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ABSTRACT - Thic paper precantz the T/2 frac-
tlonal passband equalizer we developed Zor
poden following V.32 and V.33 CCITT recommen-

dationc. The BLOCK LMS algorithm controls all
adaptive equalizer parameters. This algorithm
attains the same parformance a standard LMS
does, but it iz computationally lescs complex
thanke to a mors afficient use of &ignal
procacsor capabilities. In  addition, the
important feature of this equalizar iz the

adaptive carrier phame tracking eystem design-
ed to suppress phase jitter.
1 Introduction

£hawn  in
voica-band

The adaptive passband LMS agualizer
Fig.1 is very spread in high-spasd
modens because of a good performance and its
computational mimplicity. It i{c a fractional
egualizer with a tap spacing less than =ymbol
interval T and with a decision-dirscted phase
lock loop for carrier phace tracking of two-
dimencional modulated signale [1]. The adapti-
ve equalizec presented in this paper ls based
on the structure depicted in Fig. 1, where
the BLOCK LMS algorithm and the adaptive phase
lock loop (APLL) are used insctead of a stan-
dard LMS algoritham and the second-order phaza
lock loop with fixed coefficients (FLL).

The BLOCK LMS algorithm has the same
gence characteristice a& a  ctandard LHMS
algorithm, but it i computationally less
complex. Namely, a= {t iz known, the original
block LHS algorithm realized in a frequancy
domain uces the computational effiefency of
the fast Fourier transfors (FFT) (2]. On the
ather side, our BLOCK LMS algoriths iz hard-
ware oriented and it is realized in = time
domaln using a signal procesgor instruction
for a fast multiplication with accumulation.

conver-

The PLL with fixed coefficients suffer fre=s =
high level residusl phace jitter that caesulis
in a noise tolerance reduction in high-denzity
signal constellations (32QAM, S4QAM, 128QAH)
That was our motivation to develop an adaptive

phase lock loop which efficiantly compensates
phase impairments. The APLL iz realized az a
cascade of the PLL and the adaptive ph,
jitter predicter (3).

In Section 2 the relation between ou:

LHS equalizer realized {n a time domain

the original block LHS adaptive filtar
based on the fact Fourier transform (FFT)
diccucced. The structure and the algerithm
the APLL are fntraduced in Section 3.
Saction 4 results generated by the program
simulater are shown. They provide parallel
convergence behaviors of LMS and BLOCK LMS
squalizers for differeat levels of linaarly
distorted telephone channele and 1{llustratae
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afficiency of the APLL in the presence
power-line harsonice phase jittar, Cancluslon-
are given in Saction §

Flg.l. Adaptiva linear aqualizer structure

2 The BLOCK LHS algeriths

The block LHS adaptive filtar [2] executes a

serial-to-parallal convarsion of input £ignal
samples in blocks of length L and then par-
forms all calculations in a frequancy domainm.
In the case of a finite impulse recponse
digital filter of order HN-1 with copplax-
valued {nput samplas the block LMS algorithm
can be written as
(.a)
(1.5)
E B, (1.¢)
where j iz a bloeck index, ¥, D. and E. are,
respectively, the filter output, the desired
output and the output error, all wvektors
length L. R iz the LxN smatrix of dnput
vectors R, € ic the Mkl waight vector and f_
{5 the convargence constant. In (1] h and

astarizk indicats Hecmitian transformation and
& cosplex-conjugate value For
filter it iz important to note an
adaptive algorithm muct allow a whola block of
cutputs to be calculated without medifying tha
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filter parameters. It means the welghts are
adjusted once per block of data that i
opposite to the standard filter which updates
parametars once dats ssmple. Tha block
data technigue just described makee Eense for
long filtaer lengths (N is of the order Of
hundred), where the use of tha FFT can
up calculation of the convolution Rl: and thl
correlation '—":!»
The block method in a frequency domain is
practical for voiceband equalizers who
th commonly doas axcead 327 in
intarvals. In that case & time domain
zation im much more convenient. Thiz
tha, ve have denoted m
nal complexity

algori=
K LHS, can gain &
to

the standard LHS algoritha when it iz imple-
mented on signal processcrs such as THS328
family. The BLOCK LMS algoritha iz derived
directly from (l.c). The equation (l.c) for
the k-th weight im
P AT ] 5 E’ g k=1,.N (2}
=ck - p : =L,.N 0 (

1 Sy Rl B B Bt

1f introduce the index n that indicates a
time in symbol intervals, instead of the block
index j, (2) can be written as

el neiem | nelemekes

I

. . .

c L =Ci-B/LLE R (33
—

The abova equation iz the BLOCK LMS
for T equallzer (pel, Fig.l.). As we
the k-th waight iz adjusted once per
zamples of length L and the weight updating
ters i an averaga corresponding LHS

algorithe

terms. Generally, s block length is not ras-
tricted but the case L=N iz probably the most
convenient (2. Whan L equala one the BLOCK
LHS algorithm becomes the standard LHS algo-
riths, The BLOCK LNS algorithm for the T/2
egualizer implemented in our mod: (p=2,
Pig. 1) is given with

