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Introduction

In this contribution, we present link level simulation results to compare single-carrier based schemes with OFDMA for Long Term Evolution in uplink. There are two configurations that will be compared, namely sub-band OFDMA vs. Localized FDMA, and distributed OFDMA vs. interleaved FDMA. The aim of this contribution is to show preliminary results to get a first insight into performance behavior for both schemes in some simple cases. We thus give BLER vs. SNR curves for different MCS.

Background 

OFDMA has been widely studied and used in practical systems, and it appears as the preferred multiple access scheme for E-UTRA downlink for a majority of the companies in RAN1. In uplink however, the situation is less clear since OFDMA suffers from high peak to average ratio, so that the choice between single carrier FDMA with cyclic prefix and OFDMA is not so obvious. We provide in this contribution some preliminary results concerning link level simulations to compare the performance of both schemes. 

We depict below the frequency occupation for both localized and distributed cases used in our simulations:


[image: image1]
Figure 1 : spectral allocation for iFDMA vs. distributed OFDM
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Figure 2 : Common spectral allocation for localized FDMA and. sub-band OFDM

Simulation assumptions

The BLER curves have been obtained using the following assumptions:

· Bandwidth: 5 MHz, 512 FFT at sampling rate 1.75x3.84 MHz

· CP length: 48 samples

· TTI: 0.667 ms

· Number of useful tones in one OFDM symbol = 320

· 80 tones per user, diversity for OFDMA and distribute for FDMA

· MCS: QPSK rate 1/4, 1/2, 3/4 & 16 QAM rates 1/2, 3/4.
· 1 transmit, 2 receive antennas

· ITU PB channel, 3 km/h 

· One turbo block per TTI

· Ideal channel estimation

· No HARQ
Numerical results

iFDMA vs Distributed OFDMA

[image: image3]
Figure 3 : BLER of Distributed OFDMA vs. iFDMA
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Figure 4 : Uncoded BER of Distributed OFDMA vs. iFDMA

Localized FDMA vs. sub-band OFDMA


[image: image5]
Figure 5 : BLER of sub-band OFDMA vs. Localized FDMA


[image: image6]
Figure 6: Uncoded BER of sub-band OFDMA vs. Localized FDMA

Analysis of the results and discussion

We first notice that we have different behaviors for the coded and the un-coded system. For the un-coded system, FDMA benefits from more frequency diversity since a single symbol is seen by many sub-carriers whereas for OFDM, it is seen by only one sub-carrier. 

However, the situation is different for the coded system since we notice that with OFDM the Block Error Rate is lower, especially for 16QAM. 

More precisely, if we consider a BLER of 10%, we notice that:

· For QPSK, the difference between FDMA and OFDM is very slight for both the localized and the distributed case (less than 0.5 dB for both cases)

· Concerning the distributed case with 16QAM, the difference is however more significant: 1.2dB and 0.8dB for coding rate ½ and ¾ respectively in favor of OFDMA.

· For the localized case with 16QAM, we have a difference of 1dB and 0.67dB for coding rate ½ and ¾ respectively still in favor of OFDMA.

These results suggest that for users with good radio conditions (which will thus use a higher order modulation), OFDMA will lead to a better throughput thanks to its lower BLER. This is an interesting result since for these users with good geometry, the PAPR issue will be less important than for border-cell users, so that using OFDM may not be problematic. 

However, for users with bad geometry (e.g. border-cell users), the performance of iFDMA and OFDM are comparable, so that the choice between both will not be based on performance considerations. 
Conclusion

We have shown in this contribution that for higher order modulation schemes (16QAM), OFDM permits to reach a lower BLER than single carrier schemes with cyclic prefix, whereas for lower ones (QPSK) the performance are comparable. 

Next steps in terms of evaluation are to analyze the relative merits of 16QAM OFDM and iFDMA from a system level point of view and also investigate the impact of real channel estimation since the repartition of pilot bits cannot be the same for iFDMA and OFDM.
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