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In [1,2], a convolutional coding scheme
which is implemented by serially
concatenating a delay processor and a signal
mapper to the encoder of a conventional
convolutional code C was proposed. Since
the introduction of the delay processor, the
constraint length of resultant code 7 is large
even if the constraint length of C is short. In
this manner, T can achieve large free
distance and can be suboptimally decoded
by using the trellis of C with the help of
some previously decoded information.
However, the suboptimum decoding used in
[1] and [2] results in a large error coefficient
and hence degrades the error performance.
Moreover, for short packet transmission, the
rate loss resulted from zero-tail method is
large.

In this project, we use iterative decoding
and the tail-biting technique to solve these

problems. We will focus on improving the
suboptimal decoding used in [1] and [2].
Binary codes constructed from our design
has better error performance and lower
decoding complexity as compared to turbo
codes [4] in case of short codeword length.
We also provide circuit design of the
suboptimal decoder of the proposed trellis
code to verify its advantage.
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The encoding of trellis codes given in
[1,2] is shown in Fig.1. It is already known
that by a trellis code 7 which is constructed
by using the encoder of a convolutional code
C with short constraint length followed by a
delay processor and a signal mapper is
equivalent to a trellis code with large
constraint length. In [1] and [2], a bound on
free distance of 7T is derived and a
suboptimum decoding is used to achieve
error performance guaranteed by the free
distance bound. However, the suboptimum
decoding used in [1] and [2] will results in a
large error coefficient and dense distance
spectrum and hence the associated error
performance is very poor at low to moderate
signal-to-noise  ratio  conditions.  To
overcome these problems, in this project we
propose an improved suboptimal decoding
based on the concept of turbo decoding
(iterative decoding). When using the delay
processor given in [1,2] and not using the
interleaver as used in [1], we encounter
severe error propagation. To mitigate this
employ various

error propagation, we
weight factors to reflect the various
influences of the feedback extrinsic

information among various coding level.
Moreover, for short packet transmission, the
rate loss resulted from terminating the trellis



of T in the all zero state by appending some
zeros to a message frame, i.e.. the zero-tail
method, is large. The rate loss problem
resulted from zero-tail method can be
avoided by using the tail-biting design [3]. If
we directly apply the conventional
tail-biting design as shown in [3] to 7, then
the decoding is extremely difficult. We
propose an alternative method to design the
tail-biting trellis code of 7. With this, both
the encoding and decoding can be easily
implemented. Simulation results show that
the trellis code with a delay processor and a
signal ~mapper can achieve  error
performance better than that of binary turbo
code at moderate to high signal-to-noise
ratios (or moderate to low bit error rate) in
case of short decoding delay.

=~ R F kB & R (Methods and
Results)

Tail-Biting Trellis Codes

For trellis codes with a delay processor, i.e.,
T, conventional zero-tail encoded trellis
code will result in a lot of fractional rate loss
for short packet transmission since the
number of memory bits in the encoder of

T.v=v+ ZT:IT/ , is very large for typical

values used in [2]. Hence tail-biting trellis
code is highly desired for short packet
transmission. The trellis of tail-biting trellis
code is different from that of zero-tail trellis
code. For zero-tail code, the trellis starts
from the zero state and ends in the zero state
while for tail-biting code, the trellis can start
from any possible state and end in the
starting state. To obtain the associated
tail-biting code of 7, we can use the linear
feed forward shift register of the encoder of
C~ for which the generator matrix is

G (D)Q(D), where G (D)and Q(D)are

transfer function matrices of the convoluti-
onal code C and the delay processor,
respectively. With the zero-tail encoding, the
shift register is initialized with zeros. To
achieve a tail-biting code 7  in a
conventional way[3], the shift register is

initialized with the last v'=v+Z'l":lr/

message bits. This ensures that the encoder
of C  will start from and end in the same
state [3]. However, with this tail-biting
method, it is difficult to decode T efficiently.