ﬁilml—-n-l(o s

ksl, .28 4)

whare E
pacsband of

ke
¥R,C .
algorithm
digitally
where y i€ a emall positive conctant (d1.

iz the srror E
the

in the
The tacs

translated
signal.
that emerges in (4],

for the stable
implemented

received
balongs to an

operation of &
fractional equalizer

Tha squalizer has 2N cosfficients T/2
spart, The egualizer iz fad in by two samplas
per T and each weight iz adjusted once in
every L output samples. The calculation of th
updating term is ieplemented using  the
instruction HAC (MACD) (51 which indicates
multiplication with accusulation.

spaced

3 The adaptive phase lock leop

The cenventional PLL,
chowe

which operates as a low-
a good perforsance with
and  frequency offset,
ents can be optimized =0
bandwidth PLL ylelds a
shortest phase ecror convergence time (61. On
the other side, the PLL 15 not an optimal
sclution for carrier phase tracking in the

pass filtac
respect to

prasence of a phase jitter. As it is known,
the PLL achies a better phase jittar supp-
ression for the wider-band and noiss effects
ara less for tha narrow-band PLL [1,6). Gena-
rally, coefficiants of the PLL must be chosen
to provide a compromise between phase jitter

compression and noise enhancement.

Taking into account the above discussion and
the fact that for high-efficient mode

bit/s/Hz) th i phase tracking must ba
reliable and precise, it iz clear that just
adaptive mystems can synthesize phase Jitter
signals with a minimum noise enhancement. The
APLL includes good features

of conventional PLL and adaptive pradictor. It
iz the caccade coambination of the macond-ordar
decizion-directed phase lock leop and the
BLOCK LKS pha pradictor, Fig 2b. This
APLL has emerged after reduction of redundant
operatione in the given cascade (7). Az can
be meen, the APLL acts as_the PLL when the
predictor im turned-off. In fact, this corre-

Fig.2. Decismion-directed phase lock laop:
(b) Adaptive PLL

gponde to real conditions when a transmissien
path doag not introduce a phase jitter so that

pradictor weights wander roundabout & zero
value.

4 Simulation results

The goals of simulations nted in this

paper are: fist, to check thie calation batveen
convergence behaviors of LHS and BLOCK LMS
equalizars and, second, to tllustrate effici-
ency of the RPLL with respect to phase jitter.
The progr simulator performe the main
functions of the modem V.32 snd synthesizas
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talephone channels shown in Fig 3. The fnput
data, coming at the rate 9682 bit/s, are
mapped into the 320MM signal constellation and
tranemitted at tha 2488 Hz =ymbol rate. The
telsphone channel  introduces tha
Gaussian noise and phase impairzentz. The
firet simulstion tests the LHS equalizer
64 weights for tuwo difforent channals
cignal-noise ratic 35dB. The mean square error
te averaged ovar ten independent runs for (3, =

2. The cama sipulation is repeated for tha
BLOCK LMS egualizer. Its 64 wveights are
ceparated into two blocke 32 each and adjusted

in the block sanner whers L=32. In this
cpecial ccge ona peried of welghts adjustaent
is 32T long. The adaptation constant [ = 2T
ix chosento satisfy relation
(5)
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Fig.3. Amplitude and group-delay
charactaristice
Figure 4 shows that corrasponding behaviors
for LMS and BLOCK LMS equalizers are aqual
when the ralation (5) holds.
The carcier phace tracking systam is examined
for 1daal channel with SNR=35 dB and Bulti-

harmonice phace jittar which hac componants of

52, 160 an 150 Hr and peak-to-peak deviations
of 12, & and & dag raspectively. Figuca 6a
shows the signal constellation at the aquali=-
zer output for the second-order FPLL with
bandwidth of 180 Hz. Tha output iz cacpled
in steady-state operation and the time =lot

of 500 sysbol intacvals. We can con-
stellation points cuffer fros a larga recidual
phase jitter. The phase ercor pover &pectral

dencity of the PLL is depicted in_ Fig. S5b.
The same test is repeated for the APLL having

widthband 2@ Hz and 48 BLOCK LHS adaptive
weights. An adaptation of weights starts
after PLL learning. The APLL oparation is
illustrated in Fig. 6 which shovs a phase
jitter is entirely suppressed.

5 Conclusion

fhe BLOCK LMS algoriths has  the =ame

par!wr-uncc ae the standard LMS ﬂidﬂﬂ'lthl ﬁnﬂ
practical for signal

-1qarith-
for an adaptive egqualization we succeedad in
developing the receiver of the modam V.32, 32
with ona processor THS328C25. In addition, the
important feature of the equalizer iz an
adaptive phaze lock loop. The APLL includes
good features of the conventional secend-crder
PLL and the adaptive predicter of a phase
Jitter,
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Fig.d. Comparizon of
tha convergence behavi-
ors of LMS and BLOCK
LMS aqualizers: (a) LMS

(b) BLOCK LHS

Fig.5. Signal constell-
ation at the egqualizer
output and phase arror
power spactral dansity:
{a) PLL

(b) APLL
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