Published Online November 2008 in SciRes (http:#n8ciRP.org/journallfijcns/). A ) §Z§fl‘;;',j?”g

I. J. Communications, Network and System Sciences, 2008, 4, 285-385 %ﬁ\}\ Scientific

M athematical For mulations of Signal Propagation in
Ultra-Wideband Transcelver Syssemsunder a UWB Channd
Environment with an Extenson of Frequency Offset Correction

Debarati SEN
G. S. S. School of Telecommunications, Indiantiristdf Technology Kharagpur, India
Email: debarati@gssst.iitkgp.ernet.in
Received April 4, 2008; revised August 29, 2008gated October 14, 2008

Abstract

This paper analyzes mathematically the crucial @spef signal processing in a Multi-Band (MB)
Orthogonal Frequency Division Multiplexing (OFDMpged system considering Ultra-Wideband (UWB)
channel environment. In the process of analysigniphasizes the significant features of UWB recgeive
design in comparison with ‘conventional’ narrow-basystem. The analysis shows that the high disgersi
nature of a frequency selective UWB channel effdéioesdesign of different signal processing blodks |
pre-select filter, low noise amplifier (LNA) and aog-to-digital (A/D) converter in the receiver fitoend.
The characteristic functions of each of these stage now dominated by the channel characteriatidsit
needs to be modified accordingly. This analysisxtended further with the study of frequency offsebr
and its correction. The unbiased Cramer Rao Lowaid (CRLB) of estimation error is calculated and
supported by computer simulation. The performantearo MB-OFDM system with frequency offset
correction in terms of Bit-Error-Rate (BER) is ateported.

Keywords: Multi-Band OFDM, Signal Propagation, Transceivditra-Wideband

1. Introduction the performance of the system incorporating frequen
offset errors through mathematical analysis supgobly

; P s ter simulations.
The multi-band orthogonal frequency division muéiing compu ) . . .
(MB-OFDM) based transmission scheme for ultra- The rest of th's. paper IS Or_gﬁ”'zed as fOHOWS'.t'SBC
wideband (UWB) has attracted keen interest of2 deals W'th.the signal anaIyS|s_ In MB'OFDM transee
researchers in these days. MB-OFDM has made UW he ultra-wideband channel is modeled in Section 3.
commercially more viable than ‘code-division mulkip S'gnf”“ anaIyS|sf|n an MB_O;:%M receiver |s.p;]refsented
access’-based and ‘impulse-radio-based’ UWB systemgeCtIon 4. Performance of the system with frequency

. : ffset error correction is analyzed in Section talko
for short range {20m) high bit rate ©480Mbps)  ghows the close match between calculated Cramer Rao

wireless applications. , _ Lower Bound (CRLB) of estimated error with simuteti
However, it is essential to understand the cruciafegylt. Section 6 figures out simulation resultthvéiome
aspects of different signal processing stages WWB  yglevant discussion. Important concluding remarksh w

transceiver system that make a UWB receiver desigghe summary of the paper are included in Section 7.
significantly different compared to a narrow-band

receiver design. Detailed mathematical studies O\

transceiver provides insights and helps in undedsie

the important aspects of a UWB receiver design kwisc

the main aim of this work. Hence, there is a stroegd 2.1. MB-OFDM System Specification

for carrying on such an analysis for an MB-OFDM UWB

system. The Federal Communications Commission (FCC) has
In this work, we first analyze an MB-OFDM UWB allotted 7.5GHz wide bandwidth for UWB transmission

transmitter-receiver under a realistic UWB channelThe MB-OFDM system divides this unlicensed spectrum

environment considering perfect timing and freqyenc into fourteen (14) bands [1]. OFDM symbols are

offset estimation. Then, the study is extendedvilumte  transmitted by frequency hopping over the bands Th

2. Sgnal Analyssin an MB-OFDM Trangmitter
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block diagrams of a UWB transmitter and receiver2.2, Cyclic Prefix Insertion
considered for this study are shown in Figure 1 and

Figure 2.

