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MULTIPLE ACCESS WITH LPTV FILTERS B. Cristea1 , D. Roviras1 , B. Escrig1 , W. Chauvet1 , A. S¸erb˘anescu2 1



ENSEEIHT/IRIT, 2 rue Camichel, 31071 Toulouse Cedex 7, BP 7122 France {cristea,roviras,escrig,chauvet}@enseeiht.fr 2 MTA, 81-83 bd. George Cos¸buc, sect. 5, Bucharest, CP 050141 Romania [email protected] ABSTRACT



In this paper an overview of a recently proposed spread spectrum multiple access system is provided. The proposed multiple access system is based on Linear Periodic Time Varying (LPTV) filters. This multiple access system exhibits two significant properties with respect to classical DS-CDMA systems. First, when users are asynchronous, the proposed system has a smaller Multi-User Interference (MUI). Second, in multipath channels and with quasi-synchronous users, the multiple access system has no MUI. The MUI-free property is achieved using a Zero Padding (ZP) technique. The ZP technique also enables the use of equalization techniques. Theoretical results are confirmed by simulations.



techniques. Equalization techniques shall be adapted for the equivalent channel to equalize. This paper will provide an overview of the LPTVMA system and its main properties. The rest of the paper is organized as follows. In section 2 some preliminary theoretical notions are provided. Section 3 presents the multiple access system model. The main properties of the proposed multiple access system together with design issues are pointed out. In section 4 the effect of multipath channels on the system is studied. The ZP technique is presented and an adaptation of the Maximum Likelihood Sequence Estimator (MLSE) is described. Section 5 provides simulation results. Section 6 gives some concluding remarks. 2. PRELIMINARIES



1. INTRODUCTION In this paper a new spread spectrum multiple access systems is presented. In classical DS-CDMA systems user orthogonality is preserved in multipath channels by using random spreading sequences. However, the systems performances are limited by the MUI. Performances can be improved by using orthogonal spreading sequences and matrix interleavers [1]. When the users are assumed quasi-synchronous and the transmission channels are multipath channels, the multiple access system proposed in [1] is MUI-free. This property is achieved by using a ZP technique at the emission side. Thus the interchip interference is replaced by intersymbol interference and only classical equalization techniques need to be employed. Following the model of [1], [2] proposes a multiple access system where user orthogonality is achieved by several carrier frequencies. The modulated signal is then spread by a matrix interleaver. Thus a spread spectrum multiple access system is obtained. The novelty of [2] is the use of LPTV filter theory for the design of multiple access systems. So the resulting system is called LPTV-based Multiple Access (LPTVMA) system. In [3] synchronization algorithms have been presented. It has also been shown that, when the users are asynchronous, the MUI is small compared to a DSCDMA system [2]. But the main property of the proposed multiple access system is that, with quasi-synchronous users and in multipath channels, there is no MUI [4]. To do so the ZP technique proposed in [1] is used. Then the remaining intersymbol interference is eliminated using equalization



The input-output relation of a discrete-time LPTV filter is [5]: +∞ X cn (m)x(n − m) (1) y(n) = m=−∞



where x(n) and y(n) are the input and output sequences respectively, cn (m) are the time-varying filter coefficients and cn (m) = cn+N (m), N being the period of the LPTV filter. Among LPTV filters we find Periodic Clock Changes (PCCs). A PCC is described by an N-periodic function f (n), f : Z → Z, so that, for a given input x(n), the output y(n) of the PCC is expressed as: y(n) = x(n − f (n))



(2)



Following equation (1), the equivalent LPTV filter of the above PCC is defined by the time-varying coefficients cn (m) = δ(m − f (n)), where δ(n) is the Kronecker function. A particular case of a PCC is a matrix interleaver. The matrix interleaver is represented by a matrix structure with P lines and Q columns. The input samples are written into the matrix row-wise and read column-wise. The input-output relationship of the matrix interleaver can be written as: y(n) = x (n − nN + π(nN ))



(3)



where N = P Q is the period of the matrix interleaver, nN is the remainder of the Euclidean division of n by N and π : {0, 1, ..., N − 1} → {0, 1, ..., N − 1} is a permutation of length N given by: n − nP (4) π(n) = Q · nP + P



The equivalent PCC of the matrix interleaver is described by the N-periodic function f (n) = nN − π(nN ). The inverse matrix interleaver is represented by a matrix structure with Q lines and P columns. The input samples are written into the matrix row-wise and read column-wise so that the input-output relationship is:  (5) z(n) = y n − nN + π −1 (nN ) where π −1 : {0, 1, ..., N − 1} → {0, 1, ..., N − 1} is the inverse permutation given by: π −1 (n) = P · nQ +



n − nQ Q



(6)



In the following a spread spectrum multiple access system will be studied, where the spreading operation is achieved thanks to a matrix interleaver.



