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about the scarcity of spectrum
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http://bwrc.eecs.berkeley.edu/Research/Cognitive/images/usage.JPG

10 sec. test
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UWB EIRP (per MHz) SPECTRAL MASKS (FCC)UWB EIRP (per MHz) SPECTRAL MASKS (FCC)
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STANDARDIZATIONSTANDARDIZATION

• IEEE 802.15.3a
Study group for wireless high data-rates (WPAN)

• 100 Mbps (range 10 meters)
• 480 Mbps (range 2 meters)

• IEEE 802.15.4
Study group for low-complexity/low-data rates applications

• DS-UWB
Pure impulsive-radio on traditional CDMA multiple-access

• MB-OFDM
Multiband (>500 MHz) OFDM
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KEY FEATURESKEY FEATURES

• HIGH DATA-RATES FOR SHORT-/MEDIUM-RANGE.
• LOW-COMPLEXITY/LOW-COST EQUIPMENTS.
• LOW PSD TRANSMISSION and NOISE-LIKE SPECTRUM.
• MULTIPATH and INTERFERENCE IMMUNITY:

– Use of spectral diversity.
– High multipath resolution.

• “HIGH PENETRATION” CAPABILITIES (LOW BANDS).
• ADEQUATE FOR “COGNITIVE-RADIO”.
• PULSE DISTORTION (TRANSMISSION AND PROPAGATION).
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(UNKNOWN) PULSE DISTORTION(UNKNOWN) PULSE DISTORTION

FREQUENCY-SELECTIVE SCATTERING

DIRECTION-DEPENDENT ANTENNA RESPONSE
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(UNKNOWN) PULSE DISTORTION (II)(UNKNOWN) PULSE DISTORTION (II)

• PULSE DISTORTION DUE TO:
– ASYMMETRICAL (DIRECTIONAL) GEOMETRY OF THE TX/RX ANTENNAE.
– HIGHLY FREQUENCY-SELECTIVE SCATTERING.

• CONTROVERSIAL ON THE STATIONARITY:
– STATIONARY ENVIRONTMENT >> ESTIMATION OF THE WAVEFORMS.
– WAVEFORM IS ALWAYS UNKNOWN.

• CONTROVERSIAL ON THE CHANNEL MODEL:
– RICHNESS (HIGHLY-DENSE) OF THE MULTIPATH PROPAGATION.
– DOMINANT “LOS” DIRECTION.

• CONTROVESIAL ON THE ADOPTED SCHEMES:
– PILOT-BASED (TRAINING) SCHEMES >> COHERENT COMMUNICATIONS.
– NDA-BASED SCHEMES >> NON-COHERENT COMMUNICATIONS.
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SIGNALING FORMATSSIGNALING FORMATS

• PULSE-AMPLITUDE MODULATION (PAM)
– NEED OF THE CHANNEL-STATE INFORMATION (CSI).

• PULSE-POSITION MODULATION (PPM)
– ROBUST TO PARTIAL CSI.
– STILL CAPABLE TO OPERATE WITHOUT CSI.
– DETECTION GAIN BECAUSE ORTHOGONAL SIGNALLING.
– EASY IMPLEMENTATION.

• PULSE-POSITION AND AMPLITUDE MODULATION (APPM)

• MULTICARRIER/MULTIBAND TRANSMISSION
– FROM WIDEBAND TO NARROWER BAND MULTIPLE SCHEMES.
– HIGHER COMPLEXITY.
– ‘PEAK-TO-AVERAGE’ SIGNAL IMPAREMENTS.
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CHANNEL MODELSCHANNEL MODELS

Channel model LOS/NLOS Distance TX/RX 
(meters)

CM1 LOS 0-4

CM2 NLOS 0-4

CM3 NLOS 4-10

CM4 NLOS Very high multipath

IEEE 802.15.3a

IEEE 802.15.4: Residential (LOS/NLOS), Office (LOS/NLOS), 
Outdoor (LOS/NLOS), Industrial (LOS/NLOS),
“Body-Area-Networks” (NLOS-body diffraction).
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Pulse width Inter-pulse spacing: uniform or variable
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GENERAL WORKING SCHEMEGENERAL WORKING SCHEME



