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Introduction

In this document, we propose an alternative to the channel code for low-quality services, i.e., those services that require a bit error probability of the order of 10-3. So far, the code foreseen for these applications is a rate 1/3 (and also a rate ½) convolutional codes with 256 states decoded using the Viterbi algorithm. The data rate is 8 kbit/s, and frames of 10 and 20 msec are considered. 

We propose, as alternatives to the rate 1/3  solution based on the convolutional code, to use a serially concatenated convolutional code (SCCC) [1] formed by two 4-state constituent codes with  information block sizes of  80 and 160 bits.

The two solutions will be compared based on bit and frame error probabilities estimated by simulations over the additive Gaussian channel.

The present solution

So far, for low data rate services, rate ½ and 1/3 256-state convolutional codes with Viterbi decoding have been considered. We consider  information frame size of 80  bits; the information block is encoded using the convolutional codes in a trellis-terminated fashion.    

The generating matrices of the codes are 
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In the following, we will describe two alternatives to the rate 1/3 code. Similar proposal can be made for the rate ½ case.

The proposed alternative 

The second alternative is based on a rate 1/3, serially concatenated convolutional code (SCCC) based on the concatenation of a 4-state, punctured rate 2/3 outer code, and a 4-state, rate ½ inner code, obtained by the same rate ½ recursive convolutional encoder with generating matrix. The interleaver joining the two codes acts on the outer encoded bits, and has a size of 123 (80x3/2 +3 bits for outer trellis termination), and 243 

(160x3/2 + 3 bits for outer trellis termination). 

A block diagram of the encoder is shown in Figure 1. 
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Figure 1: Structure of the rate 1/3 SCCC encoder.

The decoder is an iterative decoder based on two SISO modules, one for the outer and the second for the inner codes, and is shown in Figure 2
[image: image3.wmf]
Figure 2: Decoder structure for SCCC

The choice of this code is based on the fact that we have proposed the same solution for medium-high quality, medium-high bit rate data services (see the companion document [2]), and offers then the advantage of homogeneity.  

Performance comparison

In Figure 3, we present the frame error probability performance obtained by simulating the two aforedescribed solutions on the AWGN channel.  The SCCC scheme uses optimised Nortel interleavers. The same performance hierarchy can be expected on Phase 2 channel. 

To be fair, also the convolutional code has been decoded using a MAP decoding algorithm, instead of the Viterbi algorithm. Its performance, however, are almost the same, being the MAP decoder slightly better in terms of bit error probability. The SCCC decoder use 10 and 100 iterations.
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Figure 3: Comparison among the two codes proposed for the low data rate services on the AWGN channel in terms of frame error probability. Information block sizes of 80 and 160 are considered. 10 and 100 iterations.
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Figure 4: Comparison among the two codes proposed for the low  data rate services on the AWGN channel in terms of bit error probability. Information block sizes of 80 and 160 are considered. 10 and 100 iterations.

The analogous results in terms of bit error probability are reported in Figure 4. The simulation results suggest the following considerations:

· In terms of frame error probability the SCCC outperforms the convolutional code below 10-2 owing to its larger free distance (22 for N=80 and 24 for N=160 for SCCC, with respect to 18 for the 256 state convolutional code). At FER=10-3 the gain of SCCC is 0.3 dB (10 iterations N=80), 0.6 dB (100 iterations N=80), 0.9 dB (10 iterations N=160), 1.2 dB (100 iterations N=160).
· In terms of bit error probability, the SCCC outperforms the convolutional code below 10-4 for N=80, and below 10-2 for N=160. In this last case, at 10-3 the convolutional code looses 0.3 dB for 10 iterations and 0.5 for 100 iterations, and at 10-6  it looses 1 dB at 10 iterations and 1.4 at 100 iterations. 

Complexity considerations

We have not yet performed a detailed comparative study on the implementation complexity of the two schemes, but we believe that the 4-state SCCC decoder is significantly less complex than the 256-state convolutional Viterbi decoder.

