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The next generatlon wireless networks experlenced agreat development W|th emergence of w1re1ess i |
mesh networks (WMNs), which can be regarded as a realistic solution that provides wireless -
broadband access. The limited available bandwidth makes capacity analysis of the network very

essential. While the network offers broadband wireless access to community and enterprise users,
the problems that limit the network capacity must be addressed to exploit the optimum network

performance. The wireless mesh network capacxty analysis shows that the throughput of each mesh
node degrades in order of 1/n with increasing number of nodes (n) in a linear topology. The . -
degradation is found to be higher in a fully mesh network as a result of increase in interference and 5

MAC layer contention in the network.
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1. INTRODUCTION

Wireless mesh networking (WMN) is an option of scaling wireless networks. A wireless mesh
network is a type of wireless network in which each node can communicate directly with one or more
peer nodes. Also is a form of ad hoc network that forms mesh ol wirelessly interconnected nodes.
The difference between this type of network and the ad hoc network is the nature of packet
movement in the network which is always from the client to the gateway node and vice versa, while.
the packet movement in ad hoc networks is between arbitrary pair of network nodes (Hossain, 2008).
In wireless mesh networks the host nodes (typically stationary) can also serve as routers to forward
the clients' traftic in a multi-hop fashion to the destination (normally gateway nodes connected to the
internet) when the network is deployed to provide internetaccess shown in Figure 1.

Wireless mesh networks offer the following advantages over the conventional wireless networks:
easy deployment, greater reliability, self-configuration. self-healing, and scalability. The nodes in
the network are able to establish and maintain mesh connectivity automatically (Akyildiz, 2010).

Wireless mesh network technology has drawn considerable attention as a promising broadband
access technology despite increase in the number of internet access technologies. Very large areas
can have broadband wireless access using wireless mesh networks without need for costly
infrastructures. Wireless mesh networks can also be employed for wide variety of applications such
as cellular radio access networks or WLAN hotspot multi-hopping, citywide surveillance systems.
wireless sensor networks (WSNs). broadband home and office indoor networking. intelligent
transport system networks, community and neighbour networking, micro base station backhaul and
many others (Hethley. 2009).
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4. NETWORK SCENARIO SIMULATION

4.1 Network Scenario 1

The capacity analysis in this work started with a lincar wireless mesh network scenario as shown in
Figure 3, with adjacent nodes placed 1250 m apart. This scenario is used to investigate the impact of’
mesh forwarding on the network capacity. The network scenario is simulated with only one node
transmitting at a time and at different positions. When node 1 is transmitting, the distance of the
source node is only 1 hop to the gateway. When node_2 is transmitting. the distance is 2 hops to the
gateway. Node_3 is 3 hops. node_4 is 4 hops. while node_5 is 5 hops to the gateway.
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Figure 3: Linear Wireless Mesh Network Scenario to Analyse the Effect of Mesh Forwarding
on the Network Capacity

When node_1 is the only node transmitting in the network, the network behaves like a single hop
network. The throughput depends on the efficiency of the MAC layer used. IEEE 802.11b was used
Tablc 1 shows the simulation parameters. The throughput is expected to be up to 11 Mbps. but this is
not possible due to the exchange of control traffic packets (e.g. RTS/CTS/ACK) which introduces
significant overhead into the network. 1fnode_2 isthe only node transmitting in the network and at 2
hops distance to the gateway (its traffic must pass through node 1 to the gateway), the links
utilization in the network is 0.5 since node_1 cannot receive and transmit at the same time. Node_1
only transmits when node_2 finishes transmission (Ball.2010). So. the maximum throughput is
the maximum throughput achieved by a single hop network divided by 2. If node_4 is the node
transmitting in the network, the throughput in the network degrades due to the issue of hidden and
exposed node problem. Node_2 is outside the sensing range of node_4 but is within the interfercnce
range of the node_3 which receives from node_4: so, collisions degrade the throughput. The same
problem occurs it node_5 is the transmitting node in the network.

4.1.1 Simulation Result

The simulation results in Figure 4 show the impact of mesh forwarding on the capacity of the
network due to links constraints. The result is obtained from the simulation of the scenario shown in
Figure 3 as a function of the offered load G (packet generated) in the network.
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Figure 4: Effect of Mesh Forwarding on Wireless Mesh Network Capacity
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Figure 9: The Effect of Interference and MAC Contention on the Network Capacity
Figure 9 shows that node_2, closest to the gateway node, achieves 100% throughput of'its generated
traffic, up to when the generated traffic is 100 packets per second. Node 1 is also close to the
gateway node but other node's traffic flows pass through it the node's throughput starts decreasing
when the offered load (packets generated) by each node is about 75 packets per second. Node 3 and
node_4 achieve maximum throughput of only about 30 packets per second. When the offered load
from the individual nodes in the network increases beyond 30 packets per second, the throughput of
node_3, node_4 and node_5 start decreasing. This is due to the domination by node_1 and node_2
transmission, as they are closer to the gateway node. If the number of forwarding nodes in a wireless
mesh network reduces, the throughput capacity of the network is expected to increase. But the
increase in interference and MAC layer contention greatly affects the capacity of the network and
makes the throughput degradation higher than that of a linear wireless mesh network.

5. CONCLUSION

Wireless mesh network technology has drawn considerable attention as a promising broadband
access technology despite the increase in the number of internet access technologies. Very large
areas can have access to broadband wireless using wireless mesh networks without need of costly
infrastructures. The wireless mesh network capacity analysis, based on the effect of mesh
forwarding, interference and contention at the MAC layer, and using simulations, shows that the
throughput of each mesh node degrades in order of 1/n with increasing the number of nodes (n) ina
linear topology, the degradation is even higher in a fully mesh network as a result of increase in the
effectof interference and MAC layer contention in the network.
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