performance degrades significantly as the network 

size grows. This results from increased interference between 

nodes and diminished spatial reuse over the network.  A 

WMN node needs to share a common channel with each of 

its neighbours in the communication range, requiring it to 

set up a virtual link. Moreover, to reduce network 

interference, a node should minimize the number of 

neighbours that it shares a common channel with. The 

objective of a channel assignment strategy is to ensure 

efficient utilization of the available channels (e.g., by 

minimizing interference) while maximizing connectivity in 

the network. However, since these two requirements are 

conflicting with each other, the goal is to achieve a balance 

between these two. The major constraints which need to be 

satisfied by a channel assignment scheme include fixed 

number of channels in the network, limited number of radios 

in mesh nodes, common channel between two 

communicating nodes, and limited channel capacity. Also, a 

channel assignment scheme should take the amount of 

traffic load supported by each mesh node into consideration.  
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I. INTRODUCTION 

One of the most promising and discussed technology in the 

last decade is the wireless technology which allows users to 

utilize devices that enable the access to information at any 

time any place. These needs make wireless networks the 

best solution for interconnecting devices and people. 

Wireless networks are comprised of devices that 

communicate through media such as radio signals and infra-

red, and they are generally classified into two categories: 

Infrastructure-based and ad-hoc wireless networks. 

Infrastructure-based wireless network consists of 

base stations localized in convenient places, which provide 

wireless connectivity to devices within their coverage area. 

Examples of this category are Wireless Local Area 

Networks (WLANs) [5] and cellular networks. A WLAN is 

a flexible data communication system implemented as an 

extension to a wired LAN within a building or campus. 

On the other hand, ad hoc wireless networks do not 

have a pre-established infrastructure. Moreover, nodes 

connect to each other through automatic configuration when 

they are in transmission range and willing to forward data 

for other nodes. In this way, an ad hoc wireless network is 

formed which is both flexible and powerful. Therefore, 

these capabilities make wireless ad hoc networks suitable 

for many applications where one central node may not be 

convenient and where minimal configuration and quick 

deployment is required in emergency. 

Wireless ad hoc networks can be further classified by their 

application: 

 Mobile Ad-Hoc Networks (MANET) 

 Wireless Sensor Networks (WSN) 

 Wireless Mesh Networks (WMN) 

A. Wireless Mesh Networks   

Wireless Mesh Network (WMN) [1] is a highly promising 

technology and it plays an important role in the next 

generation wireless mobile network. WMNs have emerged 

as important architectures for the future wireless 

communications. WMNs consist of mesh routers and mesh 

clients, and could be independently implemented or 

integrated with other communication systems such as the 

conventional cellular systems. In addition, WMN are 

dynamic, self-organized, self-healed, self-configured, and 

enable quick deployment, easy maintenance, low cost, high 

scalability and reliable service [2].  

Some of the benefits and characteristics of wireless mesh 

networks are highlighted as follows:  

 Increased Reliability 

In WMNs, the wireless mesh routers provide 

redundant paths between the sender and the 

receiver of the wireless connection. This eliminates 

single point failures and potential bottleneck links, 

resulting in significantlyincreased communications 

reliability [6]. Network robustness against potential 

problems, e.g., node failures, and path failures due 

to RF interferences or obstacles, can also be 

ensured by the existence of multiple possible 

alternative routes. Therefore, by utilizing WMN 

technology, the network can operate reliably over 

an extended period of time, even in the presence of 

a network element failure or  network congestion. 

 Low Installation Costs  

Recently, the main effort to provide wireless 

connection to the end-users is through the 

deployment of 802.11 based Wi-Fi Access Points 

(APs). To assure almost full coverage in a metro 

scale area, it is required to deploy a large number 

of access points because of the limited transmission 

range of the APs. The drawback of this solution is 

highly expensive infrastructure costs, since an 

expensive cabled connection to the wired Internet 

backbone is necessary for each AP. On the other 

hand, constructing a wireless mesh network 

decreases the infrastructure costs, since the mesh 

network requires only a few points of connection to 

the wired network. Hence, WMNs can enable rapid 

http://en.wikipedia.org/wiki/Mobile_ad-hoc_networks
http://en.wikipedia.org/wiki/Wireless_sensor_networks
http://en.wikipedia.org/wiki/Wireless_mesh_networks
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implementation and possible modifications of the 

network at a reasonable cost, which is extremely 

important in today’ s competitive market place. 