In MB-OFDM transmission, zero-padded bits are added

Let {X(K)} be the QPSK modulated complex sequencen place of cyclic prefix to compensate the multipa

of symbols to be transmitted using OFDM (zsignal

point in transmitter in Figure 1). A complex basant

OFDM symbol can be obtained usimy point Inverse

Fast Fourier Transformation (IFFT) represented as
N-1

X(t) :%ZX(k)ejz“ Wo0<t<T
k=0

=0 e_lsewhere (D]

where,f = sub-carrier spacing. Taking samples atnTs,
Equation (1) can be written as

N-1 )
x(n) = iz X (k)e! Mk (2
N iz
where, N = number of samples over duratioh
Correspondingly, then-th sample of them-th OFDM
symbol can be shown as

jZL,\:((n—mN)

N-1
x(n,m)=%z X (k,m)e 0<m < z-1 (3
k=0

where, Z' is the number of OFDM symbols transmitted.
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Figure 1. Multiband OFDM UWB transmitter.
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Figure 2. Multiband OFDM UWB receiver.

Copyright © 2008 SciRes.

effect. Let,N; number of Zero padded bits (ZP) alNg
number of guard bits (for inter band synchronizatio
MB-OFDM) are added withN' point IFFT output to
construct one MB-OFDM symbol. The total number of
samples g in one OFDM symbol is given adls = N+

Nz + Ng. Hence, from Equation (2),

x’(n) =0, forO< n < N,-1
=x(n—Np), forN, < n < N+N,-1
=0, for N+N < n < N+N+Ng-1 (4)

Similarly from Equation (3) (atglin Figure 1),

) 1 N-1 jzlk(n—NZ—mNS) O<sm<Z-1
X(n;m):ﬁzx(kim)e N '{ 0<n<N
k=0 - TS

)
2.3. Signal Passing through DAC

After IFFT and zero padding, the signal (5) is passext
through a Digital to Analog Converter (DAC) blockhe
DAC operation involves two steps: firstly, conversiof

the samplesx'(n, m) into a sequence of impulses given as

x(= ¥ X(nma(- ) ©

Then it is filtered by a reconstruction filter, whiis
an ideal Low Pass Filter (LPF) having impulse resgo
given as

hi(t) = sin (&/Tg)/ TH/Ts (7)

Hence, the signal at the output of DAC (af in

Figure 1) is
a sin7z(t

-nT) /T,
ngx(t):n;a ){(n mn’(t—n‘?jf (8)

The above conversion is performed when sampling of
the signal follows the Nyquist sampling theorem.

2.4. Signal Upconversion

Now, the analog real valued signad(t) is multiplied
by time frequency Kernel exjft.t) to convert it to RF
signal from base band. Therefore, the transmitigdas
(at Ty in Figure 1) may be given as
To = % (1) = X(t)exp( j271,1)
=¥ (t)cos{ 27t t) + jx (1) si( 2rfy)

3. TheUltra-Wideband Channel Modd
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The proposed multipath channel model for UWB [2] by4.1.

D. SEN

Presdlect Filter

IEEE 802.15.3 channel modeling sub-committee is a
modified form of indoor channel model proposed by A preselect filter is the very first block of the eaer front

Saleh and R. Valenzuela (S-V) [3] that models rpalth
arrivals in the form of clusters as well as rayshii
clusters. S-V model clearly distinguishes betwestister
arrival rate’ and ‘ray arrival rate’. The clusteriaal rate
‘A" and ray arrival rateX’ within a cluster is given by
Poisson process\(« A).

Mathematically, the ‘impulse response’ of a chansel
given as

L-11-1

h(t) = zzai,|5(t =T -1,)

1=0i=0

(10)

where,a;, = channel coefficient for thieth ray of thel-th
cluster which is log-normally distributed; = delay of
thel-th cluster; 7, = delay of thd-th ray related to thkth
cluster arrival timez,, = 0, by definition.

