3GPP TSG-RAN1 #42
R1-050891
London, UK, Aug 29th – Sept 2nd 2005
Agenda Item:
10.3
Source: 
Nortel 

Title: 
OFDMA UL PAPR Reduction 
Document for:
Discussion 

1 Introduction

This contribution addresses the uplink PAPR issue for OFDMA and the associated PAPR reduction technique in the UE. This contribution complements contribution R1-050646 [6] from Sophia-Antipolis ad-hoc that could not be presented due to lack of time. Updates from R1-050646 correspond mostly to the addition of a Text proposal for the RAN1 TR on LTE (25.814). 
2 PAPR for UL OFDMA  
The OFDMA uplink proposed in [3] is based on the cluster concept that the block of consecutive sub-carriers in both time and frequency dimensions. And the cluster can be hopping in time and frequency to allow multiple user access in UL. In this contribution, we defined the sub-band as the cluster mapping in the frequency dimension for one FFT computing, we use 8 out of 1024 (or 512) available tones as a sub-band and assume one uplink channel has consecutive tones and location could be anywhere within the 1024 tones. Only the sub-band tone are active the other sub-carriers are null. 
In this contribution, we analyze a few cases in two OFDM scenarios: (a) 1024 FFT and (b) 512 FFT. The cases we analyzed relate to transmission in the uplink direction in 1, 2, 4, and 8 sub-bands. Each sub-band consists out of 8 consecutive data subcarriers randomly distributed over all available subcarriers. The PAPR is measured on the 8-times oversampled complex baseband equivalent signal (8 times the Nyquist sampling frequency).
3 Overview of Tone Reservation Method

In what follows we present one of the PAPR algorithms to show with a simple commutation in the base–band the PAPR reduction can be accomplished. In Tone Reservation (TR) method [1], 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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where:  x is the time-domain signal of X,
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is the NxN inverse DFT matrix,

and ||v||∞ is the ∞ norm of v.

In ‎[1], a simple gradient algorithm with fast convergence is proposed. The overall TR iterative algorithm is simply:
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                                                                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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1K is a vector of length K with all one elements.

3.1 PAPR reduction algorithm
The Steps of TR Method is described below:

· Initialization:

1. Select the target PAPR value and corresponding threshold A. 

2. Choose the set of reserved tones R for PAPR reduction. The positions of the reserved tones are randomly selected to achieve smoother and faster convergence.

3. Calculate the kernel vector p based on 2-norm criteria, which is the IFFT of 1K.

· Run Time: The algorithm is applied for each input OFDM symbol. 
For each symbol:

1. Initially, set x0 = x

2. Find the all sample locations ni for which 
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3. If all samples are below the target threshold A, transmit xi. Otherwise, update xi according to Equation 2.
4. Repeat 2 until i reaches maximum iteration limit. Transmit final xi.
4 Simulation Results and Comparisons

Two scenarios are analyzed: (a) 512 FFT and (b) 1024 FFT, four UL cases: 1, 2, 4, and 8 sub-bands. Each sub-band consists out of eight consecutive data subcarriers. Positions of the sub-bands within the overall available bandwidth were chosen randomly. Data subcarriers were modulated using QPSK. 2-times oversampling was used internally in the PAPR reduction algorithm. Measurements were taken on the simulated transmit 8-times oversampled signal. For each simulation run 1000 OFDM symbols were transmitted in the 1024 FFT case and 2000 OFDM symbols in the 512 FFT case.

In order to illustrate the performance and trade-offs of the TR algorithm, simulations were run for two clipping thresholds (parameter A described in the previous Section): 5.1 dB and 6.1dB above the average transmit power level. The lower the threshold, the better results in terms of the PAPR reduction are possible but the larger becomes the penalty in terms of noise generated in the used and unused subcarriers (“spectral re-growth”). Setting the clipping threshold and selecting the set of subcarriers to be used for TR method appropriately, allows one to make the best trade-offs for the particular case of interest. 

