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ABSTRACT

In this paper, the performances of a single-user DS-UWB system applying two simple proposed channel
estimation schemes are introduced, according to the newly updated DS-UWB PHY Layer standard from IEEE

P802.15.3a. The performances of error control coding, different combining schemes in selective Rake receiver for

DS-UWB system are analyzed. Both of the two channel estimation schemes using data-independent structure work

well in DS-UWB system with few pilot bits. For the purpose of channel estimation and reduces the number of

pilot bits, we apply a pilot symbol spreaded with 2°-1 or 2°-1 periods of m-sequence for different channel

estimation schemes.
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I. Introduction

The Ultra Wide Band(UWB) technology is one
available candidate for future short-range indoor ra-
dio communication systems providing very high bit
rate services, lower power consumption and accurate
positioning capability.

Conventional UWB radio systems employ the
transmission of very short impulses of radio energy
whose characteristic spectrum signature extends
across a wide range of radio frequencies. To improve
its Multiple-Access(MA) capability, UWB impulse
radio technology can be combined with traditional
Spread-Spectrum(SS) techniques. Direct-Sequence
(DS) SS technique is a well known and powerful
MA technology. Antipodal signaling, such as Binary
Phase-Shift Keying(BPSK), is employed in DS-UWB
system', The newly updated DS-UWB PHY stand-
ard can provide a wireless PAN services with pay-
load capabilities of 28, 55, 110, 220, 500, 660, 1000

and 1320 Mbps.

In conventional DS-CDMA system, there is pilot
channel to provide time reference, and to enable co-
herent detection, power estimation and power control.
The unmodulated pilot channel spread spectrum sig-
nal is transmitted at all times by the base station with
higher power level than the other channels. While in
UWB system, there is no dedicated channel for pilot,
and all the control information and data are trans-
mitted in the same channel. So we should consider
the energy loss due to the pilot symbols and efficient
channel estimation schemes.

In this paper, the DS-UWB data link performance
with selective Rake receiver and error control coding
is presented. Based on the autocorrelation function of
the pilot spread code, we use sliding window and
successive cancellation schemes to estimate the chan-
nel impulse response with corresponding delay.
Besides, we compare the performance of two differ-

ent channel estimation schemes with two different
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m-sequence as a pilot spread code.

The organization of this paper is as follows. In
Section II, the DS-UWB system model using anti-
podal signaling and the realistic UWB channel are
introduced. The theory and structure of the selective
Rake receiver are given in section III. We will de-
scribe the proposed channel estimation schemes in
Section IV. Section V presents the structures of
transmitter and receiver, simulation assumptions, pa-
rameter settings and numerical simulation results with
corresponding explanations. Finally, conclusions are

made in section VL
I. DS-UW B System Model

2.1 Definition of DS-UWB Signals

We consider a single-user DS-UWB system.
Assuming that the user has a pseudorandom sequence
with N. chips per message symbol period 7; such
that N.T.=T; . The signal transmitted can be ex-
pressed as

() =226)p(¢—iT ) . @

where {b(i)} is the BPSK modulated data stream
which takes values of {+1, -1}, and p(t) is the spread

waveform, which is

N.~-1
Kd=Z dngt—nT) @)

where c(n) is the signature sequence, and g(7) is the
2]

chip pulse™.

2.2 [EEE 802.15.5G3a UWB Channel

Model

The IEEE 802.15.8SG3a channel model for UWB
transmission was derived from the Saleh-Valenzuela
model, where multipath components arrive in clusters
Bl In addition, independent fading is assumed for
each cluster as well as for each ray within a cluster.

Therefore, the multipath model consists of the fol-
lowing discrete time impulse response

h,~(t)=X,-ZLb‘;KOa"k,16(t— Ti[_ Tik‘I) (3)
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Table. 1. IEEE 802.15.5G3a UWB channel characteristics and
corresponding model parameters.

