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Abstract: Today’'s networks,
different classes of services. A service differatitin is then
essential to provide QoS. However, IEEE 802.11ViifANS was
primarily designed for best effort traffic and didt provide QoS
specifications. IEEE 802.11e MAC has been then de=trto
support QoS in WLAN. In this paper, we propose & seheme for
service differentiation which is based on the 8@2standard and
requires minor modifications. In fact, we act on D@Rich uses
the backoff procedure to solve contention in WLANRr this
scheme, we use, instead of the uniform distribytergeometric
distribution for random backoff time selection. kigia multi-class
system, we propose three parameterizations of themgtric
distribution which imply different dynamic differgation modes
and we provide an analytical study, using a Margio&in model, to
compare our differentiation modes. We discuss oumaerical
results which give the performances evaluation h&f proposed
mechanism in term of throughput and delay.

Keywords: WLAN, 802.11 DCF, Markov chain, service
differentiation, QoS

1.

Today,
diversified, and each type of traffic has its ownafty of
Service (QoS) requirements. Service differentiatisnso
essential for systems of different traffic clasgerder to

Introduction

including  WLANSs, transport initialized to the minimum siz€W,,;, and doubled after each

unsuccessful transmission, until it reaches the immamx
Contention Window sizeCW,.. CWis reset toaCW,,i, after
every successful transmission. The selection ofrédmelom
backoff time doesn't take into consideration the@etyof
traffic circulating in the medium, and thus, therviee
differentiation is not addressed.

In order to differentiate services, we proposehis paper, a
novel scheme which requires minor change from DCF.
Instead of the uniform distribution of the randormackoff
time selection, we use a geometric distributionclvhiakes
into account various classes of services.

This paper is organized as follows. Section 2 giees
description of the IEEE 802.11 DCF and discussé&xtag
research. Section 3 gives the problem formulatiod a
describes our proposition. We present in the sagetios
three interesting modes of the new scheme operation
section 4, we give the analytical study using akdamodel
and in Section 5 we show our performance evaluagsalts.
Section 6 concludes the paper.

network traffic has become more and more

2. Background and Related Research

Before describing our new scheme and proceedinly thi

provide Qo0S. However, the IEEE 802.11 was primaril;‘?mblem formulation, it is appropriate to recalletibCF

designed for best effort traffic and did not praviQo
specifications. IEEE 802.11e [2] has been then ritest to
support QoS in WLANs (Wireless Local Area Networks)

g principle on which our new scheme is based. Thediee

gives thus a description of DCF and outlines sonapgsed
schemes to introduce QoS on MAC Level.

introducing priority mechanism. IEEE 802.11e suppor2 1. 802.11 Distributed Coordination Function

service differentiation by assigning data traffithadifferent
priorities based on their QoS requirements.

IEEE 802.11 MAC [1]uses two schemes for channel access:

IEEE 802.11 MAC [1] defines two different accesPCF and PCF. DCF is a contention based functiohubas
mechanisms, the mandatory Distributed CoordinaticfSMA/CA to transmit frames. It can use either thasio

Function (DCF) which provides distributed channetess

access mode in which DATA frames are acknowledged b

based on CSMA/CA (Carrier Sense Multiple AccesshwitACK control frames, or a channel reservation meismarin

Collision Avoidance), and the optional Point Cooation
Function (PCF) which provides centrally controligltannel
access through polling.

A backoff procedure is necessary in DCF to avoillision
because of the CSMA/CA. Stations sharing the saedium
have to wait, in addition to the DIFS (DCF Inteafre
Space) time period, a random backoff time priorthe
transmission if the medium is sensed busy, or way fust
before the station started waiting the DIFS period.

The random backoff value is uniformly chosen frohe t
interval [0,CW, called the Contention WindowCW is

which RTS (Request To Send)/CTS (Clear To Senahdsa
are exchanged before DATA/ACK exchange in order to
reduce frame collisions introduced by the hiddemieal
problem. In this paper we only consider the basiceas
mode.

The time is divided into slots. At a slot, a statwishing to
transmit a frame has to sense the medium actilfityhe
medium is busy, the station defers its transmissiotil the
medium is sensed idle for a DIFS (Distributed IRtame
Space) period if the last frame was received ctyrethe
medium has to be sensed idle for a EIFS (Extended
InterFrame Space) period if the last received frao@ained
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an error. At the end of this waiting period, thatisth adds
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The backoff interval in [6] is divided into disjdin

another waiting period by invoking the BEB (Binarysubintervals. Each of them corresponds to a cldsthe

Exponential Backoff) procedure if it is not alreddyoked.

