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Abstract- Rate adaptation is one of the basic functionalities in
today's 802.11 wireless LANs (WLANs). Although it is primarily
designed to cope with the variability of wireless channels and
achieve higher system spectral efficiency, its design needs careful
consideration of cross-layer dependencies, in particular, link-
layer collisions. Most practical rate adaptations focus on the
time-varying characteristics of wireless channels, ignoring the
impact of link-layer collisions. As a result, they may lose their
effectiveness due to unnecessary rate downshift wrongly triggered
by the collisions. Some recently proposed rate adaptations use
RTS/CTS to suppress the collision effect by differentiating col-
lisions from channel errors. The RTS/CTS handshake, however,
incurs significant overhead and is rarely activated in infrastruc-
ture WLANs. In this paper, we introduce a new approach for
optimizing the operation of rate adaptations by adjusting the
rate-increasing and decreasing parameters based on link-layer
measurement. To construct the algorithm, we study the impact
of rate-increasing and decreasing thresholds on performance and
show that dynamic adjustment of thresholds is an effective way
to mitigate the collision effect in multi-user environments. Our
method does not require additional probing overhead incurred
by RTS/CTS exchanges and may be practically deployed without
change in firmware. We demonstrate the effectiveness of our
solution, comparing with existing approaches through extensive
simulations.

I. INTRODUCTION

Rate adaptation has become one of the basic functionalities
in today's 802.11 WLANs. The goal of rate adaptation is to
maximize the transmission goodput by exploiting the multi-
rate capability provided by the IEEE 802.11 physical layer
(PHY) [1]. The current 802.11 PHY supports a wide range
of transmission rates between 1 and 54 Mbps by employing
different sets of modulation and channel coding schemes. For
example, IEEE 802.1 lb supports four data rates 1, 2, 5.5, and
11 Mbps whereas 802.11a/g support eight up to 54 Mbps [1],
[2]. The basic idea of rate selection is to estimate the channel
condition and adaptively select the best rate out of multiple
available transmission rates.

The most widely implemented rate adaptation scheme is
automatic rate fallback (ARF) [18]. In ARF, two consecutive
frame transmission failures i.e., 802.11 Acknowledgement
(ACK) frame is not received result in rate downshift. Ten
consecutive frame transmission successes trigger a rate upshift.
Asymmetry in the threshold values injects a measure of

conservativeness, reflecting the sensitive dependence of bit
errors on SNR [10], [11]. Most chip firmware implement
variants of the canonical ARF based on up/down counter
mechanism [4], [19], [23]. Although well-intentioned, ARF
cannot react quickly to fast channel fluctuation since at least
10 attempts are required to increase the transmission rate.
Conversely, it may be considered to be overreactive (i.e.,
attempt rate-increases too often) if the channel condition
varies very slowly. This problem stems from the use of fixed
up/down thresholds without consideration of channel variation.

The performance and efficiency of rate adaptation depend
on the rate control parameters such as up/down thresholds.
For example, fast-fading channels require a small value of
up-threshold in order for the rate adaptation to keep up with
the channel variations [9]. Conversely, for slowly changing
channels, the use of a large value of up-threshold can prevent
excessive rate-increasing attempts. Several research efforts [9],
[20], [25] have dealt with time-varying wireless channel char-
acteristics through adaptive up/down-thresholds. Chevillat et
al. [9] proposed to adaptively use a small value and large value
of up-threshold to deal with fast and slow fading channels.
Qiao et al. [25] proposed a similar approach called fast-
responsive link adaptation which controls the sender's rate-
increasing attempts dynamically to improve responsiveness to
the channel variation. Adaptive Auto Rate Fallback (AARF)
[20] aims to improve the performance of ARF in slow-fading
channels. AARF doubles its up-threshold every time when
it tries to increase the transmission rate and the subsequent
packet transmission fails.
Most practical rate adaptations focus on the time-varying

characteristics of wireless channels, ignoring the impact of
link-layer collisions. As a result, they may respond to frame
collisions which cannot be distinguished from channel errors
based on missing 802.11 ACKs alone resulting in unneces-
sary rate downshift even when channel noise is low. This can
significantly decrease throughput when transmission failures
are caused by collisions [10], [1 1], [19].

