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Abstract — Several works have been done to explore the

possibility of using randomly located WiFi APs for getting
broadband services from vehicles on roads and highays.
While different works address issues such as numbaf APs
available, their authentication schemes, data ratesand
vehicle speed etc, we investigate the impact of Rdeed
Signal Strength (RSS) from an AP on performance 08GPP
internet applications. We draw out signal strengththresholds
for each of these internet applications and estalslh that RSS
is an important parameter to be considered not onlywhile
connecting to an AP but also for deciding which apjration
may be supported by a certain AP. Conclusions drawim this
paper are based on measured RSS levels offered byiFNVAPs
during test drives.

Keywords — 3GPP Applications, 802.11 networks,
Measurement, Received Signal Strength (RSS), Vehian
Communication

[. INTRODUCTION

Siddique and Shyamr&ihaiity

P.(d) = P, ~10alog(d) + X, (1)

where, R, is signal strength 1 meter from transmitieis
the Path Loss Exponent and, Xepresents gaussian
random variable with zero mean and standard dewiaif

o dB [3]. In this model (like many others), paramst,

o) vary with environment and are assigned values
empirically. In this paper, we measure the RSS|alvks
on roads experimentally and evaluate its impacBGIPP
applications commonly used by internet users.

3™ Generation Partnership Project (3GPP) classifies t
internet applications as Background, Interactitesasning
and conversational. Chakraborty et al. in [4] hdefined
3GPP applications as follows. Conversational apfibhos
are delay sensitive applications meant for reaétinaffic
flow while streaming applications are mainly inteddfor
semi-real-time applications such as streaming dwdiieo

WLANs have become enormously popular amonglips. Interactive applications are internet messagr
domestic and commercial users seeking wire-freearét  SIP applications and background applications aramnmne
connectivity mainly due to ease of mobility and tcosfor sending and receiving information over the raky
benefits [1]. Several “hot-zones” enabling access ffor instance in the form of emails. In this workew

internet services via WLANs are being set up inanaj evaluate minimum required signal strength valuesfrch

cities of the UK including London, Manchester andhpplications to work properly

Birmingham [2]. Because of rapid deployment of VNI
across the cities, the idea of using these alreadijlable
APs at typical vehicular speeds has gained sigmific
popularity. Mobile node placed in vehicles is prego to
connect to a roadside AP opportunistically andinsenet

in a drive through
environment. We also conduct test runs to see \elats
of signal strengths are available in a typical erinun
across different areas of the city.

Rest of the paper is organized as follows. Sedtioovers
related work; section Il defines experimental sgt.

services until it moves out of its footprint. Besauof Section IV is on observations, section V contains
random location of WiFi APs, mobile node experienceconclusion and references are given at the endhef t
states of connectivity and dis-connectivity for teer paper.

period of time as it moves along its path at velaicu

speeds. In line with this interesting researchdremthors Il. RELATED WORK

are working on Net-on-Roads project which is conedr vehjcular communication has gained considerable
with bringing network connectivity down to roads,research attention for quite some time. Severajepts,
accessible from vehicles. _ for instance REACT [5], Fleetnet [6] and Network on
Our emphasis in this paper is to show that Recefigdal \yheels [7] etc are addressing different issuestaelao
Strength (RSS) from an AP plays an active role ifringing network connectivity on roads. Drive Thru
deciding which applications can be used during raaan'e roject [8] studies 802.11g APs for providing netkvo
connection. RSS is a measure of power presenten thonnectivity from vehicles. Their results have shawp to
received radio signal. Several models have beepogel  7oMB of data exchange in a single 60 second mobile
to predict RSS in wireless communication systenos, fpode—AP connection. Some works have studied 802.11a
example, log-distance path loss model as givemir{}. 9] along with 802.11b in vehicular set up. Gassletin

[10] have recorded observations in a desert touatal
impact of speed of vehicles on performance of diffie
applications. In contrast to the experiments in],[Me
perform test runs in realistic urban settings tachemore
accurate conclusions.
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Realtek 802.11g wireless card running Windows Yista
connected to an 802.11g AP. In our setup, we ude we
L browsing to represent background traffic; intenaeti
\“ . applications are represented by a MSN chat session,
/‘ - rﬁ,_’,“\\‘,\\_p SR 300kbps live streaming video represents streamiagsc
’\ \”H-“ “" l \{\MH‘ = AR - applications and a Skype call is meant to repreteat
\m “\F\‘ \‘ H| M[‘ \i‘\'u‘ || "1 Fh conversational class. While running each of these
il \‘}H iR
!