Immediate access when medium

is free >= DIFS DIFS

PIFS

Contention Window

DIFS

8 | T aetaoning I
i | | | Backof-Window | |

T
N Slot time:

Select Slot and Decrement Backoff as long
as medium is idle

| Busy Medium Next Frame

Defer Access

Figure 1. DCF: Basic Access Method
At the beginning of that backoff procedure, a statsets its

network. Each class selects its backoff time onlyts own

backoff sub-interval. Therefore, as obviously thealest

backoff subinterval corresponds to the highestrityiclass,

then if that class is inactive, it implies that temallest
backoff subinterval will never be chosen due tot thizict

differentiation. In this paper, our propositiomisre flexible,

in such a way that all slots are accessible fotiosts, but
with different probabilities depending of the stas classes.
If there are no active stations of high prioritagdes, low
priority classes stations are still likely to se¢learlier slots.

In [4], the authors propose a service differergimtscheme
for two classes, using an exponential backoff tsakection

backoffstage to 0, and arms a backoff timer by drawing @istribution for the high priority class and a wmifi backoff

uniformly distributed random backoff time (expredsi
slots) from an initial contention window of siz8W,,;,. The

time selection distribution for the low priority ads. But
using a continuous distribution is not well suiteetause the

backoff timer is decremented when there is no mmediubackoff time is expressed in term of discrete slots
activity, otherwise it is frozen. The backoff timéecrement Moreover, for the priority implementation in [4]uthors
is resumed if the channel is sensed idle again &or change distribution parameter for the high priodtgss at

DIFS/EIFS time. The station transmits its frame whhe
backoff timer reaches zero. If an ACK frame is rexeived
for the transmitted frame, a collision is detectstd the
station retries to transmit the frame by movingthe next
backoff stage where the contention window sizeashbded.

each backoff stage. That is superfluous becausdfdatts
very slightly the backoff time selection for thatags in
comparison to the evolution of the backoff timeesébn of
the low priority class over the backoff stages.altdition,
both [6] and [4] use only simulations to analyze

After the m'™ backoff stage, the transmission attempts dperformances of their propositions.

not affect the contention window. this latter rensaconstant In [9] and [10] authors propose similar multi-clasalytical
with size equal toCW. The frame is dropped if its models based on the Markov chains in [5]. Those efsod

transmission is incorrect after the maximum retmytim.

During the backoff procedure, when an ACK frame
received, the station resets its backoff stagetarmbntention
window to their initial values in order to invokbet backoff
procedure for the next frame to be transmittedsT$idone

provide an analytical framework for service diffietiation

i@nd include almost all the previous schemes.

In this paper, in order to provide service diffaration, we

use a discrete distribution for random backoff tisedection
that covers all the values of the backoff interealg that can,

also at the backoff stage whether the transmission isat each backoff stage, accelerate or deceleratadtess to

successful or not.

the medium depending to the priority. Also, we @sp an

A SIFS (Short InterFrame Space) time is used forKACaccurate Markov model to evaluate the performaotesur

frames. If a DATA frame is correctly received, tteeeiver
station waits for a SIFS time before sending theKAtame.
If the ACK frame is not received during an ACK Tioug
interval, a collision is assumed to have occurred.

2.2. MAC Level QoS: Related Work

proposition in term of throughput and delay.

3. Proposed Scheme Description

Let consider a system of C classes. The idea isedheh
station of a clas<; c[1[0, C—1], will draw a backoff time

There were many research papers that focused oiteser from a truncated geometric distribution of a parme; in

differentiation for 802.11 DCF. Some works, as 3}, [4],

used a DIFS based differentiation. By giving a $endDIFS

period to the high priority class, stations of tleédss can
access quickly to the medium compared to the lowaripy

class stations.

Service differentiation has been also addressebaekoff
procedure level. This is made by differentiating @mm more

the current backoff interval. We will choose theaxr@meter in
such a way that a high priority class will have emohance to
select a small backoff time and less chance tasaléarge
backoff time in comparison with a low priority ctas

In the following, we define our priority based batfk
selection model and propose three modes for pyiorit
adaptation to the backoff stage.

parameters of that procedure as the minimal captent 51 Gaometric Backoff Time Distribution

window and the maximal contention window [8], theckoff
increase factor [3], the maximum backoff stage [BJ].