CMlL | CM2 | CM3 | CMa4
Chgi‘t‘:iﬁc LOS | NLOS | NLOS | NLOS
(04 m) | (04 m)| (4-10 m)
Mean excess
Delay(nsec)( 7. 505 | 1038 | 14.18
RMS delay 528 | 803 | 1428 25
(nsec)
NPioas 35
NP(85%) 24 36.1 61.54
Model Parameter
A(1/nsec) 00233 | 04 0.0667 | 0.0667
A(1/nsec) 2.5 0.5 2.1 2.1
y 4.3 6.7 79 12
r 7.1 5.5 1400 | 24.00
0,(dB) 3.3941 | 3.3941 | 3.3941 | 3.3941
,(dB) 33941 | 33941 | 3.3941 | 3.3941
o (dB) 3 3 3 3

where  {a?, )} are the multipath gain coefficients,
(T} is the delay of the /" cluster, {¢’; } is the de-
lay of the ¥ multipath component relative to the *

cluster arrival time {T‘,}, {X ) represents the

log-normal shadowing, and i refers to the i
realization. By definition, we have rg,,=0-

The amplitude |q, | has a lognormal dis-
tribution and the phase /g, , is uniformly dis-
tributed in {(, 7}. The expected value E(|a, |?)
is proportional to exp(~— T',/I'—t e d 7 where 1
and 5 denote a cluster- and a ray-decay factor,
respectively. The interval time between two clusters
T,.y—T; or two rays

within one cluster

T 441,01~ Tpy i exponentially distributed. Log-nor-
mal shadowing is modeled with X =10 *? where n
has a normal distribution with mean ,=( dB and
standard deviation g=3 dB. There are four different
models, CM 1, CM 2, CM 3 and CM 4 for different
channel characteristics, shown in Table 1. NPy, is
the number of paths within 10 dB of the strongest
path and NP g, gives the number of paths contain-
ing 85 percents of the energy. The above channel
model is assumed quasi-static or flat during the data
transmission of one packet. The impulse response re-
alizations of CM 3 is presented in Fig. 1, and the
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Fig. 1. Impulse response realization (CM 3).

average power decay profile of CM 3 is shown in
Fig. 2.

Il. Coherent Selective Rake Receiver

A receiver structure that is usually used for
CDMA systems is Rake receiver, depicted in Fig. 3.
In UWB channel model, there is abundant multipath
components and the several stronger components usu-
ally don‘t come first. If we use the fixed spaced
Rake receiver such as chip-spaced or symbol spaced,
it is possible to miss such stronger impulse reponses
which contain stronger signal energy than the other
channel impulse responses. If we locate the finger at
the moments when the strong channel impulse re-
sponse occurs, we will get better signal-to-noise
(SNR) than conventional Rake receiver. So we call it
selective Rake Receiver and fingers are located at the
N largest impulse response moments, N is the finger
number.

Spreading Code
r()

Fig. 3. Rake receiver structure.
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Fig. 2. Average power decay profile (CM 3).

We assume that the channel impulse response is
time invariant. The output of the i” finger can be

written as

T,—iT._
y= f_‘_TC A+ T )p " (Ddt @

where #(t+ iT,) is the received complex baseband

signal.
Let‘s represent the baseband signal as

HH = hs(t) +w( D ©)

where (7} is the propagation loss due to multipath
channel and “5({) represents the spreaded data,
“w( ) is the complex envelope representation of
white Gaussian noise with zero mean and variance of

one. We can write 5({) as below

(D = b(E (D) (6)

In equation (6), E; is the bit energy. We can use equa-
tion (5) and (6) to rewrite the output of i* finger as

vi= hbVE,+ 0V E, T hiR ((1=i) + 7, (D)

where R (D is the autocorrelation of the spread se-
quence and , is the additional white Gaussian noise

sample for the i* finger®™.

