Introduction: Turbo-equalization is a receiving process performing iteratively equalization and channel decoding for frequency-selective channels. Soft information generated by each receiving function is improved through the iterations until the optimum behaviour of the system is reached. In the studied system the equalization part is based on adaptive filtering as proposed in [START_REF] Laot | Turbo equalization: adaptive equalization and channel decoding jointly optimized[END_REF]. In the context of Bit Interleaved Coded Modulation (BICM), the iterative demapping is an iterative process between the soft demapping device, which converts complex symbols into Log Likelihood Ratios (LLR) on bits, and the channel decoding [START_REF] Brink | Iterative demapping and decoding for multilevel modulations[END_REF]. In this Letter, we propose a mapping optimisation for the turboequalization improved by the iterative demapping presented in [START_REF] Magniez | Improved turbo-equalization with application to bit-interleaved modulations[END_REF] and validate the design rule by simulation results for a 16QAM modulation. 
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In classical turbo-equalization is constant and equal to 1/16. The principle of the iterative demapping based on bit interleaving is to use the a priori probability on bits produced by the decoder at the previous iteration. Under the assumption that the coded bits are independent (perfect bit interleaving), the a priori probability on each symbol, for and
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As in turbo-decoding [START_REF] Berrou | Near Shannon limit error correcting coding and decoding: turbo-codes[END_REF], only
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is provided to the decoder. Before decoding a bit deinterleaver permutes the LLRs to decorrelate them. Similarly, a bit interleaver followed by a soft conversion LLRs on bits into complex symbols is performed after decoding to produce the new symbol estimates

1 + p n d .
As the IC can totally cancel the ISI, the optimum performance of turbo-equalization for fixed channels corresponds to the BICM over AWGN channel [START_REF] Langlais | Optimization of the equalization and the interleaving in Turbo-Equalization for frequency selective fading channels[END_REF].

Mapping optimisation: Thanks to appropriate mappings the iterative demapping can easily outperform the BICM reference system with Gray mapping [START_REF] Brink | Iterative demapping and decoding for multilevel modulations[END_REF]. Ten Brink proposes to characterise each mapping with the help of , the Mean Average Bit-wise Mutual (MABM) information conditioned to 'no other bit known', defined as We adapt this parameter to a turbo-equalization scheme and also use the parameter I all , the MABM information conditioned to 'all bits { } known', defined as but the lowest I all . Indeed the Gray mapping exhibits the best performance for non iterative BICM systems, but as explained in [START_REF] Brink | Iterative demapping and decoding for multilevel modulations[END_REF] it brings no gain for iterative demapping. Thus, the gain between and I all for the Gray mapping in improved turboequalization is only due to the cancellation of ISI and not due to iterative demapping.

Moreover the achievable gain for a given mapping is represented by the difference between of the Gray mapping and of the given mapping. To select the best mapping a compromise is necessary. Indeed a high leads to very good BER performance of the system but it corresponds also to a low , which determines the BER performance of the first iteration. For low the performance of the first iteration of turbo-equalization is extremely degraded leading to an improvement of BER performance only for very high SNR. So we choose the mapping 4 which has a medium and a not too close to the Gray mapping .

Simulation results and conclusion: Fig. 3 presents the BER performance of improved turbo-equalization with the mapping 4 on the "Proakis A" channel. The AWGN Gray curve is a benchmark as it represents the optimum performance of the classical turboequalization scheme with Gray mapping. The improved turbo-equalization should converge towards the 'IC opti, ID opti' curve which represents the performance of an error free feedback at the IC and at the demapper. The improved turbo-equalization, associated with mapping 4, exhibits a significant gain of 1.6dB over the classical turboequalization, with Gray mapping scheme at a BER of 10 -4 .

We demonstrate that, thanks to iterative demapping and a carefully designed mapping, with the help of I 0 and I all , a significant gain on the BER performance can be reached compared to the classical turbo-equalization scheme. 

  Turbo-equalization improved by iterative demapping: At the transmitter, binary data b is coded by a convolutional code of polynomial generator (5,7) n o and rate ½. After bitinterleaving each quadruplet of coded bits The received symbols are expressed as r .where are the taps of the discrete equivalent channel impulse response of length L, and is an additive white gaussian noise of single-sided power spectral density . is an iterative process that consists of several modules. Each module principally contains a filtering based equalizer adapted by a Least Mean Square (LMS) algorithm and a channel decoder. The first equalizer is a Decision Feedback Equalizer (DFE).
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 1 Fig. 1 depicts one module of turbo-equalization associated with iterative demapping from
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  Thus in iterative demapping the LLR including the a priori LLR ( )
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 2 Fig. 2 presents the results for eight different mappings. The Gray mapping, n° 8, has the
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