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Abstract
The application of turbo codes in modern communication systems makes decoding a time and power consuming
task. It is known that analog decoder are superior to digital decoder designs in terms of speed and power
consumption. The fact that a modification of a single code parameter like the block length requires a new analog
decoder implementation, in combination with a complexity, which grows linearly with the block length, so far
prohibits a real world application in e.g. UMTS. This paper introduces a novel mixed signal turbo decoder for
different block lengths and arbitrary interleaver structures. For the prominent case of the UMTS turbo code the
complexity of the component decoder is reduced by a factor of up to 91 compared to an all analog implementation
with a performance loss of only 0.05 dB.

1 Introduction
Turbo codes are an essential part of the third genera-
tion (3G) universal mobile telecommunications system
(UMTS) including high speed downlink packet access
(HSDPA) and have many other applications. A lot
of effort is nowadays put into the development of
dedicated decoding hardware, see e.g. [1], which can
cope with the ever increasing data rates since solutions
on digital signal processors (DSPs) are without reach.

In 1997 the idea of an all analog decoder was born as
an alternative to digital decoding [2]. In the meantime,
several independent chip implementations [3], [4], [5]
(for block codes), [6] (for a simple turbo code) proved
that such analog decoder clearly outperform conven-
tional digital designs in terms of speed and power
consumption. An analog decoder should therefore be
considered as the ideal candidate for high speed ap-
plications including optical transmission and magnetic
recording. One of the main problems, which prohibited
the application of analog decoding so far is that circuit
complexity grows linearly with the block length of
the code, since the whole code trellis is mapped onto
analog transistor circuits in silicon. All of the existing
chip implementations are therefore for short and simple
codes. Another problem is that one particular analog
decoder can only be used for a fixed coding scheme,
i.e. block length, rate, memory and interleaver, while
for UMTS both block length and interleaver need
to be configurable [7]. A recent publication already
demonstrated a possible solution for a programmable
analog interleaver [6].

In this paper we propose a novel mixed signal
turbo decoder, which uses an analog sliding window

decoder core for decoding of the component codes. The
channel values and the decoder output are conveniently
stored and interleaved in the digital domain, where the
interleaver structure can be changed easily. This part
is also used to interface to other (digital) components
in the receiver as well as to the analog decoder core
through analog to digital converter. All the time and
power consuming decoding operations are performed
by the analog sliding window decoder, which imple-
ments only a fraction of the overall code trellis and
thus reduces decoder complexity significantly. Using
this technique, it is now possible to target applications
like UMTS, which have been out of reach before.
Another advantage is that this analog decoder core can
be used for various block lengths. The basic idea of
an analog sliding window decoder was first sketched in
[8] and later in [9] without specifying important design
parameter or considering a turbo decoder application.

Section 2 derives a generalized sliding window
decoding algorithm and establishes the link to
decoding of tailbiting convolutional codes. Section
3 describes the basic concept of an analog sliding
window decoder core and introduces novel techniques
for reducing the complexity and improving the
performance at the same time. Simulation results are
given in Section 4.

2 Optimal and Suboptimal Decod-
ing of Convolutional Codes

A rate 1/2 convolutional encoder with memory m
and constraint length m + 1 is considered, where



N information bits are encoded into a code word
of length 2N . In the first part of this section we
summarize both optimal and suboptimal decoding
algorithms for the case, where the trellis of the code is
terminated using 2m additional bits. We then derive a
generalized sliding window algorithm, which turns out
to be equivalent to what is known as the wrap-around
decoding algorithm for tailbiting convolutional codes
[10].

2.1 APP Decoding
The a posteriori probability (APP) decoding rule for
trellis codes, also known as the BCJR algorithm [11],
minimizes the symbol error probability. The decoder
output for information bit uk at time k is given in terms
of log-likelihood ratios1 [12] as

L(ûk) = ln
P (uk = +1|y)

P (uk = −1|y)
= ln

∑
(s,s′),uk=+1 p(s, s′,y)

∑
(s,s′),uk=−1 p(s, s′,y)

,

(1)
where y denotes the sequence of received values and
s, s′ refer to the trellis (encoder) states at time k and k+
1, respectively. For a memoryless transmission channel
we can define three independent probabilities [11],[12]

