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e Scenarios

e Distributed Coordination Function (DCF)
In IEEE 802.11

e Modelling of IEEE 802.11a DCF

— Signal Flow Graphs
— Analytical Evaluation & Validation by
Simulation

e Conclusion & Outlook
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WLAN Scenarios

e Best Case Scenario
— All STAs with MC,
e \Worst Case Scenario
— All STAs with MCq
e Mixed Scenarios
— Tagged MC, / other STAs

MCsq
— Tagged MCg/other STAs
MC,
Name  Modulation Coding Data bits per Data rate
rate OFDM Symbol  (Mb/s)
MCy BPSK 1/2 24 ]
MC>  BPSK 3/4 36 9
MCsg QPSK 1/2 48 12
MCs  QPSK 3/4 72 18
MC 16-QAM 1/2 06 24 P Tt T LT
: < | AP = Access Point :
MC3 16-QAM 3/4 144 36 : MC = Modulati d Codi Sch :
MCy  64-QAM 273 192 48 | = Modulation and L.oding >cheme
MC;  64-QAM  3/4 216 54  oUn =S
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Ready to Send/Clear to Send (RTS/CTS)

CTSTimeout SIFS SIFS SIFS
DIFS DIFS DIFS
Source/Tagged RTS Backoff /RTS Data
Destination CTS ACK
Other / / RTS Backoff /
i isi TeolL g ) Tsucc : iaqi
Duration of a collision Successful transmission

__________________________________________________

ACK = Acknowledgment

SLOT DIFS  SIFS | CTS = Clear to Send ;
] ' DCF = Distributed Coordination Function !
_ Timeout, - ' DIFS = DCF Interframce Space :
Station A/Tagged ;RTS | EIFS = Extended Interframe Space i
_ NAV (RTS) NAV = Network Allocation Vector :
Station B/Tagged |/ // | EIFS / CTS | | RTS = Ready to Send :
Station C / RTS / SIS T ohort Interframe Space . i

Station D / RTS /

T Teowtz <Duration of other stations' collisions
COLL1
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Assumptions

e Collision Probability ! Related Work:

I
— Number of Nodes :|:| H. Vu and T. Sakurai, “Accurate delay distribution for ieee 802.11 dct,”
— Backoff Mechanism I Communications Letters, [EEE, vol. 10, no. 4, pp. 317-319, Apr 2006.
:|:| T. Issariyakul, D. Niyato, E. Hossain, and A. Alfa, “Exact distribution
— |ndependent Of BaCkOff | of access delay in ieee 802.11 dcf mac,” in Global Telecommunications
I Conference, 2005. GLOBECOM ’05. IEEE, vol. 5, Dec. 2005, pp. 5
Stage | pp-2538.
e Traffic :|:| G. Bianchi and 1. Tinnirello, “Remarks on ieee 802.11 dcf performance
analysis,” Communications Letters, IEEE, vol. 9, no. 8, pp. 765-767,

— Data always ready to be ' Aug 2005.
:DP. Chatzimisios, A. Boucouvalas, and V. Vitsas, “leee 802.11 packet

sent 1 delay-a finite retry limit analysis,” vol. 2, dec. 2003, pp. 950 — 954
— Constant Frame Size | Vol2.
. 1[0 H. Zhai, Y. Kwon, and Y. Fang, “Performance analysis of ieee 802.11
i Propagatlon Delay : mac protocols in wireless lans: Research articles,” Wirel. Commun. Mob.
Comput., vol. 4, no. 8, pp. 917=931, 2004,
neglected 1 UL, : . PP .

:|:| 0. Tickoo and B. Sikdar, “Queueing analysis and delay mitigation in
1 ieee 802.11 random access mac based wireless networks,” vol. 2, pp.
I 1404-1413 vol.2, March 2004.
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Signal Flow Graph of one Backoff Stage

= Backoff state for stage i
= Backoff counter probability
= Contention Window

= Delay operator




Simplified Signal Flow Graph #1




Simplified Signal Flow Graph #2

-G

G@)-1-G" @l —~

1- G( )
Bi1 Bi
| B, = Backoff state for stage i ,
' p; = Backoff counter probability
W = Contention Window |
4 = Delay operator .
' G(z) = Delay Generation Funkction
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Signal Flow Graph of the Frame Delay