The distribution of cluster arrival time and rayial
time are given as

P(TVTi.y =Aexp[A(T- T, 1>0 (1)
p(T|/T|_1) =A exp[-/\(T| - T|_1)] , | >0 (12)

Channel coefficients are defined as
ai; =P, & Bi (13)

where, §, = fading associated with clustds;, = fading
associated witlirth ray ofl-th cluster; p, = equiprobable
+1/-1 to account for signal inversion due to retflae.

The large bandwidth (7.5GHz) of UWB significantly
increases the resolving capability of a UWB receive
Here, the number of reflections from channel amngyvi
within a short period (0.167nsec. for 6GHz bandwidt
and 0.133nsec. for 7.5GHz bandwidth) of impulsto&
small. As a result, the central limit theorem ig malid

end. Here, the out of band signals are attenuated a
signals of desired bands are selected. Functigrthily is
a wideband band pass filter (BPF). In practicendfer
function of narrow-band band pass filter is giveyp b

h(t) = Re[h (t) exp(j 27,1)] (16)

where, F\(t) is complex impulse response of band pass
system given by

h(t) =h, () + jhg 1) (17)
wherein,h & hg are equivalent LPF coefficients.

The above transfer function of narrow-band BPF is
not valid here for UWB. The receiver front end sin
passes through BPF with center frequengy ahd
bandwidth B, which is wider than or equal to thelRO
B.W. of the transmitted signal. For convenience of
analysis, we assume that the BPF passes the rdceive
desired signal part perfectly without distortiondatihe
filter bandwidth B is equal to an integer multipe1/2T,

(T, = bit duration) such that negligible inter symbol
interference and intra symbol interference resultise
filtered signal waveform can be expressed (at R2 in
Figure 2) as

L-11-1

R(M) =YY a %[ -T -7, |+ (18)
1=0 i=0
where W(t) is filtered noise given by [4]
W(t) =~/2[w, (t)cos@rf t) —w, () sin@7E L) (19)

wherein, w(t) and wgt) are uncorrelated Gaussian
random process with the autocorrelation functiorthat

further in UWB systems. Behavior of (averaged) powe output of BPF given by

delay profile is an exponential function of timegm as

s

where, I = cluster decay factory= ray decay factor,
Q, = mean energy of the first ray of the first cluste

= —T.
T

il
14

14
=Q,e" e 14

However, we shall continue our analysis considering

the S-V channel model given by (10) in the nextti®ac

4. Signal Analysisin an MB-OFDM Receiver

The transmitted signal (9) after passing throughvdB
channel is received at the receiver front end giverfat
Ry in Figure 2)

L-11-1

RMO=Y > axJt=T -7, ]+ wt)

1=0i=0

(15)

where,w(t) = Additive, white, Gaussian noise.

Copyright © 2008 SciRes.

R (r) = E{W(t)Wt + 1)} = NOBM

. cos@rf.1r) (20)

Power spectral density of each noise compomgft}
andwg(t) at the BPF output is given by

N
0

|f|<B

. (21)
otherwise

Sie (1) = S (V) ={

4.2. Signal Passed through the LNA and
Downconverter

The filtered signal is amplified in next step byspiag
through wideband low noise amplifier with a 3dBtfla
gain of 8. The amplified signal may be given as (atilR
Figure 2)

L-11-1

R =BY. >.a, Xt =T, ~7,)e” 1)+ gy
1=0 i=0
(22
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The amplified signal can also be written as 4.4. Samplesat A/D Converter Output without
L1141 (octes) Frequency Offset
R=43. >, ix(t =T -7 )¢t L+ gy
1=0i=0 Both the above signals are converted in digital aiom
(23)  taking samples at= nT, given as (at Rand R in Figure 2)
where, ¢;; £ w7, and 7/, = delay ofi-th ray of I-th 114 i
cluster measured with respect to theragtof 1st cluster. R(n) = BZZ% (- l-i-N)e™ +Wp (29
Here, ¢;, are essentially independent and uniformly o
distributed over (0, #. In MB-OFDM, the OFDM C A S g (=l =i = N 4 30
symbol period is =A\f =242.42nsec. and sample period R 'B,Z;‘;a'" X(n=1=1=Nz)e () (30)

