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1 Text Proposal

-----------------------------------Start of text -------------------------------------

9.2.x Peak to Average Power Ratio (PAPR) and its Reduction for OFDMA UL 

OFDMA based UL transmission will lead to higher PAPR than the single carrier transmission schemes, the level of increase being dependent on the number of used sub-carriers and/or presence of out of band pilots for the support of frequency based scheduling. However, several digital processing based PAPR reduction techniques [1][2] can be employed to mitigate the higher PAPR for the OFDMA UL. On such method is the improved tone-reservation method with low complexity. The performance of PAPR reduction can be trade-off with the computational complexity. 

9.2.x.y Tone reservation PAPR reduction method

In Tone Reservation (TR) method [3], both transmitter and receiver agree on reserving a subset of tones R for generating PAPR reduction signals. 

Assuming total of N available tones and K tones are reserved. Let X be frequency-domain data signal and C = [C0, C1, …, CK-1] be a code on subset R. The goal of TR method is to find the optimum code value C so that:
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                   Equation 1
where:  x is the time-domain signal of X,
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 is a NxK sub-matrix of 
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,
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is the NxN inverse DFT matrix,

and ||v||∞ is the ∞ norm of v.

In ‎[3], a simple gradient algorithm with fast convergence is proposed. The overall TR iterative algorithm is simply:


[image: image5.wmf]å

>

+

×

-

=

A

x

n

i

n

i

i

i

n

|

|

1

p

x

x

a

m

                                                                Equation 2
where:
 i is the iteration index;



μ is the updating step size;



n is the index for which sample xn is greater than the clipping threshold;
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and 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. This way the 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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                                                                           Equation 3
1K is a vector of length K with all one elements.

In the improved tone reservation with low complexity, all tones except guard band are used to calculate an original kernel. Then, 
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combined with 
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is quantified to derive reduction kernels. The phase is divided equally into s parts. And the amplitude is divided into t parts represented by some special values according to different FFT size and step length. For example, if FFT size is 1024, the phase is divided equally into six parts represented by 
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 and 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, 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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(all tones  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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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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.
With the improved TR with low complexity to reduce PAPR of OFDM, the computation load is dramatically reduced and the interference is negligible.
-----------------------------------End of text -------------------------------------
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