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1 Introduction

This contribution addresses a computational efficient PAPR reduction technique for OFDMA scheme in the uplink scenario.
2 PAPR for OFDMA  
Orthogonal frequency-division multiplexing (OFDM) is considered to be a potential candidate for Evolved UTRAN [1] for its high spectral efficiency, high data rates, high scalability, high adaptablility and low cost. However, one of the major drawbacks of OFDM scheme is the high peak-to-average power ratio (PAPR) of the transmit signal. Since the effective usage of power amplifier is more important on the UE side, the PAPR should be considered during selecting an uplink MA scheme for RAN evolution. In RAN1#41, Tone Resevation Method is introduced [4] to exploit for PAPR reduction. However, concerns were raised on the number of tones being used for PAPR reduction which may result in the loss of the bitrates.
In this contribution, an efficient PAPR reduction method, the partial transmit sequence technique [2] with reduced complexity [3] is applied to OFDMA scheme in the uplink. We also investigate the PAPR reduction performance of the method with different subcarrier mapping schemes. 
3 The Partial Transmit Sequence Technique
In the PTS technique [2], an input data block of N symbols is partitioned into disjoint subblocks. The subcarriers in each subblock are weighted by a phase factor for that subblock. The phase factors are selected such that the PAPR of the combined signal is minimized. In the ordinary PTS technique input data block X is partitioned into M disjoint subblocks 
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 and the subblocks are combined to minimize the PAPR in the time domain. The L-times oversampled time domain signal of 
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, is obtained by taking an IDFT of length NL on 
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zeros. These are called the partial transmit sequences. Complex phase factors, 
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are introduced to combine the PTSs. The set of phase factors is denoted as a vector 
[image: image9.wmf]12

[,,...,]

T

M

bbb

=

b

. The time domain signal after combination is given by
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where 
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. The objective is to find the set of phase factors that minimizes the PAPR. Minimization of PAPR is related to the minimization of
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In general, the selection of the phase factors is limited to a set with a finite number of elements to reduce the search complexity. The set of allowed phase factors is written as 
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, where W is the number of allowed phase factors. In addition, we can set 
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 without any loss of performance. So, we should perform an exhaustive search for (M-1) phase factors. Hence, 
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 sets of phase factors are searched to find the optimum set of phase factors. Since the search complexity increases exponentially with the number of subblocks M for the ordinary PTS algorithm, a reduced-complexity PTS technique [3] for OFDMA is used with little performance degradation while significnetly reduces the search complexity. The algorithm is summarized as follows,
1) Partition the data block into subblocks.

2) Set 
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3) Among the vectors of phase factors in the neighbourhood of b (with radius r), find 
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 that achieves the smallest PAPR.

4) If PAPR for 
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 is smaller than PAPR for b, update b with  
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 and proceed to step 5); otherwise, terminate.

5) If  
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 is smaller than its maximum I, increase 
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 by 1 and go to step 3); otherwise, terminate.

The search complexity of the technique is proportional to 
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4 Simulation Results and Comparisons

4.1 Simulation Assumptions

We assume an uplink OFDM system with 512 total subcarriers and the number of used subcarriers for a UE is 64 subcarriers (N=64) or 128 subcarriers (N=128). The data symbols are modulated with QPSK or 16QAM. We also assume that the number of allowed phase factors is 4 (W=4) with 
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. For 64 subcarriers case we divide the total subcarriers into 8 sub-blocks (M=8) with eight contiguous subcarriers and into 8 subblocks (M=8) with 16 contiguous subcarriers for 128 subcarriers. The transmitted signal is oversampled by a factor of 4 (4 times the Nyquist sampling frequency) which is sufficient to capture peaks. 10,000 random OFDM blocks are generated to obtain the complementary cumulative density functions (CCDFs) of PAPR. As mentioned above, r and I are two parameters of the reduced-complexity PTS algorithm which can be adjusted to make a tradeoff between performance and complexity. 
4.2 Simulation Results

Figure 1 and 2 show the CCDF of PAPR for the OFDM system when the reduced complexity PTS technique (PTS-R) is used with QPSK and 16QAM modulation, respectively. It is shown that the 0.1% PAPR of OFDM signals can be lowered by >3.5dB compared with the original OFDM system. For r=2 and I=3, we can reduce the 0.1% PAPR further by 0.5dB than the case with r=1 and I=3, along with the increase in the computational cost.
It is pointed out in [5], that the subcarrier allocation modes don’t affect the PAPR results of OFDMA. However, the selection of the phase factors plays an important role in the PAPR reduction performance of the technique, the PAPR of OFDM signals is influnced by the selection of the subcarrier allocation modes. Figure 3 and 4 show the CCDFs of PAPR with various allocation methods for N=64 and N=128, respectively. It is shown that the PTS-R technique achieves similar PAPR reduction performance for localized and equidistant allocation schemes, however there’s a gap of 2dB for N=64 and 1dB for N=128 between 0.1% PAPR for randomized allocation scheme and that for the other two.
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Figure 1. CCDFs of PAPR for OFDM system with and without PAPR reduction

for the 512 FFT and N=64, QPSK modulation.
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Figure 2. CCDFs of PAPR for OFDM system with and without PAPR reduction

for the 512 FFT and N=64, 16QAM modulation.
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Figure 3. Comparison of PAPR reduction performance with different subcarrier allocation scheme

 for the 512 FFT and N=64, QPSK modulation
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Figure 4. Comparison of PAPR reduction performance with different subcarrier allocation scheme

 for the 512 FFT and N=128, QPSK modulation
Table 1 compares the 0.1% PAPR performance the IFDMA and DFT-S-OFDMA with OFDMA in the uplink transmission with 512 FFT and 64 subcarriers per user.
	
	QPSK
	16QAM

	IFDMA 
	4.2dB
	5.5dB

	DFT-S-OFDMA 
	5.8dB
	6.5dB

	OFDMA (with PAPR reduction r2/I3)
	6.5dB
	6.75dB

	OFDMA (with PAPR reduction r1/I3) 
	7.0dB
	7.2dB

	OFDMA (without PAPR reduction)
	10.7dB
	10.7dB


Table 1 PAPR comparison with IFDMA/DFT-SOFDMA and OFDMA
5 Conclusions

In conclusion, for OFDM based uplink transmission, the PAPR performance can be lowered to the same level as that of IFDMA and DFT-S-OFDM by using the reduced complexity PTS technique. The number of required side information bits is relatively small with tolerable computational cost. Furthermore, the subcarrier allocation modes affect the PAPR performance of the technique to a certain extent.
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