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Rethinking indoor wireless design

A Unlicensed TV bands available
I Recently approved in US
I Several 100s MHz avalilable

A Q: Should we use TV bands for indoor wireles:
A Q:How to design indoor wireless in TV bands’



FIndings

A Low is lovely
I Low power, low frequency: good for indoor wireles

A Full duplex in single band is possible
I Bullt a prototype to demonstrate feasibility

A Novel network design for fuluplex network

I Propose network design that eliminates hidden
terminals and mitigate fairness problems
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Shortcomings oWiF

A Higher frequency => lower propagation

I Higher signal absorption indoors
A Nonruniform coverage

I LOS links significantly longer than NLOS links
A Unpredictable interference patterns

I Hidden and exposed terminals

A High transmit power




Can We Do Better in Low Bands?

A Experimental setting:
I WIFL 802.11a, 5GHz, 5aW TX power
I Low:CDMA, 530 MHz, 0raW TX power
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100x Less Power => Similar Performar
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Some case Low
outperformsWiFi

Low does not
have long links




Benefits of Low Frequency

A Extended coverage
A Lower transmission power
A Uniform propagation

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

50
A Multi-access channel 4

A Successive IC
I Decode strongest user = ,,
I Subtract from signal ©
I Repeat until all decode

50



Seltinterference (Sl) Cancellation

A Fulkduplex in single band
I Use interference cancellation to cancel Sl.
I Residual selinterference RSk<SI

A Practical problems

I Residual error stronger than sign&R3>>SIGNAL
I Strong signal can cause saturation of RF frontend



A LyrtechSFF SDR board:
" TV bands (40000 MHz)
- Max power 0.GmW

- 802.11b QPSK CDMA (20MHz pvv)
|

Testbed

Separate TX and RX antennas, 10cm apart
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Our Solution

A Use low transmit powef( M Y 2 0
i SelfA y 0 S NF S NXBfrddver yhite nbisep p
A Analog cancellatiorfcurrently implemented):

I Cancel interference in analog before saturating AL
I Cancel$30 dB

A Nullingantenna(work in progress):

I Use antenna that can null the signal in a direction
of the receiver antenna

I Cancel$25 dB



Analogue Cancellation

A Subtract the signal in analog before RF

A Use offthe-shelf noise canceller
QuellanQHx220

A 30dB of cancellation
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Performance Discussion

A Link AB, lengthl, powerP, RXTX antenna
distanced, SNR, = SN —“/N




Performance Comparison

A What is the maximum SNR (link length) at whi
full-duplex ik times better than halduplex?
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4) Novel network design
for full-duplex network



Our Key Observation:
FullDuplex Can Synchronize Network

A Concept oflual link (cancel own interference):

A

»—B

A Hidden nodes removed:ink AB is always
protected from hidden nodes

A Exposed nodes mitigatedncrease spatial
reuse through explicit synchronization

A Symmetric traffic not required




ContraFlow MAC for Fultuplex

Two novel MAC design points:

A Create dualink patterns to prevent hidden
terminals and maximize spatial reuse

A Increase access when starved (unlike DCF)
Access probability per duéihks




Dual Links

B
A < - 7 S

PRIMARY >
SECONDARY

A Primary and secondary transmission

A Primary receiver B initializes
secondary transmission

A If no packet available, send busy tone



