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A New Syndrome Check Error Estimation Algorithm and Its
Concatenated Coding for Wireless Communication

Moon Ho Lee*, Jin Su Chang*® and Seung Bae Choi* Regular Members

ABSTRACT

A new SCEE(Syndrome Check Error Estimation) decoding method for convolutional codes and concatenated

SCEE/RS (Reed-Solomon) coding scheme are proposed. First, we describe the operation of the decoding steps in

the proposed algorithm. Then deterministic values on the decoding operation are drived when some combination of

predecoder-reencoder is used. Computer simulation results show that the computational complexity of the

proposed SCEE decoder is significantly reduced compared to that of conventional Viterbi decoder without degra-

dation of the P, performance. Also, the concatenated SCEE/RS decoder has almost the same complexity of a RS

decoder and its coding gain is higher than that of soft decision Viterbi or RS decoder respectively.

Key words: Syndrome check error estimation, Concatenated SCEE-RS decoding, Low complexity.

1. B

Error correction coding is essentially a signal
processing technique that is used to improve the re-
liability of communication on digital channels{1] [2].
It is because of the received data with errors when
digital data are transmitted over a noisy channel.

The convolutional encoding and Viterbi decoding
thus have been used in communication fields, especially
in wireless communnications such as satellite or
CDMA systems requiring their powerful coding gain.

The commonly employed Viterbi decoding scheme
is optimal in the maximum likelihood sense for decoding
convolutionally encoded data but has computational
requirements that increase exponentially according to

its constraint length. Thus, in high speed applications,
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wider use of Viterbi decoders has been prevented by
their complexity, large power consumption and
expensive cost{1]-[5].

In order to reduce the hardware complexity and
power consumption, in recent years, many simplying
schemes for Viterbi decoder have been proposed. In
practice, two approaches, the traceback method and
SST(Scarce-State-Transition) type method, are very
useful for survivor memory management. Among
them, the best one is the SST type Viterbi decoder
proposed by Kubota et al. [4][5].

Therefore, we propose a combinational predecoder-
eencoder type decoder, called the SCEE decoder, for
the convolutional code with code rate R=1/2 and
constraint length K=7. The SCEE decoding scheme
is development of the SST-lype decoding scheme.
Because the proposed decoder has a very simple
architecture, it can be used for the concatenation of
other codes. Then this concatenated scheme has a

higher coding gain and very lower complexity. Thus,
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we proposed a new concatenated SCEE/RS coding
scheme, and analyze its performance for wireless com-

munication systems.
II. Viterbi decoders Reviewed

A. Conventional SST type Viterbi decoding Algorithm

The implementation of the traceback method
Viterbi decoding algorithm has attracted a great deal
of interest in many applications, but the excessive
hardware/time consumptions caused by the dynamic
and traceback decoding procedures make it difficult
to design efficient VLSI circuits for practical appli-
cations[1][2]. To reduce both hardware size and power
consumption, a newly developed SST Viterbi decoding
scheme has been Proposed[4][5]. An SST type Viterbi
decoder with R =1/2 and K =7 for 3bit soft decision
data is composed of a conventional Viterbi decoder,
and some additional circuits {(predecoder, re-ecncoder,
delay circuit, and modulo-2 adder) at the input of the
conventional Viterbi decoder. With the SST scheme,
the state which corresponds to all “zero” almost
always has the largest path metric. Thus, the SST
type Viterbi decoding scheme enables the omission of
final decision circuit and to reduce the required path
memory length without degrading the Pe performance.
This leads to a significant hardware reduction in the
Viterbi decoders, although the SST scheme requires
some additional circuits.

Moreover, in the SST type Viterbi decoder. data
stored in the path memory circuits are almost always
“zero”, excepl the data affected by channel errors.
Thus ON/OFF switchings of gates rarely occur in the
path memory circuit. Therefore, power consumption
of a CMOS SST type Viterbi decoder is significantly
less than that of conventional decoders. For example,
at an information rate of 25 Mb/s and a bit-error-
rate (BER) of 1074, a power consumption reduction
of 40% can be achieved by the system when compared

with a conventional Viterbi decoder(4]}.
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. SCEE Decoding Algorithm and Its
Concatenated Scheme

A. SCEE Decoding Algorithm

We propose a new decoding method, called SCEE,
using maximum convolutional effect as shown in Fig.
1. Here, convolutional effect is an extension of errors,
if they are exist before decoding, in decoding due to
convolutional encoding. It seems lo be spread and
despread according 1o the correlation between the
received sequence and the predecoded data in our
proposed SCEE decoder.

