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Abstract. The turbo code (TC) is one of the most type of Forward error cor-
rection (FEC) code that used in Third Generation Partnership Project (3GPP)
which standardization works by the Long Term Evolution (LTE). In this paper
an integrated system based TC by LTE standard is implemented. A Simulink
model is designed using Xilinx System Generator (XSG) applied by MATLAB
version R2012a, ISE design suite version 14.5 and applied by Xilinx Spartan 6
xc6sIx45t-fgg484 board using FPGA clock period 10 ns. The system is tested in
two steps, in the first one, the Spartan kit is connected within loop of transmitter
and receiver. In the second step the Spartan kit is connected to execute the whole
system and display the output signal using real scope device. The results confirm
that the proposed system is decoded the original signal without any errors.
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1 Introduction

The FEC is active tools that used to increase the reliability of data transmitted in digital
communication. Iterative Decoder (ID) is one of attractive channel code which is used
in modern communication. TC is the better one of FEC, it is an efficient tool which
approaches the limit of Shannon through the use of a convolution codes with a largest
constraints length or a block code with the largest blocks length, by the use of iterative
and recursive coder TC beat to this limitation [1].

TC used in 3GPP which standardization works by LTE. One of the major task of
3GPP LTE is to increase the speed of radio access in mobile communications. The
nature iterative of TC raised their complexity compared to other decoding algorithms,
there is two main types of ID algorithms, Soft-Output-Viterbi Algorithm (SOVA) and
Maximum A posteriori Probability (MAP) Algorithm which required intricate decoding
operations through many of the iterations cycles. So, for FPGA implementation of
turbo codes, decrease the complication of the ID while Maintain the performance of bit
error rate (BER) is an important in the consideration of the design [2].

For several hardware operations the XSG supplies a group of Simulink blocks that
can be implement on different Xilinx FPGAs Kits, it is possible to use these blocks to
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simulate the operation of the hardware system by using XSG Simulink environment.
Most Digital signal processing (DSP) needs floating point format for representing data,
although it is easy to build this on many of the computers that executing the software of
high level such as Simulink, but this is very difficult in the world of the hardware
because of the complexity of the floating point arithmetic implementation. That’s XSG
is used fixed point format to represent all its values in the system.

This paper is divided into two main sections. XSG simulation results where the
proposed system is implemented using Simulink MATLAB program and System
Generator results with hardware tests are represented where the proposed system is
implemented using XSG tools and downloaded to Xilinx Spartan 6 kit for real time by
using hardware Co-simulation. Hardware co-simulation merges the ability of
MATLAB simulation with a hardware implementation to confirm the ability of the
system. The design uses the MATLAB version R2012a and ISE design suite version
14.5.

A contribution of this paper is to implement an integrated communication system
included a TC with an encoder and decoder in the transmitter and receiver respectively
and to use a co-simulation program interface with MATLAB in order to implement a
Simulink model in to the Hdl code without need to write the program in VHDL
specially with high complexity circuit like MAP decoder.

Many researchers have been implemented Turbo Decoder (TD) in FPGA blocks in
various method. In [3], the authors discussed the implementation of MAP TD with
Software Radio Modem. In [4], the authors discussed the efficient power implemen-
tation of the Log MAP TD. In [5], the authors discussed the speed improvement and
the TD implementation on Central Processing Unit (CPU) based on software defined
radio (SDR). The implementation of 3GPP and 3GPP2 turbo encoder on FPGA Xilinx
Virtex- IV is reported in [6]. In [7], the authors discussed the implementation of the
3GPP TD on Graphic Processing Unit (GPU).

2 Turbo Code for LTE

2.1 Encoder

TC are a type of the high performance FEC codes, and that was the first operation
codes to approach closely to the capacity of the channel. Turbo codes are used in 3GPP
LTE mobile communication. In this research, it has been used a turbo encoder
according to LTE standard which consists of a two parallel convolution code with two
8-state constituent encoders and one convolutional interleaver as shown in Fig. 1. The
task of the convolution interleaver is to take the block of the M-bit data and perform a
permutation of this block. The performance of TC depends on the structure of the
interleaver and the permutation sequences [8]. The basic rate of Turbo coding
according to LTE specifications is 1/3. A block of M-bit data is encoded into a code
word with 3 M + 12 data bits, where the 12 tail bits are used for the trellis termination.
When begin to encode the input bits of the information, the first value of the shift
registers of the 8-state constituent encoders shall be all zero. The convolution encoder
may be represented as the follows [9]:
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Go=Gl=1+D+D2+D3+D6 (1)

Then convolution encoder basically multiplies the generated polynomials by the
input bit, as the follows

Al(k) = Gy *x U(k) = abc. . .g (2)
A2(k) = G, * U(k) = ABC. . .G (3)

Then interleaving the outputs from the convolution encoder
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Fig. 1. Structure of the 1/3 CR Turbo encoder in LTE

