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Based on a throughput Model...

* Following Bianchi's model [1]
2
T AW+ W D0 (2p)

Per slot, per-
station tx prob.

« Were W is CM,,,,, m is defined such that
CW, ., =2™CW,,,, and p is given by

p=1—(1-7)"
\ Number of
stations

(Conditional)
collision prob. /
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There is an optimal point of operation

 Bianchi’s seminal work: in saturation

1 \/ 2 1,
Toot = —
Pt T 1.
* Optimal tx probability depends on

— Number of stations

— Empty slot length
— Busy slot length
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Performance (802.11b, 1500 B)
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Previous works

* Adjust the CW based on conditions

— Many stations: increase the CW
— Few stations: decrease the CW

* Two types of solutions

— Centralized approaches (e.g., [3-95]) — AP
computes the configuration and distributes it
(now a standard feature)

— Distributed approaches (e.g., [6-8]) — stations
compute their configuration independently —
suitable also for ad-hoc mode
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* Require modifications of the hardware
and/or firmware

« Based on heuristics

* Their performance has not been assessed
in a real deployment
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Control Theoretical Schemes

CAC and DAC
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Motivation, revisited

* Bianchi's seminal work [1]: in saturation

1 \/ 21,
Topt = —
opt n Tc
* This results in a “constant™ (conditional)
collision probability

n—1 — ./ 3ie
poptzl_(l_Topt) ~1—e te
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Centralized Algorithm: CAC

» Use this popt as a reference signal
— No need to estimate the number of stations

%” ) A
\

popt )
= Controller CWin
STA 2
+
Pobs | z' |e«—{ Sniffer
& STA 1

“If collision rate is higherthan in ideal case, everyone then
increasesthe CW —> decrease activity”

WLAN
(Controlled System)
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Simulation: it works!
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« Alarge /K, K} setting yields unstable behavior

- Asmaller {K,K,} setting gains stability butinduces slow response
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Distributed Approach: DAC

A different (more challenging) approach to
performance optimization

— Each station computes its own configuration by
observing the current conditions -

* Motivation
— No need for signaling
— Eliminate single point of failure Q
— Can operate without an AP sw
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Challenge: fairness at risk

« Target solution

-
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« One CAC per station: CW(i) o< e(i) = p(i) — popt
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DAC: two error terms

* First term ensures that the collision probability in the
network is driven to the optimal value:

A

€opt (1) = D(2) — Popt

“If the collision rate that | see is higherthan the ideal, increase
the CW -> contribute to decrease the total activity rate”

« Second term ensures that each station suffers the same
collision probability:

efair(i) — ]3(’&) T p(Z)

“If other’s collision rate is higherthan mine, increase
my CW -> decrease my activity rate (other’s collisions)”
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Distributed Approach: DAC
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 Distributed implementation, but building on the
same vision of the WLAN
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Simulation: it also worked
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From theory to practice
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Test-bed
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Devices

Soekris net4826-48 devices
— Atheros AR5414-based 802.11a/b/g card
— Gentoo Linux OS (kernel 2.6.24), MadWifi v0.9.4
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CAC: Validation — real-hw limitations
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DAC: Validation

Collision probability
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Test-bed
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Total UDP throughput
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TCP transfers (10 MB) — non sat.
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Throughput and Fairness vs. #stations
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Per-station UDP throughput
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Throughput vs. SNR
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Background, I
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“Ideal” Collisions

* Assumption: in case of simultaneous

transmissions, all frames are lost

STA1 > m < STAZ2

STA 1 Preamble Data (1)

STA2 Preamble Data (2)

AP
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Real World: Capture effect

* Real life: many times, a frame “survives”

(i.e., “captures” the medium)

STA1 -——»//<;>\\< STAZ2
STA 1 Pmambb| Data (1) ’

STA2 T .

AP Pmambb| Data (1)
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Capture effect: issues

* One station “sees” a failure
— Lack of ACK

 The other station and the AP: success
— Couldn’t detect the other one

» Consequences
— Uneven distribution of resources
— But improved throughput
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Back to the results
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Throughput vs. SNR
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Capture effect: DAC

« Each station computes its own CW
(increased if error increases)

* Error term 1: Optimal point of operation

/N .

Copt (7/) — p(Z) — Popt

 Error term 2: Fairness between stations

efair(i) — ]3(2) _ p(Z)

\ The higher the
SNR, the
smaller it gets
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Throughput vs. SNR
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« CAC and DAC: two schemes to adapt the
CW to optimize performance

— Based on analysis (vs. heuristics)
— Distributed: need to account for fairness

 Tested with real-life devices

— DAC suffers from link heterogeneity

* Inherent to any scheme? (Without explicit
communication between stations)

— CAC works for sat. & non-sat conditions
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