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A Simple and Effective Priority Scheme
for IEEE 802.11
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Abstract—in this letter, we propose an analytical model for a frame collides and equals 2 in IEEE 802.11 [1]. In this letter,
simple priority scheme for real-time applications in IEEE 802.11 e leto; be a real number and;, > 1. If assuming that the

by differentiating the initial window size, the window-increasing riority i class has hiaher priority than the priorifvclass. we
factor and the maximum backoff stage. Saturation throughputs Ea eV)[//L < W 1 9 ' E ' gnd < p' Fjlﬁ]ermyore

and saturation delays of different priority classes are derived ana- VeWio = Wio, 1 <0 = oj andm; < m;. FU : v
lytically. at least one of the above inequalities must be a real inequality.

If one class has a smaller metric, the class’s traffic has a better
chance to access the channel earlier. Many special cases of our
scheme can be designed by differentiating any one or two met-
|. INTRODUCTION rics among the three metrics.

HE IEEE 802.11 distributed coordination function (DCF)
is a very robust protocol for the best-effort service in
the wireless medium. However, it is unsuitable for real-tima. An Analytical Model

applications. One possible solution is to provide a good priority Assume that each station belongs to only one priority class

scEeme ft())r ([j)(f:fF Dgng an(:] Cgang ]EfZ] pr?jpo§edha E.ri%riglnd always has frames ready to send. For a given station in
scheme | y d eren'ﬂatmg (tj € aﬁrlo win 02’;" ht el '9NGhe priority i class,b(i,t) is defined as a random process rep-
priority class uses the windoyd, 2+ " — 1] and the lower resenting the value of backoff counter at timand s(i, t) is

iori i j+1 9j+2 _ Qi
priority class uses the windofi’ ’21. 1], wherej is th? .defined as the random process representing the backoff stage
backoff stage. Aad and Castelluccia [3] proposed a priorityp o re < j < my. The value ofb(i, t) is uniformly chosen

scheme achieved by differentiating inter-frame spaces (IFS§) o range(0, 1,... Wi ; — 1), whereW ; = [(o:)Wio]
.. PSR | ’ ) T z LUl
Veres and Campbekt al. [4] proposed priority schemes byLet p; denote the probability that a transmitted packet collides

differentiating the initial backoff window size and the Windowandpb denote the probability that the channel is busy. Similar to

size. Pallot and Miller [8] proposed three priority SCheme%ianchi’s model [5], [9] and Ziouva’s model [6], the bi-dimen-
static priority scheduling, prioritized DIFS time mechanisrgional random proc'es{s(i.t) b(i, 1)} is discreteitime Markov
and prior?tized backoﬁ timg distribution mgchanism (PBTDM)ohain under the assumptibn7s tlnéandpb are both independent
F.)BTD.M IS a very Interesting appr oach in which 'the t)acko the backoff procedure. Therefore, the state of each station in
time Is _chosen n the curr_en_t_wmdow range \.N'th different,q prioritys class is described b{, j, k}, wherej stands for
distributions for different priorities. All the priority schemesy o p4ckoff stage taking values frof (, . . . m;) andk stands

[2]-{4], [8] are conducted based on simulations. for the backoff delay taking values from,(, ... W; ; — 1) in

There have been many ar_1a|yt!cal mpdels proposed for IElﬁﬁ]eslotS. The state transition diagram for the priofitfass is
802.11 performance analysis. Bianchi [5], [9] proposed an :ﬁ%

Index Terms—EEE 802.11, performance analysis, priority.

I1l. PERFORMANCE EVALUATION

: ; own in Fig. 1 with the nonnull transition probabilities, where
curate analytlcgl model to .comp.'ute saturation t_hr_oughput state{s, —1,0} stands for the state that the station senses
Z_louvaet al.[6] 'mpro"‘?d Bianchi's model _by_denvmg Salura-e channel idle after DIFS and transmits successfully without
tion de_Iay. None of their m_odel; ,are for prlqutles; activating the backoff stage [6].

In this letter, based on Bianchi’s [9] and Ziouva’s [6] models, Let b; ;. = thnl Pr{s(i,t) = j,b(i,t) = k} be the sta-

we propose an analytical model for a simple priority scheme. Dot .
The advantage of our model is to provide priorities. tionary distribution of the Markov chain. In steady state, we can

derive following relations through chain regularities:

ll. THE PRIORITY SCHEME bi,j0 =pibi0,0, 0<j<mi—1 (1)
.
Assume that traffic is classified inty priority classesi = bi m;.0 :w (2)
1,...N. We modify 802.11 MAC to provide a priority scheme (1 —pi)
by differentiating following three metrics for the prioritglass: biik :W’L}j —k 1 bijo;
the initial window sizeW; o, the window-increasing factar; o Wij 1—pp 7
and the maximum backoff stage;, whereo; is the factor by 0<j<my,1<kE<W,;; -1 (3)
which the current window size is increased when a transmitted 1= =p)(d—=p) b @)
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Fig. 1. The state transition diagram for the prioritglass.
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Let a7 = 2(1—pp)2(1 = p))(1 = pioy), @z =
[1-(1—-p)A—=p)], and oz = [(1 — oipi) + (1 —

m;+1

Di +0r’p;n’+1 —D; J?7+1)Wi70]. Letr;

