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1 Introduction
DFT-SOFDM is a promising modulation technique for the uplink direction of E-UTRA. While the Peak to Average Ratio (PAR) or Cubic Metric (CM) is reduced compared to a basic OFDM solution, it is still higher than that of IFDMA with pulse shaping. Several methods for PAR or CM reduction for DFT-SOFDM can be considered:

· Pulse shaping, the disadvantage of which is the excess bandwidth required i.e. PAR/CM can be traded for BW

· Clipping of signal output. The disadvantage is distortion leading for example to loss of orthogonal signal property between sub-carriers.
· Modulation based methods e.g. pi/4 QPSK. This particular method seems to offer little or no performance benefit in the context of DFT-SOFDM [1]. 

2 FFT Pre-processing Technique for PAR/CM reduction

An alternative method is proposed based on pre-processing the input signal to the first FFT. The structure of the proposed method is shown in figure 1. In this approach selected QPSK input symbols are attenuated in order to reduce the PAR/CM at the output of the IFFT. The entire selected symbol can be attenuated. Alternatively only one of the constituent IQ streams (e.g. 1 of the 2 bits making up the QPSK symbol) can be attenuated. This FFT pre processing approach is valid for any FFT size M and IFFT size N, and for both “localised” or “distributed” sub-carrier variants.

A metric is used to determine whether an input sample should be attenuated. The metric is given by
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 represents the k’th element of vector x, and u is a length 2M vector given by:
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and where s is the length M vector of modulation symbols.

The attenuation amount can be fixed. For example the entire symbol or the entire bit can be attenuated to zero if the calculated metric is above a threshold. However it has been found that better performance can be obtained from a calculated metric. For example the attenuation amount can be applied as follows:

input_symbolk = input_symbolk * weightk
where 

weightk = (threshold/vk )  if calculated vk>threshold; =1 otherwise  
The rationale for the FFT input processing is as follows. Any DFT-SODFM transmission can be represented in the time domain by an up-sampling operation, followed by repetition (distributed case) and frequency shift. The peak-to-average properties are defined by the up-sampling operation, since repetition and frequency shift do not impact the amplitude. The up-sampling operation interpolates between input samples i.e. some output samples equal the input modulation samples and therefore have well controlled amplitude. Between these points the amplitude is less well controlled. The FFT input processing approach determines the output amplitude mid-way between the input modulation symbols. An example of the equivalent circular impulse response which generates these worst case samples is shown in figure 2. The output of the circular convolution will be maximised when the input samples are highly correlated with this impulse response. To destroy this high correlation in an optimal way it is necessary to attenuate the symbol aligning with the first (or last) sample of the impulse response, since this corresponds to the maximum amplitude of the circular impulse response. 

Note that the proposed scheme can also be combined with pulse shaping for example RRC filtering implemented in the frequency domain.

The benefit of the FFT input processing approach is that it maintains the spectral efficiency of DFT-SOFDM. There is a small degradation in link performance which is covered in the simulation results section below, however there is still a net gain in PAR/CM.

3 Simulation Results

3.1 PAR/CM

Table 1 compares PAR/CM of the RRC filtering approach to the FFT pre-processing approach for QPSK modulation. Note that simulations have shown similar benefits for 16QAM.
Table 1: PAR/CM vs. Reduction Technique (QPSK), CM slope=1.56
	PAR/CM reduction technique
	99.9% PAR (dB) 
	CM
	% input symbols modified
	Distortion Ratio**
	Link Degra-dation (dB)
	Net CM gain

	None
	5.8
	1.22
	N/A
	N/A
	
	

	
	
	
	
	
	
	

	RRC 0.05
	5.5
	1.03
	N/A
	N/A
	0
	0.19

	RRC 0.10
	5.2
	0.88
	N/A
	N/A
	0
	0.34

	RRC 0.15
	4.9
	0.74
	N/A
	N/A
	0
	0.48

	RRC 0.22
	4.4
	0.53
	N/A
	N/A
	0
	0.69

	
	
	
	
	
	
	

	No RRC, FFT input processing, T=1.45*, calculated symbol attenuation, =3
	4.4
	0.79
	11%
	0.011
	0.14
	0.29


* assumes QPSK symbols at FFT input are scaled such they are represented by (±1±j)/sqrt(2).
** distortion ratio is given by 
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3.2 Link performance of FFT Pre-processing Technique

The link performance degradation due to FFT pre-processing technique was analyzed for a DFT-SOFDM system operating in localized mode.  QPSK was simulated using calculated symbol attenuation.  The link simulation parameters are shown in Table-2 and the corresponding link performance are shown in Figure 3. It may be observed from the figures that there is only a small degradation in link performance for QPSK. At threshold 1.45 the loss is approximately 0.14dB, giving a net gain in PAR of 1.3dB and a net gain in CM of 0.29dB.  Note that simulations have shown similar properties for 16QAM.

Table 2. Link simulation parameters

	Frame
	0.5ms TTI

	Code Rate
	1/2 from 1/3 UMTS turbo code

	Modulation
	QPSK

	Data Rate
	4.2Mbps

	Repetition Factor 
	L=1, 20 out of 20 subchannels of localized allocation

	Rx Diversity
	2

	Channel
	TU 30km/hr

	Channel Estimation
	Perfect channel estimation


4 Conclusions

A promising technique has been proposed for reduced power de-rating for DFT-SOFDM. This avoids bandwidth expansion associated with pulse shaping filters. It works by selectively attenuating input modulation symbols to the first FFT. There is a small link performance loss however there is still a NET gain in power de-rating indicated by PAR metric (~1.3 dB) and CM metric (~0.3 dB).

Note that the proposed scheme can also be combined with pulse shaping for example RRC filtering implemented in the frequency domain.
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Figure 1 - FFT input processing approach
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Figure 2 – Example circular impulse response
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Figure 3 – Link performance of FFT pre-processing technique (QPSK)
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