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But are we ready for this future?
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mmMWave Backscatter for Massive

mmWave
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mmWave backscatter
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We present. OmniScatter
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to 900MHz RFID at practical settings ; hiee
Communication range up to 50m Compatible with commodity radars

Without beamforming (24 and 60Ghz)



Challenge: High loss

loss o f?

Y Low power | | @|
Backscatter

High mmWave + Backscatter
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FMCW Radar has the Potential

Coding Gain
Wide BW (Power Boost)
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FMCW Limitations |




Our Contribution




FMCW

HD-FMCW vs. FMCW
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FMCW

HD-FMCW

HD-FMCW vs. FMCW _

Frequency

Frequency

/ ‘

Time
Period T
W
Time

Building -..

Tree {
<20 1)
g ¢ Q () 9 Q® Q
[
S
210
=3
<Et XX

0 1 I 1

0 1 2 3

Frequency (MHz)

Tree Building --
> 60 Tag
E ¢ 0o 9 o0 0 0 o
© 40 | 1
-g — JHZ
= T
2 20 | >
& ‘XX
< laYall WaVall Wal faYall WaVal lNaVaN NaVaN NaV N WaVa

0 1 2 3

Frequency (MHz)



Frequency

HD-FMCW vs. FMCW

HD-FMCW
Period T

N

s(t) = c(t) » Z _8(t—nT)

N repititions

Time



HD-FMCW vs. FMCW

Clutter Noise
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Tag Signal



HD-FMCW vs. FMCW

Clutter Noise
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HD-FMCW vs. FMCW
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HD-FMCW vs. FMCW
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Amplitude (V)
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HD-FMCW vs. FMCW
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Are we there yet?
Our Goal

Massive Connectivity

High Definition- Coordination-free
FMCW FDMA

-115dBm Sensitivity Scale to 1000+ tags




Coordination-free FDMA
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Coordination-free FDMA




Coordination-free FDMA
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Coordination-free FDMA
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(i) Short channel distance
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Coordination-free FDMA

Collision? - Unlikely!

(i) Short channel distance
(10.7mm)

(i) 100+ bins in each channel




OmniScatter Network Configuration
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Tradeoff between
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OmniScatter Network Configuration
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OmniScatter Network Configuration
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OmniScatter Network Configuration
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OmniScatter Network Configuration
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Omniscatter Implementation

Commodity Radar
(24 GHz)
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Omniscatter Implementation

Custom Tag
(24 GHz)
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Retroreflective Tag
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Evaluation: Practical Office Deployment

SNR
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Evaluation: Practical Office Deployment
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Evaluation: Large scale (1,100 tags)
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Amplitude (dBV)

Evaluation: Large scale (1,100 tags)
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Conclusion

« We introduce Omniscatter, practical mmWave backscatter

« Extreme sensitivity of -115 dBm
« Works in practical, complex environments
* No beamforming/alignment

* Scales to thousands of concurrency
« 1100 tags @BER ~1.5% (trace driven)



Thank you



