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1 Introduction

The OFDMA uplink has been proposed and many advantages of OFDMA are obvious such as resistion inter symbol interference (ISI), high spectra efficiency, flexible dynamic sub-carrier allocation, adaptation bit loading, easy realization of modulation and de-modulation and so on. However, the major problem in OFDMA is the high peak-to-average power ratio (PAPR), which may lead to performance and cost loss. In order to reduce the PAPR, a lot of techniques have been proposed such as companding transformation (it is a kind of transformation with loss), directly clipping plus filtering (PAPR regrowing is a major problem maybe iteration can alleviate its severity), using some low PAPR codes (maybe the data rate will be effected), selective mapping (SLM), partial transmit sequence (PTS) (SLM and PTS need feedback some side information from UE to Node B) and so on. Except above methods, there is a promising way to reduce the PAPR named tone reservation (TR). Since it need not feedback any information from UE to Node B and brings no interference in and out of the band (for original TR method), it is focused by many researchers, however, the drawbacks of original TR are high complexity and low spectra efficiency. Although, [1] maybe have no effect on the spectra efficiency through using all tones except ones allocated to UE, it still has unbearable computation load.

This contribution addresses the uplink PAPR issue for OFDMA and provides a simple improved tone reservation with very low complexity and no sacrifice on spectra efficiency to reduce PAPR in the UE. The relative simulations show that the computation load is dramatically reduced and the interference is negligible.

2 Overview of Original Tone Reservation

In original Tone Reservation method [2], both transmitter and receiver agree on reserving a subset of tones
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for generating PAPR reduction signals. 

Assuming there are K reserved tones among total N available tones. Denote X as frequency-domain data signal and 
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 as a code on reserved subset
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. The goal of TR method is to find the optimum code value C so that:
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where:  
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 is the time-domain signal of 
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sub-matrix of
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corresponding to the reserved sunbet
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is the
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inverse DFT matrix,

and
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 is the infinite norm of 
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In [1], a simple gradient algorithm with fast convergence is proposed. The overall TR iterative algorithm is simply:
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where:
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is the iteration index;
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 is the step size;
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is the index that means
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 is greater than the clipping threshold;
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and 
[image: image21.wmf]p

 is called peak reduction kernel vector. The kernel is a time domain signal that is as close as possible to the ideal impulse at the location where the sample amplitude is greater than the predefined threshold. By this way the original peak could be cancelled as much as possible without generating secondary peaks. The kernel can be calculated using 2-norm criteria and is given by the following formula:
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where
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is a vector of length 
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 corresponding to the reserved subset
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with all one elements.
3 Determine the reserved tone subset
In the TR method, selection of a proper reserved tone subset is very important. The main principle is that the kernel in time domain is as close as possible to the ideal impulse. There are three kinds of reserved tone subset:

1. Reserving a special subset for PAPR reduction or named fixed reserved subset. By this approach, every UE use the same reserved tone subset to reduce PAPR and no interference with each other, however the spectra efficiency becomes lower and the computation is very high;

2. Reserving all the tones except ones allocated to the UE and guard tones or named flexible reserved subset. By this approach, the spectra efficiency is not reduced, however, since tones that allocated to the UE are changing often, and so do the reserved tones and the peak reduction kernel, it still leads to high computation load too[1];

3. Reserving all the tones except guard tones as reserved subset is proposed in this contribution. By this approach, not only the spectra efficiency is remained but a fixed kernel is needed. So complexity is reduced remarkably. It is noted that using this method interference in all tones (except guard tones) will be generated, however, we can find that the interference is contollable and negligible. In order to reduce the computation load further, 
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combined with 
[image: image27.wmf]m

can also be quantified. So only a few reduction kernels need to be calculated and stored in advance and it will save much complex multiplications.
4 Simulation and Comparisons
There are two scenarios simulated: (a) 512 FFT and (b) 1024 FFT, Data sub-carriers are modulated using QPSK and selected ramdonly or consecutively. No oversampling is used internally in the TR algorithm. Measurements were taken 8-times oversampled signal. For each simulation 1000 OFDM symbols are transmitted in the 1024 FFT case and 2000 OFDM symbols in the 512 FFT case respectively.

In the following simulation, 
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combined with 
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is quantified. The phase is divided equally into six parts represented by 
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 and the amplitude is divided equally into five parts represented by some special values according to different FFT size. For example, if FFT size is 1024, the amplitude can be chosen among 0.01，0.04，0.08，0.12，0.16. Thus only 30 peak reduction kernels need to be stored. 

In order to reduce the computation load, we only choose fixed number of peaks to be cancelled in one iteration instead of all the peaks that satisfies 
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The Steps of our improved TR method with low complexity is described below:

· Off line computation:

1. Calculate the original kernel vector
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based on 2-norm criteria, which is the IFFT of
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(only except guard band );
2. Quantify the original kernel to get derived kernels and store them in advance.
· Online iterations: The algorithm is based on each input OFDM symbol. 
1. Select the target PAPR value and corresponding threshold
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;
2. Initially, set 
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;
3. Find fixed number of samples (in order)with locations
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;
4. If all samples are below the target threshold, transmit
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. Otherwise, search in the derived kernels to find matched one and right circle shift in time domain;
5. Update
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x

according to Equation 2;
6. Repeat step 3 to step 5 until
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reaches maximum iteration limit. Transmit final
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Table 1 and Table2 provide some results showing the effectiveness in reducing the PAPR for 1024 FFT and 512 FFT, respectively with improved low complexity TR method. The average interference introduced SNR in used and unused tones are also listed (allocation pattern: randomly).