i w h i”‘f 1 applications one by one, mobile node is gradualbyea
V\ | \H‘ ‘ SR out of the AP footprint thus reducing it's RSS ditoe
Ly l/ ~ U\ H ‘ H W 1 ’ ‘ng”.;"\f varying signal losses which may be mathematically
= L LI L‘ B!ﬁ ﬂ L LEL LT modeled using eg. (1). The process of increasistadce
between AP and mobile node continues until the
application fails at a certain signal strength ealthich is
recorded as the minimum value required for thatidipe
application to run satisfactorily. Figure 1 showse t
decrease in signal strength as the mobile nodeoigeth
OzﬂNay from the AP at walking speed.
In order to address the second issue of evaluaiigggl
strengths available from randomly deployed APs adou
the city, we perform two test runs; one each famdstic
and commercial areas. We identify domestic areanasn
which the vehicle traverses through residentialdings
Ahith little or no commercial infrastructure. Comruiat

S'gn‘."‘l _strength valu_e_ might s_upport one. 'nteme&reas are those which are dense with commercidilesnt
application but may fail in supporting others. Eskn et like businesses, shopping malls etc. Relevant fégion

al. in [12] have devoted one section on studying effect q garding available APs is recorded by Vistumbler

antenna type and its placement_on performa_ncesntxba (Windows Vista version of Netstumbler) [15]. Thever
lived internet session in the vehicular set up.ifffesults s are done using public buses instead of cars

s_ugg(Tst that Esing an éexk;[ernal agylennadmaby incrix@se Intuitively, buses reflect traffic patterns bettdian cars
signal strength received by a mobile node but theye 5,4 4re widely used by the general public. Speadisin

not. co'n_sidered the impagt OT this increa;e on perdnce an urban environment may vary from person to pebadn

of |nd|V|dgaI 3GPP apphca.tlons. Mahajan et a'-[‘@] speed of buses is more or less consistent withréigc
Pave stuqhed”RSS along W'Fh other parameters tdlq_lre pattern. Observed results from both experiments are
grey periods”. Although their results ;uggest tﬁas IS discussed in the following section.

not a good measure to predict faltering connective,
show that it can be a good measure of predictingchwh
internet application may work under a given RS&lev
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Figure 1: Signal strength variation as mobile nowres away from AP
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Balasubramanian et al. in [llhave taken into
consideration the signal strength issues but thejor
focus was on exploring the benefits of base stati
diversity. Their work studies the implications dfrsl
strength information on getting a connection with AP
Our work is different in the sense that we studyithpact
of signal strength information on performance oéafic
applications used in a typical internet sessiorthinlight

IV. OBSERVATIONS & ANALYSIS

A. Signal Strengths for 3GPP Applications

Observations shown in Table 1 suggest that 3GPP
Interactive Class requires least signal strengtogerate

as compared to other classes while conversatidasak c
requires highest signal strength level. Since &utve
applications perform well even at very small signal
strengths, chatting sessions in a drive througlirenment
might have a tendency to perform better than oftvens

of communications. Background applications suchvels

I1l. EXPERIMENTAL SET UP

As mentioned earlier in section |, this work, fiyst
comprises of identifying the signal strengths aticlth
different applications perform satisfactorily anecendly,
involves measuring signal levels available from ARPsa
typical drive run from one place to another at eatdr
speed. In this section, we highlight our experiraksét up
for recoding both these observations. Observedtseare

discussed in section IV. browsing work fine above 55% RSS level. It was obse

A relation between receiver sensitivity and datgeseaof that browsing speed becomes very slow in the R&8§era
802.11b has been established in [14]; however, t¥9-55% and below 30% web browsing does not work at
analytical approach adopted would remain incompletg].

until it is backed up by experimental evidencemlist be

noted that our primary focus is on determining fisig Table 1: Minimum Thresholds of RSS required fofediént 3GPP

strengths” required by 3GPP applications and those . Applications _
available from roadside APs; we are not concerna h Traffic Class ReqU'Ored Required
with what data rates are achievable at differerfs IRvels. i v RSS;é %) RSS7'8(dB)
In order to establish minimum required signal sgtan nieractive -

