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1 Introduction
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 although 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. 

This contribution addresses the downlink PAPR issue and provides a simple improved tone reservation with relative low complexity and no sacrifice on spectra efficiency. Simulations show that the PAPR is dramatically reduced and the interference is almost negligible and in the same, the computation load is affordable.

2 Overview of Original Tone Reservation

In original Tone Reservation method [1], 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 [2], a simple gradient algorithm with fast convergence is proposed. The overall TR iterative algorithm is simply:


[image: image15.wmf]1

i

n

iii

nn

xA

ma

+

>

=-×

å

xxp

                                                                       (2)

where:
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is the iteration index;




[image: image17.wmf]m

 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
[image: image25.wmf]¡

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 in OFDM:

1. Reserving a fixed subset for PAPR reduction or named fixed reserved subset. By this approach, the reserved tone subset is fixed and no interference with data, however the spectra efficiency becomes lower with more reserved tones for PAPR reduction;
2. Reserving a special subset for PAPR reduction and the subset is flexibly changed. By this approach, the reserved tone subset is flexible and no interference with data, however as the method 1, the spectra efficiency is also effected,what is more, since the reserved subset is dynamic changed, the computation load is also high;
3. Reserving all the tones except guard tones as reserved subset is proposed in [3]. By this approach, not only the spectra efficiency is remained but a fixed kernel is generated. So later we will see the computation load will be reduced remarkably. It is noted that using this method interference in all tones (including data tones but except guard tones) will be generated but we will show that the interference is controllable and negligible. In order to reduce the computation load further, 
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combined with 
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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 How to Reduce the Complexity and Method Discription
We assume that FFT size equals to 1024 and all data sub-carriers are modulated using QPSK. No oversampling is used internally in the TR algorithm. Measurements were taken 8-times oversampled signal. For each simulation 1000 OFDM symnols are used.
From chapter 2, we see that the complexity mainly comes from equation (2). If we use all subcarriers except guard tones as reserved tones for PAPR, then the original kernel is fixed and we can calculated it in advance. All we will do is only to cyclic shift the original kernel to a proper position. Further, since 
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 is a constant and 
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 is a scalar, we can quantify the combination of them and also multiplied with the fixed original kernel in advance. The final multiple set of kernels can be stored and only some simple operations (addition and comparison) are needed in every iteration.
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 further, 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 (multiplied by quantified the combination of 
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 and 
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) 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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in which
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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;
Repeat step 3 to step 5 until
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reaches maximum iteration limit. Transmit final
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5 Simulation Results
Fig 1 shows the PAPR reduction results applying difference iteration scheme in downlink. We note that PAPR becomes lower with more iteration and more peaks to be cancelled in one iteration. Anyway, PAPR can always be reduced to a reasonable level through limited iterations. Fig 1 also shows quantified scheme brings only slight degradation while computation load can be reduced dramatically according to the analysis in chapter 4. Fig 2 shows the result of our method in Cubic Metric
Note: xpeaks×yIterations denotes that there are y iterations in reducing PAPR and x peaks are reduced in one iteration. 
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Fig 1 Simulation results of 1000 OFDM symbols               Fig 2   Simulation results of 1000 OFDM symbols
Fig 3, Fig 4, Fig5 and Fig 6 show the effects of our method in time domain corresponding to different iteration schmes. From these figures, it is obvious that the signal becomes more and more even with more iterations. Further, we calculate the relative power after different iteration schemes. These values are 5.8261, 5.7386, 5.6842 and 5.54527 respectively. It shows that our method only affect the power of signal slightly.
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Fig 3 Original (  9.7dB  PAPR )                                           Fig 4 1peak/Iter×3Iters ( 7.8dB PAPR)                                                                                    
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Fig 5 2peaks/Iter×5Iters ( 6.7dB PAPR)                             Fig 6 4peaks/Iter×8Iters ( 5.9dB PAPR)
The following section presents simulation results of the PAPR, applying our method in downlink. The simulation parameters and assumptions are summarized in Table 1.
                                                                            Table 1   Simulation parameters
	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	Number of sub-carriers
	300

	The size of resource block
	25

	Sub-frame length
	0.5 msec (7 OFDM symbols)

	Mapping
	Distributed

	Data modulation
	QPSK/16QAM

	Coding
	1/2

	Number of receiver antennas
	2

	Channel model
	6-ray Typical Urban

	UE speed
	30 km/h

	Number of sub-frame 
	30000


By reserving all the tones except guard tones as reserved subset, the PAPR of the transmited signal in the time remain in downlink is reduced, but some interference will be introduced on every subcarried except guard tones. Fig 7 and fig 8 show the link performance effect in QPSK for 12 PRBs and 1 PRB, fig 9 and fig 10 show the link performance effect in 16QAM for 12 PRBs and 1PRB. From the simulation results, we know that although our method may generate interference on all of tones (except guard tones), it is very small and less than 0.5 dB performance loss. So it can be negligible and controllable.
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Fig 7 Link Performance Loss (QPSK-12PRB)                    Fig 8 Link Performance Loss (QPSK-1PRB)
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Fig 9 Link Performance Loss (16QAM-12PRB)                 Fig 10 Link Performance Loss (16QAM-1PRB)
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Fig 11 Link Performance Loss (64QAM-12PRB)                  Fig 12   Link Performance Loss (64QAM-1PRB)
Table 1 shows EVM with different PAPR levels after appling our scheme and table 2 comes from [4]. From table1, we know that although EVM is higher when PAPR becomes lower, EVM is still acceptable when PAPR is lowed to 6.7dB even for 64QAM. We also list the EVM values in table 2 which comes from [4]. In [4], circulated clipping and filtering method is used to reduce the PAPR.
Table 1 EVM with different PAPR levels (CCDF 10e-4)
	Data 
	Modulator
	5.9dB PAPR(dBc)
	6.7dB PAPR(dBc)
	7.8dB PAPR(dBc)

	12PRB
	64QAM
	7.2%(-22.8)
	5.3%(-25.6)
	3.5%(-29.2)

	
	16QAM
	7.2%(-22.8)
	5.3%(-25.6)
	3.5%(-29.2)

	
	QPSK
	7.3%(-22.8)
	5.3%(-25.6)
	3.5%(-29.2)

	1PRB
	64QAM
	5.3%(-25.6)
	3.5%(-29.2)
	2.2%(-33.2)

	
	16QAM
	5.3%(-25.6)
	3.5%(-29.2)
	2.2%(-33.2)

	
	QPSK
	5.5%(-25.6)
	3.6%(-28.8)
	2.2%(-33.2)


Table 2 EVM with different PAPR levels in [4]
	Simulated PAPR @ 10e-4
	5.9dB(dBc)
	6.5dB(dBc)
	7dB(dBc)

	EVM
	12%(-18.4)
	7.7%(-22.2)
	5.5%(-25.2)


6 Conclusion

This contribution addresses the downlink PAPR issue and provides a simple improved tone reservation with relative low complexity and no sacrifice on spectra efficiency. Simulations show that the PAPR is dramatically reduced and the interference is almost negligible even in high modulation order (e.g. 64QAM) and in the same time, the computation load is affordable.
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