In maximal-ratio-combining(MRC) RAKE re-
ceiver, the signals of the selected fingers are de-
spreaded, coherently added, and then weighted by
their respective amplitudes, before a bit decision is
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made. The output of the RAKE receiver is given as
below = °

N *
y= 2 ki ®
N 9 N .
zVE‘;, Ellhll b+ Elhﬂ?[

where {4*} is the conjugate of the channel re-
sponse, and Vi is the output of the i" finger. The re-
sulting output SNR is described in the following
equation (9).

- 2 ®

The MRC RAKE receiver produces an instantaneous
output SNR that is the sum of the instantaneous SNR
of individual fingers.

In the equal-gain-combining(EGC) RAKE re-
ceiver, we don‘t consider the magnitude of each fin-
ger and only compensate the phase distortion for in-
dividual fingers due to the multipath fading channel.
The output of the EGC RAKE receiver is given in
equation (10).

— _je' .
y 2y e Yi (10)

zm ﬁl h 1b+ ZNle —jﬁ,”l

M=

For EGC RAKE receiver, we just set the magnitude
of each finger equal to 1 and compensate the phase
distortion only.

IV. Proposed Channel Estimation Schemes

In the newly updated IEEE P802.15.3a DS-UWB
proposal, there is no reference about the channel esti-
mation scheme and the proposed system is a
short-code spread-spectrum system whose spread
code period is shorter than the channel time
dispersion. If we use data-aided(DA) approach, due
to the autocorrelation function of the spread code, the
multipath components with time delay larger than the
period of data spread code will be added to the mul-
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tipath components with time delay smaller than the
period of data spread code in corresponding position.
For example, if the period of data spread code is N,
the multipath component with time delay N.+1I chips
will be added to the multipath components with time
delay I chip and we can‘t get the multipath compo-
nent with time delay N.+! chips. So we use a da-
ta-independent pilot approach that is based on the
known pilot bits to estimate the channel impulse re-
sponse[ﬂ. The known pilot bits are transmitted before
the user data. Here pilot bits are spreaded using a pi-
lot spread code. The transmitted symbol correspond-
ing to the data-independent pilot scheme can be rep-
resented as follows

N,-1 )
Sm:[ X b 00 (t=iTy) beforedata

data symbol period

5 BOp(t—iT )

J

(11)
and

N1

pH= Zb ¢ (mLt—nT,) (12)

where p  is pilot spread waveform with the same
chip duration and chip pulse as that of data spread
code, {b,(#} is the known pilot bits whose length
is Np. The period of the pilot spread code is N,
and the duration of the pilot symbol is T, such that
N, T.=Ty. Assuming that a packet starts with N,
known pilot bits, the received signal can be repre-

sented as

= ZL:laﬁ(t—ﬁH—a)(t) (13)

where ¢, and 7, are the channel gain and delay

of the /* path, () is a Gaussian noise, L is the
number of multipath components.
From (13) we have

r=s(t)a+n (14)

where we take 77 as a random vector with zero mean

and covariance matrix C,=EM"} and o=[a,
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@0, 1 for pilot symbol duration, $(*) is a matrix
with entries

[s(¥)),., =s(ml;, —7) 1<I<L (15)

We note that, for a given pair (@,T), vector r is a
Gaussian, with mean s(t)a and covariance matrix
C,. The covariance matrix C, depends on the inter-
fering users. For single user case, it is an identity
matrix. Thus the likelihood function of the unknown
parameters takes form

A(d,T)=2Re {rHC”"s(i)fi} —-afs? ("E)C,l"s(‘"r)ﬁ (16)

where @ and ¥ are trial values of 00 and T.

Even though the search for the optimum can be
performed separately for T and @, the complexity
of the search for delays is prohibitive, since it in-
volves an L-dimensional maximization.