' B, = Backoff state for stage i

E = Error state

' F = Final state :

' G(z) = Delay Generation Function for stage / :
= Maximum of retransmissions '

= Backoff window is doubled m-times
= Collision probability

= Transmit state
= Delay operator
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Results: CDF of the Frame Delay

(Best Case Scenario, 64QAM 3/4)

Parameter Value
aSlotTime (5 o7) short = 9 us
1.0 : : aSIFSTime (Tgps) 16 ps
N=10, RTS/CTS, Analysis - aPHY-RX-START-Delay 25 ps
N=50, RTS/CTS, Analysis aPreamblelength 16 pus
N=100, RTS/CTS, Analysis SERVICE size 2Byte
08l . _ | TAIL size 6 bit
N=10, RTS/CTS, Simulation MAC header size 32 Byte
N=50, RTS/CTS, Simulation / PSDU size 1500 Byte
N=100, RTS/CTS, Simulation IS RTS size 182 Byte
7 P CTS size 134 Byte
= 061 y s | ACK size 134 Byte
I / T N 10, 50, 100
Vv / g aPLCPHeaderLength 4 us
X / . CRC size 4Byte
(o'l | -
0.4} y 7 m 5
/ !.f" k (dotl1ShortRetryLimit) 7
= Distributed Coordination Function
02r = Medium Access Control
- | = Orthogonal Frequency Division Multiplex
= Point Coordination Function
. . . = Physical Layer Convergence Procedure
00(.)000 0.005 0.010 0.015 0.020 = PLCP Service Data Unit
Frame delay [s] . .
= Service Access Point
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Analytical Results: RTS/CTS, Basic Access

(Best Case Scenario, 64QAM 3/4)

Ji /
— N=10, RTS/CTS, Analysis
—— N=50, RTS/CTS, Analysis
0.25F —— N=100, RTS/CTS, Analysis
—— N=10, basic, Analysis
— N=50, basic, Analysis
0.20f --- N=100, basic, Analysis

1 other successful transmission
|

2 tagged collision/other RTS collision

0'(9.8000 0.0&)05 O.O(IJIO 0.0(|)15 0.0020
Frame delay [s]
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Conclusion & Outlook

Conclusion
e DCF Overview
e Signal Flow Graph Model of 802.11 DCF
— Signal Flow Graph Reduction
e Frame Delay Distribution
— RTS/CTS
— Basic Access

Outlook

« Arrival process for user data blocks
(VolP/Video)

e Dynamic choice of MC due to
perceived FER

e Multihop transmissions ! FER = Frame Error Rate

= Coexistance of concurrent systems : MC = Modulation and Coding Scheme :
. + MP = Mesh Point '
(Interference Modeling) |

+ STA = Station
B e




Thank you for your attention !

Ralf Jennen
jen@comnets.rwth-aachen.de
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Backup Slides

| haven't lost my mind -- it's backed
up on tape ... somewhere.
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IEEE 802.11a

ID IEEE Standard for Information Technology-Telecommunications and |
! Information Exchange Between Systems-Local and Metropolitan Area
Networks-Specific Requirements - Part 11: Wireless LAN Medium Access :

|
L Control (MAC) and Physical Layer (PHY) Specifications, S, 12 2007, |
N R :
Data Link | —m——<< >—MAC__SAP PCF | DCF Dlstrll?uted Coordination :
Layer | Function :
MAC Sublayer ' MAC = Medium Access Control i
_____________ DCF . OFDM = Orthogonal Frequency Division
PHY_SAP Multiplex
_ PLCP Sublayer ' PCF = Point Coordination Function |
Physical L | ' PLCP = Physical Layer Convergence i
Layer i Procedure !
| PSDU = PLCP Service Data Unit !
' SAP = Service Access Point |
< PLCP Header i
Rate | Reserved | LENGTH Parity Tail Service Tail :
(4bity | (@bity | (A2bit) | @bit) | @bit) | (16bit)y | "°PY | (6biry | F2d Bits
""" Coded/OFDM | Coded/OFDM
~~~~~~~ (BPSK, r=1/2) | (rate is indicated in signal)
PLCP Preamble Signal Data
(12 Symbols) (1 OFDM Symbol) | (Variable Number of OFDM Symbols)

T
TN S 1
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