Let W denote the backoff interval size at tfiebackoff stage.

There were also works that have proposed servid¥e have:

differentiation at the backoff time selection leva@his is
done, as in [6], by dividing the backoff intervaitd sub-
intervals where the classes select their backofétiln [4]

2'W,
2mW,

i0[0,m-1]

W = |
i0[m, ni

1)

classes select the backoff time according to differ \yherem is the backoff stage after which the backoff imar

probability distributions.

remains constantn is the maximum retry limit andy is the
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size of the initial backoff interval. The parametery, defines the priority of class @, <@
Instead of uniform random backoff time selection the

backoff interval [0, W -1], we propose a non-uniform
random backoff time selection which we model byngsa

means that class has more priority than class’, for
c,c'0[0,C—1]. We can see that:

truncated geometric distribution defined in Y&,-1] wherei Wi > Wi kO[O, k;)
is the actual backoff stage. a.<a.—y " h _
Let wdenote thepdf (probability density function) of this Wjpe < Wiy KO (ke W=1]
distribution. where K; is the point in which the twpdfsintersect.
_ x1l-a, This means that the classhas more (resp. less) chance to
Wi =4a. 1—gV @) select the earlier (resp. latter) slots in the eaf@,k;)
Cc

i O[0,m], kO[O, W -1], cI[0, C-1] (resp. (K; , W —1]) than the class'.
The parameter @, [] R+*defines the shape and thel®t E[a,;] denote the average backoff time for a class
increase/decrease of the distributjmif of a given class. backoff stage:
Table 1 presents the variation 6, ;  for @ belonging to Wt w

1 a a (
different intervals. Ela]=) ka,, =—- ¢ ®3)
ifferent intervals [, ] é kT g Wl—ac‘

From Table 1, we notice that the proposed backiofe t _
selection using a truncated geometric distributaam be It can be easily proven that:

taught as a generalization of which the uniformkioéictime a.<a.- Ew]<Hw,] and
selection, the no-backoff mode and the maximum dfick 1
time selection are particular cases. a.=— < Fa,]=W-1-Hau,]

Cc

for i J[0O,m] andc, c'J[0,C—1].

Table 1. &, ; | variations

i ) Comment
for k< [0, W; — 1]
0 lirn,,r_..-,n:'.'%}-f—, Max. priority (no backoff)
. —+ ' —rp !
1 k=0 o : .
=4 _ The probability of selecting slot () is sure
0 k0 E;
R High priority
ae = (0,1) 1o,
*, (decreasing pdf) Early slots have more chance to be selected than latter slots.
; 0 A , No priority (uniform)
. —+ 1 ]11[1,”...1 “r:ﬁ:{'r_ = W : ; = D : =
Discrete uniform distribution defined over [0, W; — 1]
. = (1, +o0) @ Wa1s f‘%ﬁ-— Low priority
al = '—' = (0,1) A (increasing pdf) Latter slots have more chance to be selected than early slots.
e — 400 limr,:_,.-,n,’,”-‘ i "‘ll—"ﬂj Min. priority (max. wait. time)
; i 1l k=W;-1 o : 2 o
a, =— — 1 - I The probability of selecting slot W; — 1 is sure.
i 0 kW, -1
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Let the priority of a class be defined as the fraction of the 3.2.1  Soft Differentiation Mode
classc average backoff time over the maximum backoff time

) 2" -p
value at backoff stage a . =_——-—-~+ (5)
I’iO _ E[a)c,l] (4) 2 +ﬂc
prio., = W -1 At the first backoff stage, the classes’ distribo# are
Figure 2 plots the class priority as defined in fd) two unlform_. Whe_n the chkoff s_tage Increases, theyoimec
classes and their opposites. more differentiated until reaching thdips at backoff stage
m’ as in figure 3(b).
[T BB 3.2.2 Constant Differentiation Mode
N9l T e W e R L m L mlmme— i
2 - . .
us : A id[0,m -1]
o7 2 +ﬂc
0 Tei g (6)
% jig[m,n
RDA 2 +ﬁc
03 At the first backoff stage, the classes are diffeated
o according to theirbps as in figure 3(a). The distribution
shapes are scaled in function of the backoff stagesuch a
B e . ' way that, at then'™ backoff stage (Figure 3(b)), they remain
0 : = e Bt ¢ similar to thebps