 Large Coverage Area 

Currently, the data rates of wireless local area 

networks (WLANs) have been increased by 

utilizing spectrally efficient modulation schemes. 

Although the data rates of WLANs are increasing, 

for a specific transmission power, the coverage and 

connectivity of WLANs decreases as the end-user 

becomes further from the access point. On the other 

hand, multi-hop and multi-channel communications 

among mesh routers and long transmission range of 

WiMAX towers deployed in WMNs can enable 

long distance communication without any 

significant performance degradation.  

 Automatic Network Connectivity 

Wireless mesh networks are dynamically self-

organized and self-configured. In other words, the 

mesh clients and routers automatically establish 

and maintain network connectivity, which enables 

seamless multi-hop interconnection service. For 

example, when new nodes are added into the 

network, these nodes utilize their meshing 

functionalities to automatically discover all 

possible routers and determine the optimal paths to 

the wired Internet [6]. Furthermore, the existing 

mesh routers reorganize the network considering 

the newly available routes and hence, the network 

can be easily expanded. 

B.  Design Issues for Wmns 

There are still open research issues that should be addressed 

in order to build high-performance and robust WMNs.   

Here, we outline some of these design challenges: 

 Topology Control Under the Physical SINR Model  

Most of the studies on topology control are 

inherently based on the graph model that 

characterizes graph-theoretic properties of wireless 

networks, while ignoring important physical 

aspects of communications. Moscibroda et.al 

studied the problem of topology control under an 

information theoretic SINR model [11]. They 

derived the time complexity of a scheduling 

algorithm that assigns transmit power levels to all 

the nodes and schedules all links of an arbitrary 

network topology. They proved that if the signals 

are transmitted with correctly assigned 

transmission power levels, the number of time slots 

required to successfully schedule all links is 

proportional to the squared logarithm of the 

network size. They also devised a centralized 

algorithm for approaching the theoretical upper 

bound. In spite of its theoretical importance, the 

centralized scheduling algorithm cannot, however, 

be practically implemented. Devising localized 

topology control algorithms under the physical 

SINR model remains as a research challenge.  

 Channel Assignment and Routing in Multi-radio, 

Multi-channel Environments 

A traditional channel assignment problem is what 

channel should be assigned to a transmission pair 

in order to enable transmission, mitigate inter-

/intra-interference, and improve network capacity. 

This problem is augmented with another dimension 

in multi-radio and multi-channel environments: 

what channel should be associated with each of the 

radio interfaces a node possesses? Although there 

have been some preliminary work [1,2], a rigorous 

treatment of this problem has been lacking. This 

problem is further complicated, when it is 

considered in conjunction with routing. Several 

research effortshave been made to address the joint 

problem of channel assignment and routing, and 

various heuristics have been proposed under certain 

interference models. The challenge, however, 

remains to consider the problem in an analytic 

framework under a realistic interference model. 

Tuning All the PHY/MAC Control Knobs for 

Spatial Reuse, there are several PHY/MAC 

attributes that can be used to improve spatial reuse, 

mitigate interference and maximize network 

capacity:  

(1) the transmit power each node uses for 

communications,  

(2) the carrier sense threshold each node uses to 

determine if the shared medium is idle,  

(3) the channel on which the node transmits, and  

(4) The time intervals in which each node gain access 

to the channel.  

On top of all these, routing also plays an important 

role in mitigating interference and improving end-to-end 

throughput. Most existing work has only focused on tuning 

one or two attributes, in spite of the fact that these attributes 

actually intertwined with each other. The challenge remains 

to establish an optimization framework of maximizing the 

network capacity by adjusting PHY/MAC parameters in all 

possible dimensions in the design space.Several routing 

metrics have been proposed based on the link transmission 

time that Leverage PHY/MAC Attributes.  

 Overheads Incurred in Cross-Layer Design and 

Optimization 

Most of the theoretical results that demonstrate the 

advantage of cross-layer design and optimization in 

WMNs do not adequately consider the computing 

and communications overhead thus incurred, i.e., 

the overhead incurred in collecting information 

needed for inferring the interference, calculating 

the route metrics, switching the channels, or 

scheduling frame transmission. It is thus not clear 

whether or not the performance gain in engaging 

multiple protocol entities in the protocol stack or 

across the network outweighs the overhead thus 

incurred. An in-depth empirical study on a large 

WMN is needed to better quantify the overhead. 