In order to have a spread spectrum signal at the matrix interleaver output, the permuted samples must be as uncorrelated as possible. To create such spread spectrum signal, the number of columns of the matrix interleaver, Q, must be chosen large enough. When the shaping filter is a Finite Impulse Response (FIR) filter, the number of columns of the matrix interleaver must be chosen equal to the number of coefficients of the shaping filter. Hence, two adjacent samples at the matrix interleaver output will belong to two input symbols spaced at the FIR shaping filter length. For example, using a BPSK modulated input signal with Ns = 16 samples per symbol, a Squared Raised Cosine (SRC) shaping filter (rolloff factor α = 0.5), and with a matrix interleaver with P ′ = 27 lines and Q = 80 columns, the spreaded signal for one user is represented in Fig. 2. 0 −10



The proposed multiple access system is depicted in Fig. 1. 1n ej2πf (0)
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3. MULTIPLE ACCESS SYSTEM MODEL
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Fig. 2. The pulse shaped signal before and after interleaving
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Fig. 1. Multiple access system model The input signal for the m-th user um (n) is an upsampled signal with the upsampling factor Ns . The symbols of the input signal belong to some M -symbol constellation. The upsampled signal is then processed by a ZP block that adds zeros periodically. More details on the ZP technique [1] (0) will be given in the next section. The ZP signal, um (n), is filtered by a shaping filter with limited frequency band and of impulse response ϕ(n). The superscript (0) denotes a ZP signal. The pulse shaped signal is modulated using a carrier of frequency fm . User orthogonality is achieved as in Frequency Division Multiple Access (FDMA) systems by choosing carrier frequencies multiples of the spectral support of the input signal. The samples of the modulated signal are then permuted by a matrix interleaver with P ′ = P + L lines and Q columns, where L is the channel order. The matrix interleaver period is N ′ = P ′ Q. The matrix interleaver is the same for all users and is used to spread the input signal. With the spreading operation frequency diversity is obtained in the proposed multiple access system.



The interleaved signal is then passed through a time discrete channel, different for each user, with impulse response: hm (n) =



L X
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δ(n − i)
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n o (m) where m is the user number and hi



i∈{0,1,...,L}



are the



channel coefficients. Without loss of generality we consider that all users share the same channel order L. This configuration becomes possible in a quasi-synchronous multiple access system, when user delays are sufficiently small to be absorbed in a common channel order L. The received signal is deinterleaved by a matrix interleaver with Q lines and P ′ columns. After deinterleaving the signal is demodulated and filtered with a matched filter of impulse response ϕ(n). At the output of the matched filter the received signal is sampled with the sampling factor Ns . When a SRC filter is used as a shaping filter, it can be shown that the maximum number of users that can be accommodated is:   Ns (8) Mmax = 1+α where ⌊ ⌋ is the floor operator. So the maximal number of users depends on the number of samples per symbol Ns and the rolloff factor α. For example, using a number of samples per symbol Ns = 16 and



with a rolloff factor α = 0.5, the maximal number of users is Mmax = 10. On the other hand, the L-order multipath channels (7) determine a time-varying nature of matrix interleavers. In order to cancel the time-varying nature, the ZP technique implemented in the ZP block (Fig. 1) is used. These issues will be addressed in the next section.



system remains MUI-free while the users are quasi-synchronous and can share the same channel order L. So, after the matched (0) filter, the received sampled signal, ym (k), can be written as:   (0) ym (k) = ϕ(k) ∗ e−j2πfm k x(0) (k) = =
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4. MULTIPATH CHANNEL EFFECT This section will describe how matrix interleavers and multipath channels affect emitted signals. Then it will be shown how the effect of matrix interleavers and multipath channels can be mitigated by using a ZP technique. By using a PCC formulation, the received signal, x(0) (n), can be written as a sum of PCCs applied to each emitted sig(0) nal, vm (n) [4]: x(0) (n)
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where η(n) is an interleaved version of η(n′ ), the white gaussian noise at the receiver input, and fi (n) are N ′ -periodic functions yielding the name of PCC and having the following expression: = nN ′ − π
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For mathematical convenience, the number of columns of the matrix interleaver Q is chosen an integer multiple of the sampling factor Ns : Q = qNs . The number of columns of the interleaver Q is chosen large enough to spread the emitted signal so that q > 1. Since there is no MUI and the channel to equalize is an LTI system (12), classical equalization techniques can be used. Following (12) it should be noted that two delayed ver(0) sions of the same emitted signal, um (k), are spaced at a multiple of q samples. Such channels are referred as zero-pad channels [7], since, in the channel impulse response, there are q − 1 zero-valued taps between two adjacent non-zero valued taps. For such zero-pad channels MLSE can be efficiently applied by using a parallel trellis Viterbi algorithm [7] (Fig. 3).



