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Abstract— Ultra wide band (UWB) propagation channels are
highly rich in multipaths. A major problem encountered in UWB
systems is to capture enough multipaths to maintain a sufficient
signal to noise ratio (SNR) for further signal processing. This
leads to a RAKE receiver with large number of fingers. Channel
shortening can help in simplifying the RAKE receiver archi-
tecture by reducing the channel taps. The recent developments
in channel shortening mainly deal with time varying wired line
scenarios like multicarrier modulation (MCM) systems where
it is used to suppress few channel taps outside the cyclic prefix
(CP) length. In UWB systems, the problem of channel shortening
appears in its extreme form where a large number of channel
taps are needed to be suppressed and most of the channel energy
should be compressed within just few taps. Hence, the underlying
theory and assumptions of most of the existing algorithms are
invalidated when applied to UWB.

The algorithm which addresses the channel channel shortening
in the most primitive way and can be applied to any system in
general is maximum shortening signal to noise ratio (MSSNR)
algorithm. In this paper, we modify the MSSNR algorithm
to exploit the UWB characteristics and make it capable to
handle the extreme nature of channel shortening needed in UWB
systems. The proposed algorithm does not need any training or
channel estimation and outperforms MSSNR algorithm in terms
of different comparative parameters.

Index Terms— Channel shortening, RAKE receiver, ultra wide
bandwidth (UWB), MSSNR.

I. INTRODUCTION

the assumed system architecture and associated mathematical
model. Section V explains the underlying assumptions and
mathematical structure of proposed modified MSSNR algo-
rithm. Simulation results are shown in section VI and section
VII concludes the discussion.

Il. CHANNEL MODEL

Based on measurement campaigns carried out by different
researchers [10]- [12], for a wide variety of propagation
scenarios, IEEEB02.15 Study Group 3a has finalized four
standard models for UWB channels [11]. In this paper we
use these standard channel models, namely CM 1 to CM 4, to
develop and evaluate the performance of CSE. These channel
models are modified versions of Saleh-Valenzuela (S-V) model
[13] and generated to fit different propagation scenarios. They
take, in general, the following mathematical form:
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whereaqy, ; are the multipath gain coefficient$; is the delay
of the " cluster,r;.; is the delay of*" multipath component
relative to thel*" cluster arrival timeT}, L is the number of
clusters,K is the number of multipaths within a cluster and

Channel shortening equalizers (CSEs) or time domai represents the log-normal shadowing.
equalizers (TEQSs) are in use in communication systems since
early 1970s [1], [2]. Most of the recent applications of CSEs

are specifically developed for multicarrier modulation (MCM)

Ill. SIGNAL FORMAT

systems [3]- [6], [9] to mitigate intersymbol interference (ISI)

and intercarrier interference (ICI) produced due to inadequ
cyclic prefix (CP). These algorithms exploit some of thos
parameters explicitly available in MCM systems. A majo
problem encountered in UWB systems is to capture enou
multipaths through a complex RAKE [8] to maintain a suffi-
cient signal to noise ratio (SNR) for further signal processin

eTo develop CSE, we assume the first derivative of Gaussian

t
?émction as the transmitted pulse which is also the most

gommonly used pulse shape in available UWB literature and
grdware [14]. Assuming(t) is the transmitted pulse shape,
or a binary time hopping (TH) UWB signal employing pulse

n be given as:

%Zsition modulation (PPM), a symbol transmitted B user

CSEs can also greatly simplify UWB receiver structure b

reducing the channel delay spread [7], [15]. As UWB systems N—1

have erjt_irely different archite_cture anq channel mgdels, new s;(t) = Z gt —iTy — ;. To — a;A), )

or modified channel shortening algorithms exploiting UWB pry

features are required to address the specific needs of UWB

systems. wheres;(t) is the symbol transmitted by thg” user,T} is
Remaining of the paper is organized as follows: In sectigrulse repetition periodV is the number of repetitiong]. is

Il and 1ll, we briefly discuss the UWB channel models an@H chip period,c;; is the TH sequence foj*" user,a; €

the signal format used respectively. Section IV describg$, 1} and A is the delay to represent a binary symbol.