 Considering Mesh Client Characteristics in WMNs 

In WMNs, there are roughly two entities: mesh 

routers and mesh clients. The former is usually 

stationary and not energy-constrained, while the 

latter is battery-powered and may move arbitrarily. 

Most of the existing studies have focused on MAC 

and routing on mesh routers, without considering 

the characteristics of mesh clients. Incorporating 

the end-to-end performance requirements and 
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constraints of mesh clients into WMN design will 

be an interesting and challenging research issue.  

II. RELATED WORK 

Wireless mesh network (WMNs), with multiple hops and 

mesh topology, has been emerged as a key including 

broadband home networking, community networking, 

business organization networking, and metropolitan area 

network [1]. Traditional WMNs operate in single-radio 

single-channel (SR-SC) architecture where each mesh router 

has only one NIC card and all the mesh routers share one 

common radio channel. In such a networking , the network 

suffers from low performance and capacity due to frequent 

packet collisions and  back offs, especially for real-time 

applications such as VoIP transmission across  multi hop 

WMNs [2]. 

According to  [4],  The SR-MC architecture can 

help to reduce the interference and increase network 

performance. A required function of the SR-MC solutions is 

there for each router to dynamically switch between 

channels along with dynamic network traffic, while 

coordinating between neighboring nodes to ensure 

communication on a common channel for some period. 

However, this type of coordination is usually based on tight 

time synchronization between  nodes, which is difficult to 

realize in a multi hop WMN. It is noted that the latency in 

switching the channels with the use of commodity hardware 

802.11 NICs can be up to 100 ms. 

According to [5], IEEE 802.11a band assign 3 and 

12 non-overlapping frequency channels, respectively. 

Though still there exist significant interference between 

these standard non-overlapping channels in the current  

IEEE 802.11 hardware, this problem can be handled by 

providing better frequency filters in hardware for multi-

channel use. So, the use of single-radio multiple-channels 

(SR-MC) has been proposed to enhance the performance of 

WMNs . 

According to [19],  In such architecture, every 

mesh router is equipped with multiple NICs and each NIC 

can operate on multiple frequency channels. In MR-MC 

architecture, multiple transmissions/receptions can occur 

concurrently, and neighboring links allocated to different 

channels can carry traffic free from interference. However, 

MR-MC architecture use poses some new issues. In general, 

these issues include topology control, power control, 

channel allocation, link scheduling, and routing 

According to [8], the number of available channels 

is limited to 3 or 12 in  IEEE 802.11 frequency bands. This 

implies that some logical links may be assigned to the same 

channel. In such case, interference occurs if these logical 

links are closer to each other, and so these interfering links 

cannot be active on same time. Furthermore, the number of 

available NICs are also limited, and hence some logical 

links within a router require to share a NIC to transmit and 

receive the data packets. Furthermore, the physical topology 

of the routers and other constraints in MR-MC WMNs, four 

important issues that needs attention are summarized in  i.e., 

logical topology formation, interface assignment, channel 

allocations, and routing decisions. 

According to [9], the authors considers the issues 

with the MR-MC architecture, existing communication 

protocols, ranging from routing, MAC, and physical layers, 

need to be revised and enhanced. In physical layer, 

techniques mainly focus on three research areas: enhance 

transmission rate, enhancing error resilience capacity, and 

increasing re configurability and software controllability of 

radios. In order to improve the capacity of wireless 

networks, many high-speed physical techniques, such as 

OFDM, UWB, and MIMO, have been discovered. 

III. CHANNEL ASSIGNMENT SCHEMES FOR WMNS 

Channel Assignment (CA) in a multi-radio WMN 

environment consists of assigning  channels to the radios in 

order to achieve efficient channel utilization (i.e. minimize 

interference) and, at the same time, to guarantee an adequate 

level of connectivity. The problem of optimally assigning 

channels in an arbitrary mesh topology has been proven to 

be NP-hard based on its mapping to a graph-coloring 

problem [10]. Therefore, channel assignment schemes 

predominantly employ heuristic techniques to assign 

channels to radios belonging to WMN nodes 

 

Fig. 1: Taxonomy of channel assignment schemes in 

wireless mesh networks. 

