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ABSTRACT

The V.34 modem standard uses QAM constellations
with 4 to 1664 points depending upon the results of
the line probing where the telephone channel is charac-
terized to connect at the maximum possible data rate.
In the receiver, the decisions errors due to the channel
noise are prevented by using the Viterbi subset decoder
which uses a point slicing algorithm that determines
the closest valid point on the constellation for a given
constellation size. In this paper we present a point
slicing algorithm where the complexity is nearly inde-
pendent of the QAM constellation size.

1. INTRODUCTION

The data rates supported by the V.34 modem standard
[1] vary between 2.4 kbps to 33.6kbps. Such variable
data rates are made possible by using advanced signal
processing techniques such as channel coding using 4D
convolutional codes [6], shell mapping [2], precoding
[3], nonlinear encoding [4] and pre-emphasis filtering
at the transmitter [4].

The 4D convolutional codes yield a coding gain above
4.2dB, and the associated Viterbi subset decoder has
reduced complexity due to the lower number of state
transitions between the states. Shell mapping is a tech-
nique for non-equiprobable signalling that reduces the
transmitted signal power and thereby yielding a cod-
ing gain of 0.7-0.9dB. The precoder implements deci-
sion feedback equalization at the transmitter in a way
that creates a valid signal for the Viterbi subset de-
coder at the receiver. Finally, an intelligent choice of
the pre-emphasis filter reduces the transmitted signal
power at the low frequencies and hence, the level of
nonlinear harmonics in the network echo for a higher
level of cancellation.

In the receiver, after demodulation, the baseband
signal is subjected to timing recovery, carrier recov-
ery, fractionally-spaced equalization, followed by the

viterbi algorithm which decodes the 4D codes of Wei
[6]. The Viterbi subset decoder is the most computa-
tionally expensive block in the receiver and the com-
plexity depends on the 16, 32, or 64 state codes being
used. The Viterbi subset decoder (and the equalizer
in the self-learning mode) require the knowledge of the
closest hard point on the constellation. When precod-
ing is enabled, there is constellation expansion and the
point slicing algorithm, which yields the closest hard
point on the constellation assumes that the hard points
lie on the infinite lattice [5, 7]. We call the algorithm
for this case the Infinite Point Slicing (IPS) algorithm
which has a simple implementation. When the constel-
lation expansion is high compared to the constellation
size, the distance between the constellation points is
effectively reduced in order to maintain the constant
transmitted signal power. Therefore, the precoding is
disabled in this case, and consequently, the slicing algo-
rithm must yield hard points from the particular finite
size constellation used in the transmitter of the remote
modem.

In this paper, we present an efficient point slicing
algorithm for digital transmission based on QAM con-
stellations. Upon receiving noisy constellation points
at the equalizer output, such as shown in Fig. 1 for
the V.34 modem, the proposed algorihm obtains the
closest valid constellation point in each subset. The
computational complexity of the proposed algorithm is
nearly independent of the constellation size. The new
finite point slicing (FPS) algorithm is based on modify-
ing the IPS algorithm, and conducting a search over a
maximum of 9 candidate hard points, when necessary.

2. IPS ALGORITHM

For V.34, the infinite lattice Z? is partitioned into four
subsets S;, i = 0,...,3, such as shown in Fig. 2. The
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Figure 1: Received signal constellation diagram for

28.8kbps, 3429 symbs/sec V.34 modem at the equal-
izer output at 31dB SNR.

subsets, S7, S3, S3, are 907, 1807, 270° clockwise rota-
tions of Sy as defined by the ITU [6, 1].

For a given the soft (noisy) point (I, Q)5), assuming
an infinite size constellation, the IPS algorithm deter-
mines the closest hard point (I, Q) € So is as follows;

Step 1. Subtract the offset (1,1) from (I, Q).

Step 2.Round the result of Step 1 to the nearest
integer multiple of 4.

Step 3.Shift the result of Step 4 back by (1,1) to
obtain (I, Q3).

The closest hard points in other subsets can be de-
termined in various ways. For instance, soft points can
be rotated counter clockwise onto Sy. This 1s followed
by determining the closest hard point in (I, Q) € So.
Finally, this point is rotated back onto the appropri-
ate subset by rotating clockwise. Another method is
as follows; once (In, @) is determined, the a small
search can be conducted over the neighbouring valid
hard points that are in other subsets. Hence the key 1s
to determine (I, Qp) € Sy, and we will focus on this
problem. Note that, in other modem standards such
as in the V.32, the subsets may not be rotationally
invariant. However, the proposed algorithm is general
enough and can be used in these cases with minor mod-
ifications such as keeping a record of the constellation
points lying on the subset boundary for each subset.
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Figure 2: Subsets Sp; '0’, S1; '+, Sa; 'x” and Ss; ¥
the 28,8 kbps V.34 modem.