IV. SYSTEM ARCHITECTURE V. MODIFIED MSSNR ALGORITHM

The received symbol fromj'" user is the convolution | et w be the CSE such that:
between (1) and (2), therefore:

W = [wo w1 wWa LR wd_ﬂT, (7)

t)= Z Z ZXJ' e 10(t = Ti = 7i2)s5(m — 1), (3) whered is the number of CSE taps.

MO0 k=0 _ f the CSE is inserted before the RAKE reception then the
where we assumed that the channel impulse response (CtJ eived signal applied to the RAKE is:

does not exist when < 0.
ion i i i ,d '
_The above equation in a multlu_ser environment havig r= (Ri"' ) +R§" ; ))W7 8)
simultaneous active users experiencing same channel length
with additive white Gaussian noise (AWGN) can be rewrittefyherer (" anng””‘” are the convolution matrices of”’l)

as: andr{"") respectivelyyy = d+p—1andy =d+q—1.

Several CSE designs formulate a single Rayleigh quotient to
> be optimized and in general take the following mathematical
form:
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wheren(t) is additive white Gaussian noise. Wopt = arg max ———, (9)
Since the transmitted pulsg(t) is very narrow in time, v wiAw
it can be approximated to an impulse as compared to thbe solution to this problem is to maximize the numerator
channel delay spread. Thus, if a single pulse is transmittdeeping denominator constant or minimize the denominator
the received pulse will quite accurately reveal the CIR. Thigith constrained numerator. Thus, an optimum CSE is the
is a characteristic feature of UWB systems and not availaleneralized eigenvector corresponding to largest or small-
in other systems where pulse/bit duration is comparable @st generalized eigenvalue respectively of appropriate matrix
channel delay spread. Hence, a CSE which can shorten paérs. Constrained are applied to avoid some trivial solutions.
received signal is also capable of shortening the CIR, providétle algorithm which deals channel shortening in a very
that each user transmits a single pulse in synchronization wittimitive sense is maximum shortening signal to noise ratio
others. Assume that the CSE shortens the channel th'thle (MSSNR) [16]. In this algorithm, the channel energy outside
multipath of theL’th cluster. In this case, the above equatiothe shortened window is minimized keeping the energy within
can be split into two parts with respect to channel taps #g window constant. This solution assumes that< o,
follows: violation of this assumption results in a situation whBrean
not be decomposed through Cholesky factorization. In case of
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N, o L K UWB channels, we need a comparatively largevhich could
Z Xj o 0(t — Ty — 1) (m — t) + efficiently shorten the dense multipath channel. This makes
=1 m=0 1=0 k=0 d > ¢ and thus normal solution does not work. A variant of

[16] is [17] which works the other way round and hence a
CSE withd > ¢ is possible. Here, we modify [17] to work
e in UWB scenarios.

Z Z ZX'O"%”W_TZ_T’cﬂl)sj(m_t)+”(t)' (®) In the proposed algorithm, we define a unique Rayleigh
J=Llm=0i=L"k=K"+1 quotient be maximized. From (8), the signal energy within the

