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Overview

a Ultra-wideband

Q Zigbee

O mm waves

a Other IEEE 802.15 WPAN activities

2 Body area networks

O
(92]
ok
o1
\I
~
(2]

Washington University in St. Louis ©2008 Raj Jain

e
N



Ultra-Wideband
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2 An impulse in time domain results in a ultra wide
spectrum in frequency domain and essentially looks
like a white noise to other devices
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Ultra-Wideband (UWB)

Power
dBm/MHZz

A
O_

40—

: Cell phones
l"
FCC Part 15 L|m|t = -41 3 dBm/MHz

2 4 6 § 10 'GHz

a FCC rules restrict the maximum noise generated by a wireless
equipment (0 dBm = 1mW, -40 dBm = 0.1 uW)
Q It is possible to generate very short (sub-nano sec) pulses that

have spectrum below the allowed noise level
= Possible to get Gbps using 10 GHz spectrum

U

FCC approved UWB operation in 2002

2 UWB will be used for high-speed over short distances

— Wireless USB

2 UWB can see through trees and underground (radar)
= collision avoidance sensors, through-wall motion detection

0 Position tracking: cm accuracles, Track high-value assets
Washington University in St. Louis ©
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a Sub-nanosecond impulses are sent many million times per
second

0 Became feasible with high-speed switching semiconductor
devices

2 Pulse width = 25 to 400 ps

a Impulses may be position, amplitude, or polarity modulated
2 0.25 ns Impulse = 4 B pulses/sec = 100's Mbps

2 Two leading proposals: DS-UWB and MB-OFDM
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Advantages of UWB

Very low energy consumption: Good Watts/Mbps
Line of sight not required. Passes through walls.
Sub-centimeter resolution allows precise motion detection

Pulse width much smaller than path delay
= Easy to resolve multipath
— Can use multipath to advantage

2 Difficult to intercept (interfere)
2 All digital logic = Low cost chips

2 Small size: 4.5 mm2 in 90 nm process for high data rate
designs
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Direct sequence (DS-UWB)

2 Championed by Motorola/XtremeSpectrum
2 Uses CDMA with multiple chips per bit

2 Chips are encoded using pulse

2 2 frequency bands: 3.1-4.85GHz, 6.2-9.7GHz

2 Spectrum shaping filter can be used to meet differing
spectrum requirements worldwide
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Multi-Band OFDM

2 From MB-OFDM Alliance (MBOA):
2 Originally proposed by T1. Now many companies

2 Divide the 3.1-10.6 GHz spectrum in 14x528 MHz bands
(FCC requires min 500 MHz use for UWB)

A Band Band Band
#1 #2 #3

LY e

3432 3960 4488 f
MHz MHz MHz

2 Simple devices need to support 3 lowest bands

Q Spectrum shaping flexibility for international use
Move off the band if interference

0 Use OFDM with 128 subcarriers in a band:
Similar in nature to 802.11a/g

QO Disable a few sub-carriers if required to meet local laws
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Z1gBee

a Ultra-low power, low-data rate, industrial monitoring and
control applications requiring small amounts of data, turned off
most of the time (<1% duty cycle),

e.g., wireless light switches, meter reading, patient monitoring

Power management to ensure low power consumption.
IEEE 802.15.4-2006

LLess Complex. 32kB protocol stack vs 250kB for Bluetooth
Range: 1 to 100 m, up to 65000 nodes.
Tri-Band:

» 16 Channels at 250 kbps in 2.4GHz ISM

» 10 Channels at 40 kb/s in 915 MHz ISM band

> One Channel at 20 kb/s in European 868 MHz band
QO Ref: ZigBee Alliance,
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Network Topology
—() © PAN coordinator

Q Full Function Device
Q Reduced Function Device

Star

a Two types of devices:

> Full Function Devices (FFD) for network routing and link
coordination

» Reduced Function Devices (RFD): Simple send/receive

devices
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IEEE 802.15 WPAN Activities
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802.15 WPAN
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802.15.1 (802.15.2 Y 802.15.3 802.15.4 802.15.5 802.15.6

WPAN Co-Existence | High-Rate || Low-Rate | | TG5: Mesh | | Body Area

1 Mbps 15& 11 WPAN WPAN Networks

802.15.1-2003 || in2.4 GHz Formed 11/07

Bluetooth In hibernation
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TG3 TG3a TG3b TG3c

20+ Mbps 480 Mbps Improve mmWave

802.15.3-2003 UWB based Interoperability

Disbanded 1/06 '
\_ ) \Not very active )
| I I I I
TG4 TG4a TG4b TG4c | | TG4d || TG4e
20+ kbps High-Precision || Enhancements || PHY || PHY || WPAN
Zigbee Ranging and & Clarifications [| China | | Japan || Enhancements for
802.15.4-2003 J| Location Not very active industrial mkts
802.15.4-2006 Jan 2008
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Millimeter Wave WPANS

IEEE802.15.3c

Millimeter = Approx. 60 GHz and up

9.9 GHz allocated by FCC between 57 to 95 GHZ
Single carrier and OFDM based PHYs

License based on interference protection on a link-by-link basis
for outdoor use

No license required for indoor use

Can send multi-gbps over short distances

Wireless Gigabit Ethernet.

1-2+ Gbps Less than 10m. Cable replacement, HDTV server,
Draft O text, January 2008
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Body Area Networks (BANS)

context sensor array:.

— camera, light microphone,
communication: accelerometer, GPS
Bluetooth, WLAN

GSM

- 4.‘ distributed
reconfigurable

computer
body area

network:
wired
wireless

O Microsoft, “Method and apparatus for transmitting power and data
using the human body,” US Patent 6,754,472, June 22, 2004.
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Summary

ii
2 Impulses in time domain result in a wideband frequency

spectrum

a  With UWB, average power is below the noise level = Shares
spectrum with current spectrum users

Q  ZigBee is allows communication at 20/40/250 kbps
communication

Mmwave networks operate at 57-60 Gbps. 1-2 Gbps at 10 ms

Body area networks allow low power communication around
living body

U O
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Reading Assignment

2 Ultra-Wideband, http://en.wikipedia.org/wiki/Ultra-
wideband

0 ZigBee, http://en.wikipedia.org/wiki/ZigBee

2 Body Area Network,
http://en.wikipedia.org/wiki/Body Area Network

2 Supplementary reading list (Bluetooth, ZigBee,
802.11 and 802.11n,
http://www.cse.wustl.edu/~jain/cse574-
06/reading.htm
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