1. Encoding

We now propose to design the tail-biting
trellis code 7" in a way which is suitable for
the suboptimal decoding that will be
described later. Let the packet size of
message bits be Lx A x r, 1.e.,, Lx A message
symbols, where L and A are positive
integers. To obtain 7~ , we can initialize the
linear feed forward shift register of the
encoder of C with last v message bits. We
then feed the whole message frame to the
encoder of C as usual and arrange the

resultant code bits v (@0, =1....,mand

t=0,1,.,LA-1, in an mxL A matrix. Let
the entry at the jth row and sth column of the
mxL A matrix be s (r—1). The relation

between v, (1) and

v, (1) =s,((t+zl”ij,1 ymod LA)
X - J

=s,((t+7,)modLA)  for

s,(¢) is as follows

1<j<m

A A
Then $(0),...,s(LA—1) are fed to the signal
mapper to yield the desired codeword
z(0),...,z(LA-1) of T". If we define the
state of 7" as the contents of the memory
elements of the convolutional encoder of C
and the delay processor, then the encoder of
T" will start from and end in the same state
and hence the code 7" is indeed a tail-biting

trellis code. We prove the following
theorem.
Theorem 1. If L and A are large enough

and T is noncatastrophic, then the minimum

distance d_, of the associated tail-biting
code T" is the same as the free distance of T
and is upper bounded by
@in = min;EC 0(0):1(} ZFI Z':O v, (09,

2. Decoding

The proposed decoder consists of two
modules. One is the decoder of C and the
other is a demapper. The decoder of C
employs the tail-biting trellis of C where the



"time axis" has the topology of a circle
rather than that of an interval. With this
circular trellis, we can run the sliding
window Log-BCJR algorithm [S5] contin-
uously without any boundary effect as the
trellis level or decoding time increases. The
decoder of C will yield extrinsic value

L' (v (1)) of code bits of C after a window
size of A time units (symbols) rather than a
block size of LA time units (symbols).
Note that these code bits are also used as
labeling bits s, () of the signal mapper and
hence these extrinsic values can be used as a
priori values L!’(s (1)) of these labeling
bits. The demapper uses these a priori values
and the received symbol y(t) which is the
error-corrupted form of z(t) as input and
produces the a posteriori value and extrinsic
value of labeling bits s (¢) as described in

the following. Let || y—z|* represent the
squared Euclidean distance between symbol
y and symbol z. If y or z is a binary
m-tuple, then a bit “0” must be replaced by
“-1” and a bit “1” remains to be “1”. For j =
1, 2, ... , m and 1 = 0, 1, define
set B = {w(s,(1),...,s,(1) =

0,8, (s s, ()] 5,(0) €{01} for g # j}
and function

max(/(6)) = I exp(f (b, )} ~
max(f () +8(f (b)) /(b f (b)),

where f'is a function of b and B =

{b, for
1<j<J} andS(f(b), f(b,),..f (b)) is a

correction term that can be computed
recursively by using a simple lookup table
[6]. If L (s,(1)),j=1,2,..,m are independent,

then the a posteriori value L (s, (¢)) of
labeling bit s,(s) at the demapper output
can be calculated according to

(98]

L (s, (1) =
IIy(t) w(x)|’ ;
M} B Ve At Z: [25,()-1]LY (s, (1))}
!
0 ||y( ) NW(x—)J—} _zé,l ’[2 ([) l]L(/)(S (,))
A&ﬁ’
where ¢, =1 foralliand . If the a priori

information of s,(z) is not available, then
L'”(s,(t)) equals zero. The independence

of Li”(s,(t)),j=1,2,...,
by using a large interleaver between the
decoder of C and the demapper. However,
we do not use such an interleaver since
doing so will increase the decoding delay.
Without the interleaver, severe error
propagation may occur. We can alleviate this
problem by using suitable weighting factor
¢,, which reflects the amount of influence