is 1.89nsec. The maximum delay spread obtained fro
measurement and supported by simulation for thestwor
channel here is 25nsec. (CM4). It is to be noted the
phase componen$ 2w,7 can not be neglected here
like narrow-band system as the maximum delay in S-V45 7P Removal and FFT Implementation
channel model (25nsec.) is comparable w@Ww2 For

example, 2/w.= 0.3nsec. (for band 1, witfH8432MHz)  In the next step, the ZP is removed by overlapging

r]ﬂhe above signal samples obtained at the A/D ctetver
output are basically the same samples fed at th€ DA
input in the transmitter block.

and is 0.09nsec. (for band 3, withFB960MHz). add method assuming that the transmitted and redeiv
Expanding the above Equation (23) we get, signals are perfectly matched. So, from (29) a#tér
114 removal we get
t) = a (X (=T, —r,,)cosw.t+ jx'(t)sinw,t L1111 N-1
RO =AX 2 a,ix-T 1) i () sinwt} R =65 S0, L5 xgerm g
1=0 i=0 k=0

e—im + M(t) (24) +W1(n + Nz) (31)

~ Itis obvious that the phaség are independent (each  Next, the N-point FFT is performed to recollect the
is a function of its respective path). Assumingt ttiee frequency domain  transmitted samples. Now, using
receiver generates the coherent reference (peréeder Ba, =a

phase estimate) we get in-phase and g-phase comgone "

in Ei L-11-1 —j2rq -j2riq .

can be expressed as (atd®d R in Figure 2) R.(q)= x[q] a e N e n 5l

L1 _ ) S—iizo
RO=E3a, (T -7 )codwt+ K(t=T -1, sirew : ey @

1=0i=0 ~j2mq

e + ARt -T, - 7,,) cosw,t (25) +Zw [n+N]e N

L-11-1 noise
R0 =55 a,{X(-T~1,)commt+ X(t~T -1, )sirf e} -

=010 where, X(q) =Y x(n— = i) /&N g

e + BNt -T, -7, ) sinwt (26) P
It is seen from the above equation that the frequen
4.3. 1-Q Signalsat the Low PassFilter (LPF) domain recovered samples are associated with phase
Outputs errors due to the multipath delay associated with

corresponding paths of ray as well as clusters.

Both the above down-converted signals after passin
through LPFs (which are basically Nyquist filtergjye
the base band signals expressed as;@tdRR in Figure 2)

3.6. Channel Estimation and Equalization

MB-OFDM channel is estimated from the channel
L-11-1 1 i

_ Sig, o~ estimate symbols of the preamble. Assuming that the

R =82 2 a Xt =T —1,)e"™ +W(t) (27) channel is slow fading, its coefficients are coasid to

1=01=0 be constant during one OFDM symbol. The channel
L1101 . . frequency response estimated over one OFDM sympol b
_ 4,
R (t) = ﬂlz():_z.;a'i,|x(t —Ti -1, )e " + (1) (28)  the least square estimator is given by
e
~ ~ N- _J'27mq
where, Wl(t) = ﬂN(t _Tl -7 )COSWct and R L-11-1 —j27q -j27q i Z
_ ' ~ 19 n=0
W,(t) = BMt-T -7, )sinwt are Nyquist fitered noise.  H(A)=22.a, e ¥ e ™ e ) (34)

Copyright © 2008 SciRes. I. J. Communications, Network and System Scie2€88, 4, 285-385
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In MB-OFDM, 6 symbols are sent for channel
estimation (CE) purpose. Hence final estimated obhn
frequency response can be obtained by taking teeage

of estimated channel coefficients over CE symbols

available per bandX,).

