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ABSTRACT: Vehicular Network uses moving vehicles as nodes and forms a network. Each vehicle acts as a
wireless router and may exchange data between them. Sometimes there is need for downloading a large file.
Previously, all vehicles downloaded the files from the access points. Download seems to be continued even if
the vehicle is moving by using multihop forwarding. This resulted in low data rate. To speed up the download
and increase the data rate cooperative download was introduced. It follows carry & forward mechanism. Here
the file to be downloaded is divided into chunks and are transmitted to multiple vehicles (carry). Then the
vehicles transmit those packets to the destination vehicle (forward) during their travel. The vehicles operate
cooperatively and download the file with high data rate without the involvement of access point during the
whole transmission. Suppose there is packet losing due to collision, the vehicle will send request to the AP
regarding the retransmission of the packet. During retransmission, if the vehicle goes out of coverage area of
AP, then again the packet loses and retransmissions need to be done again and again. DC-ARQ (Delayed
Cooperative ARQ) is introduced for minimizing the number of retransmissions and obtaining the lost packet.
Here a group of vehicles are selected as DC-ARQ cooperators based on the hello protocol. When the vehicle
goes out of coverage area and needs the lost packet, they will get the packets from the DC-ARQ coordinator
thus reducing the number of retransmissions.

KEYWORDS: Vehicular networks, cooperative own loading, delay to lerant networking, carry & forward
transmission.

L. INTRODUCTION

Vehicle traveling within cities and along highways are regarded as most probable candidates for a complete
integration into mobile networks of the next generation. Vehicle-to-infrastructure and vehicle-to-vehicle
communication could indeed foster a number of new applications of notable interest and critical
importance, ranging from danger warning to traffic congestion avoidance. It is, however, easy to foresee
that the availability of on board communication capabilities will also determine a significant increase in the
number of mobile users regularly employing business and infotainment applications during their dis-
placements. As a matter of fact, equipping vehicles with WiMAX/LTE and/or WiFi capabilities would
represent a clear invitation for passengers on cars or buses to behave exactly as home-based network users.
The phenomenon would thus affect not only lightweight services such as web browsing or e-mailing, but
also resource-intensive ones such as streaming or file sharing.

In the paper,focusis on one of the latter tasks, namelythe download of large-sized files from the Internet. More
precisely, we consider a urban scenario, where users aboardcars can exploit roadside Access Points (APs) to
access the servers that host the desired contents. We consider that the coverage provided by the roadside APs is
intermittent: thisis often the case, since, in presence of large urban, suburban,and rural areas, a pervasive
deployment of APs dedicatedto vehicular access is often impractical, for economic and technical reasons. We
also assume that not all on-boardusers download large files all the time indeed, one canexpect a behavior similar
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to that observed in wirednetworks, where the portion of queries for large contentsis small . As a result, only a
minor percentage of APs issimultaneously involved in direct data transfers to downloadercars in their respective
coverage area, and themajority of APs is instead idle.Within such a context, we study how opportunisticvehicle-
to-vehicle communication can complement theinfrastructure-based connectivity, so to speed up the
downloadprocess. We exploit the APs inactivity periods totransmit, to cars within range of idle APs, pieces of
the databeing currently downloaded by other vehicles. Cars thatobtain information chunks this way can then
transport thedata in a carry&forwardfashion and deliver it to thedestination vehicle, exploiting opportunistic
contacts with it,as in Fig. 1. We remark that the concept of cooperativedownload in vehicular networks has been
already proposedfor highway environments: however, unlike what happensover unidimensional highways,
urban/suburban roadtopologies present multiple route choices that make it hard to predict if vehicles will meet;
moreover, the presence of traffic lights, stop and yield signs renders cars contact timings very variable. The set
of IEEE 1609 standards have been developed to enhance IEEE 802.11 standards for supporting wireless
communication both between vehicles (V2V) and between vehicles and the roadside infrastructure (V2I). These
are also commonly known as dedicated short range communications (DSRC) schemes. In particular IEEE
1609.2 addresses security within WAVE communications. The standard dictates that confidentiality,
authenticity, and integrity must be provided within WAVE communications.