Conclusions

As a conclusion, we strongly suggest to reconsider the choice of the 256-state convolutional code as the channel code for low-quality, low data rate applications. The alternative proposed here, which is based on the use of the same code proposed for the high-quality services, offers significant gains over the convolutional code for both bit and frame error probabilities, and we believe it requires a lower implementation complexity.
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Plot 80

		0		0		0		0		0		0		0		0		0		0
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		1		1		1		1		1		1		1		1		1		1
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		3.6		3.6		3.6		3.6		3.6		3.6		3.6		3.6		3.6		3.6

		3.8		3.8		3.8		3.8		3.8		3.8		3.8		3.8		3.8		3.8

		4		4		4		4		4		4		4		4		4		4

		4.2		4.2		4.2		4.2		4.2		4.2		4.2		4.2		4.2		4.2



Nortel (10) N=80

Nortel (100) N=80

Nortel (10) N=160

Nortel (100) N=160

256 state CC (BER)

Nortel (10)

Nortel (100)

Nortel (10)

Nortel (100)

256 states CC (FER)

Eb/N0

FER

Comparison between 4-state SCCC and 256-state convolutional code

0.729

0.714

0.776

0.738

0.463

0.648

0.629

0.663

0.618

0.3937

0.565

0.524

0.544

0.492

0.3215

0.472

0.437

0.404

0.356

0.2347

0.359

0.324

0.281

0.234

0.181

0.251

0.23

0.186

0.135

0.1471

0.222

0.178

0.111

0.0683

0.09799

0.134

0.104

0.0577

0.0334

0.06959

0.0864

0.0604

0.0294

0.0127

0.04666

0.0491

0.033

0.0131

0.0044

0.03111

0.0291

0.0153

0.00494

0.00145

0.021

0.0152

0.0068

0.00201

0.000411

0.01213

0.0074

0.0034

0.000753

0.000107

0.007982

0.0038

0.00139

0.00024

0.0000247

0.004999

0.00187

0.000462

0.000068

0.000004

0.002894

0.000819

0.000151

0.0000213

0.00000133

0.001786

0.000339

0.0000428

0.00000933

0.000879

0.000143

0.0000136

0.00000333

0.0000555

0.00000507

0.000000667

0.0000199

0.00000187

0.000000667

0.0000072

0.0000006

0.0000026

0.000000267



Dati AWGN

		BER		Nortel (10) N=80		Nortel (100) N=80		Nortel (10) N=160		Nortel (100) N=160		256 state CC (BER)		Nortel (10)		Nortel (100)		Nortel (10)		Nortel (100)		256 states CC (FER)

