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Introduction

Digital communications system satisfies the following spectral mask :

41250 =~ Indoor
— - Outdoor

5125
5325

6125
6325

PIRE (dBm/MHz)

7525

0 0916 31 106 15

Frequences (GHz)

@ Spread spectrum technique
@ Localization
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Approaches

@ Impulse Radio (IR)
@ Multi-band (MB)

We hereafter focus on Impulse-Radio technique

@ Pierce and Hopper 1952
@ Winthington and Fullerton 1992
@ Win and Scholtz 1993
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IR-UWB transmit signal

@ Time-Hopping (TH) IR-UWB signal associated with user n
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s(t) =) dib(t —iN¢Ty)

M—-1
i=0

where
@ M is the number of transmit symbols
@ d =[do,- - ,dw_1] belongs to PAM
@ N is the number of frame per symbol
@ T; is the duration of each frame
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Superframe structure

The super frame composed by N; frames is structured as follows

b(t)= > g(t—Tr — §Te)

N;—1
j=0

where
@ T, is the chip duration
@ N is the number of chips in one frame
@ Time-hopping code in the j" frame is given by
¢ e{0,--- ,Nc — 1}
@ g(t) is the mono-cycle with the temporal support [0, Tg)
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Developed code

For each frame j, let ¢; = [¢j(0),- - - , ¢j(Nc — 1)] defined as follows

6 (i) = 1 ifi=¢
! 0 otherwise -

Then ¢ = [Co, -+ ,Cn,—1] = [€(0),- - ,C(NtNc — 1)]

_ NfNc —1
Zd' > cli)g(t —jTe —iNeTr)
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@ Status of the chip (occupied/free) outside g(t)
@ Le Martret & Giannakis 2002
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Channel model

@ Multi-path random channel
@ Molish 2003

Np
h(t) = ZAkd(t —7x)
k=1

where
@ A, is the attenuation associated with the k"-path
@ 7 is the delay associated with the k"-path
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Statistical channel model

@ We focus on one cluster model

Statistical model

p(Tk|7'kfl) — Ae_A(Tk—Tk—l)
Ax = (pk-br)e ™/
——

ak

where
@ a, independent of 7
@ pg binary variable
@ by log-normal variable

A and v are both deterministic parameters
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Deterministic parameters

@ ) is the path density
@ v is the RMS delay spread (i.e., length of impulse response)

£
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A=0.1ns"! and v = 20ns A =1ns~! and v = 200ns
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Receiver

@ Rake receiver (for sake of simplicity)

@ Correlation with the template b(t) = Z}\':f’a'c_l cio(t —jTe)

synchronized at each path
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Path estimation is necessary
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Fisher Information Matrix

2 (k) 2A¢  (1k 2AKA (k.
‘]Ah/'\k = N_Of:{ )7‘]AI77'k = _—fz( ) JTIka = —f?E ) ’

No No
where
(0 = gy /St—Tk t—n)dt}
(0 = gy /St—Tk t—ﬂ)dt]
f = Ed/ ‘(t —7)s (t—n)dt]
with

@ s'(t) =ds(t)/dt and Eq[¢(d)] = ¢(d) if d is a known sequence
~» CRB for DA scheme and MCRB for NDA scheme
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State-of-the-Art

© Laurenti (September 2004) : one path

@ Huang (June 2004) : non-overlapping context (i.e., signal echoes
are orthogonal)

f*D =0 if k£l

@ Zhang (June 2004) : overlapping taken into account (but no
closed-form expression for FIM)

@ Non-overlapping assumption does not hold in realistic situation ?

@ Closed-form expressions for fr(nk") even when k # |
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Non-overlapping case

Straightforward derivations yield

N E
CRBDA(A|) MCRBNDA(A|) Mlslf 2(E = 3 E )
153 —
No E;

CRBDA(ﬂ) MCRBNDA(ﬂ)

MN¢ 2A%(E;E; — E2)

with E; = [ g(t)2dt, Ex = [g(t)g’(t)dt, and E5 = [ g/(t)?dt

~» In DA scheme, performance does not depend on the training
sequence

~+ Same expression in the context of single-path (when N, = 1)
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Overlapping case

Let
@ A7) =71k — 7 = Qi Nt Tt + Qi1 Tc + e, with the integer parts
Qx, and gy |, and the remainder ¢y |

9D = M(C(q)Am(e) +C(q + 1) Am(e — Te)
+ D(A)Bm(e) + D(q + 1)Bm(e — Tc))

with
o
NeNe—q—1 q-1
Cla)=3_  cli)e(i+a). Da)=> cliel-a)
s i= i=
An(€) = 15 Bald g 161m(e), Bn(e) = 35 Eald-qudilin(e)

@ ri(t) = g(t) xg(-—t), r2(t) = g'(t) x g(-t), ra(t) = g'(t) xg’(-t)
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Comments

Philippe Ciblat

@ Code collisions plays an important role.
@ The more fr';") (for k # 1) is high, the more the CRB is high
@ If e € [Ty, Tc — Tg], there is no overlapping

@ The more the path is dense, the more the CRB taking into
account the overlapping is larger than the (simplified) CRB

@ Deleuze & Ciblat & Le Martret (July 2004)
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Average CRB ()

Ex [CRB(X)] = Ex[J(x) 1] > (Ex[I(x)])~* J

Simplified expressions for A, B, C, D by averaging over
@ symbol sequence
@ time-hopping code

~» In DA scheme, average CRB over all possible training sequences
~» In NDA scheme, MCRB is considered
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Average CRB (II)

@ {d(i)}i i.i.d. symbols belonging to 2-PAM

Eg[Am(e)] = 0q,~1rm(e), Ea[Bm(€)] = dq.orm(e)

@ ¢;j is the realization of i.i.d. random vector whose each
component admits the following distribution
p(c) = ((Ne —1)d(c) +6(c —1))/Ne.

