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Abstract: in this paper' we propose a new backoff algorithm for wireless local area networks (wLANs).
The proposed algorithm develops by using mathematical optimization function theory on Carrier Sens-
ing Multiple Accesses rvith Collision Avoidance and Request-to-Send Clear-to-Send protocol (CSMA/
CA RTS CTS)- A tterv backoff algorithm is named Contending Stations Backoff Algorithrn (CSBA). The
performance of CSBA compares with old backoff algorithms such as Binary Exponential Backoff algo-
rithm (BEB), Double Increment Double Decrement Backoff algorithm (DiDD) and Estimation Based
Backoff algorithrn (EBB) by mathematical analysis. We analyze performance of CSBA in distribute coor-
dination function mode for IEEEB02.l ralblg standards. our numerical results indicate that the perfor-
nlance of CSBAalgorithrn is stable than old backoff algorithms in term of saturation throughput etficiency.
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Abstract-' The developtnent of DSRC (Dedicate Short Range Communication) for ITS (Intelli-
gence Transportation Systern) has been recently concerned for high speed data transmission. Howev-
er, the existing DSRC technique provides a lou, speed data transmission. The searching for neu, tech-
niques to support transmission requirement is stil l on focus. This paper introduces to apply MIMO
(Multiple-Input Multiple-output) technique and SDR technology to study the perfonnance of 5.9GHz
DSRC based on IEEll802.1lp (WAVE-DSRC) standard. The experimenr resulrs show that both BER
and throughput performances are i' iproved by using the proposed systern.
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Abstract- In this paper, we propose a new backoff algorithm for
wireless local area networks (WLANs). The proposed algorithm
develops by using mathematical optimization function theory on
Carrier Sensing Multiple Accesses with Collision Avoidance and
Request-to-Send Clear-to-Send protocol (CSMA/CA RTS CTS).
A new backoff algorithm is named Contending Stations Backoff
Algorithm (CSBA). The performance of CSBA compares with old
backoff algorithms such as Binary Exponential Backoff algorithm
(BEB), Double Increment Double Decrement Backoff algorithm
(DIDD) and Estimation Based Backoff algorithm (EBB) by
mathematical analysis. We analyze performance of CSBA in
distribute coordination function mode for IEEE802.l1alb/g
standards. Our numerical results indicate that the performance of
CSBA algorithm is stable than old backoff algorithms in term of
saturation throughput effi ciency.
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I. INTRODUCTION

Today, Wireless Local Area Network (WLAN) is becoming

increasingly important. The lEEE802.l1 is one of the most

popular WLAN standards. In WLAN system, medium access
control (MAC) techniques use carrier sensing multiple access
with collision avoidance (CSMAICA) in distribute
coordination function (DCF) mode. In CSMA/CA techniques,
there are two access methods: Basic access and Request-to-
Send {RTS) and Clear-to-Send (CTS) access methods.
RTS/CTS technique has been introduced to reduce the
performance degradation due to hidden terminal. This paper
considers only CSMA/CA protocol by using RTS/CTS
technique. Currently, WLAN system resolves collision
problems by used backoff algorithm. High chamel throughput
and low delay are two important characteristics of a good
backoff algorithm. The legacy backoff algorithms such as
Binary Exponential Backoff (BEB) in t4l [5], Double
Increment Double Decrement (DIDD) backoffAlgorithm in [6]
and Estimation Based Backoff (EBB) Algorithm in [7] are
considered in this research. A big problem of old backoff
algorithms is that the throughput performances are unstable
when the numbers of contending stations in service area are
increased. In this paper, we study the optimization function
theory for improved throughput efficiency of backoffalgorithm
in IEEE802.l I standards. In this research. we assume that

. Channel is ideal condition and no capture effect
o Channel is saturated condition
o All stations know the total of station in service area

The paper is organized as follows: In section II, we review
discrete Markov chain model for IEEE802.1I WLAN. In
section III, the old backoff algorithms are analyzed. In section
lV, we introduce Contending Stations Backoff Algorithm
(CSBA) and throughput calculation procedures. The numerical
results discuss in section V. Finallv. section VI is the
conclusion.

il. DISCRETE MARKOV CHAIN MODEL

A. Two Dimensions Discrete Markov Chuin Model
Giuseppe Bianchi in t4l developed a simple discrete

Markov chain model for IEEE802.1I DCF shown in Fig.l.
This model evaluates performance of the DCF under error-free
channel. Each transmission ignores the number of
retransmissions and the packet collides with a constant
probability (p).

plw-

Backoff stages -----l

Figure 1. Discrete Markov chain model (Bianchi's model).

Let C is the transmission probability that depends on the
collision probability (p) and contention window (CW). The
contention windows determine by the Physical layer
characteristics. From Bianchi's model, we have

2(l-2p)(1- p)'*l (1 )
(I - 2 p) + Cttt f(r - 2 p) + p(r - {2 p)' )J

Parameter p is the collision probability that at least one of the
n -1 remaining stations transmit in the same time slot. If we

assume that all stations see the system at steady state and
transmit with probability t . The collision probabilityp is given

by
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p =l - ( l * t )n- '  Q)

Equations (1) and (2) represent a non-linear system with two
unknown T and p, which can be solved using numerical
techniques.