(p,1)
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o) shortened channel window and outside can be given as:
Or alternatively, each part in (5) can be given in matrix form Awin 2 WT[R§n,d)]TR£n-,d)w (10)
as: 2 TR TR )
Awall =W [Rz ] Rz w. (ll)
(p1) » (ps) <<p1
1 - ZX S hy To efficiently shorten the channel, an optimuwmnwill maxi-
mize \yin keeping\,q; constant.
and rgq,n 2 ZXJ qu @' h(ga 1) +n@), () Since UWB CIRs exhibit a sort of exponentially decaying

profile, therefore the signal amplitude is larger in beginning
and reduces with time. As we assumed the shortened channel
where§; is the convolutlon matrix of appropriate order fokyindow is spanning over firstZ’ — 1)K + K’ multipaths,

j*" user transmitted signal vectsyr, h(w Y aﬂdhw D are the therefore some statistical parameters associated to shortened
splitted parts of channel vecthfLK 1 The parentheses showchannel window and the rest of the CIR can be optimized to
the order of each matrix or vector such that= (L' — 1)K + improve CSE performance. Hence we define and include the
K,¢'=K(L-L'+1)-K',p=¢p+b—1,q=¢ +b—1, following parameters in the optimization problem:

where b is the length of transmitted signal vectsy. It is The second moment oﬁ”’l) about the mean afgq’l) is

worthy to note that the effective noise componaft!) is (1) A ) T

added only inr{”") to simplify the expression. 6" = Eldiag(vy™ )], (12)
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in which ir, = Efry")] andu(!) contains all elements equal £ |
to 1. 8

The additional parameter to be included in optimization |

-
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where® ("9 is the convolutional matrix 0§ ™).

This parameter basically addresses the signal amplitu
level difference within and outside the shortened chann
window. This can be optimized to force the channel taps in o y .
certain region to their minimum or maximum. Channel Model Number

. . 1) .
The second parameter is the grad'entgf : Fig. 1. Channel energy captured within 20 taps of shortened window in

a single user and noise free environment. For CM1 and CM2 d=50 and for
€(p71) 2 Vrgp"l), (15) CM3 and CM4 d=75.
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where V is gradient operator. Hence, the other optimizatio

parameter is: 0'85’///(’»/-/“"
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whereE("? s the convolutional matrix of?"). :
This parameter exploits the decaying characteristics of t% <
CIR and can be optimized to increase or decrease the decayz [ O

e . . o]
factor within or outside the shortened channel window. 5 osl o
Therefore, based on (10), (11), (14) and (16) we define tém < q < < < .

. L. . . 2055 N J

following optimization problem for the proposed algorithm: § < a

© 0.5

)\win J < o

Wopt = argmax ———— . (17) 0.45 4 N ¢ © ¢ 7
P w A’wall + d} + C ¢
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Replacing the values: 0 ! 2 8 foamEm 7 8 e
T (RTR Fig. 2. Channel energy captured within 20 taps of shortened window in a
w 1 81w multiuser AWGN environment with Nu=10. For CM1 and CM2 d=50 and for

Wopt = arg max po pe pe . (18) cwm3 and cm4 d=75.
w WT(R2R2+® ©+E E>w
where parentheses depicting the order of each matrix has been VI. SIMULATION RESULTS
removed for concise representation.

The above equation poses a traditional optimization probIemEXtenS'Ve simulations are perfc_)rmed to obtain a fair compar-
as in (9) with: Ison between the proposed algorithm and MSSNR algorithm in

standard UWB channel models. Figure 1 shows the channel
(19) captured energy within a shortened channel window of first
20 multipaths in a single user and noise free environment.
and A=R;R,+0©"0+E"E. (20)  The value ofd = 50 for CM 1 and CM2, andd = 75 for
CM 3 and CM4. CSE length is chosen Figure 2 depicts the
Hence: comparative performance of both algorithms in a multiuser
T AWGN environment withN,, = 10. Remaining of the factors
Wopt = (VA ) apan (21) remain same as in previous case.

Both figures clearly indicate that the proposed algorithm
where a,,,,, is the eigenvector corresponding to maximurdutperforms the MSSNR algorithm in terms of energy capture.
eigenvalue of(\/X)‘lB(\/KT)‘1 and v/A is the Cholesky It is observed that MSSNR algorithm’s performance gradually
factor of A. decreases with increasing SNR in a multiuser environment

B = RIR,
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