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Ibstract - The paper proposes an effective adaptive p-
persistent-based (APP) medium access control (MAC) scheme for
WLAN-based dedicated short-range communications (DSRC)
networks supporting multimedia services. The APP MAC scheme
adaptively gives differentiated permission probabilities to on
board units (OBIJs) which are in different access category and
with various waiting delay. Simulation results show that the APP
MAC scheme can improve the performance of multimedia
WLAN-based DSRC networks, such as small real-time packet
dropping probability, low delay variation, and high system
throughput, compared to convientional MAC algorithms.

I. INTRODUCTION

The Northerm Ameriecan dedicated slhort-rge
commumcations (DSRC) standard [1] is designed to given a
short to medium communication service in both road-to-
vehicle communication (RVC) and initer-vehicle
communication (IVC) environments. The standard can provide
27Mbps on ONMHz channel wIhich mikes it possible for
vaanous application. But the standard based on IEEE 802. 1 la
specification uses legacy distributed coordinator function
(DCF) medium access control (MAC) and it lacks support for
different QoS. Howvever, theimultimedia service provisioning
in fiutre intelligent transportation systems (ITS) is crucial.

In the traditional DCF MAC to support multimedia services,
dynamic contention window (CW) scheines [2-4]1 different
maximum packet length scheine [4]. and various interframe
space (IFS) schemes [4-61 are usually adopted to design the
priority differentiation. However, these solutions would still
cause large delay variance in the same access category (AC)
because of the backoff scheme. Noticeably, higher delay
varance results in larger probability of quality-of-service
(QoS) violation of multimedia traffic due to excess delay.
The paper proposes an adaptive p-persistent-based (APP)

MAC schetm for the WLAN-based DSRC networks. Besides
the various initial contention window (CWmiu) and DCF
interframe space (DIFS) assigned to each AC, the APP MAC
scheme gives dirent initial permission probabilities to
vanous ACs to further differentiate their priority. Moreover, it
adaptively adjusts the permission probability of OUBs, or say
stations below, in each AC according to their respective
waiting delays to reduce the delay varance of stations within

the same AC. Simulation results show that tle APP MAC
scheme can imnprove the perfonnance of multimedia WLAN-
based DSRC networks, such as small real-time packet
dropping probability, low delay variation, and high system
throughput, compared to conventional MAC algortitms.

The rest of the paper is organized as follows. Section II
introduces the traditional DCF MAC. Section III describes the
APP MAC scheme. Section IV illustrates the performance
comparisons of the APP MAC scheme and other conventional
methods, such as BEB MAC and PBA MAC, by simulation
results. Finally, concluding remarks are given in section V.

II. SYSTEM MODEL

This paper considers thee different priority access
categories (AC): high, mnedium, and low pnrorities for WLAN-
based DSRC networks. Each AC has its associated values of
CW and arbitration interframe space (AIFS). A station with a
new packet is allowed to transmit only if the channel is sensed
idle for AIFS. Otherwise, the transimssion is deferred and an
exponential backoff procedure is invoked. In 802. 11, the
backoff procedure is impletmnted by using a backoff counter.
During each backoff, the backoff counter is decreased
whenever the channel is sensed idle for a slottime, is frozen
when any packet transmission is detected, and is reactivated
when the medium is sensed idle for AIFS again.
An ideal channel condition without hiidden tenninals and

with error-fire transmission is assumed. Packets generated
from high priority AC statioons are modeled in an on-off
behavior; medium and low priority AC stations are assumed to
be in the saturation mode. The number of medium (loxv)
pnority AC stations is set to be 10 (30), while the number of
high pnrority AC stations is altered to indicate various traffic
load conditions.

1II. THE APP MAC SCHEME
The APP MAC scheme for /LAN-based DSRC networks

generalizes the CSMAICA MAC scheme with binary
exponential backoff (BEB) algorithm for traditional WLAN
when the backoff couniter of a station in a backoff stage
decreases to zero. At this instant, the station with the APP
MAC scheme may transmit packet with a permission
probability P or enter into a re-backoff procedure with a
probability (I -P). Here, the re-backoff procedure is defined
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as the process of that the station will remain at the samne
backoff stage with the same contention window. if P is equal

to one, the APP MAC scheme tums to the CSMA/CA MAC
scheme with BEB algonilhm.
The value of the penmssion probability P is given an imitial

permission probability Po and is adaptively adjusted, according
to the state of its packet transmission, which is a function of
the nimber of retransmissions (backoff stages), denoted by RT,
and the nuumber of re-backoffs, denoted by RB. Noticeably, RT
and RB can be regarded as indexes of delay iine of packet
transmission. If a station enters into the re-backoff procedure
one time, the value of RB will be added one until uip to RBmax
where RBma is the maximum number of re-backoff times.
When the value of RB is equal to RBma and the station enters

