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Abstract. Wireless mesh networks address the growing requirements for networks that are highly scal-
able and cost-effective, offering end-users large access areas beyond traditional WLAN boundaries, and
provide a viable alternative when wired backhaul cannot be supported or afforded. The success of these
networks depends on the availability of accurate models and tools for assessing their performances at
each layer. However, to date, most analysis of wireless networks has been focused on single-hop and
ad hoc multi-hop networks under saturated conditions. In this paper, we introduce an analytical model
specifically designed to the performance evaluation of 802.11-based wireless mesh networks under fi-
nite load. This model relies on Markov chains for evaluating packet service delays of mesh clients and
mesh routers that operate with 802.11 DCF, and open G/G/1 queueing networks for deriving explicit
expressions of average end-to-end delay on single-radio and dual-radio WMNs. Our analytical results
are verified through extensive simulations. The results quantify the impact of the dedicated backhaul
channel and the strong dependency between end-to-end delay and radio range.
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1 Introduction

The popularity of 802.11 technologies has generated a
lot of interest in developing wireless networks that sup-
port seamless and ubiquitous access across very large
areas. Various access points with large coverage are
available to these scenarios but their interconnection re-
mains mostly dominated by the deployment of costly
wired backhaul networks. Wireless mesh networks
(WMN) [1] offer a promising alternative for build-
ing robust and reliable wide-area wireless broadband
services, in particular when reducing up-front invest-
ments is a key concern as in developing countries.
Despite the availability of several wireless products
and the simplicity of deployment, huge efforts still
needed to address the issues behind WMNs. Many
WMNs have inherited the MAC and the physical lay-

ers of conventional WLANs which have been proved to
lack scalability when applied to large areas and multi-
hop network settings [1]. Throughput drops signifi-
cantly as the number of nodes or hops in a WMN in-
creases. Similar problems exist in other networking
layers. Consequently, many existing protocols need to
be fully assessed in this context to identify the key is-
sues and to guide their further enhancements. In par-
ticular, a predictable and low end-to-end delay of data
packets is a critical performance issue in many applica-
tions expected to be a driving force in the deployment
of WMNs: voice over IP, video streaming, videoconfer-
encing, interactive gaming, etc.

The efficiency of the IEEE 802.11 protocol has
been subjected to numerous investigations which tar-
geted the modeling of single-hop 802.11 WLANs to
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