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Internet of Things (10T) connected devices installed base worldwide
from 2015 to 2025 (in billions)
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Wi-Fi Alliance: surpass 15 billion by end of 29_6
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Why 1s Wi-FiI Power Consuming?
- ANrEa

Power scaled
with Moore’s law
O(10 uWw)

N

>
Digital Analog
(Baseband) (RF)

No such scaling
O(100 mW)
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Passwe Wi-Fi

e b I
|dea: Use only digital baseband

Backscatter
Single signal
Plugged-in Passive |
Device Device Commodity
N receiver

-

NSDI '16 Passive Wi-Fi: Bringing Low Power to Wi-Fi Transmissions Page.7
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OFDM |5 POPULAR SCHEME
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802.11g PHYSICAL PARAMETTERS
e A .

52 subarriers
(48 Data, 4 Pilot (BPSK), 1 Null)
=26 71 -7 i 7 21 +26
802.11g OFDM PHY Parameters
Bw 20 MHZ
| OBW 16.6 MHZ
Subcarrer Spacing 3125 Khz [20MHz/64 Pt FFT)
Information Fate B0 201 8/ 24/36/48/54 Mbits/s
Modulation BPSK,_QPSK,_16QAM,_64GAM
Coding Rate 1/2, 23, 3/4
| Total Subcarriers §2 (Freq Index -26 to +286)
Data Subcarriers 48 — OBWI166 MHz ——— &
Pilot Subcarmers® 4 (=21, -F, +7, +21 ”
*Always BPSK } ) BW 20 MHZ s
DC Subcarrier Mull {0 subcarrier) One Subcarrier = 1 constellation point
1 OFDM symbol = 52 subcarriers
1 OFDM Burst = one or more OFDM symbols

802.11g OFDM Physical Parameters
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OFDM symbol

Backscatter
signal
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OFDM symbol

Backscatt
Sig
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¢ MSDU >
preamble + header MAC header downlink data pseudo data(sending clear wave) tail and pad bits
< PSDU = MPDU >
< PPDU >
Set up link For backscatter
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Transmitter Receiver

T-R coordination

Subcarrier
allocation

Carrier generate

Synchronization

Data acquisition

N
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MORE CAPACITY

= OFDMA system
= CSMA/CA
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e B
= Packet mode method of multiple access method

using in Wi-Fi.
= Coexistence with other ISM devices.

* Medium sensing is power hungry =2 transmitter
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MORE CAPACITY

e —"N b

= OFDMA system
= CSMA/CA

= Cognitive radio
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= Flexible clock =2 PLL

= Also sensing medium (allocation) =2 transmitter

Flash and antifuse technologies
IGLOO low power PLL 5SuW
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EVALUATION
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& Agilent  18:38:18 05-11-2017

2.42025GHz
Ref 5.15dBm Atten 25dB -44.91dBn
Log
10
Jfdiv

T I0 .
A420248913GH:  ; il
|

Stop 2.450GHz
Sweep 10.00ms |

Start 2.400GHz
: YBW 300.0kHz
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FUTURE WORK

Jans— A

* Joint debugging =2 communication performance
* |C design=> power consumption

= REAL OFDM backscatter
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OUR CONTRIBUTION

AFa L
= 1.Introduce the first OFDMA backscatter system.

= 2.Conbine several techniques for low frequency band
occupation.

= Frequency shifting backscatter; single side band; bi-directional
communication.,

= 3.Design a network stack frame to implement.
= Cognitive radio; CSMA/CA.

= 4 Build a prototype based on commodity devices.
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COMPARISON

A% e .
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ANEEa
System Passive Wi-Fi[1] Backsiziter[z] HitchHike[3] Badggt'er[ 47 Our system

Throughput (Kbps) 1000/11000 50 200/300 2000 100/250
Range (m) 30 3.6 54/34 27 20
Power consumption (uW)  14.5/59.2 45 33 28 ~ 30
Capacity (/channel) 1 1 1 1 48

Band occupation 1+1x 2 2 1+1x 1

Mirror signal Y Y N N N
Commodity device N Y Y Y Y

*1+1 means besides the channel frequency band occupied by the data signal the system also occupies

another frequency band for the original signal.
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