2.2 The Iterative Decoder

In this research, the algorithm of ID for TD based MAP decoder is shown in Fig. 2.
The ID structure is composed of two MAP decoders and interleaver which installed
between these two MAP decoders to make permutations to the sequence of the input.
The decoding is an iterative operation which exchanges the extrinsic information also
called (L-posteriori) between MAP decoders. MAP decoder consisted of forward metric
o, backward metric  and extrinsic information L-posteriori. The L-posteriori is cal-
culated by dividing all values for positive states with corresponding values for negative
states, and then take the log for such result [10, 11]:

Dot t1(8").B(5).Ze (s, 5)
> 0—1(87).B(8).Zu (s, 5)

Where Z is the branch metric, s is the previous state and s is the current state.
The o and f are forward metric and backward metric respectively. Each one are
calculated using the following equations

log

(5)



320 M. F. Mosleh et al.

—_— | De-
Interleaver

L Sy r 1 [

o | a9l Les -~ Interleaver - - it

Siy " Decoder1 | Decoder 2
L - i S2, L
-~ Interleaver [ 1 .
L J De-
Interleaver

P2s
=3

Decoder
Output

Fig. 2. The ID block diagram
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The results of Eq. 1 will be two states either positive or negative one which indicate

the decoded bit is either 1 or O respectively

3 System Model

The system model used in this research is show in Fig. 3. In this section it will explain

the function of each block of such system as follows

Source 1 Encoder [ Modulation T

Channel

|

Sink  — Decoder — De- Modulation

Fig. 3. System model



Implementation of Turbo Code Based Xilinx System Generator 321

The source is generating a bit streams. The probability of 1’s is 0.5. This stream bit
is fed to encoder to apply the encoding process. The encoder block will encode the
input data with a CR of 1/3 so that each input bit will be represented by 3 bits. First one
is the same input bit called systematic bit, the second and third is the adaptive parity bit.
Then the encoder output will be multiplexing the 3 parallel bits into one series row.

The Modulation block will map the input bits into one symbol. The number of bits
in each symbol depended on the level of modulation of BPSK which maps one bit in
each symbol. The channel used is AWGN type for the purpose of experimentally
testing. The parameters of this channel are Eb/No, number of bits per symbol, power of
the input signal and the period of symbol. The rest blocks is form the receiver end
which apply the inverse function of the corresponding transmitted end.

4 Simulation

The implementation of proposed TD in XSG is show in Fig. 4. The simulation is done
by using MATLAB Simulink model and XSG tools. The outputs from the implemented
and simulated design have been checked to make sure that the implemented circuit
work well as the simulated design and there is not much difference between the
MATLAB and ISE designs. The design has used MATLAB version R2012a and ISE
design suite version 14.5.
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Fig. 4. The proposed system

5 Results

Two cases of hardware proposed Tc implementation has been done using Xilinx
spartan6 board.
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5.1 The Simulation of SG Result

In this case the input bit stream has been generated using random binary signal gen-
erated block as show in Fig. 4. Also, to confirm the result other source using LFSR has
been used to generate the signal with 8 numbers of bits, 15 feedback polynomial and 3F
initial value in hexadecimal as shown in (Fig. 5), for the above two signals the gen-
erated bit file is loaded into Xilinx Spartan 6 xc6sIx45t-fgg484 board using FPGA
clock period 10 ns with Simulink system period of 1/3 s. The output signal for random
binary signal generated is displaying using the scope of Fig. 4. Figure 6 the transmitted
and received signal of random binary signal generated. It is show that the decoder is
deconstructing the transmitted signal without error. For LFSR the signal is displayed
using scope of Fig. 5. Also, the transmitted and received signal show in Fig. 7 confirm
that the decoder can be decoded any signal regardless of source type.
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Fig. 5. The proposed system

8=
[
&
o
[

e
.
il
®,
'
Ll
.
‘
1
“
Ll
L}
“
il
.
1
L}
"
.
i
“
L}

Fig. 6. The XSG results with random integer input block
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Fig. 7. The XSG results with LFSR input block

5.2 The FPGA Implementation

For the purpose of FPGA implementation it has been used Spartan 6 xc6sIx45t-fgg484
board used for hardware processing. The Spartan 6 kit is connected to the PC through
Parallel/USB Programming cable for Joint Test Action Group (JTAG) configuration/
communication. Figure § illustrates the hardware implementation which consists of
two scopes, one is virtual in PC screen to display the transmitted signal and the second
is real device to shows the decode signal. As it is clear in Fig. 8 the system is decode
the signal without any error, note that the signal in real scope is a part of virtual scope
due to different in scale.

Transmitted Signal Received Signal

7

Parallel/USB
N Programming cable
- Mkttt

¥ USER_SMA_GPIO_N

Fig. 8. The XSG results with LFSR input block
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6 Conclusion

In this paper it has been building an integrated system consists of an encoder and ID
using in addition to modulation and demodulation with AWGN channel. The system is
implemented in two cases, the first on is to connect the Spartan 6 in the loop of the
transmitter and the receiver and shows the results in two virtual scopes. The second
case connect the Spartan to execute the whole system and shows the decoded signal in
real device scope. The results confirm that the system is applied in real time and
reconstruct the signal without any error.
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