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CSMA/CA RTS CTS Protocol



DIFS = Distributed Inter Frame Space (µs) 

SIFS = Short Inter Frame Space (µs) 

RTS = Request-to-Send frame (µs) 

CTS = Clear-to-Send frame (µs) 

ACK = Acknowledgement frame (µs) 

MSDU = MAC Service Data Unit frame (bytes) 



Discrete Markov Chain Model
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(G. Bianchi’s Model)



The Probability that a station transmits a packet in a randomly chosen slot time , note
that a packet transmission occurs when the backoff timer (k) of the  transmitting
Station is equal to zero.

The probability that at least one station transmits in the considered slot.
Sine n stations contend on the channel, each transmitting with probability  
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The probability that an occurring packet transmission is successful is given by the
probability that exactly one station transmits and the remaining n-1 stations defers
Transmission.

Consider a slot time …. 

stationscontendingofnumbern 



Saturation Throughput  

 
 timeslotaoflengthE

timeslotaindtransmitteormationpayloadE
SThroughput

inf


][trS PEPP
S 

]/[]/[ )1()1( CTSRTSCACSMACStrCTSRTSCACSMASStrtr

trS

TPPTPPP
S






stationscontendingofnumberThen 

)( speriodontransmissisuccessfulTheTS 

)( speriodontransmissicollisionTheTC 

)(][ bytestimeslotainsizesMSDUpayloadPacketPE where



miCWW i
BEB  0)1(2 min

maxmin CWWCW 

Binary Exponential Backoff
Algorithm (BEB)









WindowContentionMinimumCW min

WindowContentionMaximumCW max

















In reference [6], the others proposed Double Increment 
Double Decrement Backoff Algorithms (DIDD).
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In reference [7], the others proposed Estimation-Based 
Backoff Algorithms (EBB).

nWEBB 
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)1/( ppa 



Contending Stations Backoff Algorithm (CSBA)

We used the maximum function theory (Optimization)  for derived 
optimal contention window in backoff mode.
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The optimal contention window relates to contending 
stations in backoff mode. A new backoff algorithm is 
given by 
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It is named Contending Stations Backoff Algorithm 
(CSBA)

CT



Programming

MathCAD
Engineering
Calculation
www.pct.com

CStrSStrslottr

trS

TPPTPPTP

MSDUPP
SThroughput

)1()1( 


n)1(1  n

nn

)1(1

)1( 1







 

MAC Service Data Unit sizes (bytes)
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Binary Exponential Backoff (BEB) algorithm )1(2 min  CWCW i
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Estimation-Based Back-off (EBB) algorithm nCWEBB 

Contending Stations Backoff Algorithm (CSBA)
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Double Increment Double Decrement (DIDD) backoff algorithm
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Parameters of IEEE802.11a/b/g standards

SIFST 16 µs                            10 µs                            10 µs 
802.11a                       802.11b                        802.11g 

DIFST 34 µs                            50 µs                            28 µs 
aSlotTimeT 9 µs                              20 µs                            9 µs 
MbpsOFDMTRTS 24 28 µs                               - 34 µs 
MbpsOFDMTCTS 24 28 µs                               - 32 µs 
MbpsOFDMTACK 24 28 µs                               - 32 µs 

sTDelay 1

MbpsOFDMTACK 24 28 µs                               - 32 µs 
MbpsOFDMTRTS 54 24 µs                               - 30 µs 
MbpsOFDMTCTS 54 24 µs                               - 30 µs 
MbpsOFDMTACK 54 24 µs                               - 30 µs 
MbpsDSSSHRTRTS 11 - 352  µs                             -
MbpsDSSSHRTCTS 11 - 304  µs                             -
MbpsDSSSHRTACK 11 - 304  µs                             -

CWmin                           15 SlotTimes               31 SlotTimes                16 SlotTimes 
CWmax                      1023 SlotTimes           1023 SlotTimes            1024 SlotTimes 



IEEE802.11a OFDM 24 - Mbp [m=6,p=0.05,MSDU=2500 bytes]
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IEEE802.11b 11-Mbps [m = 6,p = 0.05, MSDU = 2500 bytes]
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IEEE802.11g  54-Mbps [m = 6,p = 0.05, MSDU = 2500 bytes]
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Conclusion
We study the throughput efficiency of a new backoff algorithm 
(CSBA) in IEEE802.11a/b/g standards. 
Our numerical results show that the proposed algorithm is better than
the old backoff algorithms  as:      

Binary Exponential Backoff Algorithm (BEB)

Reference: http://www.isi.edu./nsnam/ns  , http://www.isi.edu./nsnam/ns/ns-build.html and http://www.ubuntu.com  

Binary Exponential Backoff Algorithm (BEB)
Estimation-Based Backoff Algorithm (EBB)
Double Decrement Double Decrement Backoff Algorithm (DIDD)

Future work , We will investigate the  performance of CSBA by using 
open source Network Simulator 2 (allinone-2.35) on Linux Ubuntu 10.10

C++ and Otcl  Languages
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