Table 1 and Table 2 provide summary of the simulation parameters and results showing algorithm effectiveness in reducing the PAPR for 1024 FFT and 512 FFT, respectively, with 2000 OFDM symbols. The injected noise introduced SNR level is also listed in Table 2
	#sub-bands
	Clipping Threshold
	PAPR (dB) @ 10-3 clipping rate
	Non-PAPR Reduction

	1
	5.1
	5.64
	7.57

	2
	
	5.59
	7.70

	4
	
	5.89
	7.76

	8
	
	5.65
	8.09

	1
	6.1
	6.53
	7.57

	2
	
	6.51
	7.70

	4
	
	6.64
	7.76

	8
	
	6.53
	8.09


Table 1. Simulation results for the 1024 FFT case
	#sub-bands
	Clipping Thr.
	PAPR (dB)
	SNR (dB)

	1
	5.1
	5.66
	41.88

	2
	
	5.62
	37.71

	4
	
	5.62
	35.28

	8
	
	5.71
	30.21

	16
	
	5.66
	28.65

	32
	
	5.62
	26.44

	40
	
	6.10
	14.50

	48
	
	6.13
	9.61

	56
	
	6.00
	2.01

	1
	6.1


	6.56
	50.03

	2
	
	6.55
	43.72

	4
	
	6.54
	40.66

	8
	
	6.60
	35.36

	16
	
	6.56
	34.19

	32
	
	6.55
	32.62

	40
	
	6.92
	19.76

	48
	
	6.95
	15.25

	56
	
	6.97
	8.04


Table 2. Simulation results for the 512 FFT case with 8 sub-carrier/sub-channel, 

clipping rate @10^-3, 512 total sub-carriers
More detailed PAPR simulation results are shown in Figure 1 and Figure 2 for 1024 FFT and 512 FFT, respectively.
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Figure 1. Simulation results for the 1024 FFT case
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Figure 2. Simulation results for the 512 FFT case
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Figure 3 Simulation results for 8 data-tones/sub-band, clipping rate @10^-3, 512 FFT case
The effect of the spectral regrowth is shown in Figures 4,5 and 6  for 1024 FFT and 512 FFT, respectively. It can be noticed that the noise generated by the TR algorithm is at reasonably low level
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Figure 4.  Frequency Domain TR algorithm Performance (1024 FFT case, 8 sub-bands)
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Figure 5. Frequency Domain TR algorithm Performance (512 FFT case, 8 sub-bands)
[image: image14.emf]100 200 300 400 500 600

-80

-70

-60

-50

-40

-30

-20

-10

0

Transmit Power Spectrum: 512 sub-carriers, 16 sub-bands

Normalized Poewer(dB)

Tones

clipping thr 5.1dB

clipping thr 6.1dB


Figure 6 Frequency Domain TR algorithm Performance (512 FFT case, 16 sub-bands)
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Figure 7 Frequency Domain TR algorithm Performance (512 FFT case, 32 sub-bands)
5 Complexity Aspects
Let L be the number of clock cycles needed for PAPR reduction operations. Let CFFT be the number of clock cycles one FFT needs. The average number of clock cycles for processing one OFDM symbol is approximately iavg * niavg * L + 2*CFFT. Table 3 shows the simulation results of average number of iteration values of i and ni. 

From DSP implementation of PAPR algorithm, for 512 carriers, CFFT is about 7000 clock cycles and L is about 13000 clock cycles.  

Table 3: Computational complexity for different clipping threshold

	Clipping threshold (in dB)
	# of sub-bands
	Average of i
	Average of ni
	Estimated complexity

(million cycles/OFDM symbol)