αk(s) = p(s,yj<k), (2)
γk(s, s′) = p(s′,yk|s) = P (s′|s)p(yk|s

′), (3)
βk+1(s

′) = p(yj>k|s
′), (4)

so that we can write for the joint probabilities in the
numerator and denominator in (1)

p(s, s′,y) = αk(s)γk(s, s′)βk+1(s
′). (5)

The α values are calculated in a forward recursion
starting from the beginning of the trellis with

αk+1(s
′) =

∑

s

αk(s)γk(s, s′), (6)

and the β values are calculated in a backward recursion
starting from the end of the trellis with

βk(s) =
∑

s′

γk(s, s′)βk+1(s
′). (7)

When we assume that the encoder starts in the all-zero
state and also ends in the all-zero state due to the
termination of the code. The α and the β recursion
are initialized with α0(0) = 1 and βN+m(0) = 1,
respectively. The recursions are illustrated in the upper
part of Fig. 1.
While the α recursion can start immediately after the

first channel values are received, the β recursion and
therefore the calculation of the decoder output has
to wait until the whole block of 2(N + m) channel
values has been received and the β recursion can
be performed. This algorithm guarantees optimal
decoder performance, but introduces a considerable

1ln denotes the natural logarithm

Fig. 1. APP decoding (a) and sliding window decoding (b) of
terminated convolutional codes.

amount of decoding delay when the block size is large.
Furthermore, the sequence of all channel values (or γ
values equivalently) and α values need to be stored
along the trellis, which uses up lots of memory. It is
therefore common practice to implement a suboptimal
sliding window decoding algorithm.

2.2 Sliding Window Decoding
A digital decoder is commonly implemented using
a sliding window technique [13], [14] in order to
reduce decoding delay and storage requirements. Here,
the overall code block at the receiver is divided into
smaller sub-blocks (windows) of length W � N trellis
sections. This technique is illustrated in the lower
part of Fig. 1. Here, the α recursion starts from the
beginning of the trellis with the same initialization as
above, while the β recursion can already start from the
end of the first window, which is much earlier compared
to an APP decoder. Due to a lack of information about
the distribution of the β values at the end of the
window, either βW = (1/2m, 1/2m, . . . , 1/2m) [13],
[14], or βW = αW [13] can be used as initialization
of the backward recursion. It is well known from
the literature, that the backward recursion closely
approximates the exact β distribution from (7) after
a ‘stabilization’ length L of five to six times the
constraint length of the code. This means that the
decoder output can already be calculated for the first
block of D = W −L information bits (trellis sections)
within this window, thus reducing decoding delay
significantly for large block lengths. The channel
values (or γ values equivalently) need to be stored
for one window only and for the α values it is
sufficient to calculate and store them for only D
trellis sections, which also decreases memory usage
significantly. When the first window is decoded, the
decoder window is then shifted by D trellis sections
to the right in order to decode the next window, where
αD from the previous window is used to continue the
forward recursion in the new window. The β recursion



is performed as described before. Using this technique,
both decoding delay and storage requirements are
significantly reduced for large block lengths at the
expense of computational overhead introduced by the
additional stabilization length L required for the β
recursion within each window.

2.3 Generalized Sliding Window Decoding
The previously described sliding window algorithm
requires a stabilization length only for the β recursion,
while the α recursion is calculated exactly as in the
APP decoder. We now generalize the sliding window
idea to the case, where we have an arbitrary window of
size W trellis sections and, in general, no information
is available about the distribution of the α values at the
beginning of the window. Here, a stabilization length
of L trellis sections becomes necessary for both the
forward and the backward recursion. This means that
we can now decode D = W − 2L information bits
(trellis sections) within each window as illustrated in
Fig. 2. Exceptions are the first and the last window,

Fig. 2. Generalized sliding window decoding with a stabilization
length on both sides of the window.

where only one stabilization length is required due to
the known distribution α0(0) = 1 at the beginning
and βN+m(0) = 1 at the end of the trellis. In both
cases a total number of D + L information bits can
be outputted as shown in Fig. 2. Although this type of
decoder does not seem to be very attractive due to the
additional computational overhead for the α recursion,
it is used in practice whenever more than one window
is decoded at the same time in order to speed up the
decoding process. We will see in the next section,
that a special case of this generalized sliding window
algorithm is also used for suboptimal decoding of
tailbiting convolutional codes.