A. Fixed Channel Assignment Schemes 

Fixed assignment schemes assign channels to radios either 

permanently, or for time intervals that are long with respect 

to the radio switching time. Such schemes can be further 

subdivided into common channel assignment and varying 

channel assignment.  

1) Common Channel Assignment (CCA) 

This is the simplest scheme. In CCA [5], the radios of each 

node are all assigned the same set of channels. For example, 

if each node has two radios, then the same two channels are 

used at every node as shown in Figure 2.  

 

Fig. 2: Common Channel Assignment 
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B. Varying Channel Assignment (VCA) 

In the VCA scheme, radios of different nodes may be 

assigned different sets of channels [9, 10]. However, the 

assignment of channels may lead to network partitions 

and/or topology changes, which may increase the length of 

routes between mesh nodes. Therefore, in this scheme, 

channel assignment needs to be carried out carefully. Below 

we discuss the VCA approach in more details by presenting 

five algorithms that belong to this sub-category. 

 Centralized Channel Assignment(C-HYA) 

Based on Hyacinth, a multi-channel wireless mesh 

network architecture, a centralized channel 

assignment algorithm for WMNs was proposed in 

[18], where traffic is mainly directed toward 

gateway nodes, i.e. the traffic is directed to/from 

the Internet. Assuming that the offered traffic load 

is known, this algorithm assigns channels thus 

ensuring network connectivity and satisfying the 

bandwidth limitations of each link. It first estimates 

the total expected load on each virtual link by 

summing the load due to each offered traffic flow. 

Then, the channel assignment algorithm visits each 

virtual link in decreasing order of expected traffic 

load and greedily assigns it a channel. The 

algorithm starts with an initial estimation of the 

expected traffic load and iterates over channel 

assignment and routing until the bandwidth 

allocated to each virtual link matches its expected 

load. Although this scheme presents a method for 

channel allocation that incorporates connectivity 

and traffic patterns, the assignment of channels on 

links may cause a ripple effect whereby already 

assigned links have to be revisited, thus increasing 

the time complexity of the scheme. An example of 

node revisiting is illustrated in Fig. 3. In this case, 

node a is assigned channels 1 and 4, and node b 

channels 3 and 8. Because a and b have no 

common channel, a channel re-assignment is 

required. Specifically, link (a,b) needs to be 

assigned one of the channels from [1, 3, 4, 8]. 

Based on the channel expected loads, link (a,b) is 

assigned channel 1, and channel 8 assigned already 

to link (b,d) is changed to channel 1. The results in 

[18] showed that by deploying only two radios per 

node, it is possible to achieve a factor of up to 8 in 

the improvement of the overall network goodput 

when compared to the case of a single-radio 

inherently limited to a single channel. 

 Connected Low Interference Channel Assignment 

(CLICA) 

A polynomial time greedy heuristic, called 

Connected Low Interference Channel Assignment 

(CLICA), was presented in [5] to enable an 

efficient and flexible topology formation, ease of 

coordination, and to exploit the static nature of 

mesh routers to update the channel assignment on 

large timescales. CLICA is a traffic independent 

channel assignment scheme which computes the 

priority for each mesh node and assigns channels 

based on the connectivity graph and on the conflict 

graph. However, the algorithm can override the 

priority of a node to account for the lack of 

flexibility in terms of channel assignment and to 

ensure network connectivity. Although this scheme 

avoids link revisits, it does not incorporate the role 

of traffic patterns in channel assignment for 

WMNs. 

 

 

Fig. 3: Centralized Channel Assignment. 

 
Fig. 4: Connected Low Interference Channel 

Assignment. 

 Minimum-Interference Channel Assignment 

(MICA) 

In [7] the authors extended [5] and developed two 

new algorithms. The first is based on a popular 

heuristic search technique called Tabu search, 

which was originally designed for graph coloring 

problems. The second is a greedy heuristic inspired 

by the greedy approximation algorithm for Max K-

cut problem in graphs. The Tabu-search based 

method starts with a random assignment. A 

neighbourhood search is then run for a better 

solution by flipping the assignment of some nodes. 

At the same time, the method remembers the best 

solution seen so far and stops when the maximum 

number of iterations allowed is reached without a 

better solution being found. This solution is the 

best without taking into account the interface 

constraint, i.e. the total number of available 

channels at any network node is less than or equal 

to the number of radios on that node. Therefore, the 

last step in the algorithm is to start from the node 

with the maximum violations of the interface 

constraint, and combine any assignments of radios 
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that share the same channel and share an edge 

between them in such a way as to minimize the 

increase in conflicts. 