Figure 2. Class priority as a function of the backoff stage 3.2.3 Hard Differentiation Mode
(m'=6 andm=7) 1-8
- [

3.2. Distribution Parameterization ¢ 1+ B.

For sake of symmetric study, we introduce a secon® classes are differentiated at the first baclsitige
parameter[-1,1]. Let the class “basic priority shape”according to theibps as in Figure 3(a) When the backoff
(bp9 be defined as the shape of thef of a classc with stage increases, a_lclass d|§t_r|but!on shape tenus backgf‘f

1-4 modg (resp. maximum waiting time) if its paramefgris
parameterd, = ﬁ at backoff stage 0. positive (resp. negative).

C

™)

In the following, we propose three priority diffaet@tion
modes in order to provide QoS guarantees.

. 1o x 1073

i} 100 200 300 400 500 BO0 700 800 900 1000

(a) a)c,O,k (b) a)c,G,k

Figure 3. pdfof three classes at two backoff stages6)
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By using the soft differentiation mode, a classl wibrt its
backoff procedure using the uniform distributiomdawill
gain or lose priority depending on the sign opidsameteis;

as the contention in the network increases. Thwspigority
classes will not suffer from differentiation wherhet
contention is low since differentiation is applieafter
contention.

Constant differentiation mode can be applied when@oS
requirements are met and have to be preserved.

Hard differentiation mode can be applied in order t
accelerate the access to the medium for high priotasses
(i.e. classes with positivgg, parameter) as the contention
increases Those classes will have their backoff time:
selected in earlier backoff slots, tending to nokiodéf mode.
When this mode is used for low priority classes. (classes
with negativef, parameter), their waiting time increases by,
forcing them to select high backoff time values)diag to Figure 4. Markov chain model for class
maximum waiting time. - o

For classes witli, parameter of the same sign, only one clas-ghe non-null transitions probabilities for clasare:
should use the hard differentiation mode becauseetis no ~ R{-1,0-10 =R{-1,0m b= £/

more differentiation between those classes as dhéention P{ q = (A)(Ep, )i0 [Om- 1]

increases.

All these differentiation modes are dynamic in siachvay { [ k} p., kOLW-1], iO[0,m

that the priority depends on the backoff stage. { o, kO[OW- 2], i0[o,m]

4. Analytical Model r{o, c} A@-p, Yoo, kKO[OW- 1], i0[0m 1
We consider a network afi contending stations in ideal Pc{ mq {o K-1, @) A, K [OW- 1]

channel conditions. The network is divided intossks oh,
nodes,c ][0, C —1] whereC is the number of classes. Pc{"

In our analysis, we follow the methodology in [Bkt b(t)
(resp.s(t)) be the stochastic process representing the bfack
counter (resp. stage) for a station of class a timet. The distribution of the chain. First, note that, for
time scale is discrete such thandt + 1 correspond to the c[0, C—1]we have:

beginning of two consecutive slot times.

Let p. denote the probability that a station of classenses bc pcbc, 10 0L, m= Qu 0~ Q b 0,0 [o, np

the channel busy due to a collision or due to astrassion.

p. is considered to be constant and independenteopést bc,o,o =(1- pc)z bc,i,0+ llm,o

retransmissions. =0

Figure 4 shows a discrete-time Markov chain whighu8e Owing to the chain regularities, for eadil[0,m], we
to model the bidimensional procesgt) , b(t)} for a class.
For readability in figure 4, the probability

|—1,C} =P, KOOW-1], i0[Lm]

Let b, —!im P{€Y=il§) =Kk be the stationary

i k W
@i 0[0,m], kO[O, W 1] is denoted by, . P dei ~ b0 KOLW ~1]
I
In order to deal with non-saturated traffic, arifigial state O =11~ P 1- a (8)
{-1, O} is introduced to model the probabilityof having a i b k=0
Pc c,0,0 -

frame ready for transmission at the head of thestrassion

gueue of the station at the beginning of a slot. bc

follows:

0,0 IS determined by imposing normalization conditam

1 We adopt the short notation:

Ry kil o kot =
Pt =, {t+]) = k| 9=}, ()= k}
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m W-1
1 = Z b+ 10

i=0 k=0

Yol -al ) 1-)
- bc [j C,i C,i +
% 1-p, ; ZO: 1-a? A
After some algebraic manipulations we obtain:
_ Al-p,)

B, 00 = W 9)

c,i

Agp‘{— Pt Wy J+ a-A)a-p)

1-a
Transmissions occur when the backoff counter isaetmO,
then we can express the probability that a station of class
¢ transmits in a randomly chosen slot time:

m+1

;bmo c,0,0 1—pICJC

4.1. Throughput Analysis

; 1gdom  @o)

A transmitted frame of class collides if at least one node

also transmits during the same slot time. The goihiba p.

that a node of clagssenses the channel busy is:
Cc-1

=1-@Q-r)" [1a-r)"
¢ i |(:|¢c I
Equations (10) and (11) form a nonlinear system2@f

(11)

t
unknowns. This nonlinear system can be solved u5|rlr§

numerical methods.
Let pg denotes the probability that the channel is busy &t
least one transmission is occurring in the channel)

Cc-1

— n
Pg =1~ @- T )

1=
Let ps cdenote the transmission probability for clasend let
ps denote the transmission probability for the system

(12)

s o= NT (1= rJ“H(l ) (13)
i=0j #c
C-1
=> Ps. (14)
c=0

The throughput is the fraction of time the charisalsed to
successfully transmit payload bits. Then, the thhput S.
for classc equal to the following ratio:

E(payload transmission time in a slot étass ¢
E(Iength of a slot time)
sc<E(P)

S =
co@a- ps)a+psT +(pg — Ps)Te =

Sc:
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PsE(P)
— Pg)o+ pgls +(Pg — Ps)Te

For the basic access mechanisig,and Tc are written as
follow:

Ts = Tourat SIFSHO+ T+ I+ DIFS

T, =T uat+ 0+ EIFS

where Tpara is the transmission duration of a frame of size
E(P), Tack is the transmission duration of &CK frame.
T*DATAIs the average time to se&BdP*) bytes, which is the
average length of the longest frame payload inublire a
collision. When all the frames have the same si@)

=E(P*) = P. O is the propagation delay.

c1
S. =

(o
c=0

S=

16)

7

4.2. Delay Analysis
We follow [9] to calculate the average delay foclealass.
Let X, cO[0,C-1] denote the random variable

representing the total number of backoff slots Wwracframe
of classc encounters without considering the case when the
counter freezes.

E(X,) = z[

where E[c) ;] is the average backoff time of classt the

B m'f’f)Z Ha, 1} s

C

jin backof‘f stage as calculated in [2].

B,;c0[0, C-1] the

representlng the total number of slots which a &am
encounters for the classvhen the counter freezes.

E(X )

denote random variable

(19)

c

Let N
retries for the class
ip, (1- p.)
E(Ncm) Z < m+]_
i=0 pc
Let D_;cI[O, C—l] denote the frame delay for the class

c. We have:
E(D.) =E(X.)o +

E(Bc)[&Ts +PePe ch
Ps Ps
+ E(Nc,m)(rc +TO) +TS

where Ty denote the time that a station has to wait when it
frame transmission collides before it senses thanmél
again, and ackimeoutdenote the duration of tHeCK timeout.
TO—S I l:S'|'TACK'(|meout

Thus, the system average delay is equal to:

'CD[O,C—l] denote the average number of

c,m’

(20)

(29

where E(P) is the average frame payload size. The

denominator is the average duration of a slot, kviian be
idle, due to a successful transmission, or busyg thia
collision. Tgis the duration of a successful transmissinis

the duration of a collision and’ is the average duration of a

slot. Thus the system throughput is:

E(D) ——ZE(D )

(22)
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5. Performance Results

5.1. Parameters

We implemented our service differentiation modeMatlab
in order to obtain the throughput and delay for IREE
802.11a network.

Table 2. System Parameters

Frame size 8184 bits PACK srsaiit 300 ps
802.11a Data rate 6 Mbps CWmin 16
802.11a Modulation BPSK CWmax 1024

Slot time 9 us m’ &
Symbol duration 4 us m 10
SIFS 16 s Be=—PB. 0.15

Here, we consider two classes of opposite parameddnigh
priority classc with paramete. and a low priority class’

classc and clasg’ select their backoff times following the
uniform distribution. When the size of the netwarkreases,
Gainp ¢ increases andaing, o decreases. This is because,
the contention increases with the network size.sTthe
stations of clasg and clasx’ reach higher backoff stages
where they become more differentiated.

