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dapters that can detect collisions (e.g. E
thernet adapters)
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ensing: listen to the m

edia to determ
ine if it is free

´
Initiate transm

ission as soon as carrier drops

´
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hen defer tim
er expires: repeat carrier sensing and start transm

ission
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ollisions still can occur (interference; incapability of sensing
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E
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 802.11 defines “low

-level” A
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rovides faster error recovery
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akes presence of high level error recovery less critical
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S

ituation that occurs in larger cells (typical outdoor)
´

Loss of perform
ance

´
E

rror recovery required

B
A

C

A
 sends to B

C
 doesn’t detect that, so C

 m
ight also start sending to B

C
ollision of m

essages at B
: both m

essages lost
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M
A

C
 level R

T
S

/C
T

S
 protocol (R

equest to S
end / C

lear to S
end)

´
C

an be sw
itched off to reduce overhead (w

hen no hidden nodes exist)

´
M

ore robustness, and increased reliability

´
N

o interruptions w
hen large files are transm

itted

A
B

R
T

S
: I w

ant to send to B
 500 bytes

C
T

S
: O

K
 A

, go ahead, so everybody quiet

D
ata: the 500 bytes of data from

 A
 to B

A
C

K
: B

 received the data O
K

, so an A
C

K

C
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M
A

C
 level function to transm

it large m
essages as sm
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es (user

definable)

´
Im

proves perform
ance in R

F
 polluted environm

ents
´

C
an be sw

itched off to avoid the overhead in R
F

 clean environm
ents

A
 hit in a large fram

e requires re-transm
ission of a large fram

e
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enting reduces the fram

e size and the required tim
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it

H
it
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´

A
ccess points are set to a fixed frequency

´
S

tations do not need to be configured for a fixed frequency

´
S

tations sw
itch frequency w

hen roam
ing betw

een access points

´
S

tations “associate” dynam
ically to the access point w

ith best signal, on
pow

er on

´
T

his im
plies

´
E

asier configuration

´
F

aster installation
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´
A

vaya W
ireless P

C
 C

ard, dynam
ically sw

itches data-rate
´

F
all back to low

er data-rate w
hen com

m
unications quality decreases

•
out of range situations

•
Interference

´
F

all-back schem
e:

•
11 M

bps, 5.5 M
bps, 2 M

bps, 1 M
bps

´
T

his im
plies

´
O

perating at larger distances

´
R

obustness in R
F

 polluted areas
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A

vaya W
ireless P

C
 C

ard in A
P

-1000 and A
P

-500 is capable
of supporting different data-rates “sim

ultaneously”:
´

e.g. operates at “H
igh” speed in com

m
unication to nearby station and at “Low

”
speed to station that is further aw

ay.

´
D

ata rate capability is m
aintained in “station association

table”

´
S

peed of IE
E

E
 M

anagem
ent - and C

ontrol fram
es use fixed

speed determ
ined as “IE

E
E

 B
asic R

ates”, and controlled by
“M

ulti-cast R
ate param

eter”.
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´
C

ell-size can be influenced by “D
istance betw

een A
P

s”
param

eter:
´

D
istance betw

een A
P

s  =
 Large

 ->
large cell

´
D

istance betw
een A

P
s  =

 M
edium

 ->
m

edium
 size cell

´
D

istance betw
een A

P
s  =

 S
m

all   
 ->

sm
all cell

´
C

ell-size influences capacity per station in the cell
´

sm
all cell physically accom

m
odates sm

aller num
ber of stations than large cell

´
bandw

idth per station in sm
all cell greater than in large cell

´
C

ell size influences data-rate
´

larger distance betw
een station and access-point m

ay lead to low
er data-rate
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ixed applications:

´
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ffice w
orkers:

•
H

igh physical station density

•
H

igh bandw
idth requirem

ent

•
S

m
all cell operating at high data rate

•
D

istance betw
een A

P
s is sm

all

´
W

arehouse operations (such as forklift truck)

•
Low

 physical station density

•
Low

 bandw
idth requirem

ent (transaction processing)

•
Large cell operating at low

 data rate

•
D

istance betw
een A

P
s is large
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´
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 802.11, in-cell relay:
´

S
ingle radio m

odule w
hen used in the A

P
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P
-500 acts as repeater

´
P

rovides cells that are app. tw
ice as large as w

ith pre-IE
E

E
 w

ireless system
s

´
C

om
m

unication flow
s via access-point so overall transm

ission tim
e increases

relative to pre-IE
E

E
 802.11(or direct station to station com

m
unication)

´
T

his im
plies:

´
Larger cell size and consequently less need for access points and

interconnecting infrastructure

´
R

educed perform
ance in peer to peer com

m
unication w

ithin one cell

com
pared to pre-IE

E
E

 802.11



In
-cell R

elay

In
-cell relay:

Larger cell (diam
eter =

 d >
a)

Low
er throughput (data travels

through air tw
ice)

N
o

 in
-cell relay:

S
m

aller cell (diam
eter =

 a<
d )

H
igher throughput (data travels through

air once)

d

a

a
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´
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 802.11, supports pow
er m

anagem
ent:

´
nothing to send: station in sleep m

ode

´
out-bound traffic stored in A

ccess P
oint (out-bound =

 from
 A

P
 to S

T
A

)

´
station w

ake up only for T
raffic Inform

ation M
ap (T

IM
)

´
if m

essages: stay aw
ake to receive them

´
T

his im
plies:

´
P

rolonged battery life

´
Increase usability in hand-held equipm

ent

´
W

orks best in application that have lim
ited bandw

idth requirem
ents

(transaction processing)
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ptional security functionality (factory “installed”)
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E

ncryption based on R
C

4 (1988 R
S

A
 algorithm

)

´
S

tream
 cipher  64 or 128 bits key

´
U

sed by N
etscape, M

icrosoft, O
racle and Lotus (80 m

illion
users)

´
U

sed for data encryption

´
U

sed for shared key station authentication
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D
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´

M
ultiple w

ireless “ports” inside the access-point, to w
irelessly interconnect

cells (access-points connecting to other access-points)
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pre-IE

E
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 802.11, did not support W
D

S
:

´
T

hree ports exist in one access-point (one E
thernet, and tw

o w
ireless cells)

´
O

ne w
ireless backbone extension can be m
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odules in
the access-point)

´
W

D
S

 allow
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´
E

xtending the existing infrastructure w
ith w

ireless backbone links

´
T

otally w
ireless system
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ithout any w

ired backbones, needed in locations
w

here large areas are to be covered and w
iring is not possible
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