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Abstract—Vehicular WiFi access is distinct in two re-
spects, (i) continuous mobility of clients and (ii) possibility
of predictable link quality. As part of this study, we aim
to comprehensively evaluate existing rate adaptation algo-
rithms in real environments. Further, if required, we aim
to develop a simple, low-overhead rate adaptation algorithm
suited for vehicular WiFi access.

Categories and Subject Descriptors: C.2.1 [Computer-
Communication Networks]:Network Architecture and Design[
Wireless communication]

General Terms: Experimentation, Measurement, Algo-
rithms

Keywords: WiFi, Rate Adaptation, Mobility

1. INTRODUCTION

Use of 802.11 (WiFi)-based access for communication in
outdoor environments is on the rise—vehicle-to-vehicle com-
munication, sensor network applications, delay-tolerant net-
works, road-side wireless access [3] etc. In this paper, we
concern ourselves with the Vehicular WiFi Access scenario—
use of roadside 802.11 installations (access points) to provide
communication facilities from/to vehicles [2, 3, 4], to enable
networking applications. An obvious question is, how to
maximize usage efficiency of the available network capacity
between access points and mobile clients (vehicles)?

One of the widely used techniques for efficient use of net-
work capacity is rate adaptation. 802.11 supports several
transmission rates, each with different modulation techniques
for PHY layer transmissions. Since, bit-error-rate (BER)
is proportional to bits/symbol, different modulations tech-
niques implicitly result in different BERs. Rate adaptation
techniques aim to dynamically choose appropriate data rates
in order to simultaneously minimize BER and maximize
throughput. Several rate adaptation techniques [1], ARF,
SampleRate, RBAR, CARA, ONOE, etc. exist. Adapta-
tion heuristics are based on different parameters like packet
delivery probability, signal-to-noise ratio, and receive signal
strength (at receiver), etc. Almost all of these adaptation
techniques have been designed and evaluated for indoor envi-
ronments, where client devices are more or less static and suf-
fer from multi-path effects due movement of people/objects
and interference due to other transmitting nodes.

Vehicular WiFi access is distinct in two respects (i) con-
tinuous mobility of clients and (ii) possibility of predictable
link quality. The first aspect refers to near continuous move-
ment of vehicles resulting in a rapidly changing multi-path
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Figure 1: RSSI variation with vehicular WiFi access.

and interference effects. [2] reports association durations of
10 to 60 secs for speeds 10 to 100 kmph. The second as-
pect is more subtle. Consider a roadside access point and
an approaching vehicle. As the vehicle enters and leaves the
coverage area of the access point, the signal quality perceived
by the vehicle will change from low to improved to probably
best when close to the access point before the signal quality
follows a similar trajectory of decreasing quality. Figure 1
shows the received signal strength of a vehicle moving past
a roadside access point (mounted at 125m from the starting
point) on a straight road. As can be seen from the figure,
a distinct trend of signal strength is observed correspond-
ing to the location of the vehicle, low (-90 to -95 dBm for
first and last 25 m) and high (-60 to -65 dBm 25 m on the
both side of the access point). A previous study [4] has
identified the presence of such distinct regions—entry, pro-
duction and exit. The duration of these phases is dependent
on the speed of the vehicle. Since conventional rate adapta-
tion algorithms are agnostic to the presence, duration and
order of these regions, they might behave (choose rates) sub-
optimally. A conservative heuristic may choose higher rates
at the end of the production phase or an aggressive heuris-
tic may choose higher rates in the entry/exit phase, leading
to sub-optimal usage of the link (due to increased link layer
retransmissions).

Our aim is to compare performance of popular rate adap-
tation algorithms using a measurement-based approach in
802.11-based vehicular access scenarios1. Specifically, we
aim to (i) compare the performance of three rate adaptation
algorithms—AMRR, SampleRate, ONOE. (ii) comment on
whether any of these existing techniques intrinsically adapts
to the nature of vehicular wireless access, and (iii) explore
the possibility of exploiting the predictability of link quality

1There are several issues to be solved to instantiate Vehicu-
lar WiFi Access - placement, channel assignment, coverage,
security, disconnection-aware protocols, addressing etc.
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Figure 2: Experiment Setup
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Figure 3: Effect of Speed

for improved rate selection. This exploration also needs to
be cognizant of the fact that factors other than RSSI (like
interference) influence delivery characteristics.

2. EXPERIMENTAL EVALUATION

Our preliminary setup (shown in Figure 2) consists of a
stationary sender and a receiver (vehicle/client) moving con-
tinuously along a straight road.

The sender, a single-board Soekris (net4826) with a Ubiq-
uiti XR2 wireless card, is placed in a near-road building at
a height of 35 feet. The sender is equipped with a 14 dBi
horizontally polarized sector antenna (90 degrees horizon-
tal beam width and 10 degrees vertical beam width). This
setup, with a transmit power of 10 dBm, results in a wire-
less coverage of 250 meters on the adjoining road. Both, the
sender and receiver run MadWifi 0.9.4 driver instrumented
for generating custom logs. The sender continuously sends
UDP packets and the receiver traverses the ‘covered’ road at
different speeds.

