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Abstract— Recent advance in IEEE 802.11 based standard has
pushed the wireless bandwidth up to 600Mbps while keeping the
same wireless medium access control (MAC) schemes for full
backward compatibility. However, it has been shown that the
inefficient protocol overhead casts a theoretical throughput
upper limit and delay lower limit for the IEEE 802.11 based
protocols, even the wireless data rate goes to infinitely high. Such
limits are important to understand the bottleneck of the current
technology and develop insight for protocol performance
improvements.

This paper uses a queuing system approach to extend the
discussions of IEEE 802.11 protocol throughput and delay limits
to the situation that arbitrary non-saturated background traffic
is present in the network. We derive analytical models to quantify
the performance limits for Distributed Coordination Function
(DCF) of legacy 802.11a/b/g and Enhanced Distributed
Coordination Access (EDCA) of IEEE 802.11e. We find such
limits are functions of the underlying MAC layer backoff
parameters and algorithms, and are highly dependent on the load
that background traffic injects into the network. Depending on
the rate of arrival traffic, the packet delay limit may become
unbounded such that no delay sensitive services can be operated
under such condition. Moreover, we also discuss the effects of
different frame aggregation schemes on the performance limits
when data rate is infinite. The developed model and analysis
provide a comprehensive understanding of the performance
limitations for IEEE 802.11 MAC, and are useful in gauging the
expected QoS for the purposes such as admission control.
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L INTRODUCTION

In recent years, the IEEE 802.11-based [1] wireless local
area networks (WLANSs), namely IEEE 802.11b [2], 802.11¢g
[3], and 802.11a [4], have been increasingly popular in
providing low-cost high-bandwidth (up to 54Mbps) wireless
connections. With the growing demands of higher bandwidth
for applications such as high-definition video streaming,
network storage, and online gaming, the industry has been
working to seek higher data rate (HDR) extensions [5]-[7] to
the family of IEEE 802.11 specifications. Earlier this year,
IEEE Working Group meeting approved the first draft of IEEE
802.11n [8], in which the data rate is expected to be as high as
600Mbps. Moreover, the 802.11n specification adopts the same
medium access control (MAC) schemes to ensure backward
compatibility with existing IEEE 802.11 specifications.

The industry also seeks advancement in providing better
Quality-of-Service (QoS) at the MAC layer. A QoS
amendment of IEEE 802.11 MAC, IEEE 802.11¢ [9], aims to
provide service differentiations to different traffic types. In
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particular, the Enhanced Distributed Channel Access (EDCA)
contention-based medium access improves the legacy IEEE
802.11 Distributed Coordination Function (DCF) by providing
differentiated medium contention opportunities to high priority
traffic.

Despite the efforts on advancing data rate and QoS of IEEE
802.11, an analysis of theoretical throughput and delay limit
was first discussed in [10] by Xiao and Rosdahl. The paper
emphasized on the 802.11 MAC overhead effectiveness and
proved the existence of theoretical throughput and delay limits
for IEEE 802.11 DCF protocol. The authors concluded that,
given that the PHY data rate has advanced to infinitely high
and only one station transmits in the ideal channel condition,
the minimum time required for completing one packet
transmission task is bounded by transmission time of PHY and
MAC headers as well as MAC layer backoff waiting time, and
consequently bounds the maximum achievable throughput and
minimum achievable packet delay. In [11], the authors
extended the derivation of packet transmission time to
consider collisions and backoff freeze in the case that multiple
stations transmit in saturation mode.

However, the results in [10] and [11] only represent the
throughput and delay limit in aforementioned special cases but
are unsuitable to real-world scenarios, which typically consist
of multiple wireless stations operating in non-saturation mode.
Besides, the delay analysis presented in [11] only considers
the “medium access delay” and fails to address the waiting
time packets spent when backlogged. On the other hand, as the
models used in [10] and [11] are only applicable to legacy
IFEE 802.11 DCF, it is also important to expand the
explorations of theoretical limits to the QoS enhanced IEEE
802.11¢ specification. In particular, it is essential to answer the
following questions: will the similar performance boundaries
exist in the EDCA MAC protocol? If so, how to quantify such
boundaries in different prioritized traffic categories and what
are the subsequent impacts in fulfilling the QoS requirements
promised by IEEE 802.11e EDCA?

Therefore, this paper aims to provide a comprehensive
understanding of the performance limitations on throughput
and total system delay of both IEEE 802.11 DCF and EDCA
MAC protocols with arbitrary amount of saturated and non-
saturated competing traffic. Such analysis is critical and
distinct from other IEEE 802.11 performance modeling paper
in the sense that it not only pinpoints the performance
bottleneck of state-of-the-art IEEE 802.11 technologies but
also develops insight for future protocol performance
improvements. The key point of this paper is in proposing a
queuing system point of view to directly analyze the access
dynamics of 802.11 contention-based MAC. Each wireless
station is modeled as a queuing system with the packet
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