. . . Backgrount 55 -68
values for background, interactive, streaming and Streaming ) 60
conversational applications we run each of these Conversational 3 =7

applications one by one on a mobile node (laptoth wi
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Table 2: RSS statistics for domestic and commesacigds

Domestic Commercial
oA RSS Aresza()(;g Areg 2(();’% and Figure 2(b). We note from Figure 2(a) and Fgz(b)
can : - that highest signal strength offered by APs waseokesi
Median RSS 30 32.5 to lie between 70 — 80%; however, such APs constidu
Std Deviation 18.75 20.06 2 :

slight minority of the total APs encountered. Ta g
insight into the best case scenario, Figure 3(d)Figure

for all RSS values above 50%. Further investigatidt 3(b) plot peak RSS recordeo_l for 100 encountered IRPs
the test run for domestic and commercial areas

streaming applications suggest that these canenstdsted espectively. As can be seen from Table 2, mean RSS

afresh at low signal values, but already runnin@ . . .
o Lo alues for both areas is approximately 30%. Comide
applications have a tendency to keep performing el he previously discussed IOgbservatior)l/s 38% RSSg is a

signal strength degrades up to 50%. Finall ) :

conversational class requires largest signal stheradpove g&nsss'ddeor:glzoltog\ér}’(’;‘ﬂ;ig;g;g%ﬁ;ﬁ%i? btgg‘f[%giund
0 : ; . o s

85% according to our experiments. We believe fatilig Table 2 enlists the peak RSS values observed: itiém

such applications in a Net-on-Roads connection @/l ) . .
the most challenging task because RSS values exhibithat RSS observed at.d|fferer.1t times W'th APS _Wduixje
been even lower. An interesting question in thigard is,

very fluctuating nature in a rapidly changing v “do these RSS observations represent all tracascity?”

setup. In other words, how we can ensure that values nited
B. Signal Strength Values on Roads these experiments W!|| not _dewate significantlydifive
o o ) . runs are performed in a different area. We argu# th
After quantifying the minimum requirements of sinaperformance of a typical Net-on-Roads connection
strengths for various applications, we turn oueriion 10 gepends on several factors such as number of ARS in
find out what RSS values are achievable from aleadyrea authentication schemes they follow, speaghitle,
available WLAN APs. Drive runs conducted in domesti placement of AP and of course RSS values from a&h
and commercial areas resulted in encountering I8 asjnce all these factors alter with the area in Whicive

274 APs respectively. Both runs lasted for arousd 2y s performed, we expect that our observatioiits w
minutes and observed RSS values are shown in F&faje ary with the location where test run is conducted.

We observed that streaming applications can perfoeth
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Figure 4(a): Signal strength observed from encoedtéPs for a
different commercial area
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Figure 4(b): Peak Signal Strength observed dunmapenters for a
different commercial area

To support this statement, we perform similar test in
another commercial area of the same city for aro2sd
minutes (like the former tests) and reach the Yalhy
conclusions.

Firstly, we encountered far less APs in this test as
compared to the previous cases. This can be appedci
by noting that Figure 4(a) is far less dense thgnre 2(a)
and Figure 2(b), indicating a smaller number of .
From this observation alone, it follows that penfi@nce of
a Net-on-Roads connection may vary from place azel
Secondly, statistics for peak signal strengths inbthin
this trace, graphically shown in figure 4(b) antuiated
in table 3; highlight that mean RSS value is l&sst10%.
It follows that to exploit internet services frorahicles on
roads and highways, an additional external antésneh
as one proposed in [12]) might improve performante
these short lived connections. Although it has baeywn
that an external antenna leads to performan

Table 3: Statistics observed during encounters fifferent commercial

area
RSS (%)
Mean 9.93
Mediar 7
Std Deviation 11.10

V. CONCLUSION

Our project Net-on-Roads is concerned with accegssin
internet services from vehicles on roads. We natmfour
observations that RSS is an important parametectify
the performance of a typical Net-on-Roads connactio
We establish RSS thresholds below which different
internet applications can not operate satisfagtonVe
further showed that RSS levels offered by randomly
placed APs differ from area to area and also thedd are
not enough to support all internet traffic class®tsidying
the impact of an external antenna on the performaric
Net-on-Roads connection for facilitating 3GPP
applications is an area of future works.
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3GPP applications can be an area of future research
From afore mentioned observations,
“tolerating” disruptions in a Net-on-Roads connesti
might still not be enough to use WLANs from vehgle
until sufficient signal strength is available frothe
roadside APs.
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