 Traffic and Interference Aware Channel 

Assignment Scheme (MesTiC) 

MesTiC  stands for Mesh based Traffic and 

interference aware Channel  assignment. It is a 

fixed, rank-based, polynomial time greedy 

algorithm for centralized CA, which visits nodes 

once in the decreasing order of their rank. The rank 

of each node R is computed on the basis of its link 

traffic characteristics, topological properties and 

number of radios on a node according to the 

following ratio:  

R (node) = Aggregate traffic (node) /min hops from 

gateway (node) * number of radios 

Clearly, the aggregate traffic flowing 

through a mesh node has an impact on the channel 

assignment strategy. The rationale is that if a node 

relays more traffic, assigning it a channel of least 

interference will increase the network throughput. 

Thus, aggregate traffic in the numerator increases 

the rank of a node with its traffic. In addition, due 

to the hierarchical nature of a mesh topology, the 

nodes nearest to the gateway should have a higher 

preference (rank) in channel assignment, as they 

are more likely to carry more traffic. At the same 

time, the number of radios on a node gives 

flexibility in channel assignments and should 

inversely affect its priority (i.e. the lower the 

number of radios, the higher the priority in channel 

assignment). 

 Topology Design and Channel Assignment 

(TiMesh) 

In [5], the authors presented a decentralized 

channel assignment strategy that considers 

topology control and channel allocation as two 

separate but related problems. The former takes 

care of channel dependency and the latter deals 

interference. The logical topology formation and 

radio assignment are formulated as a joint 

optimization problem based on a Multi-channel 

WMN (MC-WMN) architecture called TiMesh. 

The model of the proposed solution takes into 

account: the number of radios on each mesh router, 

the channel dependency among the nodes that share 

a common channel, the degree of a node, and the 

expected traffic load between the various source 

and destination nodes. The goals are: (1) to 

guarantee network connectivity, by supporting both 

internal traffic (among the wireless routers) and 

external traffic ;(2) to prevent ripple effects among 

the logical links sharing the same channel. The 

MC-WMN is modelled by a physical topology 

graph G(N,E). Where N is the set of mesh routers 

(each equipped with I radios) and E is the set of 

links between the mesh routers. The first constraint 

to the problem is that logical links are assumed to 

be bidirectional. The second constraint is channel 

dependency. To restrict this dependency an upper 

bound on the number of additional logical links 

that may share a radio with a particular link is set. 

The larger this value is, the smaller the proportion 

of time that each logical link can access the shared 

radio. The third constraint is the ripple effect. The 

approach is to assign an exclusive radio to one end 

of each logical link. This means that if node x is 

responsible for the channel allocation on logical 

link (x,y), then the radio that is assigned by node y 

to attach to link (x,y) should not be used by any 

other logical link. For capacity planning, a 

statistical model of the network traffic is used and 

flow conservation is applied at each node. This 

guarantees that there is at least one path available 

between each source and destination pair (s,d). 

Thus, the obtained topology is always connected. 

The fourth constraint is the hop count, which states 

that for each source and destination pair (s,d), there 

exists at least one path where the hop count is less 

than or equal to the shortest path + a tunable 

parameter ┌ (a positive integer). It is assumed that 

a power control algorithm maintains a constant data 

rate in the presence of fading and other channel 

imperfections. This implies that there is a fixed 

nominal capacity associated with the logical links. 

However, the actual capacity depends on the 

number of additional logical links that are sharing 

the same channel. The utilization of the logical link 

is then defined as the total traffic load between 

source and destination (which is assumed to be 

known) divided by the effective link capacity. 

IV.  CONCLUSION AND FUTURE WORK 

In this paper, we have identified the key challenges 

associated with assigning channels to radio interfaces in a 

multi-radio multi-channel wireless mesh networks. After 

presenting the design issues for WMNs, we have provided a 

taxonomy of existing channel assignment schemes and 

summarized this survey with a comparison of the different 

schemes. CCA performs poorly and thus the challenge is to 

discover what channel assignment schemes can perform 

well. One of the important challenges still to be solved is 

how many interfaces to have on each mesh router. In other 

words, given the physical topology and the traffic profile of 

the network, how can we optimize the number of radios on 

the different nodes. 
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