= Me-a it q £ 0 { Ec[D(@)] =&  ifa#NiNe

]
Ec[C(0)] = N ifg=0 " Ec[D(N¢Nc)] = N¢ if g = N¢Nc
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Maximum Likelihood

@ Lottici & Andrea & Mengali 2002

@ No overlapping context

@ Simulations done in a non-overlapping context
@ ML carried out in DA and NDA schemes

@ DA scheme : derivations based on likelihood (for PPM or PAM)
@ NDA scheme : derivations based on true likehood at low SNR (for
PPM)

Algorithm
1
Joa(7) = ME; Z zi(t

with zi(7) = di(r (t) x b(—t)je=in,T,4+)
@ Localizations of peaks provide 7
@ Magnitudes of peaks provide A
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Undersampling based method (1)

@ Maravic & Vetterli 2003
@ DA scheme

@ Undersampling at period Ts > T, preceded by Anti-Aliasing
Filter

Let f(t) the noiseless receiver signal at the output of AAF

F?(m) = F.T.(t ‘f mfy, = ZAkS g~ 2mnmio
then
Np
Ry(m) = R(m)/5(m) = 3 Aczl
k=1
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Undersampling based method (1)

Rs(0)  Rs(1) -+ Rs(Np—1) )
Re(1 Rs(2) --- Re(N P ,
R s(1) s.( ) s(. p) & [Rlow :ZAkZIerZ
: k=1
Rs(Np —1) Rs(Np) Rs(2Np — 2)
Then
1 1
R=VAV" with V= : :
Np—1 Np—1
Zl ZNp
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Undersampling based method (111)

Shift invariance

V= Mdiag([zlv T 7ZNp])

where V and V denote the omition of the first and last row of V
respectively

Then it exists a vector x, such that
Vxk = zkV Xk

~+ 7, is a generalized eigenvalue of (V,V)

For any k, z is the root of the polynomial

P(s) = det(V —sV)

This obviously provides # and A
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First-order cyclostationarity based method (1)

@ Luo & Giannakis 2004
@ Asymmetric PAM (d; € {-1,6})
@ ISl-less context (delay spread < guard-time)

M—-1 Np
r(t)= > dib(t—m —iNTy) with by(t) =) Acb(t — Arc 1)
i=0 k=1

If ISI-less, {b(t — 72 — iN;T¢)}; is a orthogonal set and thus b, (t) is a
square-root Nyquist filter.

Problem

@ Optimal receiver is the matched filter b, (—t) shifted by 7,
@ Knowledge of b, (t) and 71 is needed
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First-order cyclostationarity based method (Il)

E[r(t)]:%ibr(t—Tl—iNfo) J

The cyclostationary mean contains information about b, (t) and 7

Algorithm

If 1 is associated with the strongest path, then

71 =arg max
T€[0,NfTy)

/ T Db — ot
0

and 5
Br(t):mE[r(t—i—ﬁ)], for te[0,N;Ty)
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Non-overlapping case

® T, = 1ns, T, = 2T, N¢ = 10, and N; = 10, T = 200ns, M = 100
@ 7 = [5T,,10T,, 15T,] and A = [0.73,0.67,0.35]

Such assumptions ensure the absence of overlapping
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Overlapping case

Q7T = {kTp/Z}kzl,m,ZO
@ A obeys a normalized exponential decreasing profile

Such assumptions ensure the presence of overlapping

Vetterli B=Bs (DA) —e—
Giannakis -~
MLNDA ——

CRB

MSEMpr2

1605
0
EBIND

~~» ML non optimal in overlapping case
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Comparison

Is there overlapping or not in realistic channel ?

Two statistical models :
Molish (A = 0.2ns™%, v = 20ns) and Lee (\ = 2ns™%, 4 = 5ng)

MCRB : Delay
10"
O Lee - Absence of overlapping
: # Lee - Presence of overlapping
4 -6~ Salen - Absence of overlapping
107 e —+~ Saleh - Presence of overlapping

o 5 10 15 20 25 30
SNR (M=100)

~» |f path density is high, the non-overlapping model does not hold
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@ The superresolution is the smallest gap between two delays that
we are able to distinguish from

@ The Cramer-Rao Bound CRB(r) is the smallest mean square
error that we may reach when the value of the sought delay is T

Superresolution definition

The superresolution 7 satisfies the following equation

Tres. — CRB(TreS )

@ When 7 decreases, the overlapping increases

@ To evaluate accurately the superresolution, we need the
closed-form expression of CRB(7) in overlapping case
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Superresolution versus SNR

@ 7 =[07], A=[10.5],and M = 100

014
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~~ Non-overlapping is too optimistic and does not make sense
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Superresolution versus T

@ E,/Ng = 10dB and M = 100

Presence of Overlapping —e—
‘Absence of Overlapping
0.08

Resolution (ns)

Tp (ns)

~+ Resolution proportional to Ty
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