To suppress the collision effect, some recently proposed rate
adaptations [15], [19], [28] leverage the per-frame RTS option
and selectively turn on RTS/CTS exchange to differentiate
collisions (indicated by a failure of RTS frame) from channel
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errors (indicated by an unsuccessful data frame transmis-
sion following a successful RTS/CTS handshake). However,
RTS/CTS is rarely turned on in practical infrastructure IEEE
802.11 WLANs due to high overhead. Per-frame selective RTS
will remain a costly solution in lossy environments-especially
it becomes a relatively large overhead for short data packets.

In this paper, we consider the problem of mitigating the
performance degradation of rate adaptation stemming from
link-layer collisions. Our main objective is to find a solution
that does not require additional probing overhead such as
those incurred by RTS/CTS exchanges. The key idea is that
dynamic adjustment of up/down-thresholds (adaptive use of
probing interval) can be useful not only to cope with channel
dynamics [9], [25] but also to mitigate the impact of collisions.
As the number of contending stations increases, the number of
collisions is also likely to increase triggering unnecessary-
in fact, detrimental rate-downshifts. In such a situation, a
higher value of down-threshold can reduce the undesired
rate-decreasing probability. Similarly, a smaller value of up-
threshold can help recover from unintended rate-decreases
induced by collisions.

Motivated by the above observation, we study the impact
of up/down-thresholds on the system performance by utiliz-
ing our previously proposed analytical model of ARF [10].
We derive target thresholds that can offset the detrimental
collision effect under fixed up/down thresholds. We propose
a run-time adaptive algorithm to optimize the operation of
rate adaptations by dynamically controlling the rate control
thresholds based on link-layer measurements. The simulation
results show that the adaptively tuned thresholds are effective
not only at offsetting the collision effect but also improving
the responsiveness to channel variation. Our solution does not
require additional probing overhead and can be practically
deployed without change in firmware.
The remainder of the paper is organized as follows. In sec-

tion II, we formulate the problem and introduce the framework
of our approach. Section III analyzes the impact of rate-control
parameters on system performance. In Section IV, we describe
the proposed scheme and we evaluate the performance of our
solution using simulation in Section V. We conclude with a
discussion of related work.

II. PROBLEM FORMULATION

We consider a station in a multi-rate IEEE 802.11 WLAN.
Let A denote the station's rate adaptation algorithm which uses
two thresholds OA (up-threshold) and OA (down-threshold),
where OA consecutive successes trigger a rate upshift (more
precisely, up-rate probing [18] [10]) and OA consecutive trans-
mission failures result in a rate downshift. Note that OA and
OA can be fixed or variable depending on rate adaptation
algorithm A. For example, the canonical ARF uses fixed
values of 0ARF = 10 and 0ARF = 2. AARF [20] uses
a binary exponential up-threshold 0AARF while its down-
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Fig. 1. The framework of our approach collision offset filter

threshold 0AARF is fixed to 2 (= QARF) where

0AARF f min(2. 0AARF, 50) if up-rate probing fails,
u l 10 (= oARF) if rate-downshift occurs.

Other variants [9] [25] of the canonical ARF also use adaptive
thresholds and can be expressed similarly. We note that
adaptive thresholds used in these schemes do not consider the
collision effect.

Our aim is to mitigate the unintended rate adaptation
stemming from collisions. Instead of RTS/CTS, we optimize
the operation of rate adaptation A by adjusting its rate-control
thresholds based on estimation of link-layer conditions. We
formulate the problem as follows

xA = fJ(OA N) and XA = fd(OA, N) (1)
where N represents the link-layer contention status, i.e.,
number of contending stations. (xu, 4d ) are adaptively tuned
thresholds of (OA, OA), aiming to offset the collision effect ex-
perienced under operation with (OA, OAp). Fig. 1 illustrates the
overall structure of the proposed adaptive threshold scheme.
In short, our main objective is to derive the threshold tuning
functions fu(.) and fd(*) that are required to create the
Collision Offset Filter.
The first challenge in deriving functions fu(.) and fd( )

is the lack of a target reference point (or target value)
for up/down thresholds that indicates what rate adaptation
behavior is optimal to mitigate the collision effect. This is
addressed in the next section.

III. PERFORMANCE OF ARF AND ITS IDEAL BEHAVIOR

In our previous work [10], we have analytically derived the
behavior of ARF and its performance when ARF is in a certain
stationary channel condition. In this section we first review the
ARF model briefly. Based on its results, we study the impact
of up/down thresholds on performance, from which we obtain
a key implication to avoid the malfunction due to collisions.

A. Analytic Model ofARF

The analysis considers a station adopting ARF in a multi-
rate IEEE 802.11 WLAN with L data rates R1 < R2 <
... < RL, where the WLAN consists of N stations which
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