		0		1.21E-01		1.23E-01		1.24E-01		1.21E-01		8.28E-02		7.29E-01		7.14E-01		7.76E-01		7.38E-01		4.63E-01

		0.2		1.13E-01		1.09E-01		1.03E-01		9.91E-02		6.95E-02		6.48E-01		6.29E-01		6.63E-01		6.18E-01		3.94E-01

		0.4		9.63E-02		9.23E-02		7.99E-02		7.49E-02		5.36E-02		5.65E-01		5.24E-01		5.44E-01		4.92E-01		3.22E-01

		0.6		7.72E-02		7.55E-02		5.72E-02		5.38E-02		3.49E-02		4.72E-01		4.37E-01		4.04E-01		3.56E-01		2.35E-01

		0.8		5.71E-02		5.27E-02		3.83E-02		3.40E-02		2.48E-02		3.59E-01		3.24E-01		2.81E-01		2.34E-01		1.81E-01

		1		4.15E-02		3.92E-02		2.49E-02		1.99E-02		1.95E-02		2.51E-01		2.30E-01		1.86E-01		1.35E-01		1.47E-01

		1.2		3.46E-02		2.88E-02		1.46E-02		1.03E-02		1.27E-02		2.22E-01		1.78E-01		1.11E-01		6.83E-02		9.80E-02

		1.4		2.09E-02		1.72E-02		7.31E-03		4.98E-03		8.09E-03		1.34E-01		1.04E-01		5.77E-02		3.34E-02		6.96E-02

		1.6		1.36E-02		1.02E-02		3.56E-03		1.85E-03		4.70E-03		8.64E-02		6.04E-02		2.94E-02		1.27E-02		4.67E-02

		1.8		7.72E-03		5.29E-03		1.55E-03		6.43E-04		3.06E-03		4.91E-02		3.30E-02		1.31E-02		4.40E-03		3.11E-02

		2		4.46E-03		2.57E-03		5.99E-04		2.19E-04		1.84E-03		2.91E-02		1.53E-02		4.94E-03		1.45E-03		2.10E-02

		2.2		2.27E-03		1.12E-03		2.28E-04		5.84E-05		9.14E-04		1.52E-02		6.80E-03		2.01E-03		4.11E-04		1.21E-02

		2.4		1.12E-03		5.81E-04		7.86E-05		1.44E-05		5.72E-04		7.40E-03		3.40E-03		7.53E-04		1.07E-04		7.98E-03

		2.6		5.92E-04		2.33E-04		2.27E-05		2.80E-06		3.57E-04		3.80E-03		1.39E-03		2.40E-04		2.47E-05		5.00E-03

		2.8		2.65E-04		7.72E-05		5.50E-06		2.33E-07		2.03E-04		1.87E-03		4.62E-04		6.80E-05		4.00E-06		2.89E-03

		3		1.19E-04		2.44E-05		1.44E-06		6.67E-08		1.12E-04		8.19E-04		1.51E-04		2.13E-05		1.33E-06		1.79E-03

		3.2		4.73E-05		6.76E-06		7.42E-07				5.00E-05		3.39E-04		4.28E-05		9.33E-06				8.79E-04

		3.4		1.97E-05		2.09E-06		2.88E-07						1.43E-04		1.36E-05		3.33E-06

		3.6		7.45E-06		6.50E-07		2.92E-08						5.55E-05		5.07E-06		6.67E-07

		3.8		2.56E-06		2.40E-07		2.50E-08						1.99E-05		1.87E-06		6.67E-07

		4		9.05E-07		5.42E-08								7.20E-06		6.00E-07

		4.2												2.60E-06		2.67E-07
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Dati 160

		BER		Nortel (10)		Nortel (100)

		0		1.24E-01		1.21E-01

		0.2		1.03E-01		9.91E-02

		0.4		7.99E-02		7.49E-02

		0.6		5.72E-02		5.38E-02

		0.8		3.83E-02		3.40E-02

		1		2.49E-02		1.99E-02

		1.2		1.46E-02		1.03E-02

		1.4		7.31E-03		4.98E-03

		1.6		3.56E-03		1.85E-03

		1.8		1.55E-03		6.43E-04

		2		5.99E-04		2.19E-04

		2.2		2.28E-04		5.84E-05

		2.4		7.86E-05		1.44E-05

		2.6		2.27E-05		2.80E-06

		2.8		5.50E-06		2.33E-07

		3		1.44E-06		6.67E-08

		3.2		7.42E-07		6.67E-08

		3.4		2.88E-07		0.00E+00

		3.6		2.92E-08		0.00E+00

		3.8		2.50E-08		0.00E+00

		4		0.00E+00		0.00E+00

		4.2		0.00E+00		0.00E+00

		4.4		0.00E+00		0.00E+00

		4.6		0.00E+00		0.00E+00

		4.8		0.00E+00		0.00E+00

		5		0.00E+00		0.00E+00

		5.2		0.00E+00		0.00E+00
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		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4
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0.0146
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0.00731

0.00498
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0.0136

0.0102

0.00356
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0.001843
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0.0009142
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0.0003571
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0.0000772
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0.0000244
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0.0000000667

0.0001123

0.0000473

0.00000676

0.000000742

0.00004999

0.0000197

0.00000209
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0.000000025

0.000000905

0.0000000542



Dati AWGN

		BER		Nortel (10) N=80		Nortel (100) N=80		Nortel (10) N=160		Nortel (100) N=160		256 state CC		Nortel (10)		Nortel (100)		Nortel (10)		Nortel (100)		256 states CC (FER)

