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802.11

Equipment Operation Modes

m A wireless station m Two network architectures
usually a computer are defined:
equipped with a 802.11 PC Infrastructure mode
Card, PCI, or ISA NICs, or Ad Hoc mode

embedded solutions in non-
PC clients (such as an
802.11-based telephone
handset).

m  An access point (AP)

a bridge between the
wireless and wired
networks.
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Ad hoc Wireless Networks
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Ad hoc Wireless Networks
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WLAN Throughput ...

m Basically it is a multi-access network —
medium access control 1s needed.

m Depends on several factors, including
the number of users
microcell range
Interference
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Distributed Coordination
Function (DCF)

m Also known as Carrier Sense Multiple
Access with Collision Avoidance
(CSMA/CA) .

m [he fundamental access method of 802.11
MAC

m A random backoff time following a busy
medium condition.

m Immediate positive acknowledgement.

Copyright 2005 Yeali S. Sun. All rights reserved. No part of this document
may be reproduced, stored in a retrieval system, or transmitted in any form,
VG 8 of 52 or by any means without the prior written permission of the author.



InterFrame Space (IFS)

IFS - A time interval that a STA must wait before transmitting
a frame

Four IFSs are defined

VG 9 of 52

DIFS (DCF)
for frames sent in Contention Period (CP).

SIFS (short)
For control frames like ACK.

EIFS (Extended)
for frame retransmission.

SIFS <DIFS <EIFS
The shorter the IFS, the higher the priority to access WM.

The IFS timing is independent of the STA bit rate.
It is fixed for each PHY.
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Four Interframe Spaces
(IFSs)

Immediate access whan medium is free »= DIFS
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, DIFS DIFS
Contantion Window
() PFs.| & "
(3)

, IF T Tl
Busy Medium H IE.'.?I::I::t:\fl'—".r‘h“|nr.l«:\\‘v.'»' / Next Frame

- Slot tlmg
Defer Access Select Slot and Decrement Backoff as long
-t as medium is idle

(2)
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Data Transmission and
MAC-level Acknowledgment

m  Immediate Positive ACK frame for error detection

m Retransmission for error recovery
Source Destination Others

DIFS |
I NAV:
Defer Access
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CSMA/CA Protocol

m Carrier sense

When a node has a packet to transmit, it first listens to
ensure no other node Is transmitting

m Collision avoidance
If the channel is clear, it chooses a random "backoff
factor”.
During periods if the channel is clear, the node
decrements its backoff counter.
When the backoff counter reaches zero, the node
transmits the packet.

The random Backoff factor i1s used to minimize the
probability of collision.
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CSMA/CA Protocol (cont'd)

m Collision is unavoidablel!
binary expotential backoff of CW range

m In DCF, every STA computes its own backoff
time -
Backoff time =INT(CW*Random())*s/ot
fime
CW (Contention Window)

= An integer between [CW i, CW, .., ]
= Initial CW_;,=7 and Cw,,,,=255 .

Random(): a number within 0 and 1.
INT(X): the largest integer <= X.
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Why Collision Avoidance ...

m Collision detection, as i1s employed in Ethernet,
cannot be used for the radio frequency
transmissions.

When a node is transmitting it cannot hear

any other node in the system which may be
Transmitting.

I'ts own signal will drown out any others
arriving at the node.
= Since the probability that two nodes will choose
the same backoff factor is small, collisions
between packets are minimized.
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Collision and Retransmission

m i A e aSTAR B #-backoff times 2 0pF » &
STAg [ Eﬁf?;ﬁ%J H Frame » 14 53¢ 4 collision > ig ¥ iz
% BESTA¥H % 4 foFramess #-1z 4 IAcK -

m % 4 collision{s » STA#-i& » Retransmissionf# £x » 1o &
iz STAE » contention window = & % {F enl FSpF [ -5
~EIFS -

m H 2+ 5 backoff timesnCW % #ics #-% 5 7 & o

m £ ¥ % - = Retransmission iz % 4 collision > B|CWE %
SRkA R o EFICW= & IICW,, 5 2k o
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Collision and Retransmission
(cont'd)

CW max TN\

m Z - BFrame3 7
collision » CW g eri= &
= )
7,15,31,63,125,255,255,.
5,...) 63

31

-
(4]

CWmin | 7

|

A
L L Third Retransmission
Second Retransmission

— First Retransmission
Initial Attempt

|/

Copyright 2005 Yeali S. Sun. All rights reserved. No part of this document
may be reproduced, stored in a retrieval system, or transmitted in any form,

VG 16 of 52 or by any means without the prior written permission of the author. YLS-March 2005



‘ Frame Backoff time Collision

CW=1bH

B 16ms| 19ms | /ms

C 9ms

CW=15

D 16ms| 23ms 21ms |

E 18ms | oms | 2ms

DIFS DIFS DIFS EIFS
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Backoff in CSMA/CA vs.
Backoff in CSMA/CD

m |[EEE802.11# * «backoffiw & /% £2 A IEEE802.37 *7i¢
* ebackoffix & £ L ~ F H_4p &7 (exponential backoff
for retransmission)

m 3 FE A e 3 A3CSMA/CD® > £ ASTA% 4
collisionfs 4 fz#-backoffiw & ;= - m = CSMA/CA*® -
= BSTA &% 2 collision= i&;‘;{ ‘= backoff:# & ;2 o

m CSMA/CA"¥ L3 (7backoffi# & 2 & 1 & 1P SR
# o collisionsy 4 a5 > F] 5 frwirelessik 5
collisioneng | % % % F {7 o ﬁ'mi—CO”ISIOH"TM R f
A S 1EY jxgij LA wIiredfFR T < 0 FP RS R
collisionz 24 -
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