II.COOPERATIVE DOWNLOAD

Let us first point out which are the major challenges in the realization of a vehicular cooperative download
systemwithin complex urban road environments. With reference to the transfer model proposed in the twomain
problems:

Selection of the carrier(s):

contacts between cars inurban/suburban environments are not easily predictable.Idle APs cannot randomly or
inaccurately select vehicles to carry data chunks, or the latter risks to be never delivered to their destinations.
Choosing the right carrier (s) for the right downloader vehicle.

Scheduling of the data chunks:

determining which parts of the content should be assigned to one ormultiple carriers, and choosing in particular
thelevelof redundancy in this assignment, plays a major rolein reducing the probability that destination vehicles
never receive portions of their files.The selection of carriersat the APs, proposing to leverage historical
informationon large-scale traffic flows to drive datatransfers decisions.

2.1 Carriers Selection

The first problem we address is thatthe selection of data chunk carriers at APs that are idle, i.e., that are
currently not transferring data directly to vehicular downloaders. As previously discussed, these APs can opt to
employ their spare airtime to delegate, to mobile users within range, portions of files being downloaded. Taking
such a decision means to answer to two questions:

1) which, among the vehicles in range of an idle AP, should be picked as carriers and
2) which of the downloaders should these carriers transport data .

The key to the answers is to know in advance whether (and possibly when) one or more cars currently within
coverage of an AP will meet a specific downloader vehicle,so to perform the selection that maximizes the
download rate. Also, by choosing carriers depending on their future contacts, the destination of the data becomes
constrained to the elected carriers, and the second question above is inherently solved along with the first one.
However,assuming that the roadside infrastructure has perfect knowledge of the future route of each user is
unrealistic, other than raising privacy issues. At the same time, the movement of individual vehicles over urban
road topologies cannot be easily predicted as in unidimensionalhighways.We then adopt a probabilistic
approach, by leveraging the fact that large-scale urban vehicular flows tend to follow common movement
patterns. More precisely, the solution we propose leverages contacts maps, that are built by exploiting historical
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data on contacts between car flows, and then used to estimate the meeting probabilitybetween downloaders and
candidate data carriers.

2.2 Chunk Scheduling

The selection of a destination for the carry&forwardtransfer, jointly with the associated local carriers, an AP
must decide on which portion of the data the downloader is interested in is to be transferred to the carriers. At
last,we assume that each content is divided into chunks, i.e.small portions of data that can be transferred as a
single block from the AP to the carriers, and then from the latter to the destination. Since a same chunk can be
transferred by one or multiple APs to one or more carriers, the chunk scheduling problem yields a trade-off
between the reliability(i.e., the probability that a downloader will receive at least one copy of a chunk) and the
redundancy (i.e., how many copies of a same chunk are carried around the road topology) of the data transfer.

A U downloader

carrier

.

 earry&forward !

! transfer
Il

Qo transfer

Fig. 1. Vehicle a downloads part of some content from AP A. The idle APB delegates another portion
of the same content to a vehicle b. When bencounters a, vehicle-to-vehicle communication is employed to
transfer to a the data carried by b.

III. PROPOSED STRATEGY

3.1 Vanet scenario

The suitable mechanisms for detecting in-rangeAP,association and authentication of vehicles reaching agiven
AP must be provided. Those mechanisms can have a major importance on the overall performance, but are not
specific of the use or not ofcooperation,and thus we leave them out of the scope of this paper.It can be assumed,
for example that vehicles are equipped with WAVE (Wireless Access in Vehicular Environments) IEEE
802.11p cards. WAVE architecture provides mechanisms to access WAVE Base Stations (APs) in vehicular
networks.

On the current implementation of the prototype used for the testbed we use 802.11 technology, we have not
considered security issues and the association with the AP has been made very simple, the AP is continually
transmitting numbered packets addressed to each car in the experiment and a vehicular node is considered
associated with the AP in the moment it receives a packet from the AP (it enters into the coverage area).

