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1 Introduction
Peak average power ratio (PAPR) is one of the major problems for an OFDMA system especially for uplink, since the requirement to mobile terminals (MTs) is quite limited. At the same time, different bandwidth, different allocation of sub-carriers and many kinds of modulations may be adopted in uplink. Hence in different cases PAPR has different distribution. Analysis to issues of PAPR is given out in this proposal. In order to guarantee the performance of OFDMA uplink, PAPR problem has to be solved effectively. Circulated clipping and filtering is offered to reduce PAPR. This method can exhibit good effect, meanwhile brings low complexity and satisfies various requirements for an OFDMA system.

2 PAPR analysis

2.1 PAPR issues of OFDMA
An OFDM signal consists of a number of independently modulated sub-carriers, which can give a large PAPR when added up coherently. When N signals are added with the same phase, they produce a peak power that is N times the average power. A large PAPR brings disadvantages like an increased complexity of the analog-to-digital and digital-to-analog converters and a reduced efficiency of the RF power amplifier. The evolution of OFDM to OFDMA completely preserves the advantages of OFDM. The drawbacks associated with OFDM, however, are also inherited by OFDMA. Hence, OFDMA may also suffer from high PAPR.
Different requirements are provided to uplink for an OFDMA system. Because of the limited size and processing ability of MTs, PAPR problem is more serious for uplink. Meanwhile, in the uplink different number of sub-carriers may be used; for the same number of used sub-carriers, different allocation of used sub-carriers may be employed; and according to kinds of services different modulation modes may be adopted. Consequently, PAPR varies for different occasions.

2.2 Impact of various elements to PAPR

The probability of PAPR is related to many aspects, including modulation styles, the number of used sub-carriers, the allocation of used sub-carriers, etc.

The complementary cumulative distribution function (CCDF) of PAPR of OFDM system with different modulation styles is given in Figure 1. Cases for QPSK, 16QAM and 64QAM are given when 300 sub-carriers are used and 512 FFT points are carried out. It is shown that PAPR is affected little by modulation.
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Figure 1 CCDF of PAPR for different modulation styles
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Figure 2 CCDF of PAPR for concentrated and scattered used sub-carriers

The CCDF of PAPR for an OFDMA system with different allocation of used sub-carriers is given in Figure 2. 16QAM is adopted and both schemes adopt 12 sub-carriers in 300 available sub-carriers for 512 FFT size. For the concentrated scheme, used sub-carriers are continuously allocated. For the scattered scheme, used sub-carriers are allocated every 24 sub-carriers. The PAPR is affected little by allocation of used sub-carriers.
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Figure 3 CCDF of PAPR with different number of used sub-carriers 
(with 300 available sub-carriers)
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Figure 4 CCDF of PAPR with different number of used sub-carriers 
(with different number of available sub-carriers)
Figure 3 gives out CCDF of PAPR with different number of used sub-carriers when there are the same available sub-carriers. In the simulation, 16QAM is adopted and there are 300 available sub-carriers. “Used” stands for the number of used sub-carriers. The PAPR is affected much by the number of used sub-carriers. As for a system with 12 sub-carriers in a sub-channel, the more sub-channels are adopted, the larger PAPR is. 

Figure 4 shows CCDF of PAPR with the change of the number of available sub-carriers. In the simulation, 16QAM is adopted. “FFT” stands for applied FFT size. The number of used sub-carriers causes great effects to PAPR. The difference of PAPR can achieve 2dB for cases with 1200 and 96 used sub-carriers.
As a conclusion, modulation style affects little to PAPR. And compared to the impact of the number of used sub-carriers, the influence of allocation of used sub-carriers is relatively small. So effect of the number of used sub-carriers is the most important. The more sub-carriers are used, the larger PAPR is. As for services with all kinds of data rates, the one with the maximum used sub-carriers exhibit the largest PAPR. The PAPR can achieve up to more than 11dB.

3 Circulated Clipping and Filtering
To satisfy all kinds of situations for uplink of an OFDMA system, PAPR should be reduced to an acceptable degree from over 11dB. To solve the problem of PAPR, many solutions are brought out, in which clipping is the simplest method. After clipping, in-band power lost and out-of-band power leakage is introduced. In-band power lost gives harm to system performance and out-of-band power leakage can interfere with other systems.