of a priori value L!"(s (1)) on the a

m may be achieved

posteriori value L' (s ,(0) . These weight

factors can be represented by an m xm
for which the entry at the ith row
. The matrix of

matrix =
and jth column is ¢,

weighting factors, =, is dependent on the
choices of signal mapper and in this chapter
is designed by intuition in a trial-and-error
way. The extrinsic values of these labeling
bits are obtained from
L7 (s (1) = L'(s, ()~ L"(s,(t)) . Then
these values L (s ,(#)) are also used as
intrinsic values for code bits of C and are
fed to the sliding-window Log-BCIR
decoder of C for further processing.

3. Performance Evaluation

In this section, we use specific examples to
verify the error performance by simulation.
In our simulation, six iterations are used
unless the number of iterations is mentioned.
Example 1: Letr =2, m=4and Q = {1,0}".
Let the 4-state (v = 2 ) generator matrix G,

of C , the labeling XK, be
respectively given by

and &,



1000
(3013 1100
Gc': ’KI:
0 3 3 2 1110
11 1 1
1.00 0.83 0.83 0.83
_ |077 100 083 0.77
71077 050 1.0 0.71

0.77 050 0.33 1.00
It can be checked that {6,,5,,0,,0,}
={1,2,3,4} for K,. Consider cases (a) and

(b) for which the parameters are given in
Table 1. For both cases (a) and (b), the

minimum distance d| (for sufficiently

large A and L) is 13. 0
Simulation results of binary turbo code are
shown in Fig.2 and Fig.3. We consider a
random interleaver, 4-state component codes
and Log-BCJR (Log-MAP) algorithm [5].
Fig.2 and Fig.3 show that the error
performances of Examples 1(a) and 1(b) are
better than those of binary turbo codes at
moderate to high SNR in the AWGN or
Rayleigh fading channels based on the same
short codeword length. The inferior error
performance of binary turbo codes
considered here may be due to that both the
“interleaver gain” and minimum distance are
small. Note that for binary turbo codes, the
Log-MAP algorithm must run twice for each
iteration in the iterative decoding. In
contrast, for the proposed code, the
Log-MAP algorithm runs only once for each
iteration.

4. Circuit Design

We complete a circuit design of the
suboptimal decoder for a tail-biting code T
which is composed of concatenating a rate
2/4 convolutional code followed by a 4-level
delay processor and a signal mapper. We use
L = 16 and A = 8 respectively. The code
length is 512. The design is suitable for
implementation on the Altera FLEX10K200
FPGA chips. Performance measurement
indicates the tail-biting code T is indeed
superior to the binary turbo codes of
comparable lengths.

g ~ &3 #1345 (Concluding Remarks)

We study trellis codes with large
constraint length which have been
constructed from the scheme proposed in [1,
2]. We find better bounds on free distances
than those derived in [1, 2]. We propose a
decoding method based on the concept of
iterative decoding to take advantage of the
larger free distance bounds. We consider the
tail-biting structure of this trellis code for
short packet transmission. Simulations show
that in case of short codeword length, the
proposed tail-biting trellis coding can
perform better than either the turbo coding
or the conventional trellis coding. We also
provide circuit design to verify the
advantage of the proposed code.
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Figure 1: The encoder of T which uses a delay
processor and a signal mapper.
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Figure 2: BER of the proposed codes, binary turbo
codes (TC)., and the 256-state
conventional convolutional code (CC) in
the AWGN channel.
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Figure 3: BER of the proposed codes, binary turbo
codes (TC), and the 256-state
conventional convolutional code (CC) in

the Rayleigh fading channel.
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Ex: (T)5e0s T, AL |Codeword length

la [(94,51,24.,0)]8.16 ] 512 code bits

1b 1(94,51,24,0) [16,16] 1024 code bits

Table 1: parameters of the proposed tail-biting trellis
codes