	5.1
	1
	2.6010
	87.3233
	2.97

	
	2
	4.1915
	58.5106
	3.20

	
	4
	4.5105
	45.0330
	2.65

	
	8
	9.7920
	40.8912
	5.22

	
	16
	10.3920
	40.5249
	5.49

	
	32
	14.7140
	40.7791
	7.81

	
	40
	19.4510
	41.5492
	10.52

	
	48
	36.4470
	43.6207
	20.68

	
	56
	188.2525
	53.5602
	131.09

	6.1
	1
	1.4110
	 35.4812       
	0.66

	
	2
	2.3890
	28.4387
	0.90

	
	4
	3.3030
	18.9949
	0.83

	
	8
	7.3020
	16.6863
	1.60

	
	16
	8.0805
	16.7295
	1.77

	
	32
	10.6555
	16.7696
	2.34

	
	40
	13.2000
	16.7811
	2.89

	
	48
	19.2870
	17.0925
	4.30

	
	56
	45.6370
	18.2692
	10.85


6 Discussion on TR methods and the injected tone noise level

Flexible Tone Reservation 
In this contribution, the flexible tone reseversation method is used in the case, the location of tone injection is if flexible if it is not the desired sub-bands. The only constraint is that the PAPR algorithm has to limit the injected tone level to control interference to other UE. 
We can set the constraint of the injected tone level based on the following conditions: 

· Inter-carrier interference, this is determined by the Doppler level [2] 

· Average other cell interference level.
Fixed Block Tone Reservation 

The proposed PAPR reduction algorithm is one of the example based on TR algorithm, the injected tone level is controlled by the UE. Another alternative is to use a fixed block reserved tone reservation, the location of such a block TR is pre-specific across the network, and in this case, the power of tone injection can be assigned without stringent limitation. 

7 Performance impact of clipping
One of the issues of the high PAPR is the clipping of the OFDMA signals by the PA due to the limited power backoff. The performance loss of such clipping can be marginal, for example, compare to the non-clipping QPSK, R=1/2 modulation, at BLER=10-3, the clipping loss is about 0.05dB at PAPR clipping of 6.5dB and 1dB at PAPR clipping of 3.5dB. For 64QAM modulation, R=2/3 with VA channel at 100km/h, the clipping loss is less 0.1dB when the clipping at 7dB PAPR level, and the clipping loss is 0.6dB when the clipping at 5dB PAPR level. 
8 Conclusions

For the 10-3 clipping rate the PAPR performance of the I-FDMA and L-FDMA are compared with OFDMA uplink with 512-FFT. The results are shown in Table 4. 

	
	QPSK
	16QAM
	64QAM

	I-FDMA [4] [5]
	4.2dB
	5.5dB
	5.8dB

	L-FDMA [4] [5]
	5.8dB
	6.5dB
	6.7dB

	OFDMA  (with PAPR reduction clipping threshold @5.1dB)
	5.71dB
	5.71dB
	5.71dB

	PFDMA (with PAPR reduction clipping threshold @6.1dB)
	6.6dB
	6.6dB
	6.6dB


Table 4 PAPR comparison with I-FDMA/L-FDMA and OFDMA (with TR PAPR reduction)

The results indicate that for the OFDMA based uplink, the PAPR performance can be achieved at the same level as I-FDMA and L-FDMA with modest baseband processing complexity by employing TR method. Several other PAPR reduction techniques allow achieving this objective. 

At the end of this contribution a Text proposal is provided so that one method at least for PAPR reduction is documented to support the evaluation of the multiple access proposal for the UL OFDMA. 

9 Text Proposal

------------------Start text -------------------------------------

9.2x 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 can be employed to mitigate the higher PAPR for the OFDMA UL. On such method is the tone-reservation method. 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 [1], 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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where:  x is the time-domain signal of X,
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is the NxN inverse DFT matrix,

and ||v||∞ is the ∞ norm of v.

In ‎[1], a simple gradient algorithm with fast convergence is proposed. The overall TR iterative algorithm is simply:
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                                                                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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1K is a vector of length K with all one elements.

The Steps of TR Method is described below:

· Initialization:

4. Select the target PAPR value and corresponding threshold A. 

5. Choose the set of reserved tones R for PAPR reduction. The positions of the reserved tones are randomly selected to achieve smoother and faster convergence.

6. Calculate the kernel vector p based on 2-norm criteria, which is the IFFT of 1K.

· Run Time: The algorithm is applied for each input OFDM symbol. 
For each symbol:

1. Initially, set x0 = x

2. Find the all sample locations ni for which 
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3. If all samples are below the target threshold A, transmit xi. Otherwise, update xi according to Equation 2.
4. Repeat 2 until i reaches maximum iteration limit. Transmit final xi.
The tone reservation method can be applied to the unused sub-carriers for each UE, the locations of such unused sub-carriers can be flexible and injected noise tone level can be minimized.
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