Using this setup, we first compare a set of rate adapta-
tion algorithms (SampleRate, AMRR, ONOE ). We are us-
ing original implementation of these algorithms with multi
rate retry enabled. Table 1 shows usage percentage of each
rate for the duration of each one-way traversal (with a speed
11 kmph) and the average number of packets transmitted
for each unique packet. As seen from the table, AMRR is
most aggressive—75% of all transmissions use rates 24 Mbps
or higher (48 Mbps and 54 Mbps account for 30%). Sam-

pleRate is not as aggressive as AMRR, 60% transmissions
use rates 24 Mbps or higher. On the other hand ONOE is
the most conservative algorithm with no transmissions with
rates greater than 12 Mbps. Receiver throughputs for Sam-

pleRate, AMRR and ONOE are 7.83 Mbps, 7.82 Mbps and
2.75 Mbps respectively. Though AMRR is more aggres-
sive than SampleRate in terms of rate selection, aggregate
throughput obtained with both techniques is approximately
same. This is because aggressive rate selection of AMRR leads
to higher number of re-transmissions and increased per packet
transmission overhead. Expected overhead per transmission
for SampleRate and AMRR is 1.08 and 1.24 respectively.

Next, we study the impact effect of speed (the duration
under wireless coverage) on these algorithms. With increase
in speed, heuristics have less time to adapt to changing
conditions, decreasing the fraction of usage of higher rates
and hence throughput. As shown in Figure 3, the achieved
throughput with a speed of 15 Kmph is 6.2 Mbps with Sam-

Rate SampleRate AMRR ONOE
(Mbps) % Tx/Pkt % Tx/Pkt % Tx/Pkt

usage usage usage
1 0.93 1.27 1.4 1.33 17.58 1.14
2 0.1 1.26 0.65 1.38 13.98 1.07

5.5 1.43 1.4 1.05 1.26 25.63 1.05
6 9.74 1.15 2.02 1.27 37.36 1.08
9 0 - 2.66 1.15 43.96 1.15
11 3.27 1.22 1.88 1.21 20.31 1.21
12 11.82 1.1 2.66 1.1 11.92 1.14
18 13.15 1.09 7.61 1.22 0 -
24 44.76 1.03 17.81 1.14 0 -
36 13.06 1.08 30.46 1.24 0 -
48 1.45 1.26 17.95 1.36 0 -
54 0.304 3.67 13.86 1.26 0 -

Table 1: Comparison of rate adaptation algorithms.

pleRate and AMRR, and is 2.2 Mbps with ONOE. Re-
duction in speed to 7.5 kmph results in throughputs of 8.5
Mbps, 8.4 Mbps and 4.3 Mbps for SampleRate, AMRR and
ONOE respectively. Throughput with ONOE is impacted
the most, reducing by half with twice the speed

The next question of interest is, whether there can be bet-
ter rate selection strategies? To answer this question, we did
extensive experiments with all the rates available in 802.11.
Transmission rate was fixed for a run, no rate adaptation was
used. Using these logs we determined the best transmission
rate in terms of throughput for different sections of the road
which we used as a rate setting corresponding to a particular
location on the road. Throughput achieved using this strat-
egy at the speed of 11 kmph was 8.4 Mbps, much higher than
corresponding number for SampleRate and AMRR. This ex-
periment indicates that current rate adaptation techniques
can be extended and improved.

3. CONTRIBUTIONS AND FUTURE WORK

Previous work has identified and studied issues of WiFi-
based Vehicular access—association overhead, TCP through-
put, TCP timeout durations and bit rate selection [4]. In
[5], the authors have studied performance of rate adapta-
tion techniques based on the idea of coherence time using a
channel emulator. [6] has proposed a context-sensitive (the
location and speed of a vehicle) rate selection policy. We
juxtapose our work along side these and aim to make two
new contributions—(i) comprehensive empirical evaluation
of rate adaptation algorithms in real environments and (ii)
developing a simple, low-overhead rate adaptation algorithm
suited for vehicular networks (possibly operating under no
knowledge of location of access points and vehicles etc.). In
this extended abstract, we have provided a brief introduction
to our initial work and aim to address the above mentioned
goals towards completion.

4. REFERENCES
[1] S. Biaz and S. Wu. Rate Adaptation Algorithms for IEEE 802.11

Networks: A Survey and Comparison. In IEEE ISCC, 2008.

[2] V. Bychkovsky, B. Hull, A. Miu, H. Balakrishnan, and
S. Madden. A Measurement Study of Vehicular Internet Access
Using In-Situ Wi-Fi Networks. In ACM Mobicom, 2006.

[3] J. Eriksson, H. Balakrishnan, and S. Madden. Cabernet:
Vehicular Content Delivery Using WiFi. In ACM Mobicom,
2008.

[4] D. Hadaller, S. Keshav, T. Brecht, and S. Agarwal. Vehicular
Opportunistic Communication Under the Microscope. In ACM

MobiSys, 2007.

[5] E. Knightly J. Camp. Modulation Rate Adaptation in Urban and
Vehicular Environments: Cross-Layer Implementation and
Experimental Evaluation. In ACM Mobicom, 2008.

[6] J. Rosca P. Shankar, T. Nadeem and L. Iftode. CARS:
Context-aware Rate Selection for Vehicular Networks. In IEEE

ICNP, 2008.

424


