
UWB (WPAN)

Mohammad Abualreesh
Mohammad.Abualreesh@hut.fi



Outline

UWB basics
UWB for WPAN



UWB basics



What is UWB?
UWB is a radio technology that modulates impulse based waveforms 
instead of continuous carrier waves
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Channel model



UWB Transceiver System Diagram [12].



UWB Spectrum
FCC ruling permits UWB spectrum overlay 
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Theoretical Data Rates over Range

UWB shows significant throughput potential at short rangeUWB shows significant throughput potential at short range



Performance Analysis with encoding rules





So why is UWB so Interesting?
7.5 Ghz of “free spectrum” in the U.S.

FCC recently legalized UWB for commercial use
Spectrum allocation overlays existing users, but its allowed 
power level is very low to minimize interference

Very high data rates possible
500 Mbps can be achieved at distances of 10 feet under current 
regulations

“Moore’s Law Radio”
Data rate scales with the shorter pulse widths made possible 
with ever faster CMOS circuits

Simple CMOS transmitters at very low power
Suitable for battery-operated devices
Low power is CMOS friendly



Ultra Wideband Characteristics

Extremely low transmission energy ( less than 1mW)
Very high bandwidth within short range (200Mbps within 10m)
Extremely difficult to intercept

– Short pulse excitation generates wideband spectra – low energy 
densities

– Low energy density also minimizes interference to other services
Multipath immunity
Commonality of signal generation and processing architectures
Radar

– Inherent high precision – sub-centimeter ranging
– Wideband excitation for detection of complex, low RCS targets



Ultra Wideband Characteristics

Geolocation/Positioning
– Sub-centimeter resolution using pulse leading edge detection
– passes through building blocks, walls, etc. (LOS not required)

Low Cost
– Nearly “all-digital” architecture
– ideal for microminiaturization into a chipset

Frequency diversity with minimal hardware modifications



UWB Advantages
Capacity

possibility of achieving high throughput
Low power & Low cost

Can directly modulate a baseband pulse
Can be made nearly all digital
High capacity with lower Tx power levels

Fading robustness
Wideband nature of the signal reduces time varying amplitude 
fluctuations (?)
Relatively immune to multipath cancellation effects

Path delay ~ 1ns > pulse duration
But don’t we build RAKE just to rebuild the multipath thing ?
What about ISI ?

Position location capability
Developed first as radar technology (!)

Flexibility
Can dynamically trade-off throughput for distance





UWB for WPAN







WPAN requirements

Essential requirements include:
Wireless - without line-of-sight limitations 
Low power consumption 
Optimized for power management and QoS‘
Ad-hoc’ networking support 
Multi-device networks 
Cross-network interference tolerance 
Small size and easy integration into variety of devices
Low cost & complexity



IEEE802.15 project (WPAN)



Summary of WPAN standards





Example: transfer rate



UWB Application  : WPAN
MobileMobile
ClusterCluster

handheld PCshandheld PCs

tabletstablets

MP3MP3

PDAsPDAs

mobile mobile 
phonephone

3G3G
handsetshandsets

camera camera 
phonesphones

laptopslaptops

printersprinters

speakersspeakers

PCPC
ClusterCluster

storagestorage
devicesdevices

ScannersScanners

scannersscanners

DVDDVD
playersplayers

Desktop and Laptop PCs
High res. printers, scanners, 
storage devices, etc
Connectivity to mobile and 
CE devices

Mobile Devices
Multimedia files, MP3, games, video
Personal connectivity

CE Devices
Cameras, DVD, PVR, HDTV
Personal connectivity

One PHY for Personal Computing, Consumer Electronic 
and Mobile, Wireless Personal Area Connectivity

One PHY for Personal Computing, Consumer Electronic 
and Mobile, Wireless Personal Area Connectivity

camerascameras

CECE
ClusterCluster

HDTVHDTV

STBsSTBs

VCRsVCRs

PVRsPVRs

camcorderscamcorders
console console 
gamesgames

audioaudio
systemssystems



HW

Define UWB, features, and benefits.
Describe the potential application of UWB 
for WPAN
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Thank you!

Q&A’s


