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Analog dlice turbo decoding

Matthieu ARZEL, Cyril LAHUEC, Fabrice SEGUIN, David GNAEDIG and Michel JEZEQUEL
GET/ENST Bretagne/PRACOM, CNRS-TAMCIC
Technopble Brest Iroise, CS 83818 - 29238 BREST CEDEX 3 FRANCE.

Abstract— This paper presents the design of an analog turbo
decoder for the DVB-RCS standard. It uses a slice architecture
which enhances the design in terms of simplicity, robustness,
testability and reusability. Transistor-level simulations show po-
tential throughput up to 1.2Gb/s for a 2.8mW power consumption
per information bit and per state in a 0.25uym BiCMOS process.

I. INTRODUCTION

Research interest has grown over the last decade for analog
decoding due to its potential advantages over digital decoding
techniques in terms of speed, power consumption and on-chip
area reduction [1]-[3]. Few proposed circuits are targeting
industrial standards: [4] proposed a decoder for UMTS and in
[5] the first steps toward a DVB-RCS decoder were presented.
Recently, a particular type of turbo code was proposed in [7]:
the slice turbo code. In slice turbo codes, frames are split into
shorter ones. [7] showed that it does not introduce performance
degradation. Implementing the decoder for this type of turbo
code allows to concentrate on the design of a single elementary
decoder much smaller than the one required to decode the
full frame length. Thus, this design is simplier, more easily
characterized, more robust and reusable for different frame
lengthes. In this paper, a first analog implementation of slice
turbo decoder is proposed for the DVB-RCS standard. The
paper is organized as follow. Part Il presents the slice turbo
architecture. In part 111 the performances of the Maximum A
Posteriori (MAP) decoder designed in [5] are reminded and
the interleaving is descibed. Part IV presents some simulation
results obtained form a behavioral model and transistor-level
simulation of the slice turbo decoder.

Il. SLICE TURBO ARCHITECTURE

The principle of slice turbo codes is illustrated in Fig. 1.
A frame of length k& is sliced into m parts. Each sub-
frame, or slice, is encoded independently using the usual
turbo scheme of two circular recursive systematic convolutive
(CRSC) encoders and an interleaver [6]. It is worth noting
that the interleaving is done over the full-length £ of the
initial frame. The work presented in this paper deals with the
shortest frame length of the DVB-RCS standard: 48 duo-binary
symbols or 96 bits [7]. Therefore, each CRSC encoder in Fig. 1
encodes slices of 24 duo-binary symbols. The corresponding
turbo decoder block diagram is illustrated in Fig. 2. It requires
four elementary MAP decoders in the present case, two per
slice to decode. Each decoder treats one slice in natural order
(MAP 11 and MAP 12) or in interleaved order (MAP 21 and
MAP 22) with the corresponding redundancy bits. The full
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Fig. 1. A two-slice turbo encoder.
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Fig. 2. A two-slice turbo decoder.

received frame is fed at once to the decoder, thus there is no
specific handling of data. This architecture is flexible since
to accommodate for longer frame length, one simply has to
increase the number of MAP decoders. Therefore, one only
has to design a set of relatively small, robust and optimized
MAP decoders to accommodate for any frame length of the
standard. This greatly simplifies the design and the test of the
overall decoder. More details are given in section Il1-A.

I1l1. CIRCUIT DESIGN
A. Map design

The design of the MAP decoder was presented in [5] and
only its main features are recalled here for convenience. The
decoder is implemented using extended BJT-based Gilbert
cells with analog 1/0 interfaces. Frames of 24 duo-binary
symbols (96 bits treated by couples) altered by a gaussian
noise are decoded. The simulated throughput is 600Mb/s for
a power consumption of 1.4mW per information bit and



per state. Transistor level simulations were compared with
behavioral ones: the designed decoder corrects the errors as
expected (Fig. 3). This elementary MAP decoder is certified.
Therefore it can be reused to decode longer frames in a slice
scheme without testing each time the ability to correct errors.
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Fig. 3. Correction of an error (due to a gaussian noise at 2.4dB) in a transistor
level simulation.

B. Interleaver design

A critical part in the slice architecture is the design of the
interleaver [6].

IV. SIMULATION RESULTS
A. Transistor-level simulation

The full turbo decoder for two slices was simulated at the
transistor level on the same frames used to test the MAP
decoder. Fig.XX presents the correction of the same error
treated by the MAP in Fig. 3. The presented output of one of
the four MAP decoders benefits from the work of the others
thanks to the exchange of extrinsic information through the
interleaving network. The liability of the decision in the turbo
case is better than in the MAP case. Indeed the difference
between the most liable values and the others is greater in
the turbo case than in the MAP one. The decoding speed
can be estimated at XX, which is greater that the speed of
a lonely MAP. The interleavers do not introduce latency but
reduce decoding time in this case. Therefore the turbo scheme
not only enhances error correction but speeds up decoding in
an analog implementation. Graph of turbo Simulations enable

estimating the power consumption of the decoding core at
2.8mW per information bit and per state. The need for power
doubles as expected: each information bit is decoded by two
MAPs (one in natural order and one in interleaved order).

B. Behavioral modeling and simulation

Behavioral modeling is necessary to evaluate the perfor-
mances of the decoder in terms of Bit Error Rate (BER)
and Frame Error Rate (FER) since to obtain these curves
several thousands of frames need to be fed to the decoder.
At transistor-level this is impractical due to long simulation
time (over a week per frame!). Therefore, a behavioral model
for the CRSC MAP decoder was developed in Simulink.
Fig. 4 shows a behavioral simulation comparing the BER/FER
performances of the analog slice turbo decoder and its digital
counterparts: the DVB-RCS standard decoder and the pro-
posed slice decoder. The digital decoders run for 15 iterations
and uses floating point number representation to guaranty
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Fig. 4. Comparison of the correction performance of the DVB-RCS standard
digital decoder, the slice digital decoder and the slice analogue decoder for
frames of 48 duo-binary symbols.

the best MAP decoding performances. This figure actually
shows that the analog turbo decoder performs better than its
digital slice counterpart by 0.1dB and as well as the DVB-
RCS standard digital decoder. The authors think that there are
two possible explanations for this result. First, there is a real
benefit in continuously exchanging information between the
CRCS decoders instead of doing it iteratively: the analogue
way is better for the slice implementation. Second, greater the
size of the encoded frame, and also the asymptotic gain of the
code, better the correction performance. Therefore the standard
decoder without slices benefits from a greater asymptotic gain
which enables this to achieve the performance of the analog
slice decoder. To conclude, the slice analog decoder offers the
same error correction performance as the standard one without
slice but with the advantages of analog implementations:
greater speed, lower consumption and reduced latency.

V. CONCLUSION

A suitable analog turbo decoder architecture to tackle long
frames was presented. Behavioral and transistor-level simula-
tions validate the concept. The circuit is expected to be sent
to the foundry soon.
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