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1
Introduction
Among the orthogonal waveforms proposed for E-UTRA uplink, two candidates have emerged – OFDMA and SC-FDMA. 
One key factor that differentiates the two schemes is the peak-to-average (PAR) of transmit waveform [1][2][3], which is critical for cellular uplink design due to limited power amplifier at UE. 
In this document, we study the PAR performance of OFDMA and SC-FDMA.
2
OFDMA and SC-FDMA Schemes
The difference between OFDMA and SC-FDMA is on the mapping of modulation symbols on to subcarriers in frequency domain. For OFDMA, each modulation symbol directly occupies one subcarrier. For SC-FDMA, a block of modulation symbols is first transformed to frequency domain via DFT; each of the “precoded symbols” at the output of the DFT is then mapped to one subcarrier in frequency domain.

For both OFDMA and SC-FDMA, there are multiple flavors depending on how multiple UEs are multiplexed in frequency domain:
· Localized multiplexing, where each UE occupies a fractional of but consecutive subcarriers of the whole bandwidth.
· Interleaved multiplexing, where the subcarriers occupied by different UEs are interlaced. 
In this document, we will consider four types of schemes:

· Localized OFDMA (L-OFDMA)

· Interleaved OFDMA (I-OFDMA)

· Localized SC-FDMA (L-FDMA)

· Interleaved SC-FDMA (I-FDMA)

Another aspect of the above multi-access schemes is on the exact scheme for pulse-shaping or spectrum shaping. 
In this document, we consider two schemes:
· Low-pass filtering using root raised cosine function with 0.22 roll-off factor, same as WCDMA. We will denote this scheme as PS
· Using guard carriers (in frequency domain), which is often used in OFDM. Since there is no explicit low-pass filtering involved, we will abuse notation somewhat and denote this scheme as “no PS”.
In this following, the PAR of all the eight combinations is studied.
3
Peak-to-Average Results
3.1 Simulation Setup
The simulation is carried out as follows: For each scheme, a long sequence of subchip-level waveform is first generated; the statistical distribution of the amplitude of the sequence is then obtained to characterize the PAR. The simulation parameters are summarized in Table 1.
Table 1 Simulation Parameters

	Parameters
	Values

	Waveform Resolution
	Chip X 4

For PS, root raised cosine of chip x 4 resolution is used. For “no PS”, sinc interpolation is used

	Waveform length (in chips)
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	FFT Size
	1024

	Number of Subchannels
	16


	UE Subchannel Allocation
	One subchannel per UE, randomly chosen, block by block 

	Power allocation among subcarrier 
	Evenly distributed

	Modulation
	QPSK and 16QAM


3.2 Simulation Results

The PAR results of all eight schemes are shown in Figure 1 for QPSK and in Figure 2 for 16QAM. From these results, the following can be observed:
· All OFDMA schemes have higher PAR than SC-FDMA schemes. The gap is 2~3 dB at 99% point and 2~4 dB at 99.9% point for QPSK, 1.5~2 dB at 99% point and 1.5~2.5dB at 99.9% point for 16QAM.
· The PARs of all four flavors of OFDMA are very similar. The PAR of I-OFDMA with and without PS and L-OFDMA without PS are almost identical. The PAR of L-OFDMA with PS is slightly higher.
· For L-FDMA and I-FDMA, their PAR performances are very similar if pulse shaping is not used. If pulse shaping is used instead, the PAR of I-FDMA is reduced significantly (up to 1dB at 99% point and 1.5dB at 99.9% point), while the PAR of L-FDMA is increased.
· Among all eight schemes, I-FDMA with PS exhibits the lowest PAR.
· Using 16QAM instead of QPSK increases the PARs of the four SC-FDMA schemes, but it doesn’t have much impact on the PAR of the four OFDMA schemes.
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Figure 1 Peak-to-average results with QPSK.
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Figure 2 Peak-to-average results with 16QAM.

4
Summary
The peak-to-average is studied for SC-FDMA and OFDMA with different subchannel allocations and different pulse shaping schemes. Overall, it is evident that SC-FDMA schemes have PAR advantage over their OFDMA counterparts. 
Another interesting observation is that, while the PAR of OFDMA is insensitive to either subchannel allocation or pulse shaping scheme, the PAR of SC-FDMA shows strong dependency on both factors. 
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� Each subchannel corresponds to a set of subcarriers. In this setup, each subchannel includes 1024/16=64 subcarriers. The subcarriers are consecutively located for localized schemes and evenly spread out across the whole bandwidth for interleaved schemes.





PAGE  
4

_1178017826.unknown