B. S atur at ion Thr oughput
In [4], the author has represented saturation throughput that

has denoted as E as follow

Throughput = S =
EfPayload Information in a slot timef

EfLength of a slot timef

^ S -
P.P,,(MSDUxS)

(1- Po)T"b, + PsP,Ts + Pb(l - Ps)Tc

P,  =7-( l - r ) "

o  _Pr , , , " , ,  _nd t - r ) ' - t  _n r ( l - r ) ' I' s -  
h  

-  
P "  

- l { l - r r

Where {, is the probability that in a slot time there is at least

one transmission

{ is successful probability in a slot time

MSDU is MAC service data unit size in bytes

P,,P, is probability of successful transmission

0 - 4") is probability that a slot time is empty
p,0 - pr) is probability of collision transmission

f is collision transmission time in ps

7. is successful transmission time in ps

ru is maximum back offstages
n is the number of contendinq stations

III. THE LEGACY BACKOFF ALGORITHMS

Binary Exponential Backoff (BEB) Algorithm in [4] and

[5] has been the contention window size for backoff stage i.
The algorithm of BEB is specified by the following.

CWuuu = 2' (CW^i^ +l) i  = 0,1,2,..  .n (6)

m-logz(CW^ /CW^")

The contention window is initially set to be cw^*. If the

transmission fails I s0age, then the contention window is

increased by 2i .The Cw* is minimum contention window size

and CI4/^ is the maximum contention window size. P.

Chatzimisios et al. in [6] proved Double Increment Double
Decrement (DIDD) backoff algorithm which has contention
window size for backoffstage i as

CW o,oo =12(l -2a){l- a'*'1- r7l-2a)llr(l- (2a)^*')(1- o)

a:  p/ ( r -  p)  (7)

S. Won Kang et al. in [7] showed Estimation-Based Backoff

(EBB) algorithm that has been the optimal contention window.

CWruu = n (8)

Where n is the number of contendins stations

IV. CONTENDING STATIONS BACKOFF ALGORITHM (CSBA)

We modif, the throughput equation in (3) of Bianchi's
model by using optimization function theory t8l. The
throughput equation (S) is a function of contention window
(CW) and differentiating throughput respects to contention
window (CW). The derivative can be expressed as

(3)

Clearly, optimum function occurs where the slop is zero or the
throughput is greatest.

ds=d l  p rp , , ( uspuxs )
dcw dcw L0- P,,)T"bt + P,PsTs + r,,(t- rr)r,

. T
d l

dcwL

(e)
(4)

(5)

PrP,,(MSDUxB)

dcw | (l - P,,)7,,,, + Ps P,,Ts + P,,(l - Pr)T,]= t  
( ro)

From (l) (4) and (5), substituting in (10) yields

a |  ,qusouxu l_,

| (uspu xs) 
of{ 

lu'*' 
+ Ar' + cr' ),

l[BT"b, 
+ AT" +CTr] dCltr 

l= o 
(11)

| -:gs?:q:Y;rj=1ur",,, + zr, +crsl
l fBT,tu + AT, +cTrl '  dCW' ' - l

where tr =l n r( - r)' ' l[ ' - r, - ,1, I
I  l - ( l - r ) ' l '

a = 1 _ (t _ (l _ r),) = (1 _ r)"

s = l1_ nr t t - r f .  
- l [ ,  

_ , ,  _  , , ,1
L  t  - f i _ r f  j .

2(1-2p)(l- p)-*1

(r - 2 p) + CWI(r - 2 p) + p(r - (2 p)' )]

Finally, we have an optimum contention window

CW opn.o.
[2(r - 2 p;)0 - d*' - {r - 2 p)f {r2)

When the optimal contention window relates to contending
stations in backoff mode, a new backoff algorithm is given by

CWrrun= t2(1 * 2 p)(r - p)**' - (r - 2 p)lx n ( l  3 )

Equation (13) is Contending Stations Backoff Algorithm
(CSBA). In modeling of single hop wireless local area network,
all of these models assume to use saturated traffic load which

TC
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mean a node always has a packet ready for transmission. The
data frame exchange sequence of CSMA/CA in RTS CTS
mechanism for IEEE802.11a/b/g standards is shown nFig.2.
Before fransmifting a data frame MSDU (MAC service data
unit), a shot RTS frame is transmitted. If the RTS frame
success, the receiver station responds with a shot CTS frame.
Then, a data frame and an ACK frame will follow. All four
frames (RTS, CTS, DATA and ACK) are separated by SIFS
time.

