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WLAN  Usage is Changing

ÅApplication demands for WLANs are changing

ïMany new types of devices : smart-phones, 
handheld a/v, media servers, set-top boxes

ïNew contexts: Hospitals, manufacturing, enterprises

ÅPrioritization:  devices and users

ïNew classes of app traffic:

ÅBulk:  file server, backups

ÅTime-critical: video conferencing, VOIP, sensor telemetry



²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ ŎǳǊǊŜƴǘ ²[!bǎΚ

ÅThey do not support rapid innovation

ïMuch too difficult to deploy innovations

ÅProtocol changes => Must go through lengthy 
standardization process

ÅAP only changes => Easiest for single vendor environments

ÅClient changes => Must update many device drivers

ïReal-world experimentation is very hard

ÅE.g, new rate control algorithm

ïSite-specific customization is rare

ÅSpecific to physical environment

ÅSupport for administrative policies



802.11 Standardization Pains

802.11e : QoSenhancements

Proposal ςJan 2001

Approval ςNov 2005

Support in clients drivers ςgradual, but 
widespread today

Widespread Deployment - ???



Our Goals

ÅDesign new architecture to make WLANs 
extensible

ïFast rollout of new algorithms

ïEasy for real-world experimentation

ïEasy to customize 



ÅLots of smarts built-in to the clients 
ïEach vendor implements their own algorithms

ÅLocal observations and little coordination =>
sub-optimal usage of wireless spectrum

A Closer Look at 802.11 WLAN Clients

Rate Adaptation

TxPower Control

BackgroundScanning

APSelection (Associations)

HiddenTerminal 
Protection



Progression of WLAN design

The move towards centralization

ÅFat APs: operate independently, 
limited coordination

ÅThin APs ςcentrally managed 
[Aruba, MeruΣ /ƛǎŎƻΣ Χ ϐ 

ÅDenseAPςco-opt intelligence 
from clients [NSDI 2008]

ÅOur approach: push this trend 
further



Trantor1

Our approach to extensibility:

ïSeparate policies from mechanisms

ïaƻǾŜ άŀƭƎƻǊƛǘƘƳǎέ ƛƴǘƻ ƭƻƎƛŎŀƭƭȅ ŎŜƴǘǊŀƭƛȊŜŘ 
infrastructure

ÅDefine low-level interface to APs/clients

ÅMove beyond the constraints of current 802.11

ïLeverage global and historical knowledge

ÅImprove efficiency of the wireless network

ï²ŜΩǊŜ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ōǳƛƭŘƛƴƎ ƛǘ

1Named after the ruling planet of the first Galactic Empire as described 
by Isaac Asimov in the Foundation series.



TrantorDesign Guidelines

ÅWireless technology is evolving rapidly 
ï5ƻ ƴƻǘ ŘŜǎƛƎƴ Ƨǳǎǘ ŦƻǊ ǘƻŘŀȅΩǎ ǇǊƻōƭŜƳǎ

ÅMost, if not all, authority should rest with the 
infrastructure
ïWhat channel to send on, what rate to use, which AP to use, 
ǿƘŀǘ ǇƻǿŜǊ ƭŜǾŜƭΣ Χ

ïFlexibility, easily leverage global knowledge

ÅNodes with 802.11 packet format and CSMA
ïEverything else is reconfigurable
ïBackwards compatibility is not an explicit goal



Understanding the Design Space

Intelligence in 
the infrastructure

Flexibility of 
underlying 
hardware

SDR

OTS 802.11 
WLANs

DenseAP

Trantormadwifi
+ HAL

Ideal

Thin APs



TrantorArchitecture

Central Controller

db

Infrastructure
Rate Adapt.

TxPower

Associations

Mobility

Channels



Identifying the interface between 
the controller and all wireless nodes



Re-examining a Wireless Card

ÅWhat are the most basicprimitives of a wireless card?
ïSendpacket and receivepacket

ÅWhat key parameters affect these primitives?

ÅWhich policies are hardcoded into wireless drivers?  

ÅDo the parameters provide enough control to migrate 
policy into infrastructure?
ïE.g.: Rate adaptation,  association



Proposed Command Set

4 categories of commands

ÅActions: Set parameters and/or perform action

ïApply to all wireless nodes: APs and clients

ÅAP Actions: Paramsand/or actions only 
meaningful to APs

ÅMeasurements

ÅActive Probing



Primitives

Send Packet

Receive Packet

Command Set Examples

Transmit Power

Data-rate

Packet size

SIFS/DIFS

Slot Length

CCA

Re-transmissions

CRC checks

ACKs

CWmin, CWMax

Contention time

Loss rate

RSSI

Measurement Action

Clock-rate/
Channel width

Receive Thresh.



What responsibilities do 
wireless nodes retain?

ÅWhen to transmit (CSMA)

ÅWhat to transmit (mixed responsibility)

ÅReceive and execute commands from the infrastructure

ÅLocal statistics collection
ïFor passive stats, and for active probes

ÅReporting statistics to the infrastructure



Example Applications



Traffic classification and prioritization

ΧΧ

VoIP client

ΧΧ = VoIP client
= Bulk clientΧΧ

Flow classification

Traffic monitoring

ΧΧ

ΧΧ

Bulk client

DIFS

ACKs

Data-rate

Infrastructure only Wireless node only

ΧΧ

Associations



Mobility

ÅWi-Fi enabled handheld 
devices are bring new 
apps to WLANs

Å VoIP calls, 
streaming videos, 
video conferencing

Å Avoiding dropouts during 
handoffs is critical for 
these apps

Å Solution: exploit 
historical observations to 
learn handoff timing

Å Limited number of 
walking paths (hallways) 
though typical buildings

db



Strategy #2: Change rate for offending node  

18 Mbps

Strategy #1: Change node association 

Addressing Rate Anomaly

54Mbps

6 Mbps

36 Mbps


