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Rethinking indoor wireless design

ÅUnlicensed TV bands available

ïRecently approved in US

ïSeveral 100s MHz available

ÅQ: Should we use TV bands for indoor wireless?

ÅQ: How to design indoor wireless in TV bands?



Findings

ÅLow is lovely

ïLow power, low frequency: good for indoor wireless

ÅFull duplex in single band is possible

ïBuilt a prototype to demonstrate feasibility

ÅNovel network design for full-duplex network

ïPropose network design that eliminates hidden-
terminals and mitigate fairness problems
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Shortcomings of WiFi

ÅHigher frequency => lower propagation

ïHigher signal absorption indoors

ÅNon-uniform coverage

ïLOS links significantly longer than NLOS links

ÅUnpredictable interference patterns

ïHidden and exposed terminals

ÅHigh transmit power



Can We Do Better in Low Bands?

ÅExperimental setting:

ïWiFi: 802.11a, 5GHz, 50 mW TX power

ïLow: CDMA, 530 MHz, 0.5 mW TX power

95 m

18 m



100x Less Power => Similar Performance

Some case Low 
outperforms WiFi

Low does not 
have long links



Benefits of Low Frequency

ÅExtended coverage 

ÅLower transmission power

ÅUniform propagation

ÅQ: Given low TX power, can we do 
full-duplex in a single band?
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Interference Cancellation (IC)

ÅMulti-access channel

ÅSuccessive IC

ïDecode strongest user

ïSubtract from signal

ïRepeat until all decoded
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Self-interference (SI) Cancellation

ÅFull-duplex in single band

ïUse interference cancellation to cancel SI.

ïResidual self-interference  RSI<< SI

ÅPractical problems

ïResidual error stronger than signal (RSI>> SIGNAL)

ïStrong signal can cause saturation of RF frontend
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Testbed

ÅLyrtechSFF SDR board:

ïTV bands (400-900 MHz)

ïMax power 0.5 mW

ï802.11b QPSK CDMA (20MHz BW)

ïSeparate TX and RX antennas, 10cm apart



Our Solution

ÅUse low transmit power (ҒмƳ²ύ

ïSelf-ƛƴǘŜǊŦŜǊŜƴŎŜ {L Ғ рр dBrn(over white noise)

ÅAnalog cancellation (currently implemented): 

ïCancel interference in analog before saturating AD

ïCancels Ғ30 dB

ÅNullingantenna (work in progress):

ïUse antenna that can null the signal in a direction 
of the receiver antenna

ïCancels Ғ25 dB



Analogue Cancellation

ÅSubtract the signal in analog before RF

ÅUse off-the-shelf noise canceller
QuellanQHx220

Å30dB of cancellation



Performance Discussion

ÅLink A-B, length l, power P, RX-TX antenna 
distance d, 

ÅHalf-duplex(time sharing):

ÅFull-duplex(   fraction of interference cancelled)

Increases 
with SNR

Independent of SNR, 
decreases with frequency



Performance Comparison

ÅWhat is the maximum SNR (link length) at which 
full-duplex is k times better than half-duplex?
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Our Key Observation: 
Full-Duplex Can Synchronize Network

ÅConcept of dual link (cancel own interference):

ÅHidden nodes removed: Link A-B is always 
protected from hidden nodes

ÅExposed nodes mitigated: increase spatial 
reuse through explicit synchronization

ÅSymmetric traffic not required



ContraFlow: MAC for Full-duplex

Two novel MAC design points:

ÅCreate dual-link patterns to prevent hidden-
terminals and maximize spatial reuse

ÅIncrease access when starved (unlike DCF)
Access probability per dual-links



Dual Links

ÅPrimary and secondary transmission

ÅPrimary receiver B initializes 
secondary transmission

ÅIf no packet available, send busy tone
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