(10) ′



where π (n) and π (n) are the permutations that characterize the matrix interleaver and its inverse, respectively. So (9) describes the input-output relation of an equivalent LPTV system [6]. Since x(0) (n) is the output of an LPTV system, classical equalization techniques cannot be used to (0) recover the emitted signals, vm (n). However, by using a ZP technique [1], the time-varying nature of the LPTV system can be canceled. The ZP signal is constructed as follows. The upsampled signal,um (n), is partitioned in the ZP block into frames of N ′ samples so that each frame has Lsh + LQ zero samples after the last nonzero symbol, where Lsh is the order of the FIR shaping filter. The first Lsh zero samples will empty the shaping filter memory so that at the output of the shaping filter the signal has LQ zeros at the end of each N ′ -sample frame. Note that the ZP technique needs the knowledge of the channel order L at the emission side. (0) Using the fact that the emitted signals, vm (n), are ZP signals, constructed with the above described method, expression (9) becomes [4]: x(0) (n)
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So, due to the use of the ZP technique, the equivalent LPTV system (9) becomes a Linear Time Invariant (LTI) system (11). Further, since the users are separated in the frequency domain, the proposed multiple access system has no MUI. The
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Fig. 3. The parallel trellis Viterbi algorithm represented as a structure of parallel MLSE for zero-pad channel equalization (0)



The equalizer input signal, ym (k), is serial to parallel converted in q parallel streams. Each stream represents the input of an MLSE. The MLSE in all branches work independently on the same trellis obtained for the channel with (eq) impulse response hm (k) (12): h(eq) m (k) =
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Note that, with respect to (12), the channel defined by (13) has the paths spaced at a sampling duration. (0) Further, since the equalizer input signal , ym (k), contains the padding zeros, the MLSE used in each branch needs to be adapted for such ZP signals. Due to the lack of space this issue will not be addressed in this paper. In the next section the performances of the proposed multiple access system will be evaluated by simulation. 5. SIMULATION RESULTS In this section we evaluate the performances of the LPTVMA system in multipath channels.



The multiple access system model used in simulations is depicted in Fig. 1. The number of samples per symbol is Ns = 16. The symbols belong to a BPSK constellation. The frame structure of the ZP signal is defined by the parameters P = 25, Q = qNs = 80 and the channel order L. The shaping filter is a SRC FIR filter of order Lsh = 95 and rolloff factor α = 0.5. The number of users in the system is M = 10. The users are assumed to be quasi-synchronous, so that the common channel order L includes the users relative delays. We consider propagation channels of order L = 3. The channel multipaths have Rayleigh distributed amplitudes. The channel is considered stationary for the transmission duration and 40 channel realizations are used for BER computation. The equalizer is an MLSE implemented by a parallel trellis Viterbi algorithm (Fig. 3). Comparisons with the system proposed in [1] have already been conducted [4]. Here comparisons are carried out with respect to an FDMA system, since, in our system, matrix interleavers are used to spread an FDMA signal. In the FDMA system the channel seen by each user is flat fading so, at the reception, the equalization is simply realized by the division with the corresponding channel attenuation.



columns of the interleaver must be chosen greater than the order of the shaping FIR filter. It has also been shown that the maximum number of users in such multiple access systems depends on the number of samples per symbol and the rolloff factor of the SRC shaping filter. The multipath channel effect on the multiple access system has also been studied. Due to the presence of the matrix interleavers, the received signal is affected by a sum of PCCs. Using at the emission a ZP technique, the equivalent LPTV, represented by the sum of PCCs, is transformed into an LTI system. When the users are quasi-synchronous, there is no MUI and classical equalization techniques can be used. It has also been shown how the MLSE can be adapted for the equivalent zero-pad channel to equalize. The simulations have confirmed the theoretical results and have shown that the proposed system has better performances than an FDMA system. REFERENCES
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Fig. 4. The performances of the LPTVMA and FDMA systems In Fig. 4 the LPTVMA system performances in terms of BER are presented. The mean BER over all users is depicted. The simulations confirm that in the quasi-synchronous scenario the LPTVMA system has no MUI. The performances are better than those obtained for a classical FDMA system due to the frequency diversity obtained through the use of matrix interleavers. 6. CONCLUSIONS This paper has given an overview of a recently proposed multiple access system with LPTV filters. The signal of each user is first pulse shaped and modulated with a complex carrier, different for each user. The resulting signal is then spreaded by a matrix interleaver, the same for all users. In order to obtain a spread spectrum system the number of
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