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Abstract OFDMA systems are plagued by two major problems namely high Peak to Average Power Ratio(PAPR) and high complexity in users’ terminal. In this paper, the conventional FFT is replaced by a layered FFT. Due to this the PAPR requirement at the transmitter is relaxed. The number of multiplications is also reduced at the receiver resulting in reduced complexity.  Simulation results show PAPR reduction and the complexity reduction.

I. Introduction

     Current and evolving standards for broadband wireless system, such as 802.16e, 3GPP,LTE and 802.20 have adopted or are considering OFDMA as the multiple access technology for the air interface. OFDMA is a multiple-access multiplexing scheme that provides multiplexing operation of user data stream onto downlink sub-channels and uplink multiple access by means of uplink sub-channels. Each user can occupy one or more subchannels within OFDMA symbols, or at different times according to a frequency hopping pattern [1].

     Usually a large N is desired to maintain a flat fading at each sub-carrier. But it leads to adverse effects. Each receiver should implement a N-point FFT no matter how many subchannels or subcarriers the user occupies in one OFDMA symbol. The complexity is high for each user. Another problem in OFDMA is the high PAPR. The OFDMA system’s efficiency is very sensitive to non-linear devices used in its signal processing loop, such as DAC and HPA , which may severely impair system performance due to induced spectral regrowth and detection efficiency degradation [3].
     In this paper, the FFT is made asymmetric. FFT is made unbalanced. This layered FFT reduces the PAPR and it also reduces the complexity. This paper mainly considers the downlink case, that is links
[image: image1.wmf] from point to multipoint. The transmitter refers to the base station. The Receiver refers to the individual users’ terminals.  This paper is organized as follows. In Section II, the Layered FFT structure is introduced. In Section III and IV the reduction of PAPR and Complexity are discussed. Simulation Results are shown and discussed in Section IV.
II.   LAYERED FFT STRUCUTURE
     Layered OFDMA systems are motivated by the Divide & Conquer Approach in the computation of DFT and IDFT [2]. A N Point DFT is composed into smaller point DFTs. This leads to the family of computationally efficient algorithm known as FFT Algorithm. Due to the Divide & Conquer Algorithm we get an intermediate layer apart from the conventional time and frequency layer [4].  The following notations are used in this paper.  Frequency Domain represented as 
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. We assume the inputs are available in the intermediate domain. From a practical point of view, we assume that all the inputs are in the intermediate domain. We assume there is no frequency domain in the transmitter side. The Receiver has to duly extract data from the intermediate domain. 

A.   TRANSMITTER
     The inputs in the intermediate(x) domain are stacked into an array of size L X M (N=LM). The baseband of Layered OFDMA is shown in Fig. 1. The inputs are written row-wise into the array of two dimensions 
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. It is given by the notation,
 
.  Multiply X by a phase weighting matrix and generate a new matrix 
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 Compute a M-point IDFT for each row of V.  Read out the resulting L X M matrix column wise, 

. Stack into a single row as below 

 . Finally the output in time domain is appended with cyclic prefix and it is 
transmitted through the channel. 
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Fig. 1. Baseband of Layered OFDMA
B.  RECEIVER
     The received signal is stacked in the same array of L X M as in the transmitter. Here the data is written column-wise, 
 
 Compute M-Point FFT for each row. The obtained signal is 

 .  Each user is assumed to occupy 

 subchannels. Each User in the System deweights the corresponding 

 subchannels, 

. The received signal after deweighting is, 
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Where 

 is the circulant channel matrix and  

 is Additive White Gaussian Noise.
 
 is the desired data of each user in intermediate domain. The channel effect is diagonalized so as to facilitate the realization of a one tap equalizer.
 

                                                               (3)
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is the L-point DFT Matrix. The unbalanced FFT is made balanced.


                                               (4)
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 brings frequency diversity [5]. It  balances the FFT. It converts the output in the intermediate domain 

 to the desired frequency domain 

.
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A simple Zero forcing equalizer is realized for the Layered OFDMA System. The original data transmitted is recovered.
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Other equalizers like MMSE can also be realized for this system [6].  
III.    PAPR REDUCTION AT TRANSMITTER
     In downlink OFDMA systems, the PAPR reduction is complicated because PAPR reduction is usually the same as that of OFDM systems. Each user has to process the whole data frame and then demodulate the assigned subcarriers to extract their own information. The CCDF is the common measure in the literature for PAPR reduction technique.  This layered OFDMA reduces the PAPR without the introduction of extra complexity.Fig. 2  shows the CCDF of PAPR for BPSK modulated OFDMA symbols for two different IFFT sizes of 8 and 256. The PAPR Reduction is quite high, even without the introduction of any extra-complexity. The results are comparable to the PAPR reduction obtained with other methods [3].
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Fig. 2.  CCDF of PAPR for different IFFT Sizes. Modulation is BPSK.
IV.   COMPLEXITY REDUCTION AT RECEIVER
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Fig. 3.  Complexity Reduction in Layered OFDMA.

     The complexity of Layered OFDMA is analyzed in terms of multiplication of each frame.  The complexity analysis done for N-point FFT is based on Radix-4 Algorithm. Let us assume that a User occupies S subchannels in Layered OFDMA systems. Equivalently SL subcarriers in general OFDMA systems. A general OFDMA Receiver consists of N-point FFT and a one tap equalizer.The complexity is given by,
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 Layered OFDMA includes L M-Point FFTs, S L-Point FFTs, S L-Point IFFTs, SL point weighing operators and S one-tap equalizers. The complexity is, 
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The complexity saved in Layered OFDMA over OFDMA is expressed as a percentage of complexity in general OFDMA systems. The saved ratio is
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Fig. 3 shows the ratio of saved complexity based on radix-4 Algorithm for N=256, the horizontal axis represents the ratio of SL/N. Thus we see that L should be as large as possible to get a reduced complexity.

V. SIMULATION RESULTS
     The number of users accommodated in the system which should be equal or smaller than M=N/L. L is the length of subchannels and determines the basic data rate a user needs. Frequency and time synchronization are assumed to be perfect. The channel model of SUI-3 from IEEE 802.16 is used. The simulation results are shown for ½ rate coded BPSK modulated Layered OFDMA symbols. The performance of Layered OFDMA for various values of L and M is also shown in the Fig. 4. As L increases under a fixed N, a reduction of PAPR and complexity is achieved. But  there is marginal BER Performance degradation. A quite optimum  solution based on the simulation results suited for Wireless Applications is M=8(No. of Users) and L=32(No. of  subchannels per User). 
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Fig. 4.  BER Comparison for different values of L and M
VI.   CONCLUSION

     In this paper, based on a Layered FFT Structure the process of computing IFFT at the transmitter is left incomplete and the Receiver completes this IFFT-FFT Cycle to extract the information. The PAPR requirement at the Transmitter is reduced because of the smaller point DFTs. The complexity of multiplications in the Receiver also reduces due this layered structure. This method provides more flexibility to multiple user access. It is concluded that when 8 users share a total number of 256 subcarriers it gives optimum results. 
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