Nodes are operating in this phase while they are onthe coverage area of the AP. During this phase, nodes will
request the information blocks to be downloaded and the AP will transmit them to the vehicular nodes. In our
prototype, the exact request mechanism is not implemented, and this phase starts with the reception of the first
packet from the AP and finishes when no packets have
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Fig:2 System architecture of vanet

been received for a given time period. While in this phase, vehicular nodes receive datafrom the AP. Each car
receives its data but also buffersthe packets addressed to other cars in the platoon that consider it as cooperator.

3.2 Vehicular Cooperation

The cooperation relationshipis established through the exchange of HELLO messages broadcasted periodically
by the vehicular nodes. The first function of a HELLO message sent by a node x is to allow other nodes to know
about the presence of x. Other vehicular node y in the platoon will add x to its list of cooperators (if x is not
already a cooperator of y) when receiving this HELLO message. The second function of a HELLO message sent
by a node x is to notify other nodes about the fact that they have to act as cooperators of x. For this second
function, each HELLO message contains the list of cooperators of the sending node. In our example, thenext
HELLO message sent by y will contain x in the list of cooperators. In this way, x will be aware of the fact that y
considers it as cooperator and will act accordingly (buffering packets addressed to y for a later possible
cooperation). The list of co-operators contained in the HELLO messages also indicates the order in which
cooperators should act in the Cooperative-ARQ phase: this is to avoid collisions; when a node requests a packet
to its cooperators, each cooperator will wait a fixed back-off depending on this assigned order, before sending
the packet. Note that we do not focus on the cooperators selection algorithm, so this is left out of the scope of
this document. In our work, only one hop neighboring nodes can be selected as cooperators, although other
schemes can be envisioned.

In the considered scenario, data flow is always from the AP to the vehicular nodes, and no retransmissions are
used. We avoid retransmissions at the hope that other cars in the platoon (i.e. cooperators) will receive packets
incorrectly received by the destination and will help it in the Cooperative-ARQ phase, without the need of
wasting the useful time in coverage with theAP in retransmissions. In this way the channel can be used by the
AP to transmit as much new data addressed to the cars as possible, thus reducing the downloading time and
increasing the effective data rate. Of course, a retransmission scheme (possibly adaptive with respect to the
number of cooperators) would be needed in a real system, but the study of that is left for future work.

3.3 Cooperative-ARQ

When the cars leave the AP range, they enter intothe Cooperative-ARQ phase. In our prototype this phase starts
when the timeout from the last received packet from the AP expires (5 seconds in the current implementation).
At this point, every node checks which packets it has failed to receive correctly from the AP and starts to request
them to other vehicular nodes (i.e. to its cooperators), in an attempt to recover all packets from the first to the
last received from the AP. The process is the following:

(1) A node x broadcasts a REQUEST packet for each packet that is has failed to receive from the AP.

(i1) When receiving this REQUEST, each cooperator of x will check if it has the requested packet buffered (it
has received the packet correctly from the AP in the previous phase).

(iii) If it has the packet, it will wait a fixed time depending on the order of cooperation assigned by x through the
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HELLO messages as explained on previous subsection, and will send the packet to x (unless other co-operator
sends it before).

This process will be repeated for each missing packet. When the final of the list of missing packets is reached,
the vehicular node will start again from the beginning of the actualized (shorter) list of missing packets. A node
stops to issue requests of missing packets when it has recovered all of them or when it enters in range of a new
AP, meaning that it comes into reception mode (Reception phase of the protocol operation), and the whole cycle
starts again.Note that the operation in this phase can be optimized in many aspects. For example, one
optimization that arises directly is to include in the REQUEST messages all the missing packets, instead of
sending a REQUEST for each one. In this way,although it could have some similarities, the cooperation would
not behave as epidemic routing in which nodes carry and forward packets for other nodes. Cooperative-ARQ
objective is to improve performance given that the neighborhood of a node has received packets directed to that
node.

IV. EXPERIMENTAL SETTINGS

A performance evaluation of the proposedmechanism has been performed using a real implementation. The tests
were performed in the urbanscenario depicted in Figure 3. The AP was located in the position marked as AP in
Figure 3 and consisted in a desktop PC equipped with a Proxim external PCI wireless antenna located in an
office in the first floor of the building. The antenna was located on the window of this office.