For A=1, Gainp, . and Gaing, o evolve in a same manner as
with A=0.1. Moreover, as the traffic load is saturatdd t
stations are more likely to reach higher backofigset for
smaller network size compared to a traffic loadieD.1.
Thus, Gaing, ¢ (resp.Gainm, o) is larger (resp. smaller) than
with a traffic load of A=0.1. Moreover, at larger network
size, Gainm, . and Gaing, o for both traffic loads tend to be
similar since the system saturation point is neagached.

In Figure 5(b) forA=0.1, Gainy,. and Gainm . evolve
following the constant differentiation mode. Fonetwork of
small size, Gaing,. (resp. Gainm,¢) is positive (resp.

of parameter.. At each time, both classes use the sanit€gative) because, according to that differentiatiode,

differentiation mode. There are stations in the system

classc and clasg’ are differentiated even at the first backoff

divided inn/2 stations for each class (Table 2 for parametefage. When the size of the network increaGesfim . and

values used for calculations).

Gainm e tend to be constant. This is because, even if the

Toata and Tack in (17) are calculated according to 802.11&0ntention increases with the network size, ctagsiority

PHY layer, as in [7].
5.2. Throughput and Delay Analysis

We calculate classes throughput g@ainr, . and delay gain
Gainpe c expressed as follows:

G-
2
S

2

where S and E(D) (resp.& and E(D.)) are obtained from
equations (16) and (22) (resp. (15) and (21)).

Figure 5 (resp. Figure 6) plo&andGaing, . (resp.E(D) and
Gainpe . Solid (resp. dashed) lines represent a traffad|
of A=0.1 (resp. saturated traffid =1). The symbols
YAV XY represent classc, classc’, the system
respectively.

Sincef; = -f- =0.15, we notice that clasghroughput (resp.
delay) gain is equal to classthroughput (resp. delay) loss.
Table 3 provides some numerical values that allbe t
comparison of class throughput gain (class’ throughput
loss) using our differentiation modes for differesaiues of
the network size and traffic loads.

- Gan,, - EQL-E0)

Gain]’h,c =

Table 3. Throughput gain for class ¢

I A =0.1 | A=1

=2 = 1 = 2 = [
Soft r': 2 mn 1 ![J n 2 n 100
0.78% 32.8% 2.22% 34.24%
n=2 n = 100 n=2 n = 100

ConsL n —
32.86% 60.3% 78.96% 61.66%

Hard n=2 n:?[? n:'-2‘ n = 20
34.07% 93.16% 82.02% 96.21%

In Figure 5(a) forA=0.1, Gainm and Gaing, . evolve
following the soft differentiation mode. For a netk of

small sizeGainr, . andGainy, o are almost null because both

prioc; and clasg’ priority prioe; stay constant relatively to
the backoff stage Thus,Gaing, candGainy,  do not change
when the network size increases.

For A=1, Gainy, . and Gainm, o evolve in a same manner as
with A=0.1. Moreover, as in Figure 5(a), for small networ
size, the stations of clagsand clasx’ are more likely to
reach higher backoff stages even at smaller netsiagk that
is due to traffic saturation. Thu§aing, . (resp.Gainm, ) is
larger (resp. smaller) than with a traffic load 0f=0.1.
Moreover, as in Figure 5(a), at larger network s@einr, .
andGaing, o for both traffic loads tend to be similar since th
system saturation point is nearly reached.

In Figure 5(c) forA=0.1, Gainm,. and Gaing, . evolve
following the hard differentiation mode. For a netk of
small size, Gaing,. (resp. Gainm,¢) is positive (resp.
negative) as in Figure 5(b), because according hat t
differentiation mode, class and class<’ are differentiated
even at the first backoff stage.

