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OutlineOutline

• Scenarios
• Distributed Coordination Function (DCF) 

in IEEE 802 11in IEEE 802.11
• Modelling of IEEE 802.11a DCF

Signal Flow Graphs– Signal Flow Graphs
– Analytical Evaluation & Validation by 

SimulationSimulation

• Conclusion & Outlook
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WLAN ScenariosWLAN Scenarios

• Best Case Scenario
All STA  ith MC– All STAs with MC1

• Worst Case Scenario
– All STAs with MC88

• Mixed Scenarios
– Tagged MC1 / other STAs 

MCMC8

– Tagged MC8/other STAs 
MC1

AP = Access Point
MC = Modulation and Coding Scheme
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g
STA  = Station



ReadyReady toto Send/Clear Send/Clear toto Send (RTS/CTS)Send (RTS/CTS)

DIFS

SIFS SIFSCTSTimeout

DIFS

SIFS

DIFS

Source/Tagged

Destination

Other

RTS

CTS

RTS B k ff

RTS DataBackoff

ACK
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ACK = Acknowledgment
CTS = Clear to Send
DCF = Distributed Coordination Function
DIFS = DCF Interframce Space

NAV (RTS)Station A/Tagged

Station B/Tagged

Station C

CTSEIFS

RTS

RTS EIFS = Extended Interframe Space
NAV = Network Allocation Vector
RTS = Ready to Send
SIFS = Short Interframe SpaceStation C

Station D

T

RTS

RTS
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Duration of other stations‘ collisionsTCOLL1

TCOLL2



AssumptionsAssumptions

• Collision Probability Related Work:
– Number of Nodes
– Backoff Mechanism
– Independent of Backoff Independent of Backoff 

Stage

• Traffic
Data always ready to be – Data always ready to be 
sent

– Constant Frame Size

• Propagation Delay 
neglected
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Signal Flow Graph Signal Flow Graph ofof oneone BackoffBackoff StageStage
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Bi = Backoff state for stage i
pi = Backoff counter probability
W = Contention Window
z = Delay operator



SimplifiedSimplified Signal Flow Graph #1Signal Flow Graph #1
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SimplifiedSimplified Signal Flow Graph #2Signal Flow Graph #2
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Bi = Backoff state for stage i
pi = Backoff counter probability
W = Contention Window
z = Delay operator
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y p
G(z) = Delay Generation Funkction



Signal Flow Graph Signal Flow Graph ofof thethe Frame DelayFrame Delay
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Bi = Backoff state for stage i
E = Error state
F = Final state
Gi(z) = Delay Generation Function for stage ii
k = Maximum of retransmissions
m = Backoff window is doubled m‐times
p = Collision probability
T = Transmit state
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z = Delay operator



ResultsResults: CDF : CDF ofof thethe Frame DelayFrame Delay
(Best Case Scenario, 64QAM 3/4)(Best Case Scenario, 64QAM 3/4)( , Q / )( , Q / )

DCF = Distributed Coordination Function
MAC = Medium Access Control
OFDM = Orthogonal Frequency Division Multiplex
PCF = Point Coordination Function
PLCP = Physical Layer Convergence Procedure
PSDU = PLCP Service Data Unit
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SAP = Service Access Point



Analytical Analytical ResultsResults: RTS/CTS, Basic Access : RTS/CTS, Basic Access 
(Best Case Scenario, 64QAM 3/4)(Best Case Scenario, 64QAM 3/4)( , Q / )( , Q / )

2 tagged collision/other RTS collision

1 other successful transmission

1 tagged collision/other RTS collision

Idle backoff slot

tagged co s o /ot e S co s o
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ConclusionConclusion & Outlook& Outlook

Conclusion

MCi

• DCF Overview
• Signal Flow Graph Model of 802.11 DCF

– Signal Flow Graph Reduction
MCiSTA 01

MP

ig p
• Frame Delay Distribution

– RTS/CTS
Basic Access

Outlook
• Arrival process for user data blocks 

Terminal

Buffer

Portal

STA N

– Basic Access

Arrival process for user data blocks 
(VoIP/Video)

• Dynamic choice of MC due to 
perceived FER

STA N

perceived FER
• Multihop transmissions
• Coexistance of concurrent systems 

(Inte fe ence Modeling)

FER = Frame Error Rate
MC = Modulation and Coding Scheme
MP = Mesh Point
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(Interference Modeling) STA  = Station



Thank you for your attention !Thank you for your attention !

R lf JRalf Jennen
jen@comnets.rwth-aachen.de
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Backup SlidesBackup Slides

I haven't lost my mind -- it's backed 
p on tape  some he e  up on tape … somewhere. 
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IEEE 802.11aIEEE 802.11a

DCF = Distributed Coordination 
Function

MAC = Medium Access Control
OFDM = Orthogonal Frequency Division

MAC Sublayer

Data Link
Layer

MAC_SAP

DCF

PCF …

OFDM = Orthogonal Frequency Division 
Multiplex

PCF = Point Coordination Function
PLCP = Physical Layer Convergence 

Procedure

PLCP Sublayer
Physical
Layer

PHY_SAP
DCF

Procedure
PSDU = PLCP Service Data Unit
SAP = Service Access Point

Layer

PLCP Header

Rate
(4 bit)

Reserved
(1 bit)

LENGTH
(12 bit)

Parity
(1 bit)

Tail
(6 bit)

Service
(16 bit) PSDU Tail

(6 bit) Pad Bits

PLCP Header

PLCP Preamble Signal Data

Coded/OFDM

(BPSK, r=1/2)

Coded/OFDM

(rate is indicated in signal)
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(12 Symbols) (1 OFDM Symbol) (Variable Number of OFDM Symbols)



First transmission

Retransmission
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