To conquer out-of-band power leakage, low-pass-filter has to be added after clipping. But this inversely causes regrowth of PAPR. In order to solve this problem, circulated clipping and filtering is proposed. As for in-band power loss, simulation results show that, after adoption of circulated clipping and filtering the degradation to system performance is little.

3.1 Theory of circulated clipping and filtering

Let 
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 stands for transmitted signals without clipping, 
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 stands for signals after clipping, and 
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 is the threshold for clipping. It is related to clipping ratio. Clipping is carried out as the following equation.
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To avoid interference to other systems, filtering has to be added after clipping. The filter can be any kinds of windowing function. Since filtering causes regrowth to PAPR, clipping and filtering are repeated for times to depress the PAPR, meanwhile reduce out-of-band to an acceptable degree. The principle of circulated clipping and filtering is given in Figure 5. M times clipping and filtering are carried out.
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Figure 5 Circulated clipping and filtering

3.2 Parameter Setting

Based on the theory of circulated clipping and filtering, several parameters have to be set first, including Target PAPR for clipping and iteration times. The two parameters interact to each other. In order to depress PAPR to a certain value, high Target PAPR and large number of iteration times, or low Target PAPR and small number of iteration times may either be adopted in this technique, since there exists regrowth of PAPR after filtering.

The effect of different Target PAPR and iteration times of clipping and filtering is investigated. The acceptable PAPR value is set to be 6dB, the cases for Target PAPR=4.2dB and Target PAPR=5.4dB are studied. The CCDF of PAPR is shown in Figure 6 and Figure 7, respectively. For Target PAPR=4.2dB case, only 2 times iteration for clipping and filtering is required to achieve PAPR<6dB. But for Target PAPR=5.4dB case, 4 times iteration for clipping and filtering are required.
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Figure 6 CCDF of PAPR with Target PAPR=4.2dB
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Figure 7 CCDF of PAPR with Target PAPR=5.5dB

3.3 Impact to in-band and out-of-band power

The technique performs well in both in-band power degradation and out-of-band power leakage.
5MHz transmission bandwidth with target PAPR value of 6dB is assumed. Figure 8 shows the power spectrum density (PSD) of clipped OFDM signals with different windowing function of an FIR filter design. To minimize the out-of band interference, the window should be as narrow as possible, and the power of side lobes should be as low as possible. Examples of typical window functions are the Kaiser, Hamming, and boxcar window functions respectively.
At 2.5MHz point the PSD with any of the windowing functions can satisfy the UMTS mask quite well when circulated clipping and filtering is adopted. It can be seen that when hamming window function is adopted, the lowest out-of-band power leakage can be achieved.
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Figure 8 Power spectrum density with Target PAPR=5.4dB

In-band power degradation brings impact to system performance. Simulation has been carried out. The relevant parameters are listed in Table 1. Performances with and without circulated clipping and filtering are compared in Figure 9. Hamming window function is adopted in the simulation. Two schemes of circulated clipping and filtering are simulated, which stands for typical cases of high Target PAPR with large iteration times and low Target PAPR with small iteration times. The two schemes can both achieve PAPR<6dB. The degradation as the introduction of circulated clipping and filtering is only about 0.2dB when Target PAPR=5.4dB and iteration times=4, and the degradation is only about 0.5dB when Target PAPR=4.2dB and iteration times=2.

Table 1 Simulation parameters

	Sampling rate
	7.68MHz

	Channel Bandwidth
	5MHz

	Sub-carrier spacing
	15kHz

	FFT size
	512

	Number of sub-carriers
	301

	Modulation
	16QAM

	Simulation wireless channel
	Typical Urban (TU), 30km/h

	Channel Coding
	Turbo Coding, coding rate=2/3
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Figure 9 Performance comparison with and without circulated clipping and filtering

4 Conclusion

Several major aspects of influence to PAPR for an OFDMA system are analyzed. The number of used sub-carriers takes great effect to PAPR. In order to conquer the impact of PAPR in various situations, circulated clipping and filtering technique is introduced. The technique can reduce PAPR to an acceptable degree, and meanwhile performs well in both in-band and out-of-band power. Circulated clipping and filtering technique brings small complexity. For uplink of OFDMA system, PAPR problem can be solved effectively.
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