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This process of spectral
thinning is represented
graphically in Fig. 10, which
depicts the thinning of lowweight codewords as the
size of the interleaver
increases for hypothetical
distance spectra. It is this
thinning of the distance
spectrum that enables the
free-distance asymptote of a
Turbo code to dominate the
performance for low SNR
and thus to achieve nearcapacity performance.

,VVXH  


we compare a (37,21,400)
Turbo code which has K =
5 and free distance dfree
= 6 to a (23,35,400) Turbo
code. Both codes are
punctured. The feedback
polynomial ho = 23 in the
second Turbo code is a
primitive polynomial of
degree v = 4 and thus l/ho
has a period of K = 2” - 1
= 15. The free distance of
this Turbo code was found
to be dfree = 10



&RQFOXVLRQ 
 The “error floor” observed in simulations of Turbo

codes is a manifestation of the free-distance
asymptote. Since Turbo codes have relatively low
free distances, the free-distance asymptote has a
shallow slope, and thus the performance curves
flatten out at moderate to high SNR’ s.
 The exceptional performance of Turbo codes at low
SNR’ s is due to the sparse distance spectrum and
the resultant ability of the code to follow the freedistance asymptote at moderate to low SNR’ s. Thus
spectral thinning results in few low-weight codewords
and a large number of codewords of “average”
weight.

&RQFOXVLRQ 
 In a more philosophical light, Turbo codes remind us

that information-theoretical arguments imply that long
block lengths, but not necessarily large free distances,
are required to achieve capacity at moderate BER’ s.
Thus like convolutional codes, Turbo codes are a
class of codes that achieve long block lengths, but
without the corresponding increased density of the
distance spectrum common to convolutional codes,
and for which a practical, albeit nontrivial, decoding
algorithm exists.