2.4 Connection to Suboptimal Decoding of
Tailbiting Codes

The previously described generalized sliding window
decoding can be used to perform suboptimal decoding

of tailbiting convolutional codes [10] (APP decoding
is roughly 2m times more complex as for the case of
a terminated code). In a tailbiting code the state at the
beginning and the end of the trellis is not necessarily the
first (all-zero) state. Instead, any state is possible with
the only constraint that the first and the last state in
the trellis is the same for the set of all code words. The
main advantage of tailbiting codes is that no termination
bits are required (and therefore no rate loss occurs) and
all code bits are protected equally (which is not the
case for a truncated code trellis). The block length is
typically rather small compared to the window size of
a sliding window decoder, so we assume that only one
window is required to decode the overall code block,
i.e. the tailbiting trellis has length WT = D = W −2L.
The overall window of size W is obtained by adding
the first L trellis sections of the tailbiting code at the
end of the trellis and the last L trellis sections at the
beginning as it is illustrated in the upper part of Fig.
3. The recursions are initialized with α0 = βW =
(1/2m, 1/2m, . . . , 1/2m) and an overall block of D
information bits can be decoded. Instead of using a

Fig. 3. Efficient decoding of tailbiting codes as a special case of
the generalized sliding window decoding algorithm.

window of size W , we could also use an equivalent
smaller circular window of size WT = D = W − 2L
as shown in the lower part of Fig. 3. This ring structure
connects the beginning and the end of the trellis (‘tail-
biting’) and therefore provides the required stabilization
length at the beginning and the end of the window
automatically. The recursions are now performed on the
tailbiting trellis and both recursions overlap by L trellis
sections. For very short tailbiting codes in combination
with a high encoder memory, the required stabilization
length L (around five to six times the constraint length
of the code) can be similar in size (or even bigger)
as the block length of the tailbiting code, which could
result in α and β recursions wrapping several times
around the tailbiting trellis. The algorithm is therefore
also referred to as the wrap-around decoding algorithm.

An analog decoder implements such a ring for



both the forward and the backward recursion. In this
case, neither the stabilization length is limited to L
trellis sections, nor the recursions start with a uniform
distribution of the α and the β values. Instead, the
signals travel around the tailbiting trellis freely until
a stable state is reached. Several successful chip
implementations of a such a tailbiting decoder are
known from the literature [3],[4],[5].

3 Analog Sliding Window Decoder
Core

All analog decoder implementations so far assumed
that the whole code trellis needs to be implemented
with analog transistor circuits, which restricted analog
decoding to very small block lengths, see e.g. [3], [4],
[5] and [6]. A decoder complexity which grows linearly
with the block size of the code made it impossible to
consider an analog decoder for most real world applica-
tions. Furthermore, an analog decoder implementation
was for a fixed block length only, which ruled out
coding schemes with different block lengths like in
UMTS [7].

In this section, we demonstrate several possible
solutions for significantly reducing the complexity of
an analog decoder implementation for codes with large
block lengths by implementing only a small window
of size W trellis sections rather than for the overall
N sections long code trellis. This so called sliding
window technique is well known from digital decoder
implementations [13], [14]. The basic operation
of an analog sliding window decoder was first
described in [8] and later in [9] and [15]. We establish
a link to analog tailbiting convolutional decoder
implementations [3], [4] and propose new methods for
reducing the complexity of the analog sliding window
decoder. The complexity reduction is achieved in
combination with an improved decoder performance,
in particular when used in an iterative scheme,
at the expense of only a small amount of additional
control hardware for the initialization of the recursions.

3.1 Basic Concept - SwinDec Version A
The basic concept of an analog sliding window decoder
(SwinDec) core exploits the ring structure known from
an analog tailbiting convolutional decoder, where a
modified sliding window technique known from digital
decoder implementations is applied. Here, the circle
length WT of the previously described analog tailbiting
decoder corresponds to the window size W of the
analog sliding window decoder. The window size W
is related to the window size of the generalized sliding
window decoding algorithm from Chapter 2.3, where a
stabilization length L is required on both sides of the
actual decoding window D with W = 2L + D. The

ring structure of this decoder implies that the beginning
and the end of the window are tied together, which
allows to use a cyclic buffer structure in order to store
the required input values (either channel values or path
metrics).