In our system, to reduce the complexity we use
two kinds of suboptimal channel estimation algo-
rithms called sliding window algorithm(SW) and suc-
cessive cancellation(SC) algorithm. )
 The sliding window algorithm calculates the
cross-correlation between the received pilot symbol
sequence and the known transmitted pilot symbol
sequence and to get gains {7} and delays {7}
for the N largest amplitudes of the cross-correlated
sequence. If the shifted versions of the received sig-
nal are mutually orthogonal or the channel is one-tap,
the sliding window algorithm is maximum likelihood
optimum. But neither of these two cases are met in
our system, which results in sub-optimality of the
sliding window approach. The sliding window chan-
nel estimation scheme is performed as in equation

(17) and (18).

X [s" ®)C, ™|
T=argmax —p— 7 ._
£ s"(D)C, s(7) amn
and
. s (0C,
0 =——"—""-
s“(1)C,'s() (18)

where 7 and d are estimated channel delay and im-
pulse response, respectively.

The successive cancellation channel estimation
scheme improves the performance of sliding window
algorithm by an iterative manner. The algorithm be-
gins by using the sliding window algorithm to find
the parameters of the strongest tap. The delayed ver-
sion of the transmitted signal corresponding to the
estimated tap is then subtracted from the received se-
quence and the algorithm is repeated. The main
drawback of SC channel estimation algorithm com-
pared with SW algorithm lies in the longer delay
than SW channel estimation method before the chan-
nel is fully estimated”. In DS-UWB system, the pilot
symbols and data transmit sequently, besides the pilot
symbols take only a little portion of the packet, so
the time delay induced by SC has little effect on the
system throughout. Based on equation (17) and (18),
the algorithm can be performed in the following
steps

1. Set /=1 and r’=r.

2. Performing search for the strongest tap r, and
@, using the above equation (17) and (18).

3. Subtract the contribution of the estimated path
from the received signal as in equation (19).

e =r-as(4) 19

4. If I is lower than the number of the RAKE fin-
gers repeat from step 2 with matrix r' * ¥ in-

stead of r in (17) and (18), ! steps one.

Due to the good autocorrelation property and sim-
ple generation method, we choose m-sequence as a
pilot spread code, with period longer than the chan-
nel maximum time dispersion. The performance of
this method will be presented in Section V.

V. Simulation Conditions and
Numerical Results

5.1 Simulation Assumptions and
Parameter Sets
The proposed transmitter and receiver structures for
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Input Convoh Convol \| RPSK N 1 .
Dats Data Scrambler Encoder Interleaver Data Spreading Pulse Shaping
-

Fig. 4. Structure of DS-UWB transmitter

Rnke Receiver 1——-'

Fig. 5. Structure of DS-UWB receiver

DS-UWB system are shown in Fig. 4. and Fig. 5.

In our simulations, we consider a single user and
perfectly synchronized DS-UWB system. No mul-
ti-user interference is considered in this paper.

All the simulations in this paper were conducted
using the parameter set of 55 Mbps data rate in the
lower operating band, according to the newly updated
IEEE P802.15. 3a DS-UWB proposal®™.

The explicit setting of parameters is described below

* The uncoded data rate R, is 55 Mbps.

*We use convolutional coding as etror control
coding, whose code rates are 1/2 and 3/4, con-
straint length is 7.

*The transmitted pulses are modulated using
BPSK.

» The processing gain is 10.79 dB or 12 chips/
symbol. We simulate a short code spread-spec-
trum system.

* The distortions from the antenna and nonlinear
hardware are neglected.

*The m-sequences used for channe! estimation
are generated by linear feedback shift registers.

*The length 255 m-sequence generation poly-
nomial is

c(0)=1+x+x +x*+x8 (20
The length 511 m-sequence generation polynomial is
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«IEEE P802.15.SG3a UWB channel model is
adopted. Here, the number of multipath compo-
nents is equal to NPigss.

All of the UWB channel models were simulated
using at least 100 channel realizations for each Ey/No.

