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Abstract—In this paper, we present one of the research works done in the context of thesis. We propose an improved route maintenance mechanism for Wireless Mesh Networks. Routes in multihop wireless mesh networks are instable and we observe frequent route breakages. This leads to poor performance of the network both in terms of throughput and end-to-end delay. The primary reason for frequent route breakages is due to the fact that transmission failures due to transient congestion on the wireless link are interpreted as a route breakage. We propose a mechanism in which nodes in the network continuously estimate the medium congestion around them and depending upon the congestion ignore a certain number of transmission failures. This ensures that transmission problems due to congestion on the wireless link do no result in route breakages. Simulation results are presented to show the improvement achieved.
I. introduction
Wireless Mesh Networks (WMNs) are a new generation of multihop wireless networks. WMNs are popular for providing last-mile wireless Internet services to regions and communities. Mesh networks comprise of wireless routers interconnecting wirelessly to create a mesh backhaul and some nodes act as gateway nodes for the network and provide wired connectivity to the Internet. Mesh networking is a promising technology but has some problems and in practice the capacity of mesh networks is way below their theoretical limit. The mesh network is fundamentally a multihop wireless network and has the problems typical to multihop wireless networks. 
There are two broad families of routing protocols: Reactive (or on-demand) and Proactive (table-driven) routing protocols. For mesh networks, reactive protocols have become much more popular due to their low routing overhead which suits the mesh topology. However, due to their route discovery and maintenance mechanisms, reactive protocols are vulnerable to false route breakages. Essentially, reactive routing protocols depend upon intermediate nodes in the path to the destination to detect and declare link breakages. However nodes often mistake temporary transmission failures due to congestion as actual link breakage and declare route breakage too frequently. The problem becomes compounded for reactive protocols because each time there is a route breakage the source has to restart the route discovery process and wait until a new route is established. This degrades the throughput and causes high fluctuations in the throughput and delay. 

Route instability in mesh networks has only recently gained attention and some works exist which try to address this problem. Most solutions resort to using alternate or backup routes in case the original route breaks. Some solutions propose using local route repair mechanism. However it should be noted that almost all these solutions come into action once the route has been broken. We argue that the route breakage itself is false and it is much more efficient to detect and eliminate false route breakages than to take corrective action for false route breakages. To this end we propose a new route maintenance mechanism for reactive routing approaches in wireless mesh networks. In the new Congestion Aware Routing (CAR) mechanism, nodes continuously monitor the medium congestion and tune route failure reporting based on the estimated congestion. 
In figure 1, node 0 sends data to node n over a chain of n-1 hops. The success probability P(0,n) of a packet from node 0 to node n is given by the following:
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The probability of successful reception at the destination becomes much smaller as the number of hops increase. It is logical to assume that a few packets would be dropped from time to time over any of the wireless hops. Conventional routing protocols consider every packet drop as a route failure. Whereas many packet drops occur due to congestion on the wireless medium. Often the MAC technology used in mesh networks is IEEE 802.11. In 802.11 standard, each node attempts to deliver a packet to the next hop for a certain number of times after which the nodes gives up and declares the route as broken. However, our simulation based studies show that this occurs often because the medium is congested and transmission attempts fail. 
We propose a new route maintenance mechanism Congestion Aware Routing which aims at addressing this problem. In CAR, nodes estimate the medium congestion periodically 
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using the carrier sensing mechanism at the MAC layer. The medium congestion estimation is done periodically for a window of time w. For example in our case, during each second the MAC layer is probed 100 times to see its status. The ratio of time that the medium is busy to the total window time gives the node an estimate of medium congestion.
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Where CF represents the Congestion Factor (CF). The congestion factor of a node is its estimate of the surrounding congestion. NAV refers to the Network Allocation Vector which is pending if there is communication between nodes in vicinity of the node. The congestion estimation is done periodically and the CF of each node is updated. Based on the CF, the node adjusts the expected number of link failures (or packet drop due after MAC retries) it can expect. 
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Where k is a constant which determines to what degree link breakages are ignored. We have empirically the value to 3.
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The node remembers the link failures for each outgoing link and then if temporally related link failures exceed the threshold, then the link is declared broken otherwise the transmission failures are understood to have been cause due to congestion on the wireless link. False route breakages are avoided and CAR introduces stability in the routing protocols.
Figure 2 shows some preliminary simulation results. We implemented the CAR mechanism in both DSR and AODV which are two famous routing protocols. As figure 2a shows using CAR, the throughput is improved and the variation in throughput is reduced. Similarly, the end-to-end delays are reduced and the variation in these delays is also reduced. 

In this paper, we have presented the problem of route instability in wireless mesh networks and explained why it causes poor performance in terms of throughput and delay. We also proposed a mechanism which can improve the stability of routes in mesh networks and thus improve the performance. Some simulation results are also presented to show that the new mechanism provided interesting performance gains.
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Figure 1. Routing over multiple wireless hops in a mesh network.





�  �                                  Figure 2a Throughput with DSR, AODV and CAR                                                   Figure 2b Delay with DSR, AODV and CAR
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