Fig. 4 depicts the basic concept of such an analog
sliding window decoder core for the case of a termi-
nated convolutional code with D = L = W/3, where
the first, the second and the last decoding window of
the overall code block are shown. The upper part of the

Fig. 4. SwinDec version A - basic concept of an analog sliding
window decoder core with a stabilization length on both sides of the
window and D = L = W/3.

figure represents the loading phase of the analog sliding
window decoder with the channel values or the path
metrics, while the lower part illustrates the output phase
of the decoder after the window has been decoded.
In the first decoding window the values corresponding
to the first W trellis segments are loaded onto the
decoder core in clockwise direction starting at the top
until the cyclic input buffer (consisting of e.g. analog
memory elements or digital to analog converter) is filled
completely. The forward recursion is now controlled in
a way that it starts in the initial encoder state (typically
the all-zero state) while no initialization is assumed for
the backward recursion. Note that each of the shown
rings represents both the forward and the backward
recursion, which need to be implemented by separate
ring networks. After the settling time of the decoder
core, which is in the order of nano or pico seconds
depending on the design and the used technology, we
can read out the first D + L decoded information
bits from the analog network as shown in the lower
part of the figure. Typically, we would only read out
D = W − 2L bits from the decoder core, but due to
the known starting distribution of the α values at the
beginning of the code trellis, no stabilization length is
required for this recursion in the first window.

For decoding of the second window, the channel
values or path metrics for the next D trellis segments
are loaded in clockwise direction onto the decoder core
in a way that the input buffer corresponding to the



Fig. 5. SwinDec version B - decoder core with an initialization of
the recursions within each window and a stabilization length on both
sides of the window, D = L = W/3.

first D segments in the first window is overwritten.
Here, no initialization of the forward and the backward
recursion is assumed. After the settling time of the
decoder core we can read out another D decoded bits
from the upper left part of the decoder core. Note
that the decoder output is always read out L trellis
sections behind the decoder input loaded last in order to
ensure proper convergence of the backward recursion
within the stabilization length L. The decoding process
continues the same way as demonstrated for the second
window for all the other windows until we reach the
end of the overall code block. For ease of exposition
we assume that the overall block length is an integer
multiple of the decoding width D (and D = L).

As soon as the channel values or path metrics for
the last D trellis sections are loaded onto the decoder
core, the backward recursion is controlled in a way
that it starts in the state of the trellis after termination
(usually the all-zero state). After the settling time of
the decoder network we can read out the remaining
D + L information bits from the decoder core, since
no stabilization length is required for the backward
recursion at the end of the code block due to the
termination of the code.

This technique reduces the complexity of an analog
decoder significantly (typically W � N ) and allows
to decode codes of arbitrary block length with a single
decoder core, which is an important aspect in systems
like UMTS. Another advantage of this ring shaped
decoder with cyclic input buffer is that typically only
D trellis segments need to be loaded onto the decoder
within each window instead of W segments, which may
require repetitive loading of the channel values or path
metrics onto the network due to overlapping windows.

Analog sliding window decoding of tailbiting
convolutional codes works similarly. The only
difference is that the stabilization length L is required
for the forward and the backward recursion in all
windows, which limits the number of decoded bits

Fig. 6. Unwrapped and more detailed version of SwinDec B
illustrating the α and the β recursion within the core.

within a window to D. The initialization described
above does not apply in this case.

3.2 SwinDec Version B
When the forward and the backward recursion of
the decoder core is not initialized, each decoder ring
finds the starting distribution itself, which can be quite
unfavorable, e.g. a wrong starting state with a high
probability may be assumed. In order to compensate
for this, the stabilization length L in Section 3.1
needs to be considerably bigger (by a factor of ≥ 2)
compared to a digital decoder implementation, where
all recursions are initialized appropriately. We now
modify the basic structure of SwinDec A by adding
some additional control hardware in order to initialize
the forward and the backward recursion in every
window, which allows to reduce the stabilization
length considerably compared to the decoder described
above. The initialization cuts the ring structure of the
forward and the backward recursion at the initialization
point, while the advantages of the cyclic structure are
still maintained, i.e. usually only D trellis segments
need to be loaded onto the decoder core within each
window. This type of decoder can therefore be seen
as a cyclic implementation of the previously described
generalized sliding window decoding algorithm. Fig.
5 shows the analog sliding window decoder core from
Fig. 4 with an initialization of the recursions within
each window. An unwrapped and more detailed view
of the decoding windows is given in Fig. 6, which
depicts the separate forward and backward recursion
within the decoder ring. This type of decoder can
decode more bits for a given window size W , or
alternatively, the window size can be reduced for a
given decoding length D. Depending on the application
of the decoder core (decoding of a convolutional code
or in a turbo scheme) the stabilization length and thus
the computational overhead can be reduced by a factor
of two or more compared to SwinDec A.