;tli* 
nm

Figure 2. Data transmission procedure of CSMA/CA RTS CTS Protocol

Where DIFS is Distributed Inter Frame Space (ps)
SIFS is Shot Inter Frame Space (ps)
RTS is Request-to-Send frame (ps)
CTS is Clear-to-Send frame (ps)
ACK is Acknowledgement frame (ps)

MSDU is MAC Service Data Unit frame (bytes)

The time periods of 4 and T" for CSMA/CA RTS CTS

protocol are obtained as follows

T, 1r rrn,, o or* rs 1 
= T ars + 34ttot + 4T d"by + T crs +

Trrou 1",n1 + T ACK + T DIFS

Trlr*o,**o"rr1 =Tot"s +TR," +Td"kry

MSDUxS
T^ou

Datarate

MathCAD engineering tool [9] is used for calculation the
throughput efficiency. In analysis, we use same parameters for
all backoff algorithms in CSMA/CA RTS CTS access method
that are listed in table I. The calculation algorithm is given by
Begin

Step 1: Fixed parameters p::0.05, m::6, MSDU::2500
n: :1. .40

Step 2: calculated contention windows of BEB
algorithm by used equation (6)

Step 3: calculated contention windows of DIDD
algorithm by used equation (7)

Step 4: calculated contention windows of EBB
algorithm by used equation (8)

Step 5: calculated contention windows of CSBA
algorithm by used equation (13)

Step 6: calculated 6 by used equation (1)

Step 7: calculated po by used equation (4)

Step 8: calculated P" by used equation (5)

Step 9: calculated Trp*o,*ounq by used equation (14)

Step 10: calculated T.r"*o, 
"o"o..r, 

by used equation (1 5)

Step 1l: calculated throughput of BEB, DIDD, EBB
and CSBA algorithm by used equation (3)

End
The slot lengths and the dwation of spacing in the different
standards are shown in Table I.

THE rR.ANslnssro* ,*", * Jffi8l*r* 
"r* 

n*oroco,, ttl tzl t3l

Transmissions description

Tr*,

To,rr

TastaTime

To",o,

802.11b 802.119
l0 ps 10 ps

50 ps 28 ps

2 0 p s  9 p s

I lrs

34 ps

32 ps

32 1ts

30 ps

30 ps

30 ps

802.11a
l6 ps

34 ps

9 p s

l p s I lrs

Q^OFDMz4-Mbps 28 ps

f^OFDM24-Mbps 28 ps

Q.*OFDM 24-Mbps 28 ps

4zs OFDM 54-Mbps 24 yts

ft,' OFDM 54-Mbps 24 1ts

TACKOFDM 54-Mbps 24 1ts

4'"ffi ll-Mbps

%r, m I l-Mbps

Tn*R l l -MbPs

CWmin 15 SlotTimes
CWmax 1023 SlotTimes

352 ps

304 ps

304 ps

3l SlotTimes
1023 SlotTimes

16 SlotTimes
1024 SlotTimes

(14)

(1s)

(16)

V. NUNflERICALRESULTS

In this section, we show some numerical results of
proposed backoffalgorithm. Figure 3 represents the saturation
throughput of CSBA algorithm in IEEE802.lla standard and
we compare the performance of CSBA with BEB, DIDD and
EBB algorithms. From the resulf the throughput of CSBA
yields better performance than BEB, DIDD and EBB
algorithms when the contention windows and data rate are
fixed at 24-Mbps and l5xaSlotTimes, respectively.

|  !  s  7  9  1 1 1 3 1 5 r 1 1 9 2 1 2 3 2 5 2 7 2 9 3 1 3 3 3 s 3 7 3 9

Number of contending strtions

Figure 3. Throughput performance of CSBA in IEEE802.1la standard.
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In Fig.4, we choose parameters of IEEE802.1lb at data rate I l-
Mbps standard. The maximum backoffstage (m) is 6, collision
probability (p) is 0.05, MAC service data unit size (MSDU) is
2500 by0es and contention window of BEB and DIDD
algorithms are 3lxaSlotTimes, respectively. In this case, we
can see that the throughput efftciency of CSBA algorithm is
higher than BEB, DIDD and EBB algorithms.

IEEE802,llb rr-Mbps [FCp={).05'lt{SDU=2500 byt6l

-pt!+erl1aaa€-']t l t 'a'€'Ft""".+]tt 'o

r.- -.-*r.lt
- Co a aa arr.Eaao a a aaa.-'.a.

numerical results show that the performance of CSBA
algorithm is stable when the number of stations is changed.
The comparison results guarantee that mathematical
optimization techniques can improve the performance of
backoff algoritbm. Next step, we will be interesting to see
results when the backoff stages, collision probability and
MSDU sizes will be changing in program procedure. As future
worlg we will plan to investigate the performance of CSBA in
non-saturated and fading channel in IEEE802.1le and
IEEE802.11n wireless local area network by using Network
Simulator-2 on Linux Ubuntu- 1 1. 10.
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Figure 4. Throughput perfonnance of CSBA in IEEE802. 1 I b standard.
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Figure 5 illustrates saturation throughput of CSBA in
IEEE802.1 1g standard when the data rute is fixed at 54-Mbps
and the contending stations are increased. From the comparison
results in this case, CSBA algorithm sesm to stabilize when the
number of contending stations is increased.

\rI. CONCLUSION

In this researclq we present a new backoff algorithm for
CSMA/CA RTS CTS protocol in IEEE802.lla/b/g WLAN
standards. The proposed backoff algorithm is called
Contending Stations Backoff Algorithm (CSBA). The
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