Figure 3. Map of the testbed

On the other hand, three mobile vehicular nodeswere used, consisting of three laptops (Toshiba Satellite Pro
A120 model) equipped with Cisco Aironet AIR-CB21AG-E-K9 802.11a/b/g PCMCIA wireless adapters, each
of them transported by a car.

The three cars followed the path marked with the whitearrows in Figure 3 all together at an average speed of
about 20 Km/h. for a total number of 30 rounds. Wehave named them as Car 1 (the first), Car 2 (the car inthe
middle) and Car 3 (the last).

The implementation of the mechanism was doneusing Click Modular Router and all the cards werecontrolled

by a MadWiFi driver in monitor modeand with retransmissions disabled. All transmissions(i.e. AP to Car, Car to
Car) were performed using802.11g at 1Mbps.
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The AP transmitted three different data flowsaddressed to each car on the experiment consisting of SICMP Echo
Request messages per second with anlCMP payload of 1000 bytes, each one. During theexperiments we
captured all the received traffic oneach laptop for its analysis and post-processing toobtain the results exposed in
next section.

We have performed the tests on an urban scenariofor its easiness of deployment in contrast to a
highwayscenario. Of course, losses will be lesser than thereported in because of the speed of vehicular nodesand
the lower data rate we employ for the tests.However, this simple scenario allows us to show howcooperative
techniques and more precisely,Cooperative ARQ can help on the improvement ofthese kinds of networks.

V. EXPERIMENTAL RESULTS
Firstly, we present in Table 1 the average values onpacket losses obtained along the 30 rounds performedon the
experiment. Together with the mean absolutevalues, we show the percentages of losses without andwith the

cooperative ARQ mechanism.

Table 1. Average values on the number of packets received and lost in the three cars.

Txby the |Lost before [Lost after
Car AP coop. coop.

Mean 130.4 30.5 13.7

1 23 49%) (10 5%\
Std.Dev. 17.7 12.9 9.1
Mean 143.0 38.4 24.8

2 26 9%) (17 39%)
Std.Dev. 18.6 12.4 11.8
Mean 121.4 34.7 19.1

3 28 A%) (15 7%\
Std.Dev. 17.2 15.5 14.4

As can be seen in Table 1, all three cars present animprovement on the reliability on the link between the AP
and themselves. Especially striking is the case of car 1, where a reduction of more than 50% in the number of
lost packets is achieved. It seems strange that the poorer results are obtained for car 2. This fact,however, can be
explained, as we will see, by the environment and by the different behavior of the three cars along the
experiment (distances between them, etc.). In other tests, not shown here, car 2 normally achieved the best
performance. This is a normal result as car 2 is the car located in the middle of the platoon and can benefit from
the cooperation coming from car 1 on the first range of packets it should have received from the access point
while entering the coverage area and from the cooperation of car 3 on the last packets that it should have
received while leaving the coverage area.

Now that we have seen the mean values obtained on the experiment, let us focus into the details to explain them
and study the probabilities of reception of packetson the different cars. In Figure 3 the probability of reception
for the three different cars of packets addressed to car 1 is shown. Three different packet reception regions can
be defined: Region I corresponds to car 1 being at the beginning of the AP coverage area while cars 2 and 3 are
just entering it. Region II corresponds to the car 2 and/or car 3 on the coverage area together with car 1. In
Region I1I, car 1 is leaving the coverage area while car 2 and/or 3 are still there.
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Figure 4. Probability of reception in packets addressed to car 1

Figure 4 depicts how, when car 1 is entering thecoverage area (Region I), its probability of reception ismuch
better of that in car 2 and even better comparedwith that in car 3, which implies that car 1 will receivelittle
cooperation from 2 and 3 for this range ofpackets. When car 1 starts to leave the coverage area(Region III),
however, we can see how both car 2 andcar 3 have higher reception probability, suggesting thatcar 1 will benefit
from cooperation for this range ofpackets. It is also important to note that, while onRegion I of the figure, car 2
and car 3 perform quitedifferent, on Region III their probabilities of receptionare almost the same. We argue that
this is because ofthe behavior of the different drivers. The fact is that thedriver in car 2 was the least
experienced, thus meaning that at corner marked as C on Figure 2, car 3 became very close to car 2 in almost all
rounds, making their reception conditions on the street before the corner (after turning to the right on corner C)
quite similar.