In relation to convolutional encoding, the Viterbi
decoding algorithm is redundant because of the inef-
ficient use of convolutional effect in received sequence.
Thus, the major idea in our proposed decoder is 1o
use as a syndrome the extension of errors occurred
over the transmission channel and this is a factor
contributed for the performance increment of a
decoder in Shannon’s channel coding theory[1]{2]. On
the other hand, syndrome decoder employing formers
at the input of Viterbt decoder have been proposed to
simplify the hard decision Viterbi decoder{6]{7]. In
comparison with the conventional Viterbi decoder,
the syndrome decoder has fewer metric combinations,
and can thus be implemented using less hardware [7].
However, the major difference of our propppposed
SCEE decoder cor compared to der compared to of
our propppposed SCEE decoder compared to cr
compared to to to the syndrome decoder is that the
SCEE decoder cstimates error-position by control
signals due to the OR-operation of channel errors
while the syndrome decoder operates according to the
state of the syndrome former{6][7][19]-(21].

The SCEE decoder is composed of three major
functional block ;a CPRB(combinational predecoder-
reencoder block), RCB(register copy block) and
DCB(detection and correction block). Fig. 1(a) is a
basic cell of predecoder-Reencoder and the entire
block of the SCEE decoder is shown in Fig. 1(b).

The binary encoded data is generated by the
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encoder G (D). The additions in Figure 1 are modulo-2
and all binary sequences ---,b_,, by, b,,:- are repre-
sented as power series H(D)=-+b_, D '+ b, +b,
+---. The encoder has generator polynomials G,(D)
and G (D).
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Fig. 1(a) Predecoder-Reencoder and its basic cell
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Fig. 1(b) SCEE decoder

In general, the encoder outputs are X{(D)G,(D)
and X(D)G (D). The control signal or syndrome C (D)
only depends on channel errors, i.e., not on the data
sequence X (D). And the SCEE decoder operates as
follows;

1) The received data R(D) which may include
errors in the transmissin channel are decoded by the
CPRB which is made up of four predecoder and two

reencoder.

a) These main predecoded data U (D) are reencoded
by the same encoder used at the transmission side and
reencoded data V(D) is compared to the received
data R(D) in the modulo-2 addition and OR-operation.

b) Concurrently, two input sequences of predecoder,
high-bits R, (D) and low-bits R, (D), are reencoded
by reencoder. And then this output data is compared
to the received in the modulo-2 addition and OR-
operation.

2) The output data V¥ (D) of CPRB is input into the
DCB. In the DCB, if the received data is equal to the
output of the reencoder then control signals, J1 and
J2, are both zero, but not when channel errors occur.
And if a control signal or both one, J1 or/and J2, in
the SCEE decoder is nonzero, we can predict erroneous
bit positions. Then DCB finds the error-position and
selects the erroneous data exactly by control signals in
the SCEE decoder.

3)RCB stores the previous state of the predecoder
and reencoder when error is detected.

The mathematical expression of the decoding pro-
cedure in the SCEE decoder shown in Figure | and
Figure 2 can be explained as follows. At first, for R =
1/2, K =17 convolutional encoder, we define that the
encoded sequence Y (D) and generator matrix G (D)

can be expressed as

|
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Fig. 2 Channel structure with the SCEE decoder
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XD)=xo+x2,D+x,D*+ - )
_(Gu(D)\ _(1+D+D*+D*+D®
G(D)—(GH(D))_(I +D*+D3+ D’ +D6) (2)

where X (D) is the source data which is due to the
data encoding and transmission.

If the transmitted data Y (D) is passed through
noisy channel, then the corrupted received signal R(D)

with channel noise E(D) is

— RII(D) _ YII(D) +EH(D)
R(D)‘(RL(D))‘(YL(D) +E,(D) ) @
_{Eu(D)
E(D)—(EL(D)) (5)

=(e,,0+e,,,D +otey DNt )
egteyD + e +e[ka“] + - ’

and the R(D) pass through predecoder, having

UD)=ry o gy o v pea Fv pea F7 5y
=xptlep pten o+t Feppste e, )6

where D (D) is predecoded data and for the solution
of previous equation (6), at first the predecoder
outputs can be reexpressed in equation (7) by using
SCEE decoding algorithm.