5.2 Numerical Simulation Results

In this section, we present the numerical simu-
lation results in DS-UWB system. In Fig. 7, Fig. 8
and Fig. 10, we use 1/2 rate convolutional code as
error control coding and compare the performance
difference at target BER of 10™. In either channel es-
timation scheme, the number of pilot bits is 4 and 8
for the cases of length 511 and 255 m-sequence
respectively. So, we get similar total number of chips
for channel estimation in the cases of different pilot
spread codes.

Fig. 6. presents the uncoded BER results perform-
ances of DS-UWB system in different channels. We
simulate with perfect knowledge of the IEEE UWB
channel characteristics and using 1-finger selective
MRC Rake receiver for comparison with AWGN
channel and 1-path Rayleigh fading channel. It is
clear that data suffers from larger inter-symbol inter-
ference(ISI) in IEEE UWB channel.

In Fig. 7. the performances of sliding window
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Fig. 7. BER of DS-UWB system with perfect and sliding win-
Fig. 6. Performances of uncoded DS-UWB system in different dow channel estimation applying two kinds of pilot spread code
under CM 3.
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Fig. 8. BER comparison between sliding window and successive Fig. 9. BER of different convolutional code rates w1th perfect
channel estimation under CM 1 and 3.

cancellation channel estimation schemes under CM 3.

channel estimation algorithm with two different
length pilot spread codes are presented under channel
model 3. We can see that the performance difference
between 16 and 8 fingers selective Rake receivers
with perfect channel estimation is about 0.5 dB, but
the complexity of 16 fingers Rake receiver is twice
of the 8 fingers Rake receiver case. So if considering
the tradeoff between complexity and performance, we
may select 8 fingers selective Rake-receiver as our
choice. We use two kinds of m-sequence to estimate
the channel. We can see from the simulation results
that Rake receiver with 8 fingers, length 511 m-se-
quence provides the performance loss of only 0.6 dB
compared with the perfect channel estimation, while
in the length 255 m-sequence case the performance
loss is more than 4 dB.

Fig. 8. shows the comparison between two differ-
ent kinds of channel estimation schemes with two

different pilot spread codes and 8 fingers MRC Rake
receiver under CM 3. We can see that the perform-
ances of SW and SC channel estimation schemes
with length 511 m-sequence are similar. When length
255 m-sequence is used, the performance of succes-
sive cancellation channel estimation scheme is about
0.5 dB worse than that of the sliding window scheme
with length 511 m-sequence and about 1 dB worse
than that of perfect channel estimation scheme. But
the sliding window scheme with length 255 m-se-
quence induces about 4.8 dB performance loss than
the case of perfect channel estimation scheme.

Fig. 9 shows the BER results of DS-UWB system
with different convolutional code rates. As the num-
ber of multipath components increases, the 3/4 rate
convolutional code losses more performance than the
1/2 rate convolutional code.

As shown in Fig. 10, the MRC selective Rake re-
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Fig. 10. BER Performances of MRC and EGC RAKE recei-
vers with successive cancellation channel estimation scheme
under CM 3.
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ceiver performs about 0.52 dB, 0.58 dB and 0.75 dB
better than EGC Rake receiver for the case of 4 fin-
gers, 8 fingers, and 16 fingers respectively in coded
DS-UWB system using successive cancellation chan-
nel estimation scheme with length 255 m-sequence as
a pilot spread code. From the above result, we can
conclude that as the number of the finger increases,
EGC Rake receiver losses more performance than the
case of MRC Rake receiver. In MRC case, we need
to estimate the magnitude and phase of the channel
impulse response, which adds only a little complexity
than EGC.

