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PERFORMANCES OF COMPLEX WAVELET PACKET BASED MULTICARRIER TRANSMISSION THROUGH DOUBLE DISPERSIVE CHANNEL Matthieu GAUTIER, Jo¨ el LIENARD Laboratoire des Images et des Signaux ENSIEG/INPG, 961 rue de la Houille Blanche, 38402 Saint Martin d’Heres - FRANCE ABSTRACT Based on the good time-frequency localization of the pulse shaping, it is possible to build a multicarrier modulation that reduces multipath channel interferences. In this paper, a new wavelet based multicarrier modulation is proposed which uses complex wavelet. Simulations show that the use of complex wavelet outperforms the use of real one and outperforms the useful OFDM (Orthogonal Frequency Domain Multiplexing) modulation when the cyclic prefix technique is not used. 1. INTRODUCTION In multicarrier modulation, the essential requirement on the elementary pulse shaping is the orthogonality with its timefrequency shifted versions. However, the propagation over the radio-frequency channel is characterized by a spread of the signal in time, due to multipath propagation, and in frequency, due to the Doppler effect.This time and frequency dispersion leads to the loss of orthogonality, which could produce intersymbol (ISI) and interchannel (ICI) interferences. In a multipath environment with time dispersion, it has been proven that multicarrier transmission using OFDM modulation is very efficient [1]. By using a cyclic prefix symbol extension, ISI and ICI are completely cancelled. It results in an equalization by subcarriers, which is extremely simple to implement. However, this symbol extension leads to a reduction of the bandwidth efficiency. Therefore, to optimize the bandwidth efficiency requirements, multicarrier transmission schemes without cyclic symbol extension are considered [2] [3]. Another requirement on the elementary pulse has to be imposed: the good localization in time and frequency. Based on the characteristics of the mobile radio channel, the characteristics of the pulse shaping could reduce ICI and ISI [4]. The aim of this study is to design a multicarrier modulation with a significant time and frequency properties. The given solution uses the wavelet theory. The application to filter bank and the extension to wavelet packet decomposition allow the construction of orthogonal bases used to modulate the data as a multicarrier system. A multicarrier modulation based on wavelet packet transform is called DWMT modulation (Discrete Wavelet MultiTone). Wavelets have good prop-



erties such as good time-frequency localization compared to the time limited pulse used in OFDM modulation. Wavelet theory applied to multicarrier modulation has been studied in previous works [5][6] but applications are limited to wired transmission and the waveform used are only real wavelet. Indeed, the major improvement of this paper is in the use of complex wavelet to reduce time and frequency dispersive channel interferences. In the following, multicarrier transmission through double dispersive channel and the time-frequency localization principle is first introduced in Sec. 2. Then, the concept of wavelet packet modulation (in Sec. 3) and the improvement of complex wavelet (in Sec. 4) are presented. Simulation results are given in Sec. 5 to show the performance of the system in different situations. Finally, conclusions from simulations are drawn in Sec. 6. 2. SYSTEM MODEL 2.1. Multicarrier Modulation Let M be the number of channels in the multicarrier scheme. We consider a base of elementary signals {ψm,n (t), n ∈ Z, m = 0, . . . , M − 1}. The transmitted symbols are denoted by xm [n]. The index n denotes the transmission time interval [nT s; (n+1)T s] and m the subcarrier number. The modulated signal results from a linear combination of the base functions weighted with the xm [n]: s(t) =



+∞ M −1 X X



xm [n]ψm,n (t).



(1)



n=−∞ m=0



In the case of a non-selective Rayleigh fading channel and orthonormal functions, the demodulation symbols ym [n] are: ym [n] = xm [n]hmn + bm [n].



(2)



with hmn and bm [n] the resulting attenuation factor and noise for subcarrier m and time symbol n respectively. (2) leads to an equalizer composed of a single tap per subcarrier. The OFDM modulation uses a rectangular pulse shaping of duration Ts and the orthogonality is attained with a carrier



spacing 1/Ts . By noting ΠT0 s (t) =







1 0



if 0 ≤ t < Ts else



the



rectangular function, ψm,n (t) is then expressed by: t



ψm,n (t) = ej2π Ts ΠT0 s (t − nTs ).



(3)



A cyclic prefix of duration ∆CP is then insered between two OFDM symbols. 2.2. Time-Frequency Localization The (complex) baseband double dispersive channel can be modeled by a random process in both time and frequency[4]. The largest delay τL produced by the channel is called the multipath spread and the largest Doppler shift fd is called the Doppler spread. This effect of time dispersion is characterized in the frequency domain by the coherence bandwidth Bc with Bc ∝ 1/τL . The effect of frequency dispersion is characterized in the time domain by the coherence time Tc with Tc ∝ 1/fd . In multicarrier transmission over dispersive channels, the interference can be reduced when the signal energy of a base function is very concentrated around its center. This is measured by the dispersion product of frequency dispersion ∆F and time dispersion ∆T . For a given function ψ(t) = ψm,n (t), these parameters are defined by: Z 4π +∞ (t − tˆ)2 |ψ(t)|2 dt, (4) (∆T )2 = Eψ −∞ Z 4π +∞ (∆F )2 = (f − fˆ)2 |Ψ(f )|2 df . (5) Eψ −∞ with Eψ and Ψ(f ) the energy and the Fourier transform of ψ(t) respectively. tˆ and fˆ are the time and frequency mean of ψ(t). In our multicarrier modulation schemes, we make use of the dispersion characteristics of the base functions and we postulate for ISI- and ICI-free transmission: ∆T 
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