Fig. 7. SwinDec version C - analog sliding window decoder with
initialization of the recursions within each window and a stabilization
length on only one side of the window, D = L = W/2.

3.3 SwinDec Version C
Each decoder ring in Fig. 4 and Fig. 5 represents a sep-
arate ring for the forward and the backward recursion,
which are both lined up and have the same window size
W = 2L + D. From the more detailed and unwrapped
view in Fig. 6 it becomes apparent, that it is sufficient
to perform the forward and the backward recursion over
D+L trellis sections instead of D+2L sections, since
the forward recursion requires the stabilization length
only on the left side of the window and the backward
recursion only on the right side of the decoding win-
dow. We can thus reduce complexity and work on a
window size of only W = D + L. The loading phase
of the forward and the backward ring of the decoder
is illustrated in Fig. 7. Note that the two rings are
now shifted against each other. The decoder output is
calculated based on the result of the two recursions in
the decoding window D as illustrated in the unwrapped
version of this decoder in Fig. 8. This decoder version
allows to further reduce the computational overhead of
the analog implementation by a factor of two compared
to SwinDec B and by a factor of more than 4 compared
to SwinDec A.

The complexity can be even further reduced when
the result of the forward recursion is stored and then
used as initialization for the next decoding window. In
this case a window size of Wf = D is sufficient for
the forward recursion while the backward recursion still
requires Wb = D + L, as it is the case for a digital
sliding window decoder, see Section 2.2.

4 Simulation Results
The performance of the different analog sliding window
decoder cores was simulated for the case of rate 1/2
and memory m = 2 and m = 3 terminated convo-
lutional codes as well as for the case of an iterative

Fig. 8. Unwrapped and more detailed version of SwinDec C
illustrating the α and the β recursion within the core.
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Fig. 9. Decoding of the terminated m = 2 convolutional code with
a block length of 256 information bits.

decoding scheme, where such codes are used in a
parallel concatenation. Systematic feedback encoder are
assumed. For the transmission we assumed an additive
white Gaussian noise (AWGN) channel and BPSK
modulation. The generator polynomials of the memory
m = 2 code are (7,5) in octal notation. The overall
block length of the terminated code is (516,256) bits.
Seven different decoder configurations were simulated:

• APP decoder as reference decoder,
• sliding window, L = 8: conventional sliding win-

dow decoder with D = L = 8 and W = 16,
• SwinDec A, L = 8, 10, 12, 15: analog sliding

window decoder version A with D = 8, and
W = 24, 28, 32, 38,

• SwinDec B/C, L = 8: analog sliding window
decoder version B/C with D = 8 and W = 24.

The resulting bit error rate (BER) at the output of the
different decoder is plotted in Fig. 9. It can be seen that
the conventional sliding window decoder, the SwinDec
B/C with L = 8 and the SwinDec A with L = 15
closely approach the performance of the a posteriori
probability (APP) decoder. For the case of a SwinDec
A with L = 8, 10, 12 the BER performance is clearly
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Fig. 10. Decoding of the terminated m = 3 convolutional code
with a block length of 640 information bits.

suboptimal. Note that SwinDec A requires around twice
the stabilization length compared to a SwinDec B/C
in order to achieve the same BER performance. Very
similar results were obtained for the case of a tailbiting
convolutional code.

Simulation results for a terminated rate 1/2 con-
volutional code with memory m = 3 and generator
polynomials (13,15) in octal notation are shown in Fig.
10 for a block length of 640 information bits. This
code is used as a component code for the UMTS turbo
code [7]. Ten different decoder configurations were
simulated:

• APP decoder as reference decoder,
• sliding window, L = 12, 16: conventional sliding

window decoder with D = 8 and W = 32, 40,
• SwinDec A, L = 12, 14, 16, 18, 20, 22, 24: analog

sliding window decoder version A with D = 8
and W = 32, 36, 40, 44, 48, 52, 56.

It can be seen that the conventional sliding window
decoder with L = 12, 16 and the SwinDec A with L ≥
20 closely approach approach the performance of the
APP decoder, while for L < 20 the SwinDec A clearly
shows a suboptimal BER performance.

