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1 Introduction

This document addresses the different considerations that should be taken into account when choosing the FFT size in an OFDM system. In particular, a 0.5K FFT (512 points) is compared to a 1K FFT (1024 points). Issues such as performance, FFT and channel estimation complexity are considered.

2 Performance

The following performance-related aspects should be considered with respect to the choice of the FFT size.

2.1 Resistance to Time Dispersion

Thanks to its large symbol duration, OFDM is resilient to time-dispersive channels, even in the absence of a guard time. This means that the impact of ISI will be kept small provided that the OFDM symbol duration is much larger than the delay spread, i.e. NFFT/Fs >> , where NFFT is the FFT size, Fs is the sampling frequency and  is the delay spread. It is therefore desirable to choose a large FFT size to protect the OFDM signal against any time-dispersion exceeding the guard time.

Time-dispersive channels also result in frequency selectivity. The longer the delay spread is, the smaller the channel coherence bandwidth will be. A larger FFT size will reduce the sub-carrier spacing, and hence, make the OFDM more resilient to severe frequency selectivity.

2.2 Minimization of Prefix Overhead

The FFT size has to be much larger than the guard time, to maximize the use of the received signal energy. Therefore, for a given prefix length, a 1K FFT will require a lower prefix power overhead than a 0.5K FFT.
Resistance to Fast Fading

Since the FFT size has a direct impact on the symbol duration, the OFDM symbol has to be short with respect to the channel coherence time (typically, the coherence time is larger than 500s, for a UE speed < 150km/h @ 2GHz). Using a 0.5K FFT should therefore provide better protection to high Doppler shifts than a 1K FFT. Note however that previous simulation results showed that a 1K FFT should be suitable for typical vehicular speed (<150km/h), assuming a sampling frequency in the order of 2Fc.

3 FFT Complexity

In terms of complexity, a 1K FFT bears roughly the same complexity as 2 x 0.5K FFTs. Since 1024 is a power of 4, a radix-4 FFT can be used, which requires roughly 25% less complex multiplications than a radix-2 FFT. Note that multiply operations represent most of the power consumption. The number of complex multiplications, for different FFT sizes, is illustrated in the following Figure.
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Figure 1 - FFT Power Consumption vs. Size

Note that in terms of hardware implementation complexity , the differences between a 0.5K and a 1K FFT should be relatively minor:

· Since the FFT can be done in-place, a single memory buffer is used for the I/O. In that case, a 1K FFT should require an I/O buffer that is twice as large as that required for a 0.5K FFT. Note however that in both cases, this buffer is small and should have no significant impact on the H/W complexity.

· The number of gates used in the FFT implementation is usually not directly proportional to the number of multiply for the FFT, given the staged and repetitive nature of the required operations. As an example, a 256-point FFT implemented on a Virtex-II FPGA requires 1616 logic slices, while a 1024-point FFT requires 1869 logic slices (see [1] and [2]). Therefore, in terms of required number of gates, there should be no significant difference between a 0.5K and a 1K FFT.

4 Channel Estimation

4.1 Performance

In order to perform channel estimation, pilot symbols are used. The time-frequency pilot density is related to the channel  time and frequency characteristics, and must be high enough to sample properly in the two dimensions. This sampling is not related to the FFT size (unless the OFDM sampling frequency is too small to allow proper sampling in the frequency dimension, which is not the case here). 

4.2 Complexity

Intuitively, one could relate the complexity of the channel estimation algorithm to the number of sub-carriers. Assuming proper 2D sampling with the pilot symbols, if the UE needs to evaluate the channel for every sub-carrier, it has twice the number of channel estimates to interpolate for a 1K FFT than for a 0.5K FFT.

However, the interpolation of channel estimates only represents a small fraction of the complexity, compared to that of the FFT itself. Furthermore, depending on the frequency allocation pattern, a given UE may not have to interpolate the channel estimates for every sub-carriers. Therefore, going for a 1K FFT to a 0.5K FFT should have relatively minor impact on the UE complexity.

5 Conclusion

The aspects considered in this document are summarized in the following Table. The best choice for each one of these aspects is indicated with a check mark. Overall, although there may be a slight advantage for 0.5K or 1K in some cases, the two sizes should result in a similar performance and complexity.

	Aspects
	FFT Size
	Comments

	
	512
	1024
	

	Resistance to time dispersion
	
	(
	1K should be slightly better

	Minimization of prefix overhead
	
	(
	

	Resistance to fast fading
	(
	
	0.5K should be slightly better

	FFT complexity
	(
	(
	Similar complexity

	Channel estimation performance
	(
	(
	Similar performance

	Channel estimation complexity
	(
	
	May be less complex for 0.5K
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