H(fmal)(q)-—ZH (a)

brO

(35)

In the above explanation it is clearly vivid thaiet
error in channel estimates i.e. the distortion cgmiue
the addition of noise in path (second part of Eguat
(34)) and the comparable multi path delay with eesppo

21w, reflected ase_Jz’T(lﬂ)q/N in the first term of
Equation (34). Equalization of data OFDM symbols is
done by using one tap equalizer, and hence estimat
received samples are given by

Xe(Q) =
N 27q/N gj27q/N Zié -
x(0) aejq glziaN gty D-leN
2.2 Z W
(final)(q)
(36)
where,q=0,1,2, .......ceneenns 128.
4.7. QPSK Demodulation and Detection
The estimated samplests(q) are fed to QPSK

demodulator.
transmitted symbol is recovered back taking denisio
over the signed amplitude of thes(g). The QPSK
demodulator input symbots(q) can be represented as

Xest(q) = iXest(inphase) * Xest(qphase) (37)

5. Signal Analysisin Receiver with Carrier
Frequency Offset Correction and CRLB
Calculation

Let the normalized carrier frequency offset is egsed
in terms of sub carrier spacirfigas f'=Af / f , where,
Af is the carrier frequency offset. After removal o Z

(32 samples) the signal obtained at the receiveh wi
frequency offset is given by

Rio(n) ﬂeJZﬂ (n+Nz)/N
Zx(k)ejzm(n -1-i)/N —J¢w +W(n+ N )

(38)
After FFT, the signal is presented as
L-11-1
(9= 27N, /N alv -1277(|+I a-f )N
= Ao )1 N5 Ea,
. N-1 _
e‘l¢\,| +zv\"ll(n+ Nz)e‘Jqu/N (39)
n=0
Copyright © 2008 SciRes. 1. J
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It is observable from Equation (39) that that the
performance fall gradually increases with FQ@fy)

when |Afb| < f/2 while it results in a complete
detection error wherAfy| > f /2. In Equation (38) it is

observed that f causes a phase rotation of
27f'(n+N,)/N . If it remains uncorrected, it causes both

rotation of QPSK constellation points and a sprefihe
constellation points.

Frequency offset synchronization may be perfornmed i
receiver in time domain before performing FFT of th
incoming signal either by cyclic extension or hyings
special training symbols. Synchronization technique
based on cyclic extension is not suitable for higte

acket transmission (like MB-OFDM) because - (i) An

ccurate synchronization needs an averaging ovge la
(>10) nos. of OFDM symbols to attain distinct numbé
peaks and a reasonable SNR. (ii) For efficient data
transmission, synchronization time needs to béag as
possible. In Training symbol based synchronization
technique, the incoming signal is correlated witle t
complex conjugate of the known training signal. riro
the correlation peaks in the matched filter outgighal,
symbol frequency offset can be estimated. We cuoatin
our analysis with a time domain frequency offset
estimation scheme proposed in [5]. Now, considering

L-11-1

X (n) = Ba,

1=0i=0

zx(k)ejzm(n—|—i)/m

(40)

At the output of the demodulator the

The received signal fgn) for then-th sample of the
m-thOFDM symbol (0< m < Z-1) can be expressed
as

L-11-1

Ry (M= x(n m B ommeemon g2 4
+W1(n + Nz + mNs) (41)
L-11-1
Now, considering» > 7/, =1,
1=0i=0
Ronm= x(n iy €170 Ty (42)

where, W (N, M) is the AWGN added with ther-th

sample ofm-th OFDM symbol. Based on (42), theth
sample ofn+1-th OFDM symbol can be given as

Rio(n’m+1) - xr(n,m+1)ej2n{f'(n+NZ+(m+l)NS)/N—f7}
+W, (n,m+1)
- Rio(n’m)ejZm‘Ns/N _W( n n) éZITfNSIN + "W n ml) (43)

w(n, m)

The phase difference betweerth sub-carriers of 2
consecutive OFDM symbols & (m+1) is 27£(fNg)/N}.
Phase offset between 2 consecutive OFDM symbol is
obtained by complex conjugate multiplication oith
samples ofm-th OFDM symbol & (n+1)-th OFDM
symbol. So,

