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1 Introduction

For uplink of the evolved UTRA (EUTRA), single-carrier frequency division multiple access (SC-FDMA) is getting a strong support, mainly due to the benefit of low peak-to-average power ratio (PAPR). In realizing SC-FDMA transmissions, frequency domain signal generation, called DFT-spread OFDM (DFT-SOFDM), is preferred over time domain processing as discussed in [1]~[4] in the last London meeting. In order to further reduce the PAPR of SC-FDMA based on DFT-SOFDM, spectrum shaping filtering can be applied as an alternative to the pulse shaping filtering in time domain processing. In this contribution, we discuss how to realize the spectrum shaping filtering and show corresponding PAPR results. Key motivation for this evaluation is due to the fact that in cases when small size data is transmitted, the filter spectrum shape is not well modelled in the roll-off region due to small FFT size and small bandwidth expansion. This may lead to a different PAPR characteristic compared to the time domain pulse shaping filtering.
2 Spectrum shaping filtering
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Figure 1. The transmitter structure and operation employing spectrum shaping filtering 
Transmitter structure and spectrum shaping filtering operation are shown in Figure 1. Basic concept of the spectrum shaping filtering is also depicted in [1] submitted by NTT DoCoMo in the last London meeting. A key operation in the spectrum shaping filtering is the element-wise multiplication of the FFT outputs and the filter spectrum samples as shown in Figure 1. Square-root raised cosine (SRC) filter is widely used for the pulse/spectrum shaping filtering with satisfying the zero ISI Nyquist criterion. The use of the roll-off factor, say , larger than 0 for SRC filters results in expansion of the transmission bandwidth. The xNTX/2 FFT outputs located at each end of the spectrum are copied to the opposite end and then multiplied with the filter spectrum samples on same frequency bins. This operation can be easily justified from the fact that over-sampling in time domain filtering is equivalent to repetition in frequency domain filtering. It is noted that direct mapping of the FFT outputs to the IFFT inputs without employing spectrum shaping filtering is equivalent to employing an SRC filter of zero roll-off factor. 
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Figure 2. Spectrum shape of SRC filters with roll-off=0.1 for the FFT size = 10, 20, 40 and 300
In Figure 2, we show spectrum shape of SRC filters with =0.1 for some values of the transmit symbol block size, NTX . The number of the spectrum shaping filter output samples, Nfilter_out, is decided based on the values of  and NTX . The spectrum shape shown in Figure 2 has been obtained using the following SRC filter formulation:
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Here, k and  denote the filter output sample index and radian frequency separation between contiguous frequency samples in Figure 2, respectively. The 
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 stands for rounding x to the nearest integer toward minus infinity. In the above formulation, 
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 represents the number of extra subcarriers appended in each of the left and right roll-off region.

We see in Figure 2(a) that for the case of NTX=10, the resulting spectrum has a rectangular shape without any roll-off region. This is due to the fact that in cases of a small block size like NTX=10, the number of extra subcarriers required in each of the roll-off region is smaller than 1. Here, we are not considering any advanced rate conversion and filtering operation which could enable the spectral shaping corresponding to =0.1 even for the case of NTX=10. On the contrary, for the case of NTX=20, we see in Figure 2(b) that one extra subcarrier is appended in each of the roll-off region (k=1 and 22). The spectrum shape for the case of NTX=300 shown in Figure 2(d) is almost that of the ideal SRC filter.
In the next section, we observe on whether PAPR reduction effect comparable to that of the time domain filtering can be achieved by the spectrum shaping filtering. Interesting cases are when the small size data is transmitted as in Figures 2(b) and 2(C) which do not seem to have sufficient samples in the roll-off region for well modelling the ideal SRC filter shape.
3 PAPR results

In this section, we show PAPR results for the cases that the spectrum shaping filtering shown in Figure 2 is applied to the transmitted signals based on the transmitter structure of Figure 1. In all the results, QPSK is assumed. For the purpose of comparison, PAPR for the case of pulse shaping filtering in time domain processing is shown in Figure 3.
[image: image7.emf]0 1 2 3 4 5 6 7 8 9 10

10

-4

10

-3

10

-2

10

-1

10

0

PAPR [dB]

CCDF

SRC filter (oversampling factor = 4, # taps = 81)

Gaussian signal



 = 0



 = 0.1



 = 0.15



 = 0.2


Figure 3. PAPR for the case of pulse shaping filtering in time domain

In Figure 3, we observe that by increasing the roll-off factor from 0 to 0.1 and 0.15 in time domain filtering, 99.9% PAPR can be further reduced by about 0.5 dB and 0.8 dB. 
In Figure 4(a)~(c), PAPR results for the cases of the spectrum shaping filtering in frequency domain processing shown in Figure 1 are shown. From the results, we make the following observations:
· In case of NTX=10 (Figure 4(a)), no decrease in PAPR is seen with =0.1 and 0.15. This is due to the fact that the spectrum shaping corresponding to the roll-off factors has not been made as seen in Figure 2(a) since the number of extra subcarriers belonging to each of the expanded band is less than 1.
· In case of NTX =20 and=0.1 (Figure 4(b)), we can achieve PAPR reduction comparable to that of the time domain filtering shown in Figure 3 even though only two samples are included in each of the roll-off region.

· In case of NTX =40, PAPR reduction almost identical to that of the time domain filtering shown in Figure 3 can be achieved for all the considered roll-off factors.
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Figure 4. PAPR for the case of the spectrum shaping filtering in DFT-SOFDM
In the table below, we have summarized the results of Figures 3 and 4 for the 99.9% PAPR.
	
	99.9% PAPR [dB]

	
	=0
	=0.1
	=0.15
	=0.2

	Time domain processing (Figure 3)
	5.7
	5.2
	4.9
	4.6

	Frequency processing: NTX =10 (Figure 4(a))
	5.7
	5.7
	5.7
	4.3

	Frequency processing: NTX =20 (Figure 4(b))
	5.8
	5.2
	5.2
	4.6

	Frequency processing: NTX =40 (Figure 4(c))
	5.8
	5.2
	4.9
	4.6


4 Conclusion

In this contribution, we have evaluated PAPR of DFT-SOFDM with the spectrum shaping filtering. The results show that the spectrum shaping filtering can achieve PAPR reduction comparable to that of the pulse shaping filtering in time domain processing if at least one extra subcarrier can be appended in each of the roll-off region. However, in deciding the roll-off value, the impact on system throughput and link performance caused by the reduced spectral efficiency and insufficient number of samples in the roll-off region (e.g., Figure 2(b)), which is related with zero-ISI Nyquist criterion, should also be taken into account. Although we do not propose to agree on the roll-off factor value in this meeting, the formulation of the spectrum shaping filtering described in Section 2 could be used if the use of non-zero roll-off value is justified and agreed in future meetings.
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