		0		1.21E-01		1.23E-01		1.24E-01		1.21E-01		8.28E-02		7.29E-01		7.14E-01		7.76E-01		7.38E-01		4.63E-01

		0.2		1.13E-01		1.09E-01		1.03E-01		9.91E-02		6.95E-02		6.48E-01		6.29E-01		6.63E-01		6.18E-01		3.94E-01

		0.4		9.63E-02		9.23E-02		7.99E-02		7.49E-02		5.36E-02		5.65E-01		5.24E-01		5.44E-01		4.92E-01		3.22E-01

		0.6		7.72E-02		7.55E-02		5.72E-02		5.38E-02		3.49E-02		4.72E-01		4.37E-01		4.04E-01		3.56E-01		2.35E-01

		0.8		5.71E-02		5.27E-02		3.83E-02		3.40E-02		2.48E-02		3.59E-01		3.24E-01		2.81E-01		2.34E-01		1.81E-01

		1		4.15E-02		3.92E-02		2.49E-02		1.99E-02		1.95E-02		2.51E-01		2.30E-01		1.86E-01		1.35E-01		1.47E-01

		1.2		3.46E-02		2.88E-02		1.46E-02		1.03E-02		1.27E-02		2.22E-01		1.78E-01		1.11E-01		6.83E-02		9.80E-02

		1.4		2.09E-02		1.72E-02		7.31E-03		4.98E-03		8.09E-03		1.34E-01		1.04E-01		5.77E-02		3.34E-02		6.96E-02

		1.6		1.36E-02		1.02E-02		3.56E-03		1.85E-03		4.70E-03		8.64E-02		6.04E-02		2.94E-02		1.27E-02		4.67E-02

		1.8		7.72E-03		5.29E-03		1.55E-03		6.43E-04		3.06E-03		4.91E-02		3.30E-02		1.31E-02		4.40E-03		3.11E-02

		2		4.46E-03		2.57E-03		5.99E-04		2.19E-04		1.84E-03		2.91E-02		1.53E-02		4.94E-03		1.45E-03		2.10E-02

		2.2		2.27E-03		1.12E-03		2.28E-04		5.84E-05		9.14E-04		1.52E-02		6.80E-03		2.01E-03		4.11E-04		1.21E-02

		2.4		1.12E-03		5.81E-04		7.86E-05		1.44E-05		5.72E-04		7.40E-03		3.40E-03		7.53E-04		1.07E-04		7.98E-03

		2.6		5.92E-04		2.33E-04		2.27E-05		2.80E-06		3.57E-04		3.80E-03		1.39E-03		2.40E-04		2.47E-05		5.00E-03

		2.8		2.65E-04		7.72E-05		5.50E-06		2.33E-07		2.03E-04		1.87E-03		4.62E-04		6.80E-05		4.00E-06		2.89E-03

		3		1.19E-04		2.44E-05		1.44E-06		6.67E-08		1.12E-04		8.19E-04		1.51E-04		2.13E-05		1.33E-06		1.79E-03

		3.2		4.73E-05		6.76E-06		7.42E-07				5.00E-05		3.39E-04		4.28E-05		9.33E-06				8.79E-04

		3.4		1.97E-05		2.09E-06		2.88E-07						1.43E-04		1.36E-05		3.33E-06

		3.6		7.45E-06		6.50E-07		2.92E-08						5.55E-05		5.07E-06		6.67E-07

		3.8		2.56E-06		2.40E-07		2.50E-08						1.99E-05		1.87E-06		6.67E-07

		4		9.05E-07		5.42E-08								7.20E-06		6.00E-07

		4.2												2.60E-06		2.67E-07
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Plot 160
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Nortel (10)

Nortel (100)

Eb/N0

BER-FER

Comparison between concatenated schemes (Information block size 160)
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0.0991

0.0799

0.0749

0.0572

0.0538

0.0383

0.034

0.0249

0.0199

0.0146

0.0103

0.00731

0.00498

0.00356

0.00185

0.00155

0.000643

0.000599

0.000219

0.000228

0.0000584

0.0000786

0.0000144

0.0000227

0.0000028

0.0000055

0.000000233

0.00000144

0.0000000667

0.000000742

0.0000000667

0.000000288

0

0.0000000292

0

0.000000025

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Dati 160

		BER		Nortel (10)		Nortel (100)

		0		1.24E-01		1.21E-01

		0.2		1.03E-01		9.91E-02

		0.4		7.99E-02		7.49E-02

		0.6		5.72E-02		5.38E-02

		0.8		3.83E-02		3.40E-02

		1		2.49E-02		1.99E-02

		1.2		1.46E-02		1.03E-02

		1.4		7.31E-03		4.98E-03

		1.6		3.56E-03		1.85E-03

		1.8		1.55E-03		6.43E-04

		2		5.99E-04		2.19E-04

		2.2		2.28E-04		5.84E-05

		2.4		7.86E-05		1.44E-05

		2.6		2.27E-05		2.80E-06

		2.8		5.50E-06		2.33E-07

		3		1.44E-06		6.67E-08

		3.2		7.42E-07		6.67E-08

		3.4		2.88E-07		0.00E+00

		3.6		2.92E-08		0.00E+00

		3.8		2.50E-08		0.00E+00

		4		0.00E+00		0.00E+00

		4.2		0.00E+00		0.00E+00

		4.4		0.00E+00		0.00E+00

		4.6		0.00E+00		0.00E+00

		4.8		0.00E+00		0.00E+00

		5		0.00E+00		0.00E+00

		5.2		0.00E+00		0.00E+00
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