DEPARTMENT OF SIGNAL THEORY AND COMMUNICATIONSDEPARTMENT OF SIGNAL THEORY AND COMMUNICATIONS 1616

GENERAL SIGNAL MODELGENERAL SIGNAL MODEL
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CLASSICAL APPROACHCLASSICAL APPROACH

• STATISTIC’ (LIKELIHOOD-FUNCTION):
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SPECTRAL EFFICIENCYSPECTRAL EFFICIENCY
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ACHIEVABLE DATAACHIEVABLE DATA--RATES (W = 1 GHz)RATES (W = 1 GHz)
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• SNR vs Eb/No (Spectral Efficiency)
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SPECTRAL EFFICIENCYSPECTRAL EFFICIENCY
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SUMMARYSUMMARY
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CONSTELLATION CONSTRAINED CAPACITY: CONSTELLATION CONSTRAINED CAPACITY: COHERENT RXCOHERENT RX
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SPECTRAL EFFICIENCY: SPECTRAL EFFICIENCY: COHERENT RXCOHERENT RX
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CONSTELLATION CONSTRAINED CAPACITY: CONSTELLATION CONSTRAINED CAPACITY: NONNON--COHERENT RXCOHERENT RX
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SPECTRAL EFFICIENCY: SPECTRAL EFFICIENCY: NONNON--COHERENT RXCOHERENT RX
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NONNON--COHERENT DETECTIONCOHERENT DETECTION
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UNKNOWN WAVEFORMUNKNOWN WAVEFORM

•• CONVENTIONAL APPROACH >> ENERGY DETECTIONCONVENTIONAL APPROACH >> ENERGY DETECTION

• PARTIAL/UNCOMPLETE KNOWLEDGE ON:
– THE RECEIVED MONOCYCLES WAVEFORMS.
– THE CHANNEL RESPONSE.
– THE NOISE+INTERFERENCE SPD.

• SIDE-INFORMATION:
– SIGNAL MODEL OF THE PPM UWB SIGNAL.
– THE LOW-SNR OPERATING CONDITION.
– THE CYCLOSTATIONARY STRUCTURE OF THE DATA.
– STATISTICAL MODEL?
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STATISTICAL APPROACHSTATISTICAL APPROACH

wHxr +=
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IEEE 802.15.3a CM3 (NLOS)IEEE 802.15.3a CM3 (NLOS)
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IEEE 802.15.4 (INDUSTRIAL NLOS)IEEE 802.15.4 (INDUSTRIAL NLOS)
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UNCORRELATED SCATTERINGUNCORRELATED SCATTERING

[ ]γCg diag=

[ ]TgN )(),...,1(),0( γγγ=γ
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BER: UNCORRELATEDBER: UNCORRELATED--SCATTERINGSCATTERING
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CORRELATEDCORRELATED--SCATTERING: RANKSCATTERING: RANK--ONEONE

• ORTHOGONAL PPM vs OVERLAPPED PPM
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JEFFREYSJEFFREYS’’ DIVERGENCEDIVERGENCE

• A MEASSURE OF THE DIFFICULTY WHEN DISCRIMINATING 
BETWEEN TWO HYPOTHESIS.
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UWB WAVEFORM HISTOGRAMUWB WAVEFORM HISTOGRAM
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CORRELATEDCORRELATED--SCATTERING: RANKSCATTERING: RANK--ddoo
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BER: CORRELATED SCATTERINGBER: CORRELATED SCATTERING
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NONNON--COHERENT FRAMECOHERENT FRAME--TIMING TIMING 
ACQUISITIONACQUISITION
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WAVEFORM ESTIMATION FOR WAVEFORM ESTIMATION FOR 
COHERENT DETECTION OF COHERENT DETECTION OF 

UWB SIGNALSUWB SIGNALS
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Thanks!Thanks!
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