. Communications, Network and System Scie2€88, 4, 285-385
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— . 2
Z_(n, m) =X (n! m) X, (nv (m+1)) Var(f I(L)): N (51)
ej277{f'(n+Nz+mNS+NS)IN—fr—f’(n+Nz+mN5)/N+fT} +W((n,m) (277)2(L —1)N§P(SNF§
(44)
where, 5.1. CRLB for Estimated Frequency Offset

w(n,m) =
The expression fam-th pair ofm-thand (+1)-th OFDM

—j2{f'(n+N, +mNg )/ N—-fr}~ ~x
X (nm)e” vvl(n,(m+1))+vvl(n,m) symbols can also be written from Equat{@n) as
Xr(n‘(m+1))e12ﬂ{f'[n+Nz+(fT‘r+]; N /N- fr} So(nm W f ma) R, (n,m+1) = Acos@sf Ng /N +A)
(45) +jAsin@7f Ng /N +A) + W, (n,m) + jw,,(n,m) (52)

For preamble, same OFDM symbol is repeated 2}yhere, A:|@O(n n)| , A=0ORg(nm | W, ()
times to constitute the training sequence utiliZed

synchronization. The frame format is shown in Fig@r  and Wyp(.) are the in-phase and g-phase components

Hence typically, of the effective noise of the complex conjugatecipici
x.(n,m)x, (n, (m+1)) :|xr(n,m)|2 (46) W(n, M) respectively obtained from (43).
Now, let us take
6.5625 0.937¢ 1.87¢ 3.75 U (n,m) = Acos@rf Ng/ N +A) +w, (n,m) -
Heee visee veee - Hsee V(n,m) = Asin(7£ Ng / N +4) + W, (n, m) (53)
21 OFDM 30FDM | 6 OFDM | 12 OFDM o u(n,m) = Acos@7f N/ N +A)} (5
symbols symbols | symbols | symbols 1 T, an .
(PS (FS (CE) | (Header | A! v(n,m) = Asin(27f N/ N +A)
1 angE;tﬁ%er:ectic Syt?fh?cnkié?ﬁo 1. gsrmgfion Expr_essing Blo(n m+1)=¢(n mrl), the probability
2. Coarse with p 2. Fine frequency density function of the sample vectdi(n,m+1) (when
frequency estimation . i
estimation 3. Fine symbol unknown parameter vectorfs) is given by
3. Coarse symbol timing estimation
timing estimation 1 P 1 &
i _ - = _ 2
Figure 3. MB-OFDM frame for mat. f({(n,m+]),0)_{ ,_2sz exFE 202nzzol{u(n’m) u(n,m)} J
Estimated frequency offset from number of sample L P L o
pairs ofm-th & (m+1) - th OFDM symbols, _ _ 2
x — | ex 5o Z{V(n,m) v(n,m)}
f:(m) = f'+ ¢noise(m) (47) 2ro n=0
2mNg /N (55)
where Inverse of Fisher Information Matrix gives the \aante
' o1 of unknown parameter estimates. Unbiased Cramer Rao
B oice(M) =arng_v(n,m) (48) Lower Bound (CRLB) of estimations obtained from
n=0 diagonal elements of Inverse Fisher Information iat
The n-th noise sample ofm-th OFDM symbol is I(6) [6]is as
Gaussian distributed with zero mean. The variante o _ 8°In(f (é(nm+1);6)) _ 0°In(f (é(n,m+1);6))
estimated frequency offset from two successively M2 IAIF'
. ; P | =
received OFDM symbols carl be easily given as © _E{azln(f ({(n,m+]);6b)}E{62In(f ({(n,m+]);@)}
Var( f’(m)) = + (49) of 0A of'?
(2m)°NSP(SNR

(56)

Now, If we continue this offset estimation ovér * when frequency offset estimation is carried ovet
OFDM symbols, comparison will be caused far— 1) OFDM symbols, the variance is

times. . N2
1 (@ Var(f'(L)) = _ (57)
=G @N.)7P(L-DSNR
frLy="f'+ oL 50 = si ise rati
(L) 2NN (50)  whereSNR= signal to noise ratio.
Correspondingly, the variance calculated, 6. Simulation Results and Discussions

