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1. Introduction
*Objective
—Improve WLAN performance by efficiently

assigning channels to Access Points (APs) 1n
the WLAN

*Motivation
—WLAN densities and traffic are increasing

—Channel assignment significantly affects
wireless performance

—Essential to develop automated channel
assignments as topologies become more
complex

*Open 1ssues

—To what extent is the quality of channel
assignments improved by incorporating traffic
demands?

Qur work

—Develop tratfic-aware channel assignment in
wireless LANSs

—Extend 1t to work for predicted demands

2. Related Work

*Traffic Engineering
—Network Provisioning
—Route Optimization

eCampus/Enterprise WLANS
—AP-centric approaches

—Client-centric approaches

*Multi-hop mesh networks

—Frequency hopping (SSCH) or multi-radio
approaches

3. Traffic-agnostic Metrics

*Traffic-agnostic, client-agnostic channel

separation
if Distance(1,]) < Interference_Range:
Separation(1,]) =
Min(l Chan_i1— Chan_j [, 5)
else

Separation(1,j)) = 5
max E separation(i, )
i,iEAPs
*Traffic-agnostic, client-aware channel
separation

max E separation(i, j)
i,  €EAPsUClients

4. Traffic-aware Metrics

eExtend channel separation to be traffic-
aware by weighting separation based on
demand

—S 18 send demand and R 1s received demand
W, 5= S, S;+5," R, +§5," R,
*Traffic-aware, client-agnostic

max EWL ; X separation(i, j)
i,jEAPs
eTraffic-aware, client-aware
max EWU X separation(i, J)

1, JEAPsUClients

5. Channel Assignment
Algorithms

*Optimizing channel assignment 1s NP-hard
*Use simulated annealing to optimize the
channel separation metric
—Initialization algorithm inspired by Chaitin’s
approach to registration allocation

—Key: Assign APs with fewer interfering
nodes first and thus defer the assignment
of APs with more interfering nodes

—Simulated annealing iteratively improves
upon the 1itial solution

6. Simulation Methodology

*Synthetic scenarios
—50 APs, 200 clients; 15 random topologies

—Uniform demands and hotspots demands

*Trace-driven stmulation
—Traces from Dartmouth College 2004

—5 minute intervals, traces include SNMP
statistics and number of active clients

—Traffic demands scaled, per interval, to
increase network utilization

—Focus on intervals with > 50%
simultaneously active APs

eSimulation setup

—Aggregated UDP system throughput used to
quantify results

—Utilizes an oracle to obtain tratfic demands

/. Synthetic Scenarios
*Traffic-aware assignment 1s most beneficial
for hotspots traffic
*Client-aware approach superior to unaware
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8. Trace-Driven Scenarios
*Traffic-aware approaches can improve
throughput by up to 40%

*Better metrics can further increase the
benefit of traffic-aware approaches
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9. Traffic-Awareness in Practice
*Traffic demand prediction algorithms
(below) are necessary since the oracle 1s
impractical

—Exponentially-Weighted Moving Average
of Demand (EWMA):

Pred(t)= weActualt- 1)+ (1-w)*Pred(t- 1)

—Optimal for the previous N time intervals
(PREV N)
—Optimal over the peak demand in the last N
time windows (PEAK N)
*EWMA usually within 5% of oracle’s
performance
*Traffic-aware channel assignment based on

predicted demands seems promising
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10. Testbed Evaluation

*Evaluate traffic-aware assignment in a
testbed of 6 APs using 802.11g

Hand-selected demands for channel
assignments

*Observed up to 96.56% 1mprovement 1n
UDP throughput and 102.04% improvement
in TCP throughput

*Larger improvement for more imbalanced
traffic

Normalized Traffic UDP TCP
Demands Increase ||ncrease

1.0,0.3,0.3,0.5,0.5,0.3 |7.0% -4.4%

0.6,0.2,0.9,0.6,0.2,0.9 [18.25% |24.43%

0.0,0.0,1.0,1.0,1.0,1.0 51.1% 56.23%

0.2,0.0,0.5,0.2,0.2, 1. 32.23% |37.61%

0
0.0,0.0,1.0,0.0,1.0,1.0 [50.19% |50.93%
0.0, 0.0, 1.0,0.0,0.0,1.0 ]96.56% |102.04%

10. Summary

Contributions

—Establish the potential benefit of traffic-
aware channel assignment

—Develop a practical traffic-aware assignment
approach

Future Work

—Take advantage of partially overlapping
channels

—Develop a complete system and gain
operational experience




