
ECE 6960: Adv. Random Processes & Applications
Lecture Notes, Fall 2010

Lecture 18

Today: (1) Networking Application of MC

• HW 8 due Thursday Nov. 4.

0.1 Bianchi paper

This material supplements and draws heavily from [1]. Terms:

• ACK: positive acknowledgement

• CSMA/CA: carrier sense multiple access with collision avoid-
ance

• CTS: clear-to-send: message type in RTS/CTS method

• DCF: distributed coordination function: the algorithm in 802.11
which is the main subject of this paper

• DIFS: distributed interframe space: how long a station mea-
sures the channel before determining it is idle

• HT: hidden terminal

• MAC: medium access control

• NAV: network allocation vector: the information about what
period of time the channel will be busy due to a RTS/CTS
reservation, used by 3rd nodes to determine when the channel
will be busy

• PCF: point coordination function: alternate (centralized) MAC
algorithm specified in 802.11

• PHY: physical (layer)

• RTS: request-to-send: message type in RTS/CTS method

• SIFS: short inter-frame space: delay between end of reception
and transmission of ACK

Notation:

• σ: slot time size (time needed for any station to detect a
transmission)

• w: integer size of “contention window”
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• W = CWmin: minimum size of the contention window

• CWmax = 2mCWmin: minimum size of the contention window

• τ : probability that a station transmits a packet in slot time.
Determines saturation throughput: “the limit reached by the
system throughput as the offered load increases, ... the max-
imum load that the system can carry in stable conditions.”

• n: number of “contending stations”, i.e., those offering packet
traffic to the network.

• t: integer time (slot number) (stops when channel is sensed
busy)

• b(t): backoff counter (decrements at each time slot)

• i: backoff stage

• m: maximum backoff stage (CWmax = 2mW )

• s(t): backoff stage at time t, in the range {0, . . . ,m}

• p: probability that a transmitted packet collides, i.e., fails.
Assumed constant regardless of backoff stage and backoff counter.

Basic access mechanism: The two-way handshaking technique
defined in the DCF.

Demonstration Exercise. This activity recreates a few millisec-
onds in the life of a 802.11 network running the DCF. For our ex-
ercise, let:

• W = 4, m = 2. Thus the maximum contention window is
length 16.

• Let σ = 1, DIFS = 3, SIFS = 1.

• packet duration P = 20, ACK duration = 3.

• n = 3: nodes A, B, and C. Node A cannot hear node C, and
vice versa. All nodes can hear the access point.

• ACKT imeout = 24.

Each person will “simulate” a station TX/RX or access point.
Other “actors” include the random number generator (the person
who selects random numbers from 0 to 2iW − 1 = Wi− 1), and the
“time counter” who moves time to the next multiple of σ when the
actors are ready.
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The exercise starts by the random number generator presenting
a random number in {0, . . . , CWmin} to each of the station trans-
mitters to use as their backoff counter. Nodes are all in backoff
stage 0 at the start.

Each station comprises a transmitter and receiver. The trans-
mitter’s job is to decrement the backoff counter whenever the re-
ceiver allows it to do so, and then transmit a packet whenever the
backoff counter hits zero. The receiver’s job is to sense the channel
(and thus stop the backoff counter from whenever a packet is trans-
mitted until DIFS after the ACK is finished). After transmitting
a packet, or a collision, the transmitter requests a random number
(ask the random number generator to pick a number out of a hat
according to the backoff stage). The receiver’s job is also to make
sure that an ACK is received within ACKT imeout of the start of
the transmitter sending a packet. If it is not, increment the back-
off stage (up to the maximum stage m) and tell the transmitter to
request a new random number for the backoff counter.

The access point’s job is to listen for each packet; then SIFS
after the end of a packet, transmit an ACK. Unless, of course, two
packets were transmitted at the same time, in which case, neither
packet is received and an ACK is not transmitted.

Whenever your station or access point transmits a packet, hold
up card letting the other players know that you are occupying the
medium. Station A should ignore station C, and vice versa.
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