Copyright © 2008 SciRes. I. J. Communications, Network and System Scie2€88, 4, 285-385
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Simulation is carried out to study the performarufe
MB-OFDM systems with frequency offset correction
using Time Frequency Interleaved (TFI) pattern 1 [1
under UWB channel model CM4 and AWGN. Relevant
parameters from ECMA-368 standard for MB-OFDM are
considered for the simulation study. We have carsid
1000 noisy realizations in each of the 100 UWB cleds
for our simulation. We estimated the channel usiagst
Square (LS) estimate during channel estimation esecg!
(25th-30th OFDM symbol of the frame format) of the
preamble.

Coarse frequency offset of the frequency offset
estimation scheme [5] is estimated for an AWGN cighn
using several consecutive OFDM symbdls< 2, 3 4, 5,
and 6) in the preamble for MB-OFDM systems. Figdre

D. SEN

o
L

10

10t

10%]

103}

104}

10°L

10°

——AWGN L=6
——CM4L=6

-CM4L=3 |4
- - - CMAL=2

5 10 15
Eb/No in dE

2C 25

shows change of variance of the frequency offsefigure5. BER vs. Eb/No for: 8) AWGN with L=6; b) CM4
estimation error of our scheme vs. SNR for variougVith L=6; c) CM4with L=3 and d) CM4 with L=2.

values ofL, viz. 2, and 6. As expected, the variance of
frequency offset estimation error decreases witheiase

Considering this, in this work, we have mathemdtica

in L. However, a lower value df is desirable in practice analyzed the propagation of signal in an MB-OFDM

to reduce the system computational complexity. FEgu

based UWB transceiver system under realistic cHanne

also includes the error variance of frequency offse€nvironment. This mathematical analysis is further

estimate and the CRLB of the error variance for ouXtended to investigate the effects of synchromupat
scheme forL=2 and 6. It is observed that the errorIMPerfections due to carrier frequency offset ire th

variance as per our scheme is very close to thpeotive
CRLB.
Figure 5 presents the BER vsy/l¥, plots for our

scheme withL = 2, 3, and 6 in UWB channel CM4 for

normalized frequency offset of 0.05. It is observbdlt,
for CM4, B/Ng improves by 8.3dB and 3.6dB with= 6
compared td. = 2 and_ = 3 respectively for BER=10][5].

7. Conclusions

To make UWB receiver design techno-economicallybetween

challenging, understanding of the key aspects fférint
signal processing stages in an UWB transceiveesyss
very essential.

10*
— CRLBL=6
¢ —*—Simulation L=4
10°% —*—CRLB L=2
—S—Simulatior L=2

108 |

10° |

Variance of Frequency Offset Estimation Erro

10%° ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 5 1 15 20 25 3C 35 40
SNR in dB
Figure 4. Variance of frequency offset estimation error: a)
CRLB calculated with L=6; b) simulation with L=6; c)
CRLB calculated with L=2; d) smulation with L=2 in
AWGN channd.

Copyright © 2008 SciRes.

receiver. The estimation of this frequency offsetarried
out following our earlier proposed algorithm [5]1h&
Cramer Rao Lower Bound of the variance of estinmatio
error is calculated and compared with the computer
simulation. Closeness of both the curves as depibie
the graphical representation proves the effectisenef
our estimation algorithm for UWB receivers. A
considerable improvement in system performance with
higher number of iterations of the estimation aildpon is
also reported. However, a higher number of iteratio
increases the receiver complexity. In practicepragromise
performance improvement and receiver
complexity is essential for effective receiver desi

The significance of this work is to show the
fundamental differences of UWB signal processing in
comparison with narrow-band system design which is
being reported for the first time in literature &do the
best of our knowledge. We further believe that, the
detailing of the crucial aspects of UWB signal @ga-
tion discussed here will help the researchers t@ldg a
clear understanding of this promising technology.

The frequency offset estimation algorithm discussed
this paper can be used in developing the practivaB
receiver. This mathematical frame-work can furtber
extended for timing imperfection scenario.
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