When the size of the network increas@sinm, c tends to be
100% and Gainr,  tends to be100% This is because, the
contention increases with the network size. Thues,stations
of classc tend to no backoff mode and classtends to
maximum waiting time when selecting the backoffdim
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For A=1, Gainr, and Gainr, - evolve in a same manner aSEor both traffic loadsi=0.1 and )=
with 2=0.1. Moreover, for small network size, as in Fegir
5(a) and 5(b) the stations of classaand classc’ are more
likely to reach higher backoff stages at smallaéxvoek size
compared to a traffic load 0f=0.1. Thus,Gainm . (resp.
Gaing o) is larger (resp. smaller) than with a traffic doaf
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Figure 5. Throughput

2=0.1.

Moreover, using the hard differentiation mode igufe 5(c),

Class throughput gain

Class throughput gain
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Figure 6. Average Delay

1, using the three
differentiation modes, the system throughButarts from a
value equal tdbMbps(see Figure 5(a), 5(b) and 5(c)) when
the size of the network is minimal and equahte 2. And,
when the soft or the constant differentiation modesused,
the system throughput becomes equal 3tdMbps (see
Figures 5(a) and 5(b)) fon =100 But using the hard
differentiation mode, the system throughput degsadere to

the whole system throughp8tdegrades more in comparison.a,ch a value of .6Mbps(see Figure 5(c)) whem= 100

to the differentiation modes used in Figures 5@ &(b).

In Figure 6, we see that the impact of applying difeerent

This is because, clagsbackoff time selection tends to NO yifferentiation modes on class delay gain is simita the

backoff mode and class backoff time selection tends to ;
maximum waiting time. Thus, the contention is negalved

even at small network size.
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Class delay gain

impact of applying those modes on class througlyam

shown in Figure 5.

Table 4 shows the average delay for both aamsdc’ using

the differentiation modes at different traffic Isadhen the
network size is 20. Clags, of parametef3, = - 0.15, suffers
from delay degradation when it uses the hard diffgation

mode along with classof opposite parametgt. = 0.15.

Table 4. Delay (n=20)

:'l=[.
E(D.)

|

] :IL
E(D.) || E(D.)
Soft H 20.42ms | 39

119.8ms

J =
| E(D.)
39.69ms || 33.9Tms ‘ 48.16ms
|
| L52s

|
|

Const. || 19.89ms | 90.24ms || 25.01ms
|

Hard H 17.18ms | 0.62s || 28 88ms
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The delay of class’ becomes of the order of seconds from §9] Yang Xiao, “Performance analysis of priority scheme
network size ofn = 24 stations wherk=0.1 and a network for IEEE 802.11 and IEEE 802.11e wireless LANS,”

size ofn = 16 stations when=1. IEEE transactions on wireless communications, ¥ol.
pp. 1506-1515, 2005.
6. Conclusions [10] L. Zhao and C. Fan, “Enhancement of QoS

Differentiation Over IEEE 802.11 WLAN,” IEEE
In this paper, we proposed a new scheme for service COMMUNICATIONS LETTERS, Vol. 8, pp. 494-496,
differentiation in WLANSs. This new scheme is basedthe 2004.
802.11 DCF which uses the backoff procedure to esol11]M. Ghazvini, N. Movahedinia, K. Jamshidi, “A Game
contention in WLANs. Our new scheme uses a geometri  Theory based Contention Window Adjustment for IEEE

distribution for random backoff time selection el of the 802.11 under Heavy Load,” International Journal of
uniform distribution used by DCF standard. Theaddtrction Communication Networks and Information Security
of a new parameter allows managing the accesstetthred (IJCNIS), Vol. 5, No. 2, pp. 93-103, 2013.

media of different types of traffic and gives adeof priority  [12]Tian Guosong and Tian, Yu-Chu, “Modelling and
of each type of traffic. High priority traffic havaore chance performance evaluation of the IEEE 802.11 DCF for
to select a small backoff time and less chancelecka large real-time control,” Computer Networks, 56(1), pj354
backoff time in comparison with a low priority tfiaf 447, 2012.

To study our proposal, we used three interestia3]Chao-Yu Kuo, Yi-Hung Huang, and Kuan-Cheng Lin,
parameterizations of the backoff time distributapplied on “Performance enhancement of IEEE 802.11 DCF using
a multi-class system. We gave an analytical stuaiset on novel backoff algorithm,” EURASIP Journal of
Markov model to evaluate performances of the pregos Wireless Communications and Networking, Vol. 2012:

scheme in term of throughput and delay. Our nurakric 274 (2012).
results showed the impact of applying the different
differentiation modes on class delay gain and oas<l

throughput gain.
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