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1. Introduction

Submission [1] argued for inclusion of reserved tones on the downlink OFDMA signal definition to facilitate Peak-to-Average Power Ratio (PAPR) reduction, thus enabling high order modulation and MIMO. This is required in order to achieve the high throughputs targeted in [5] and without requiring the use of grossly over-dimensioned power amplifiers.  This submission supports the use of tone reservation (TR) in the downlink.  Furthermore we demonstrate the effectiveness of this approach by presenting simulation results of a new method that utilizes a simple gradient descent approach to simultaneously reduce multiple peaks in the time-domain representation of the signal, and thus achieve more effective PAPR reduction compared to previous methods.

2. A new PAPR Reduction method using Gradient Descent
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Figure 2‑1 Block diagram of OFDMA transmitter with reserved tones
Figure 2‑1 illustrates the OFDMA transmission, including insertion of reserved tones.  Defining the time-domain samples across the OFDM symbol comprising N samples as z = [ z1, z2, … zN]T then the PAPR is given by
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(1)
Vector z is a function of the time-domain representation of the data tones given by y = [ y1, y2, … yN]T and the M reserved tones, represented in the frequency domain as  X = [ X1, X2, … XN]T . Thus z can be written
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Matrix 
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is the NxM sub-matrix of 
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, the NxN IDFT matrix, found by taking the M columns that correspond to the reserved tones.  Our goal is to reduce the PAPR by minimising the peak value.  However, even assuming a finite modulation alphabet for each element of X (and a finite set of amplitudes), a direct combinatorial optimization approach is intractable for large M (if  M is small, then potential for the reserved tones to allow significant PAPR reduction is very limited).   This motivates a search for more practical means of minimizing the cost function (1).
Our approach is to convert the PAPR cost function into one that is differentiable, and then apply a gradient descent approach to optimizing X.  Enumerating the peaks in z from largest to smallest, with d(n) representing the index of the nth largest peak, the gradient update can be written
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(3)

where superscripts i represents an iteration index, with initialization z0= y.  The algorithm can be iterated as many times as required until satisfactory convergence towards the minimum PAPR result is achieved.  In (3) 
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is a step size to control the rate of adaptation (a trade-off against stability and residual mean squared error).  The relative strength of peak d(n) and the largest peak, d(1), is written 
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.  Parameter 
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is a peak magnification factor.  A large 
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 emphasizes the main peak, thus leading to more rapid reduction of this peak, but limiting the capability of the algorithm to reduce multiple peaks simultaneously.  This is a time-domain update, avoiding the need for repeated full DFT/IDFT operations.  The DFT parameters are encapsulated within
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.  A full derivation of the algorithm is given in [2].  
The summation limit, K, in (3) deserves special attention.  This indicates the number of peaks that the algorithm works to minimize simultaneously.  A simple form of this algorithm was given in [3], corresponding to K=1.  The power of this expanded algorithm is that the number of peaks can be selected as a tradeoff between performance and computational complexity.
3. Simulation Results

Our gradient-based PAPR reduction method was simulated using the parameters given in Table 1, motivated by the parameters for 10MHZ OFDMA given in Table 7.1.1-1 in [6].  Comparative results are given for Single Carrier Frequency Division Multiple Access (SC-FDMA) and the PAPR method described in TR25.814, Section 9.2.1.4.1, [6].   Figure 3‑1 shows the complementary cumulative distribution function for the following simulated systems:
· Raw OFDM, with the 99th percentile PAPR equal to 10.5dB

· SC-FDMA, where the 99th percentile PAPR is equal to 7.8dB (a 2.7dB improvement over OFDM)

· The impulse-based PAPR method described in Section 9.2.1.4.1 of [6], labeled ‘Impulse-x’, where x denotes the number of peaks considered on each iteration
.  With 50 peaks this algorithm achieves a PAPR of 6.8dB. Note that with a large number of peaks this algorithm suffers from a high PAPR tail as reducing one peak may cause regrowth of another peak – this effect becomes very noticeable once numerous peaks are roughly the same amplitude.  The algorithm was iterated 20 times.
· The new gradient descent approach, labeled ‘GD-Kx’, with results presented after 20 steps of the gradient algorithm.  With 50 peaks (curve ‘GD-K50’), the new method achieves a PAPR of 6.2dB, which is 4.3dB better than raw OFDM and 0.6dB better than the impulse-based PAPR reduction method.  Note that if only 5 peaks are used then the GD method performs slightly worse than the impulse-based method, however this can be reduced by tuning parameters 
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and 
[image: image13.wmf]m

to favour more rapid reduction of a smaller number of peaks.
	Total number of tones (FFT size)
	1024

	Total tones allocated to user of interest
	512

	Number of reserved tones
	51

	Number of data tones
	461

	Number of data tones in SC-FDMA comparison
	461


Table 1 Simulated OFDMA parameters.
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Figure 3‑1 Complementary cumulative distribution function of PAPR for OFDM, SC-FDMA and two PAPR reduction methods
In both OFDMA systems the reserved tones were distributed across the allocated tones randomly.  In the case of SC-FDMA, 461 active tones were used (to correspond with the OFDMA systems), and these were allocated as a contiguous block.

Figure 3‑2 shows a comparison of the two PAPR reduction methods as the number of peaks under consideration is increased.   With a smaller number of iterations, the impulse based method shows superior performance, however as the number of peaks and iterations is increased, it is clear that the gradient-descent approach is capable of achieving lower overall PAPR.
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Figure 3‑2 Comparison of impulse-based PAPR reduction and gradient descent approach for differing number of peaks (K).  Parametrised by number of iterations.
4. Conclusions

The current working assumption for the LTE downlink is OFDMA, and it has recently been recognized that minimizing PAPR on the downlink is an important consideration in order to achieve the high levels of spectral efficiency targeted in [5] with good power efficiency[1].  SC-FDMA was selected on the uplink, where computational complexity in the battery-operated user equipment was an important consideration.  However, OFDMA with PAPR reduction algorithms can be shown to exhibit superior PAPR, with modest increase in computational complexity.  Such computational complexity increase should be manageable in the downlink transmitter.  In this submission we have presented an enhanced PAPR method based upon a gradient descent  approach that is amenable to practical hardware implementation and with superior performance to other PAPR reduction methods previously described in 3GPP/LTE.  This is one of a family of PAPR reduction methods which are enabled through the provision of reserved tones in the OFDMA signal structure definition.  

We recommend that 3GPP

1. Adopt OFDMA on the downlink

2. Define a downlink signal structure which allows for the use of reserved tones for PAPR reduction.
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� The algorithm was modified slightly for ease of comparison.  Instead of using a fixed peak threshold, a fixed number of peaks was used in the update on each iteration.  This has the advantage of more predictable computational complexity.  We also found that the algorithm was more robust, without the need to tune a peak threshold parameter.  This can be observed from � REF _Ref147662190 \h ��Figure 3�2�, where if too many peaks are selected (eg by inappropriate selection of threshold), the performance degrades.
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