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1. Introduction
Recent discussion on peak-to-average power ratio (PAPR) reduction in the SC-FDMA based uplink has focused on spectral shaping techniques [1], [2]. In this contribution, we propose a sub-carrier reservation technique, i.e. reservation of sub-carriers at the IFFT input to reduce PAPR. The simulation results show that the proposed technique can obtain better performance in spectral efficiency, the CCDF tail of the transmit filter output magnitude, and the cubic metric (CM). As the spectral efficiency is one of the critical parameters that should be optimized in E-UTRA, we propose that sub-carrier reservation be considered as a possible power de-rating reduction technique.
2. PAPR Reduction of Sub-Carrier Reservation
Figure 1 shows a transmitter block diagram of a SC-FDMA based UE with sub-carrier reservation at the IFFT input. 
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Figure 1. Transmit block diagram of SC-FDMA based UE.
The basic idea is that clipping detection is performed at the IFFT output. When signal clipping occurs, the clipped signals are converted back into frequency domain and the values on reserved sub-carriers are retained for the next iteration. The method is simple in that no sophisticated signal processing is required except for an FFT operation, a peak clipping detection and clipping. Although the scheme is iterative in nature, simulations indicate that a small number of iterations (less than 10) and a small number of reserved sub-carriers (1 or 2) per sub-channel of 25 sub-carriers suffice. Also due to the fixed pattern of reserved sub-carriers, there is no additional signalling overhead for reserving such sub-carriers.
3. Simulation Results
The simulations are performed for a single UE with a localized sub-carrier mapping.  The simulation parameters are shown in Table 1. 

Table 1 – Simulation parameters
	Transmission scheme
	Localized FDMA

	System bandwidth
	5 MHz

	Sampling rate
	7.68e6 samples/sec

	Sub-carrier spacing
	15 KHz

	Data block size
	512 samples

	Cyclic prefix
	31 samples

	Sub-channel size
	25 sub-carriers

	Number of reserved sub-carriers
	2 per sub-channel

	Modulation
	16 QAM

	Transmit filter (4 times over-sampled)
	25-tap RRC with a roll-off factor of 0.22


The simulation setup is aligned to duplicate the results in [1] and [2] using spectral shaping with a roll-off factor of 0.14.  The simulation results are shown in Figure 2 and Table 2, respectively for the CCDF curves of transmit filter output amplitude and their CM values. In Table 2, the spectral efficiency is defined as the ratio of the number of used data sub-carriers over the total number of sub-carriers in each sub-channel. 
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Figure 2. CCDF of transmit filter output amplitude.
Table 2. Cubic metric and spectral efficiency

	Scheme
	Cubic Metric (dB)
	Spectral Efficiency

	No Spectral Shaping ( RRC α=0)
	1.82
	100%

	RRC Spectral Shaping (α=0.14)
	1.63
	84%

	NT=2, PARth=2.0 dB
	1.53
	92%

	NT=2, PARth=3.0 dB
	1.47
	92%

	NT=2, PARth=3.5 dB
	1.46
	92%

	NT=2, PARth=4.0 dB
	1.49
	92%

	NT=2, PARth=5.0 dB
	1.62
	92%

	NT=2, PARth=3.5 dB
	1.63
	96%


In Figure 2 and Table 2, we assumed a single sub-channel allocation with one or two reserved sub-carriers. The reserved sub-carriers are located at the one end or two ends of the allocated sub-channel. The maximum iteration number was always 10. Comparing to spectral shaping, we can see from Figure 2 that two reserved sub-carriers can generally achieve a lower CCDF tail. For instance, at a peak clipping probability of 10-4, about 1 more dB PAPR reduction can be obtained with a PAPR threshold between 3.0 to 4.0 dB. Table 2 indicates that two reserved sub-carriers can provide about 0.17 dB additional CM reduction with higher spectral efficiency. Reserving only 1 sub-carrier can achieve about the same CM but with significantly higher frequency usage. Similar gains have been obtained for a distributed sub-carrier mapping. For QPSK signals, consistent results have been observed.
4. Conclusion
By comparing the CCDF of transmit filter outputs and their cubic metric, we showed that sub-carrier reservation outperforms spectral shaping in both PAPR reduction and spectral efficiency. Therefore, we propose to add sub-carrier reservation as an alternative technique in Section 9.1.1.6 of TR25.814. We are currently evaluating the PAPR reduction performance using a common pool of reserved sub-carriers, over which UEs signals are allowed to collide.
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---------------------------------- Text proposal for sub-carrier reservation----------------------------------

9.1.1.6
Power De-rating Reduction
Single-carrier transmission allows for further power de-rating reduction, e.g., through the use of specific modulation or coding schemes, clipping, spectral filtering, etc.

For example, modifications to the basic modulation schemes in section 9.1.1, such as per-symbol phase rotations ((/4-QPSK, (/2-BPSK) and I/Q-offsetting (offset-QPSK, offset-QAM), should be considered.

For example, frequency-domain spectrum shaping can be applied between the output of the DFT and the input of the sub-carrier mapping in Figure 9.1.1-1. The selection of the filter shape is a trade-off between spectrum/link efficiency and power de-rating reduction. For a given spectral efficiency, different spectrum-shaping functions can provide different power de-rating. reductions. Note that CM and PAPR are indicators of power de-rating. CM is a more appropriate indicator than PAPR of power de-rating achieved by different power de-rating reduction techniques. The use of spectrum shaping, including the use of different spectrum shaping parameters for different modulation schemes, number of sub-carriers or different scenarios (e.g. capacity/bandwidth limited vs. coverage/power limited), should be considered. Different spectrum shaping functions should be further studied and optimized for different uplink modulation formats considered. In the case of π/2-BPSK modulated signals, both the PAPR and the CM can be reduced significantly by spectrum shaping using the Kaiser window without reducing the spectral efficiency.
Two candidates for power de-rating reduction are the FFT Pre-processing technique and sub-carrier reservation technique. With FFT Pre-processing, selected input modulation symbols are attenuated in order to reduce power de-rating as indicated by PAPR/CM at the output of the IFFT. 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. This scheme can also be combined with pulse shaping for example RRC filtering implemented in the frequency domain. With sub-carrier reservation, a fixed subset of sub-carriers within each sub-channel is reserved for power de-rating reduction. The reserved sub-carries can be located at either end of the allocated sub-channels for localized mapping. Through an iteration of IFFT output clipping and an FFT operation, the values at the reserved sub-carriers are retained to reduce power de-rating. A common pool of reserved sub – carriers may be used by all UEs for Power De-rating reduction, i.e, UEs signals are allowed to collide on reserved sub-carriers.  
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