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1 Introduction

In [1] a single carrier based radio access is proposed for E-UTRA uplink. A single carrier transmission can be realized either in time or frequency domain. The frequency domain implementation is widely called as DFT-S-OFDMA. The difference is merely in implementing channel allocation and pulse shaping: in DFT-S-OFDMA they are processed in frequency domain instead of time domain. The systems can be configured alike; however, there are certain implementation restrictions in configurations. This document discusses the fundamental differences from the RF signal point of view. Also we introduce a low-level modulation called as pi/2-BPSK for improving wide area coverage.

2 Discussion
The essential difference between frequency and time domain implementations of SC-FDMA modulations from the RF signal point of view is that without a discrete pulse shaping filter the former has a default rolloff of 0. It is obvious that it is easy to implement a small rolloff in frequency domain. In time domain implementation, using really small rolloff is restricted by the length of the pulse shaping FIR: the smaller the rolloff, the longer should the FIR be. The main criterion for the length of time domain pulse shaping is, however, not the shape of the spectrum. It is possible to implement almost brick wall spectrum with a practical FIR. The restriction comes from EVM. The smaller the rolloff and the shorter the FIR, the worse the EVM becomes. Figure 1 shows the EVM caused by time domain pulse shaping filters with different lengths.

Although the benefit of frequency domain implementation that it enables a very small rolloff is obvious, it can be seen from Figure 1 that this benefit is not justifiable with rolloff larger than 0.1, which can be very well implemented with time domain pulse shaping.

When evaluating the overall spectral efficiency, it must also be taken into account that the smaller the rolloff is, the higher is the amplitude variation, which again requires more backoff in power amplifier. In Figure 2 and Figure 3 the PAR and CM (cubic metric) curves are shown with modulations of different depths. Curves show that the required backoff is steeply increased when approaching rolloff of 0.

From the figures 2 and 3, especial notice should be paid to the curves of the less-known pi/2-BPSK modulation. According to CM, it could be used with ca. 0.8 dB less backoff than QPSK. Hence pi/2-BPSK could be used for improving wide area coverage.

3 Conclusion
Frequency domain implementation (DFT-S-OFDMA) of SC-FDMA enables smaller rolloff than time domain implementation due to a limited FIR length in practical time domain pulse shaping filters. Further studies are still needed in analyzing the actual gain in spectrum efficiency because the effect of power amplifier and multiple access interference of users on adjacent carriers must be taken into account. Also implementation complexity should be analyzed.
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Figure 1 EVM as function of rolloff with different pulse shaping FIR lengths (in symbols).
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Figure 2 PAR in function of rolloff with different modulation levels.
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Figure 3 Cubic metric in function of rolloff with different modulation levels.
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