	Number of used sub-carriers
	Clipping Threshold (dB)
	After improved TR PAPR (dB) @ CCDF=10-3
	Original PAPR (dB)CCDF=10-3
	Average SNR in used tones
	Average SNR in unused tones
	Number of peaks to be cancelled in each iteration
	Iteration times
	Estimated complexity (addition | multiplication /symbol)

	5
	5.0
	5.0
	6.7
	20.4
	36.1
	5
	10
	51250 | 100

	10
	
	5.3
	7.8
	22.5
	35.5
	
	
	

	20
	
	5.5
	8.0
	24.9
	34.2
	
	
	

	30
	
	5.6
	8.2
	26.1
	33.3
	
	
	

	100
	
	5.7
	8.4
	23.7
	27.6
	
	
	

	200
	
	5.7
	8.4
	23.6
	26.0
	
	
	

	300
	
	5.7
	8.4
	21.9
	23.9
	
	
	


Table 1. Simulation results for the 1024 FFT case (Distributed)

	Number of used sub-carriers
	Clipping Threshold (dB)
	After improved TR PAPR (dB) @ CCDF=10-3
	Original PAPR (dB) CCDF=10-3
	Average SNR in used tones
	Average SNR in unused tones
	Number of peaks to be cancelled in each iteration
	Iteration times
	Estimated complexity (addition | multiplication /symbol)

	5
	5.0
	5.1
	6.5
	26.1
	38.5
	5
	5
	12825 | 50 

	10
	
	5.5
	7.8
	27.5
	36.6
	
	
	

	20
	
	5.6
	8.0
	24.4
	31.1
	
	
	

	30
	
	5.7
	8.2
	25.3
	30.5
	
	
	

	50
	
	5.7
	8.3
	25.1
	28.7
	
	
	

	100
	
	5.7
	8.3
	22.1
	24.8
	
	
	

	150
	
	5.7
	8.3
	21.5
	23.5
	
	
	


Table 2. Simulation results for the 512 FFT case (Distributed)

Figure1 shows the influence brought by quantification (FFT=1024, UE occupies 30 tones, QPSK, 10 iterations, 5 pesks cancellation in each iteration). Figure1 shows that there is small difference between quantification and non- quantification. Figure2 shows the case of FFT=512, 5 iterations, 5 peaks in each iteration, and the other parameters is the same as the figure1.
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Figure1 The difference between non- quantification and quantification (FFT=1024)
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Figure2 The difference between non-quantification and quantification (FFT=512)

Figure3 shows the signals in time domain before and after our improved TR method. You can find PAPR is greatly reduced (FFT=1024, used carriers=30 randomly choosed in the Band).
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Figure3 Signals in time domain before and after improved TR 

Figure4 shows signals in frequency domain before and after improved TR method. You can find that both the tones that are used by the UE and the tones that are not used by the UE are enfluenced slightly (16QAM in this example).
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Figure3 Signals in frequency domain before and after improved TR 

Figure4 shows the SNR introduced by our improved TR method.
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Figure4 SNR introduced by improved TR method

Figure5 is the detail of figure4.

[image: image47.png]Goamt Bt

SNR

i i i i i i i i
650 700 750 600 850 900 90 1000
subcarrier index





Figure5 SNR introduced by improved TR method (localization)

Table 3 provide some results showing the effectiveness in reducing the PAPR for 1024 FFT with improved low complexity TR method. The average interference introduced SNR in used and unused tones are also listed (allocation pattern: consecutive).

	Number of used sub-carriers
	Clipping Threshold (dB)
	After improved TR PAPR (dB) @ CCDF=10-3
	Original PAPR (dB)CCDF=10-3
	Average SNR in used tones
	Average SNR in unused tones
	Number of peaks to be cancelled in each iteration
	Iteration times
	Estimated complexity (addition | multiplication /symbol)

	5
	5.0
	5.7
	6.5
	20.5
	41.1
	10
	12
	123000 | 240 

	10
	
	6.2
	7.7
	20.7
	40.0
	
	
	

	15
	
	6.3
	8.1
	20.9
	39.4
	
	
	

	30
	
	5.8
	8.2
	20.9
	38.1
	
	
	

	45
	
	5.5
	8.2
	21.2
	36.7
	
	
	

	60
	
	5.2
	8.3
	20.8
	35.2
	
	
	

	75
	
	5.1
	8.5
	20.0
	33.3
	
	
	


Table 3. Simulation results for the 1024 FFT case (Consercutive)

Figure6 compares the PAPR between SC and OFDM. Simulation parameters include FFT=1024, used carriers = 128, DFT-s-OFDM adopts sub-grouping scheme. From the simulation result, the improved TR with low complexity can reduce the PAPR dramatically and even better than DFT-s-OFDM.
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Figure6 PAPR comparision between SC and OFDM

5 Conclusions

The simulation results above indicate that for the OFDMA based uplink, the PAPR performance can be achieved at the same level or even better than DFT-s-OFDM using the improved TR method. What is more, the main disadvantage of original TR method does not exist any more and even all UL bandwidth is allocated to a single UE, the complexity keeps constant. On the other hand, only a few reduction kernels need to be stored and the store amount is not very large. For example, assuming FFT size is 1024, one complex number needs 32 bits, only 1024*32*30, around 1.0Mbits are needed. Here, we noted that the proposed method on this contribution can be used with any other algorithms to achieving ideal PAPR. 

We can also see that although the improved TR method can generate interference on all of tones (except guard tones), it is very small and can be negligible or controllable.
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