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QOUTLINES

INTRODUCTION: UWB CONCEPT.

THE WIDEBAND AND THE LOW-SNR REGIMES.
GENERAL SIGNAL MODEL

SPECTRAL-EFFICIENCY

NON-COHERENT DETECTION
FRAME-SYNCHRONIZATION/WAVEFORM ESTIMATION
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UWB EIRP (per MHz) SPECTRAL MASKS (FCC)
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STANDARDIZATION

 |EEE 802.15.3a

Study group for wireless high data-rates (WPAN)
100 Mbps (range 10 meters)
* 480 Mbps (range 2 meters)

 |EEE 802.15.4
Study group for low-complexity/low-data rates applications

« DS-UWB
wa Pure impulsive-radio on traditional CDMA multiple-access
 MB-OFDM = .
Multiband (>500 MHz) OFDM ( W'Mﬁdlﬂ
ALLIANCE

1 I '
i ' | '
i ' 1 1 | '
1 1 U | | ]
| 3432 3960 4488 S0M6 5544 6072 6600 TVI28 TOS6 8184 BVIZ 9240 9768 10296 f
MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz
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KEY FEATURES

« HIGH DATA-RATES FOR SHORT-/MEDIUM-RANGE.
e LOW-COMPLEXITY/LOW-COST EQUIPMENTS.
« LOW PSD TRANSMISSION and NOISE-LIKE SPECTRUM.
e MULTIPATH and INTERFERENCE IMMUNITY:
— Use of spectral diversity.
— High multipath resolution.
« “HIGH PENETRATION” CAPABILITIES (LOW BANDYS).
« ADEQUATE FOR “COGNITIVE-RADIO”.
PULSE DISTORTION (TRANSMISSION AND PROPAGATION).
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(UNKNOWN) PULSE DISTORTION

DIRECTION-DEPENDENT ANTENNA RESPONSE

active bi conic dipole

.

FREQUENCY-SELECTIVE SCATTERING
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(UNKNOWN) PULSE DISTORTION (1)

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 FORMATS

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

PULSE-POSITION MODULATION (PPM)
— ROBUST TO PARTIAL CSl.
— STILL CAPABLE TO OPERATE WITHOUT CSl.
— 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 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/NLQOS),
“Body-Area-Networks” (NLOS-body diffraction).
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At Receiver

100 +— Leading edge — Lock point
At Transmitter |
200 +
100 . l’)
o L A ara il ottt dna ol b oo Ja it i otk
RN 1 A I
-100
-200
300 4-Time in nanoseconds : : : : : :
0 6104 12208 18312 24416 3052 36624 42728 48832 54936 61.04
> |~ :I\/
Pulse width Inter-pulse spacing: uniform or variable
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Transmitted
signal

Received
signal

frame-timing
error Ne=1
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GENERAL WORKING SCHEME

r 3
—

WIDEBAND REGIME LOW-SNR
I COHERENT NON-COHERENT : 2nd ORDER
: RECEIVERS RECEIVERS : STATISTICS
T S d
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|
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_- - | SYNCHRONOUS I
Correlation” I| AUTOCORRELATION :
matching | s
, techniques
_______ .4 -~ -
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: CLASSICAL ; =
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| TECHNIQUES |
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GENERAL SIGNAL MODEL

( B

r=H(O)x+w

H(0) = [HO(Q) Hl(Q) .Hy, (Q)] i/ll_/laérﬁ;l:;lf

ot T T ]T NUISANCE
X= [XO X1 X PARAMETERS

Nl

hg h; hy hs
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CLASSICAL APPROACH

« STATISTIC' (LIKELIHOOD-FUNCTION):

A(r/8) = Cexp(—— q(r/0))

2
O

q(r/8) =|r —H(®)x|"

!
UML: A(r/0)=E[A(r/x,0)] °

A(r/x,g)zl—izq(r/x,g)+ 14q2(r/x,9)
o 20
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SPECTRAL EFFICIENCY
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ACHIEVABLE DATA-RATES (W =1 GHz)

bits/s

—-o— |IEEE802.15.4a CMS8 (coherent) n
_» |EEE802.15.4a CM8 (non—coherent) T =15 ns. |

| _4_ IEEE802.15.4a CM8 (non—coherent) T,=75ns. ]
'+ Capacity for infinite bandwidth 1
I I

0 10 20 30
p (dB)
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SNR vs Eb/No (Spectral Efficiency)
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SPECTRAL EFFICIENCY

S W onR
N, R
E E . SNR
[_b) - K_bj =lIMgyz
No Jon \No Joc C(SNR)

C(SNR)=C'(0)SNR +%C"(O)SNR2 +0(SNR?)
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C (Ey/No)

Region for AWGN or unknown fading { :

Region for unknown Rayleigh fading
with unconstrained peakiness

with constrained peakiness

second
order optimal

; 1
b
! 1
'| | | ! ! fFocti
! (Ey/No)min Ve /

not first second
first order optimal | order optimal
order optimal
wideband
; / slope So wideband
slope §p =0
Ey/No
(Eb/NO)min\CAO (Eb/NO)min|C—>0 50
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SUMMARY

» Values for (Ep/No)

min

and &g under peakiness constraints:

(EJ'-?.-"";ND)miU So
U trained ki AWGN log 2 2
neonstramed peakiness nknown Rayleigh or Rice log 2 0
fading

AWGN log 2 2
Constrained peakiness Unknown Rayleigh fading X 0
: 1 1 oK<

Unknown Rice fading’ [1 + g) log 2 1K) w

" Assuming a finite and known specular component. The Ricean factor is
indicated by K and x stands for the peak-to-average constraint.
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CONSTELLATION CONSTRAINED CAPACITY: COHERENT RX
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SPECTRAL EFFICIENCY: COHERENT RX
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CONSTELLATION CONSTRAINED CAPACITY: NON-COHERENT RX
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SPECTRAL EFFICIENCY: NON-COHERENT RX
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NON-COHERENT DETECTION
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UNKNOWN WAVEFORM