71

N
o= pei=(1=m) Tk (11)

Let S;(¢ = 1,...N) denote the normalized throughput for
the priority i class. Lets, Tg(z), Ts andT. denote the dura-
tion of an empty slot time, the time to transmit the payload, the
average time that the channel is sensed busy because of a suc-
cessful transmission and the average time that the channel has a
collision, respectively. We have
g _ E(payload transmission time in a slot time for thelass
L E(length of a slot timg
_ Ps,iTE(L) (12)
(1 - pb) 0 +psTs + [pb - ps] Tc
If N = 1 (only one class), it is easy to prove that (12) is
equivalent to (13) in [9], or (9) in [6], although notations are a
little different.
LetTy, Tack, SIFS, DIFS, L*, Ty andy denote the
time to transmit the header, the time to transmit the ACK, SIFS
time, DIFS time, the length of the longest packet in a collision,
the time to transmit a payload with lengi{ L*) and the prop-
agation delay, respectively. We have

C. Saturation Delay
For the priority: class, let/V. ; denote the random variable

be the probability renresenting the number of collisions before transmitting a

that a station in .the priority class transmits during a geqericframe; let X, denote the random variable representing the
slot time. Letn;(i = L,..., V) denote the number of stationSme interval during which the counter reaches zero without

in the priority i class. We have
a1
bi_10=—"—
0T + a3

(6)

T; = i bijo = 2(1 =pp) (1 = aipi) @

considering the case when the counter freezesFjalenote

the time that the backoff counter of a station freezesNgt
denote the number of times that the backoff counter freezes;
let B; denote the backoff delay of a station before accessing
the channel under busy channel condition; 1&t denote the

J==1 ot aas random variable representing the frame delay;7lgtdenote
N . the time that a station has to wait when its frame transmission
p=1- H (L —m)™ (8)  collides before sensing the channel again;7lgt,cous denote
h=1 ) the duration of the ACK timeout. We have
pi=1- (H (1- >) (1=t B(Ney) =21 (1)
h;l 'rn7 Wi i—1
< T a—=m)m). © EX)=) > kbiji (16)
h=i+1 7=0 k=1
- ) _ E(X;)
Substituting (8) and (9) in (7), we can solve them numerically” (Nr,) = ! (17)
Then, we can calculage, andp; from (8) and (9). max ( P ’1)
pS ps
B. Saturation Throughput E(F;) =E (NF,) (p-st + <1 - p_b> Tc> (18)
Letps (i = 1,...N) denote the probability that a successful E (B;) =E(X;) + E(F;) (19)

transmission occurs in a slot time for the prioritglass and let
ps denote the probability that a successful transmission occurs
in a slot time. Thereforey, /p; is the probability that the trans-

mitted frame is successful. We have
N

Ps,i=nimi(1 — 7)™ H (1—m)"" =
h=1,h£i

;T4

1

—T;

(1—-ps) (10)

E(D;) =E (N.;)[E(B;) + T. + T,] + E (B;) + Ts  (20)
To =SIFS + Ttimeout (21)

D. Numerical Results

We use IEEE 802.11a as an example. Both the data rate and
the control rate are 6 Mb/s. The packet size is 1024 bytes. The
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Fig. 2. Saturation throughput (normalized). Fig. 3. Saturation delayi(seconds.
parameters for IEEE 802.11a can be found in [7], as well as how
to calculatel'y +T'x(1,) accurately. For demonstration purposes, Similar numerical results (omitted due to limited space) show
we adopt two priority classes, i.e\ = 2. However, our pro- that any of the proposed three metrics can provide good prior-
posed model is very general so that we can design many leviizs among classes and provide good service differentiations.
of priorities. Figs. 2 and 3 show the saturation throughput afi@r all three metrics, one class can steal bandwidth from an-
saturation delay, respectively, over number of statien®(n,) other if the later one increases the metric value and the total
for the case study one and oJ&% (, for the case study two. Note throughput does not change much. This fact indicates that they
that for different case studies, x-axis stands for different thingse good metrics. However, their delays cannot get a lot of ben-
to save space. efits. Three metrics can be implemented all together since this
For the case study one, following parameters are adoptady does not make a hardware implementation more difficult.
[0.170-2] = [1772]5 [m17m2] = [4/7]1 [WI,O7W2,0] = [4/8]
andn, = ny. The class 1 has a much better throughput (delay) ACKNOWLEDGMENT
than the class 2. Fig. 3 also indicates that the delay for class 1 ) o
is very small (in magnitude of 1. One application of such a The author would like to thank Dr. C. Douligeris and the three
simple example is to use the class 1 for real-time applicatioR80nymous reviewers for their valuable comments that have
and to use the class 2 for best-effort applications. These figuf§§atly improved the quality of this letter.
indicate that the proposed priority scheme is very effective.
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