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1 Introduction

It has been identified in several LTE discussions that the PAPR of the transmission is crucial in choosing a multiple access technique for the uplink. Previous contributions have compared the performance of different schemes [3] and also suggested possible techniques for PAPR mitigation [4]. It has also been commented that if OFDM is adopted in the uplink, in power limited scenarios a small number of subcarriers may be used by the UE in which case the PAPR magnitude can be controlled within reasonable limits. In this document, we present results showing the possible reduction in PAPR by using a representative technique called “Selected Mapping” [1] with two different numbers of active subcarriers and compare the results with the PAPR of a single carrier based uplink multiple access scheme. It is expected that the results presented in this paper will help in reaching a decision on the uplink multiple access scheme during the current adhoc meeting.
2 Overview of Selected Mapping (SLM) Scheme
In the Selected Mapping scheme, the transmitter generates a set of sufficiently different candidate data blocks, all representing the same information as the original data block, and selects the one with the lowest PAPR for transmission. A diagrammatic representation of the proposed scheme is shown in Figure 1. Each data block is multiplied by N different phase sequences of length identical to the length of the data block, resulting in N different modified data blocks. The PAPR for each of the data blocks in computed and the block with the lowest PAPR is chosen for transmission. 

For correct recovery of the transmitted signal, the receiver requires knowledge of the phase sequence used by the transmitter which needs to be provided through signalling.
It can be noted that this technique requires a number of IDFT’s equal to the number of sequences to be used in the transmitter. While a larger number sequences can lead to better performance, complexity considerations will limit the actual number of sequences chosen in reality.
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         Figure 1: Selected Mapping for OFDM PAPR Reduction
3 Simulation Results
3.1. Parameters
The following table shows the simulation parameters used in this paper.

	Number of Symbols
	100

	Sequence Type
	Random Phase Sequence with unit of 
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	FFT Order
	128

	Number of Subcarriers
	128 , 20

	OFDM Symbol Duration
	50 us

	Filter
	Nyquist Filtering

	Oversampling Ratio
	4

	Modulation
	QPSK


Only QPSK modulation has been simulated since it is believed that the power limitation of the UE will largely occur in interference intensive situations when QPSK is the preferred modulation type.

3.2. Results
Figures 2 and 3 show the performance of the SLM scheme with a fixed number of subcarriers and varying number of phase sequences compared to the results of the PAPR of a single carrier CDMA scheme without Code Multiplexing.
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     Figure 2: SLM Performance, 128 Active Subcarriers
Figure 2 shows the performance of the scheme with 128 active subcarriers and varying number of random phase sequences. It can be noted that even with 50 sequences, the PAPR of OFDMA is about 3 dB higher than that of CDMA with the same QPSK modulation.
Hence the only option to reduce the PAPR seems to be to reduce the number of active OFDM subcarriers. The results for 20 subcarriers are shown in Figure 3. With reduced number of subcarriers, it can be seen that PAPR for OFDM with QPSK can be brought to within 1 dB of the corresponding CDMA value. However, such a close match is only possible when the number of phase sequences is larger than 50. This introduces a complexity penalty in transmission which may offset any gain achievable from OFDM transmission in the uplink.
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Figure 3: SLM Performance, 20 Active Subcarriers
4 Conclusion
In this document we have shown the performance of a PAPR reduction scheme that can achieve reasonable performance when the number of OFDM subcarriers is small. The performance of this scheme is degraded for larger numbers of subcarriers and the complexity increase, even in the case of a small number of subcarriers, limits the potential usefulness of OFDM in the E-UTRA uplink where small PAPR is hugely desirable.
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