The memory m = 2 and m = 3 codes are now
used in a parallel concatenation. Fig. 11 shows the
simulation results for a turbo code with a rate close to
1/3, where two memory m = 2 codes from above are
used as component codes. We compare the results of an
iterative decoding scheme with 10 iterations, where the
following component decoder configurations are used:

• APP component decoder as reference decoder,
• SwinDec A, L = 24, 27, 30: analog sliding win-

dow decoder version A with D = 8 and W =
56, 62, 68,

• SwinDec B/C, L = 12, 15, 18: analog sliding
window decoder version B/C with D = 8 and
W = 32, 38, 44.
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Fig. 11. Iterative decoding (10 iterations) of a turbo code with a
block length of 256 information bits.

When the analog sliding window decoder is used as
component decoder in an iterative scheme, we can
clearly distinguish between version A and version B/C.
While SwinDec B/C closely approaches the reference
curve for L = 15, 18 (between five and six times the
constraint length of the component code), we recognize
a clearly suboptimal decoder performance of SwinDec
A for L = 24, 27, in particular at high signal to noise
rations (SNRs). For L = 30, this decoder performs rea-
sonably well up to 2.5 dB and then flattens out, which
is a common characteristic of all SwinDec A cores. Dif-
ferent stabilization lengths required for a convolutional
decoder and a turbo decoder are due to the fact that a
rather small L is already sufficient for the convolutional
decoder, since our measure is the hard decision used for
the BER calculations. However, a turbo decoder heavily
relies on correct soft outputs (magnitude, reliability)
provided by the component decoder. The simulations
of the turbo decoder indicate that the soft output of an
APP decoder is only approximated by using sufficiently
large values of L, in particular in the case of SwinDec
A. For SwinDec B/C the stabilization length L lies
between five and six times the contraint length of the
component code.

The performance of the analog sliding window de-
coder core is further investigated for the prominent case
of the UMTS turbo code standardized by the Third-
Generation Partnership Project (3GPP) [7], where a
parallel concatenation of two memory m = 3 codes
from above is used. Different decoder configurations
were simulated:

• APP component decoder as reference decoder,
• SwinDec A, L = 40, 44, 48, 52: analog sliding

window decoder version A with D = 8, and
W = 88, 96, 104, 112,

• SwinDec B/C, L = 16, 20, 24: analog sliding
window decoder version B/C with D = 8 and
W = 40, 48, 56.



0 0.5 1 1.5
10−6

10−5

10−4

10−3

10−2

10−1

E
b
/N

0
 in dB

B
E

R

uncoded transmission
APP comp. dec.
swindec A, D=8, L=40
swindec A, D=8, L=44
swindec A, D=8, L=48
swindec A, D=8, L=52
swindec B/C, D=8, L=16
swindec B/C, D=8, L=20
swindec B/C, D=8, L=24

Fig. 12. Iterative decoding (10 iterations) of the UMTS turbo code
with a block length of 640 information bits.

Fig. 12 shows the simulation results for a block length
of 640 information bits after 10 iterations. For the
case of SwinDec A we recognize a clearly suboptimal
decoder performance at high SNRs even when the
stabilization length is increased up to L = 52. Again,
SwinDec B/C performs much better and approaches the
reference curve by 0.05 dB for L = 24.

5 Conclusion
A novel mixed signal turbo decoder has been presented,
which uses an analog sliding window decoder core
as component decoder. Such an architecture circum-
vents the problem of previous analog decoder de-
signs, where the complexity of the component decoder
grows linearly with the block length of the code and
furthermore allows to use a single decoder core for
coding schemes with different block lengths. The time
and power consuming operations are performed in the
analog decoder core, which implements only a fraction
of the overall code trellis. Storage of soft information
and in particular the interleaving can conveniently be
performed in the digital domain. Different versions of
the analog decoder core were presented. The SwinDec
A core achieves the BER performance of an APP
decoder for the component code with a stabilization
length of around five times the constraint length of the
code and requires at least twice the stabilization length
when it is used in an iterative scheme. When applied
in a turbo decoder it result in an increased BER floor,
which may not be acceptable. The proposed SwinDec
B/C core performs much better in this respect. Besides
the advantage of a reduced decoder complexity, a
stabilization length of around three times the constraint
length is already sufficient for the component decoder
and five to six times when used in an iterative scheme.