« CONVENTIONAL APPROACH >> ENERGY DETECTION

e 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 APPROACH

RF Front End Non-Coherent Demodulator
LTA ADC ' | |NON-COHERENT/| T | pecision L(r@ SYMBOL : 5
LPE ;o FRAME SYNC STATISTICS DECISION | | "
_________________________________________ | &, i
STATISTICAL
: ’ CHANNEL i
i CHARACTERIZATION :

W

iV pull
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IEEE 802.15.3a CM3 (NLOS)

Histogram for IEEE 802.15.3a CM3
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IEEE 802.15.4 (INDUSTRIAL NLOS)

Histogram for IEEE 802.15.4a CM8
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N -1 . - )
exp| ——r. . C+ C ¥
i=0 (27T)N5f/2 de’[Uz(Ci +CN) p( 2 r”"( et N) r, j

'

CN :O-VZ\II+C|

f(rn/Hi;Cg):

L(k,/C,)=Tr|C, -C )R,
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UNCORRELATED SCATTERING

C, =diag][y]

Y =17(0), 7@, ¥(N)[

Dump ati:Nf,
fork=0,1,...,Ngp — 1.

2
i) —{ |- 7 =@ X_?_

Nyp—1

()
0

k=

L(rp)

Ny w(k)

{3 [sign (-) + 1] [ dn
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BER: UNCORRELATED-SCATTERING

N A=3O samples N A=400 samples

BER
BER

——» || - ED detector

4[| —=— PDP detector

| | =% rank-1 detector

—=— full-rank detector
—» || <~ TR signal + TR detector
— || O TR signal + full-rank detector |:

10 1 1 1 1 1 1 1 1
6 8 10 12 14 16 18 20 22 24 26 28 6 8 10 12 14 16 18 20 22 24 26 28
E/N, (dB) E/N, (dB)
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1000

Uncorrelated samples

Amplitude

-10 | | | | | | | | !
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (samples)

Correlated samples

Amplitude

| | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (samples)
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CORRELATED-SCATTERING: RANK-ONE

« ORTHOGONAL PPMvs OVERLAPPED PPM

U4 I . |2

Ni=1  |Li(rn)
1> () 1 L [sign (-) + 1] [~ dn
=0

W%

“JN&U* . | .

u, =argmax, J,(u,)=-
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JEFFREYS' DIVERGENCE

e A MEASSURE OF THE DIFFICULTY WHEN DISCRIMINATING
BETWEEN TWO HYPOTHESIS.

Rank-1 J-divergence
40 T T T T T T T T T

35

30

25F

0 200 400 600 800 1000 20

15

Ao
Ll Laasd (4

10

—— Estimated receiver filter

—— Optimal receiver filter

L L L L O 1 1
0 200 400 600 800 1000 0O 10 20 30 40 50 60 70 80 90 100
Time (samples) Number of iteration (steeepest descent)
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UWB WAVEFORM HISTOGRAM

full-rank J-divergence

Divergence

0.1F — IEEE 802.11.15.3a CM1 |
—— |IEEE 802.11.15.3a CM3
| — |EEE 802.11.15.4a CM8
0 | | | | I I
1 100 200 300 400 500 600

Time shift (samples)

700
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CORRELATED-SCATTERING: RANK-d,

Wg—1 1 |- |?
Ny—1
— D ()
5 - t=0
INAUL =1 |-
Wg=2 [ |- 2
Ny-1
| &P ()
> - ZZO Ldo(r’n) 1 .
P R e ) 3 lsign () +1] [~ dn
Ws|d=dy ¥ |2
Nf—l
- N, > O
B - 1=0
TN;_\u*|d:d0 I ) I
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BER: CORRELATED SCATTERING

N A:SO samples N A:400 samples
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—&- full-rank detector ‘
'| - TR signal + TR detector |- '] [ et s R FE
-0 TR signal + full-rank detector |: e s
—4 i i i i i i i i i i —4 i i i i i R i i
6 8 10 12 14 16 18 20 22 24 26 28 6 8 10 12 14 16 18 20 22 24 26 28
Es/No (dB) ES/N0 (dB)
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NON-COHERENT FRAME-TIMING
ACQUISITION
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T RF Front End
a T
. | LNA ‘ NON-COHERENT COHERENT / NON-COHERENT| s

+ ADC It — Sp,
LPF ; FRAME SYNC DEMODULATOR
Shp—1 — +1 Sn — —1 Sn+l == +1
Transmitted
signal
Received
signal

frame-timing
error Ne=1
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«—Ngg—

B

21‘\555
Matrix Ro when Matrix Ro when a timing
no timing error is present error 7 = NeNgys + € is present
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e——% e 7 +*
—©— Dirty template
—#— Proposed method

,,,,, —

" E /N =8dB
s 0 ~

Q

" E /N.=7dB
‘ s 0

Prob. Correct Acquisition

068

,,,,, EN
: S

0.1 i i i i i i i i i i i i i
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
L (symbols)
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WAVEFORM ESTIMATION FOR
COHERENT DETECTION OF
UWB SIGNALS
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Rx antenna

r g Un i
‘ . WAVEFORM : symeoL | =
. AD YN — . L 5
LA < SYNC ESTIMATION CORRELATOR DECISION | n

Coherent Demodulator

L(r/g)=Tr(M, [ﬁn - Uvzvl])Jr % M, HIZZ
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Thanks!
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