U{(D)=R(D)- G~'(D) ™
=X(D)- E*(D),

where
E*(D)=EMD)- G~ (D), (8)

and E*(D) equals the first order extension of error in
SCEE decoder and G ~'(D) is the inverse of generator
matrix. In relation between the predecoded output U (D)
and channel error E(D) the channel error E(D) is
extended to the first order convolutional error E*(D)
after predecoding E(D)- G '(D). And after the
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predecoded output is passed through the reencoder G (D)

its output, reencoded data ¥ (D), is as follows.

V(D)=Y (D) +E*™(D), 9)
where
E™(D)=E*(D) - G(D), (10)

and E™ (D) is the second order extension of error in
the SCEE decoder. In the input of DCB, if the
received data include channel errors, by the operation
of control signal logic its output C(D) is erroncous

terms remained only as shown in equation (11).

C(D)Y=R(D)+V (D) an
=E(D) +E* (D).

Here we define deterministic values, Cp (D) and
C. (D), for proposed decoding algorithm. They are
each defined as a bit sequence passed through high or
low columns of predecoding matrix respectively and

can be expressed as

CuDYE (Ry(DY) - G (D)) - Gy (D) -
C. (D)2 (R (D) - G, (D)) - G (D)

Then, by following rule the major decoding operation
of the SCEE decoder is performed.

Algorithm 1] Detection & Correction;
{IF C(D"), THEN
{IF Ry (DY) - G, '(D): =X (DY,
THEN C, (D) =X (D) - G, (D)
ELSE IF R, (DY) - G, '(D): =X(D"),
THEN C,(D)}=X(D") - G (D)
ELSE decoder failure,
THEN
X (DY) =U (D) = X (DY) + E* (D)}
EKSE U (D)= X (D).
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Also, the outputs of the SCEE decoder passed
through the CPRB, RCB and DCB are as followin

equation (13).

YD) = <7U7(13) if no eT'ror 13)
U (D) otherwise

where

U(D)=Cy(D) MUX C, (D), (14)

and J(b; is the corrected or detected output only if
error exists and MUX is the selector operated by control
signal.

Consequently, by syndrome check signals or control
signals, J1 and J2, we can predict an error position or
error-free and their relative outputs can be expressed
in the equation (13) and (14). It should be clear that
this form of decoder is capable of operation at very
high speeds. Furthermore, by interleaving to appro-
priate depth, burst error correction at high speeds is

quite feasible.

B. Concatenated SCEE/RS Coding Scheme

Concatenated coding can be used to obtain a small
error rate with overall encoder/decoder impleme-
ntation complexity which is less than would be required
by a single coding operation. Classically, concatenation
has consisted in cascading a block code and a
convolutional code in a seral structure. In particular,
the concatenated Viterbi/RS coding systems offer
excellent performance. However, the decoding operation
at extremely higher data rates is not currently feasible
because of the difficulty of implementing the very
high-speed Viterbi decoder and the large number of
errors which must be corrected by the RS decoder{16]
[17]. *Against this background, this paper propose a
new concatenated coding scheme with low complexity
SCEE scheme for wireless communication systems.
The proposed SCEE scheme is very powerful for ran-

“dom errors but weak for burst errors. Since it is

operated by two control signals and each state of
control signals can not be expressed, all error patterns
occurred in the constraint length of the predecoder.
Therefore, our proposed decoder has the detection
capability of burst errors, but doesn’t have the correc-
tion, occurred in the constraint length of the predecoder.
Thus, we propose a concatenated SCEE/RS coding
scheme which has a extremely powerful coding gain
because of concatenation of our proposed SCEE and
RS decoder with higher coding gain in burst error
channel. The SCEE decoder provides satisfactory
inner codes for the concatenated scheme. A block dia-
gram of the concatenated SCEE/RS decoding scheme

is shown in Fig. 3.
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Fig. 3 Block diagram of the concatenated SCEE/RS coding
scheme

IV. Simulation Results

A Performance of the SCEE Decoder

Figure 4 shows the simulated P,(BER:bit error
rate) performance after the SCEE decoding of the
data sequence passed through AWGN channel when
the R=1/2 and K =7 convolutional code is used for
its encoding. Computer simulation is performed by
the convolutional encoder/SCEE decoder scheme
with BPSK and AWGN channel in SPW(Signal Pro-
cessing Worksystem) tool.