Figure 5 presents the same results but for car 2. We can observe on Region I of Figure 3 (first packets) that, as
expected, car 1 has better reception conditions, so car 2 will benefit from cooperation coming from car 1.For the
last packets (Region III of the figure) a better reception probability on car 3 was expected. However, due to the
pattern on the cars’ movement explained before, this is not the case and the reception condition for car 2 and 3
are almost the same.

] Fbcinlclr1 e
« Fi ?Fblinclr! e
mt Foincar3 -om—

Prob of Recaption

Beganlil

® w 0
Packat number
Figure 5. Probability of reception in packets addressed to car 2.

On Figure 6 we can observe how, when car 3 is entering into the coverage area (Region I), both cars 1 and 2

experience better packet reception probabilities, making them good cooperators. When car 3 is leavingthe
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coverage area (Region III), however, car 1 has very worst reception conditions as it is almost out of the coverage
area.

Prob. of Racaption

(5N

P I
Fox In car 3 e
Rt I

ncard m—
1 L

L L L L L
1o 20 20 40 -1 &0 ™ o0 o0
Pagkat namber

Figure 6. Probability of reception in packets addressed to car 3.

The next figures (Figures 7, 8 and 9) presentinteresting results taking a different approach. In themthe
probability of correct reception using C-ARQ (i.e.after cooperation) is compared with the jointprobability of
reception of the different packets in carl, 2 or 3 in order to establish if the C-ARQ mechanismimplemented and
tested works properly and theeffectiveness of it. In all the figures, the two curves arealmost coincident indicating
that the protocol worksalmost optimally in the sense that the destination car isable to recover all the packets that
have been receivedin any of the cars in the platoon. Let us focus now onFigure 7 and analyze it in conjunction
with Figure 4.As can be seen, the curve in Figure 6 for Region I hasthe same shape of the Rx in car 1 curve in
Region I inFigure 4. This is because in this case all receivedpackets were received directly by car 1. In Region
ILcar 1 experiences very good reception conditions, so itwill not need cooperation for this range of packets.
Forpackets between 60 and 100 (Region III), however, itcan be seen on Figure 3 how the probability ofreception
in car 1 decreases greatly (it is leaving thecoverage area). But, thanks to C-ARQ, it is able torecover most of the
packets helped by car 2 and 3: notethat the shape of Region III of Figure 7 is almostcoincident with the Rx in car
2 and Rx in car 3 curvesin Region III of Figure 4. Here is the key idea behindthe mechanism: it exploits the
diversity that can beachieved thanks to the different cars on a platoon andperforms as well as a virtual car which
uses the better reception conditions of all of them.
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Figure 7. Probability of reception with C-ARQ in car 1.
A similar analysis can be done for Figure 8 and using Figure 5 for comparison purposes. We can see how the

reception in car 2 after the cooperation phase in Figure 8 for Region I performs more or less like car 1 in Figure
5, which means that car 2 has benefit greatly from cooperation coming from car 1.
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Figure 8. Probability of reception with C-ARQ in car 2.

On Figure 9 it can be seen how car 3 benefits from cooperation for the first 30 packets range. For the last
packets, little cooperation can be used, as long as car 3 is the last car in leaving the coverage area.
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Figure 9. Probability of reception with C-ARQ in car 3.
VI. CONCLUSIONS AND FUTURE WORK

Thus the system is proposed to recover packet losses due to the harsh physical conditions and carry and forward
mechanism is to improve throughput and total transfer delay DC-ARQ (Delayed Cooperative ARQ) is
introduced for minimizing the number of retransmissions and obtaining the lost packet.

Many questions are left for future work and remain as open issues.Retransmissions schemes for these kinds of
systems need also to be studied. Moreover, we have indicated how the way in which vehicular nodes request the
lost packets to their cooperators can be optimized but the behavior of this approach needs to be studied. Even
more important is to study how the presented loss reduction can reduce the number of APs that a vehicular node
needs to visit to download a file or how it can allow to increment the bit rate used by the APs.
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