into the re-backoff procedure again, the value of RB wiill not

be increased anymore. If a station suffers a collision, the value
ofRT will be added one until up to BS,,: and the value ofRB
will be set to zero, where BSm,x is theI iaximum number of
backoff stage. When the value of RT is equal to B,, and the

station collides again, the station will remain with the value of
RT equal to BSax. If a station achieves a successful
transmission, values of both RT and RB will be set to zero.
Consequently, the APP MAC scheme can inake a station
obtain a higher permissioll probability P at the same backoff
stage if the station has a larger RB; it will make a station obtain
a lower permission probability P if the station is in the state
with a smaller RT.
More in details, for a station witli the APP algorith,n RT

and RB are initially zero, and P is assigned to be Po which is

the beginmng permission probability chosen for the first
trnsssion of a read packet. Afterwards, P will be
adaptively a4justed according to the function designed by

iF
1

P3 = + 0 <
RT + 0

<
RB
< R

(1)

The rationale of (1) is that a station having larger RT and RB
should be promnoted to have a larger permission probability P
in order to decrease the delay vanrance. Also, it is expected that
the average waiting time spent at any RB for a given RT would
be less than that spent at (RlTl) and RB 0. Therefore, it is
reasonable that P is increased by (l-P)/IB§Jx if one more

retransmission and by (1EPo/[BSa6t(1+RBm)] if one more re-

backoff procedure.

IV. SIMULATION RESULTS

Table I lists system parameters of tie considered WLAN-
based DSRC environment. In the simulations, the multimedia
WLAN-based DSRC netwvorks considers three kinds of ACs:
high, medium, and low prionrties. High (low) priority AC is for
real-time (non-real-time) service, and medium priority AC is
for mLultimedia message service (MMS).

TABLE I Parameter settings for WLAN-based DSRC environment
Slot time 20 us

DIFS for high priority AC 60 Ist

DIFS for medium priority AC SO ts5

The BEB in [7] aiid the priority backoff algorithm (PBA) in

[2] are selected for companrson. In PBA, each station computes
the average quantity, in unit of bytes, of successful
tmnsmission data of the systen. When a station has packet to
transmit, it calculates CW based on the average system quantity
aid its prioity. If the quantity of successful transniission data
of the station itself is higher (staller) than the average system
qantity. the station should choose a larger (smaller) CW to let
other station (itself) have higher possibility to access the
channel, otherwise it uses the same CW to select backoff
counter.
The Po (CWm,n) for high, medium, and low pnrority AC

stations in the APP MAC scheme is assumed to be 1/2 (8),
1/16 (24), and 1/32 (32), respectively. The CWmmn of all
prionties in PBA is set to be 16. The BEB with CfBfH,J equal to
8, 24, and 32 (16, 24, and 32) for high, medium, and low

pnonty AC stations, respectively, is called BEB-I (BEB-II).
Define the delay time of a high-priority packet as the time
elapsed between the instant of the packet generation and the
instant of the packet reception. A high-priority packet will be
dropped if its delay time is larger than 40 ms. Also, the QoS
requiremenit of high-prnority service is defined as the high-
prionty packet dropping probability, which is set to be 30.

Fig. 1 depicts (a) dropping probability, (b) mean delay, and

(c) delay variance of high-priority packets in the WLAN-based
DSRC networks using APP. BEB and PBA versus the number

of high pn'ority AC stations. It can be found that die high-
pnonty packet dropping probabilities of the APP and BEB-I
schemes are much smaller than those of the BEB-JI and PBA
schemes. Also, under tei QoS requirement of high-priority
serice, APP can accommodate more than 20 high-priority
stations, while BEB-I, BEB-JI and PBA can have 18, 7 and 0

high-priority stations, respectively. The APP performs even

better than the BEB-I. The reasons are that the APP further
difrentiates priorities of ACs by the initial assignment of PO,
and gives high-priority service stations a largest Po to have a
highest pnrority. Thus, the APP has the least meaii delay, which
is shown in Fig. 1 (b). Moreover, the APP has both the
capability of adaptive adjustmnent of permission probability and
the effect of re-backoff procedure. Thus the APP achieves the
station's transmission delay approaching to the meaii value,
and it has the smallest delay variance, which is given in Fig. 1
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DIFS for low priority AC 80 Its
SIFS 10 Its
Propagation delay 1 its
Bit rate 1 1 Mbps
PHX overhead 192 Is
MAC header 28 byte
ACK length 14 bhte
BSmax 5

RBMX 5
High priority AC packet payload 59 byte
Medium priority AC packet payload 528 byte
LowT priority AC packet payload 1028 byte