We demonstrated for the case of the UMTS turbo
code that a SwinDec C core with a window size of

W = 56 as component decoder results in a performance
loss of only 0.05 dB. The complexity of the component
decoder can therefore be reduced by a factor of 11.5
for a block length of 640 information bits and by a
factor of 91 for a block length of 5114 information bits
when compared to an analog decoder implementing the
overall trellis structure.

Acknowledgment
This work was supported in part by Bell Labs, Lucent
Technologies, Murray Hill, NJ.

References
[1] M. Bickerstaff, L. Davis, Ch. Thomas, D. Garrett, and Ch.

Nicol, “A 24Mb/s radix-4 logMAP turbo decoder for 3GPP-
HSDPA mobile wireless,” in Proc. IEEE International Solid-
State Circuits Conference (ISSCC 2003), San Francisco, Cali-
fornia, Febr. 2003.

[2] J. Hagenauer, “Der analoge Decoder,” German Pat. Appl. No.
197 25 275.3, filed June 14th, 1997.

[3] F. Lustenberger, M. Helfenstein, H.-A. Loeliger, F. Tarköy,
and G. S. Moschytz, “All-analog decoder for a binary (18,9,5)
tail-biting trellis code,” in Proc. of 25th European Solid-State
Circuits Conference, Duisburg, Germany, pp. 362–365, Sept.
1999.

[4] M. Moerz, T. Gabara, R. Yan, and J. Hagenauer, “An analog
0.25µm BiCMOS tailbiting MAP decoder,” in Proc. IEEE
International Solid-State Circuits Conference (ISSCC 2000),
San Francisco, California, pp. 356–357, Febr. 2000.

[5] C. Winstead, J. Dai, W. J. Kim, S. Little, Y.-B. Kim, C. Myers,
C. Schlegel, “Analog MAP decoder for (8,4) Hamming code
in subthreshold CMOS,” in Proc. Advanced Research in VLSI,
Salt Lake City, pp. 132–147, March 2001.

[6] V. Gaudet and G. Gulak, “A 13.3Mb/s 0.35µm CMOS analog
turbo decoder IC with a configurable interleaver,” in Proc. IEEE
International Solid-State Circuits Conference (ISSCC 2003),
San Francisco, California, Febr. 2003.

[7] European Telecommunications Standards Institute, “Universal
mobile telecommunications system (UMTS): multiplexing and
channel coding (FDD),” 3GPP TS 125.212 version 3.4.0, pp.
14–20, Sept. 2000.

[8] A. Veinblat, “Analog convolutional decoder,” Master Thesis,
Technion, Israel Institute of Technology, May 2002.

[9] M. Moerz, “Analog sliding window decoding,” in Proc. Joint
Workshop on Communications and Coding, Barolo, Italy, p. 9,
Nov. 2002.

[10] J. B. Anderson and S. M. Hladik, “Tailbiting MAP decoders,”
IEEE Journal on Selected Areas in Communications, vol. 16,
no. 2, pp. 297–302, Febr. 1998.

[11] L. R. Bahl, J. Cocke, F. Jelinek and J. Raviv, “Optimal decoding
of linear codes for minimizing symbol error rate,” IEEE Trans.
Inform. Theory, vol. IT-20, pp. 284–287, March 1974.

[12] J. Hagenauer, E. Offer, and L. Papke, “Iterative decoding of
binary block and convolutional codes,” IEEE Trans. Inform.
Theory, vol. 42, no. 2, pp. 429–445, March 1996.

[13] S. Benedetto, D. Divsalar, G. Montorsi, and F. Pollara, “Soft-
output decoding algorithms for continuous decoding of parallel
concatenated convolutional codes,” in Proc. ICC ’96, vol. 1, pp.
112–117, 1996.

[14] A. J. Viterbi, “An intuitive justification and a simplified version
of the MAP decoder for covolutional codes,” IEEE Journal on
Selected Areas in Communications, vol. 16, no. 2, pp. 260–264,
Febr. 1998.

[15] A. Schaefer, A. Sridharan, M. Moerz, J. Hagenauer and D.J.
Costello, “Analog rotating ring decoder for an LDPC convolu-
tional code,” in Proc. Inform. Theory Workshop, Paris, France,
pp. 226–229, April 2003.