As shown in figure 4, the P, performance of the
SCEE decoder is almost the same as the conventional
Viterbi decoder adopted hard decision in the low

received power, but according to the power increa-
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:x : Hard Decision Viterbi:
-.#.. SCEE Deécader

Eb/No(dB)
Fig. 4 Pe performance of the SCEE decoder

sement it is better than the hard decision Viterbi
decoder. This is because the error propagation of the
Viterbi decoder for the incorrected bits depend on the
constraint length K of the convolutional encoder. On
the contrary, the SCEE decoder depends on the
predecoder. In general the constraint fength of convo-
lutional encoder is longer than its inverse circuit[4]-
[6]. Thus, the SCEE decoder has a good performance
in the low variance region or high received power.
Also, it has a extremely very low complexity as shown

earlier.

B. Pérformance of the SCEE/RS Decoder

The concatenated SCEE/RS coding scheme can be
easily implemented in very high speed applications.
Also, the only significant reduction in hardware com-
plexity occurs when the proposed coding techniques
are employed. The achievable coding gains of the
proposed decoder are 2.3dB, 2.6dB and 2.9dB with
minimum distance 7, 9 and 11 respectively in BER =
1073 but Reed Solomon codes have coding gains
about 1.3dB and the hard decision Viterbi decoder
has about 2.1dB.

As shown in Figure S and Table 1, according to the
BER decreasing, coding gains are increased. Espe-
cially, then the concatenated SCEE/RS decoder is

increased higher than the others. This means that the

1424

Concatenated SCEE/Reed-Solomon
Or ccmoeeeenee e e
[ . - Uncoded :
; 07 Hard Decigion Viterbi
o RS(dmin=7) + SCEE
-+ RS(dmin=9) + SCEE - -

@ < _RS(dmin=11) + SCEE :
w [ e .
o] ! v .
S ~
O Fe oo
O
e}
| v
-6+ gt e
-7 — H
2 4 6 8 10

Eb/Ne(dB)
Fig. 5 P. performance of the concatenated SCEE/RS

coding

Table 1. P, performace of the concalenated SCEE/RS
coding

BER 1073 1073
Hard Decision Viterbi Decoder
(K=7,R=1/2)

Soft Decision Viterbi Decoder
(K =7, R=1/2, Level = 3bit)

Reed-Solomon Decoder
(dmin =11, k =40, n= 50, GF(256)

SCEE Decoder(K =7, R=1/2)

Concalenated SCEE/RS Decoder 2.9 dB

concatenated SCEE/RS coding scheme can be used as
like the Viterbi decoder while Reed-Solomon codes
are scarcely used in low power wireless communi-
cations. Also, the complexity of the proposed scheme

1s almost the same as the RS decoder.
V. Conclusion
We proposed a4 new decoding method, called

SCEE, using the maximum convolutional effect. The

proposed SCEE decoder is very powerful for random
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errors but weak for burst errors. Since it is operated
by two control signals and each state of control
signals can not be expressed, all error patterns oc-
curred in the constraint length of the predecoder.
Therefore, we proposed the concatenated SCEE/RS
coding scheme which has a extrimely powerful coding
gain because of the concatenation of our SCEE
decoder and RS decoder with higher coding gains in
burst error channel.

The computer simulation results of the proposed
SCEE decoder and SCEE/RS coding scheme show
that the computational complexity of the proposed
SCEE decoder is significantly reduced compared with
that of the conventional Viterbi decoder without
degradation P, performance. In addition, The proposed
algorithm is easily implemented in very high speed
applications and have higher coding gains in almost
the same complexity with RS decoder. This means
that the concatenated SCEE/RS coding scheme can
be used like the Viterbi decoder while Reed-Solomon
codes are scarcely used in low power wireless communi-

cations.
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