(c). On the other hand, the BEB-JI cannot differentiate the
porty of high-priority service from the other two ACs by
CJ4mr more greatly than APP and BEB-J. Therefore, the
increasing of the nnmber of hiigh prioity stations would
enlarge the collision probability of system. This causes BEB-JI
has higher mean delay, delay vanrance, and dropping
probability ofIhigh-prnority packets. The PBA changes CITnm
of high priority stations without considering the nnmber of
high pniority stations and the various payload size of different
prioity. In this simulation scenario, the payload size of high
priority packet is much smaller than that of medium and low
pnorty packets, thus the qnantity of snccessfnl transmission
data of high pnrority station is less than the average system
qantity. This leads the high priority stations to change their
CIB,in to a small one and then results in a high collision
probability. The phenomenon would make PBA have tlie
highest mean delay, delay variance, and dropping probability
of high-priority packets.
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Figure 1 (a) Dropping probability (b) mean delay and (c) delay variance of

high-priority packets

Figure 2 shows the system throughput versus the nnmber of
high pn'ority stations. It can be seen that, APP performs the
best and BEB-I performs the worst. When the nnmber of high
priority stations is 15, APP achieves an improvement of system
throughpnt over BEB-J, BEB-I1, and PBA by 24.1% 9.9%,
and 16.4%, respectively. The reasons are tha the APP owns Po
to direntiate the priority, which can reduce collision
probability among stations of different priorities; the APP
adaptively adjnsts the permission probabilities, which can
decrease collision probability among stations in the same AC.
Consequently, APP enlarges the channel utilization and
enhances the system thronghpnt. Noticeably. when the nnmber
of high pnrority stations is larger ftan 18, die system
throughputs of PBA and BEB-JI are a little bit higher than that
of APP. That is becanse APP devotes miost of the chanmel
bandxxidth to sustain tlie high-priority QoS reqnirement, while
PBA and BEB-Il violate the high-pnrority QoS requirement,
which was illustrated in Fig. 1 (a).
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Figure 2 System throLughput
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Figure 3 presents (a) mean delay and (b) delay variance of
medium priority packets versus the nnmber of high priority
stations. It can be found that the APP scheme has the smallest
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mean delay and delay variance of medium priority packet. The
APP achieves an improvement of mean delay (delay variance)
of medimn prioity packet by 21.4% (78.1%) over the BEB-I,
by 7.50o (69.4%) over the BEB-1I, and by 12.7% (39 3%) over
the PBA, at the number of hiigh priority stations is 15. Figure 4
presents the (a) mean delay and (b) delay varance of low
priority packets versus the nuLimber of high priorit stations. We
can also see that the APP scheme has the smallest mean delay
and delay variance. When the number of high prnority stations
is 15, the APP achieves by 21.60o (83.50o. by 9.6% (78.30,o)
and by 11.10 (16.9%) improvement of mean delay (delay
vaiannce) of low pnority packet over the BEB-I, BEB-JI, and
PBA, respectively. The reason is that Po in APP provides
another dimension to avoid collision and makes the

transmission efficiency, tis results in APP has the smallest
mean delay for medium and low priotity packets. Also, the
permission probability adaptive adjustment and re-backoff
procedure of APP in the medium and low priority stations
work well, thus their delay vanance is the smallest. On the
other hand, the BEB-I differentiates priorit more greatly by
setting a smaller C kVmmn for high-pnrority stations than the BEB-
II. This makes high-priority stations of BEB-I use a larger
portion of channel bandwidth. Tierefore medium and low
pnorty stations with BEB-I cannot access the chanel more

probabilistically and have mean delay and delay variance
higher than those with BEB-JI. In PBA, the payload sizes of
mdium and low priority packets are large, thus thie qantity of
successful transmission data of medium and low priority
stations are larger than system average quantity. These medium
and low pnority stations would change CW,n up to maximal
contention window to reduce the collision probability of
medimn and low priority stations. Therefore, their delay and
delay variance are smaller than those of BEB-I and BEB-JI.
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V7. CONCLUDINGTRENIARKS

In this paper, an effective adaptive p-persistent (APP) MAC
scheme is proposed for WLAN-based DSRC network
supporting multimedia service. The APP MAC scheme can
differentiate stations xxith various AC of services in multimedia
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WLAN-based DSRC network by setting different initial
permission probabilities. Also, it dynamically determines the
permssion probability of station in the same AC, according to
its trnsmission stat, to reduce the delay variance of station.
Siinnlation resnlts show that the APP MAC scheme can
enhance the performance of multimedia WLAN-based DSRC
ietwork: it effctively imnproves the capacity of hgh prnonrty
stations, reduces the mean delay, enhances the mean
throughpnt, and achieves lower delay variance, compared to
conventional algorithms, for WLAN-based DSRC networks.
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