VI. Conclusions

Even though the data transmitted in the realistic
UWB channel environment suffers from very large
ISI, we can use error control coding to achieve the
target BER with less E,/No than in the uncoded
system. The selective MRC Rake receiver performs
well in DS-UWB system with two practical channel
estimation algorithms. Successive cancellation chan-
nel estimation scheme works better than sliding win-
dow channel estimation when short length m-se-
quence is used as a pilot spread code. From Fig. 8
we see that when we use SC channel estimation
scheme with length 255 m-sequence as a pilot spread
code, at BER 10* with 8 fingers selective MRC
Rake receiver, the performance is about 0.5 dB
worse than the case of sliding window channel esti-

mation scheme with length 511 m-sequence, but the
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complexity of the former channel estimator is only
half of the latter one. According to the newly up-
dated IEEE P802.15.3a DS-UWB PHY specifica-
tions, we propose to use selective Rake receiver
(MRC) with 8 fingers and successive cancellation
channel estimation algorithm with m-sequence as a
pilot spread code considering the above simulation
results and the discussion on complexity. The period
of m-sequence is 21 in this paper.

REFERENCES

(1) N. Boubaker and K. B. Letaief, “Performance
analysis of DS-UWB muitiple access under im-
perfect power control,” IEEE Transactions on
Communications, vol. 52, no. 9, pp. 1459-
1463, Sep. 2004.

(2] Sergio Verdu, Multiuser Detection, Cambridge
University Press, Cambridge, UK, 1998.

(3) Adel A. M. Saleh and Reinaldo A.Valenzuela,
“A statistical model for indoor multipath prop-
agation,” IEEE Journal on Selected Areas in
Communications, vol. 5, pp. 128-137, Feb. 1987.

(4] Jeff Forster, Sub-committee Chair, Channel
Modeling Sub-committee Report, IEEE P802.
15-02/490r1-SG3a, Feb. 2003.

(5] Simon Haykin and Michael Moher, Modern
Wireless Communications, Pearson Prentice
Hall, Upper Saddle River, NJ, 2003.

(6] A. S. Madhukumar, Francois Chin, Ying-
Chang Liang and Kai Yang, “Single-carrier cy-
clic prefix-assisted CDMA system with fre-
quency domain equalization for high data rate
transmission,” EURASIP Journal on Wireless
Communications and Networking, pp. 149-160,
Jan. 2004.

{7] D‘Amico. A .A, Mengali. U, Morelli. M
“Multipath channel estimation for the uplink of
a DS-CDMA system,” IEEE International Con-
ference on Communications, 28 April-2 May,
2002, vol. 1, pp. 16-20.

[8) Reed Fisher, Ryuji Kohno, Michael Mec.
Laughlin and Matt Welborn, DS-UWB Physical
Layer Submission to 802.15 Task Group 3a,
IEEE P802.15-04/0137r4, Jan. 2005.



¥/ Sliding Window and Successive Cancellation Channel Estimation Schemes based on Pilot Spread Code in DS-UWB System

2 2 2 (Yupeng Wang) F3
2004 79¢ FHOR FAF

FIFEAD

20043 99~EA] szt A
BEAINE A

<@ lHol 44 o] Al Al
d, UWB Alxd 74 ASF
e

2 A F (Junglu Kim) 3
2004 29 st AL

stok (e
2004'd 39~A Qlsita A
BEAIE A
<BAEok 4AT o] FEAl Al&
&, Cognitive Radio, UWB ¥
WiBro A28 $A4 1473

& A & (KyungHi Chang) Zx134

19851 29 AAstw AAE
SHEFEh

1987'd 249 AANFE HAE
REICER))

19923 84 Texas A & M
Univ., EE Dept. (Ph.D.)

1989:3~1990  AMIER )&

FUATI

199213~20034  IEAAFRAIATY, olFeAlATa
FAA G AT (A dTY)

2003d~8A  alsliEw AR BAIE] Ras

<#A]Hok 3G LTE & 44t o] 5541 FA1A5H9A,
WMAN A28 §Xx1%%7]4, Cognitive Radio,
Cross-layer Design

957