The details of the proposed algorithm are presented
below.

3. FPS ALGORITHM

The IPS is a computationally efficient algorithm, how-
ever, 1t generates erroneous hard points when it is nec-
essary to consider the constellation boundary. The ne-
cessity for such an algorithm is stated in [6]. Let us
denote the finite subsets of interest by Slf C S;. In
the V.34 modem standard [1], the constellation points
in Sy are generated recursively as follows; ” The point
with the smallest magnitude is labelled as 0. The point
with the next larger magnitude is labelled as 1, and so
on. When two or more points have the same magni-
tude, the point with the largest imaginary component
is taken first” [1]. Tt is thus easy to find the set of con-
stellation points with the largest distance, dyax, to the
origin for any given constellation size. Let the set of
these points be

Dmax = {(I, Q) : (Ia Q) € SOad(Ia Q) = dmax}

then we can write

S5 =1(1,Q) : (1,Q) € So,d(I,Q) < dinax}

The FPS algorithm determines the closest element
in Sg as follows. Let (I5,@p) be the hard points ob-
tained from the IPS algorithm;



Step 1. If
d(Isa Qs) S dmaxand(lha Qh) S Sg

then, no further operations are necessary.

Step 2. If

d(Isa Qs) S dmaxbUtd(Iha Qh) Z dmax

then (In,Q4) is lying on or immediately outside the
constellation boundary. Firstly, find the valid hard
points around and including (5, @p) that are in Sg
by checking against the elements in Dy, . Then, per-
form a search over these points to find the closest valid
hard point.

Step 3. If

d(Isa Qs) > dmax

we find closest hard point in Sg as follows; First project
(Is, Q) along the line connecting to the origin and get
an intermediate soft point (I?, QF) such that

dmax -
(1, ’s’>:d<TQSX (I, Qs)

where ¢ is a small positive real number. This projection
is such that d(I1?,QP) € S{. Then we use the IPS
algorithm to find the hard point (I}, @%). We may have
d(I7,Q%) < or = or > dmax. Note also that (I}, QF) is
not necessarily the closest point to (I5,Q;) or a valid
point in Sg. Therefore, we find the closest point we are
looking for by using a search over 9 points around, and
including, (1, @) and by constraining ourselves to the
valid points in Sg only. The operations performed for
this case are illustrated in Fig. 3.

Examples for various cases above are illustrated in
Fig. 4 for Sg corresponding to 256 point V.34 constel-
lation. In each case the result of the FPS algorithm and
the soft point are connected by a line. The result given
by the IPS algorithm is marked by ’*’. Note how the
IPS algorithm fails to slice the soft points onto valid
subset points.

4. COMPLEXITY

The computational complexities of the IPS and FPS
algorithms for slicing soft points into Sg are compared
for the V.34 modem standard for various constellation
sizes and at a number of SNR levels. The average num-
ber of floating-point operations (FLOPS) performed
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Figure 3: (I, Q;) and (12, Q%) are respectively denoted
by ’x” and ’+’. On applying IPS we get (I}, Q%) de-
noted by ’*’ which is on the constellation boundary but
it 1s not valid. A local search over three valid points is
then conducted.

per second are tabulated in Table 1. The complex-
ity of the FPS algorithm is about twice the complex-
ity of the TIPS algorithm and it is nearly independent
of the constellation size. Note that the probability of
having soft points outside the constellation boundary
is smaller for larger constellations, and hence the algo-
rithm works as the IPS algorithm for most soft points.
The TIPS algorithm has lower complexity but this al-
gorithm makes erroneous decisions on the closest hard
point when the soft points are outside the constellation
boundary. The computational complexity of using ex-
haustive search over the constellation is also included.
It is clear that this approach is not feasible for large
constellations that are necessary for high data rates.

5. CONCLUSIONS

A computationally efficient algorithm is presented for
slicing soft points into finite subsets, which is general
enough to be used for all constellation configurations
in the V.34 modem standard. The complexity of the
proposed algorithm is about twice the complexity of
the algorithm that assumes infinite subsets.
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