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1
Introduction

In LTE Advanced it has been proposed to introduce OFDMA as a new multiple access scheme in addition to DFT-S-OFDMA to provide optimized support UL SU-MIMO. This contribution compares the feasibility of DFT-S-OFDM and OFDMA from different system aspects point of view. 
2
Comparison between OFDMA and DFT-S-OFDMA 
In the Release-8 LTE the uplink multiple access is based on the SC-FDMA. During the early standardization of LTE-Advanced some requests to introduce an additional multiple access scheme to support SU-MIMO were raised. Below we summarize and discuss the main arguments for introducing OFDMA into LTE-Advanced.

Performance

It has been claimed that OFDMA is superior to SC-FDMA since it allows for ML receivers. However, the as shown in Figure 1 (left), simple and practical Turbo SIC receivers provide better performance than ML receivers also with OFDMA  This is due to the fact the turbo SIC receivers can utilize the channel coding, while an ML receiver exploiting channel coding would not be feasible from implementation point of view . The simulations are done in SCM channel   with 2x2 spatial multiplexing using 16QAM modulation and coding rate of 2/3.  The performance of the ML receivers operating on symbol level is worse than what can be achieved with a simple SIC receiver. The performance of MMSE is not adequate even with OFDMA.  Hence, Turbo SIC is the preferred receiver for SU-MIMO uplink in the LTE-Advanced regardless of the multiple access scheme. 
The right side of the Figure 1 shows the performance of OFDMA and DFT-S-OFDMA with Turbo-SIC and MMSE receivers in SCM channel considering MCSs from QPSK to 16/64 QAM [1]. It can be seen that there are no differences in performance between the two UL multiple access schemes with 2-by-4 antenna configuration; with 2-by-2 antennas OFDMA performs marginally better with some coding rates of 16/64 QAM. With QPSK the performance of OFDMA and DFT-S-OFDMA is the same.
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Figure 1. (Left) Performance comparison between MMSE, ML, and Turbo SIC receivers for OFDMA. (Right) Performance of OFDMA and DFT-S-OFDMA with Turbo-SIC and MMSE receivers.
Receiver complexity 
The complexity of the Turbo SIC receiver depends on the number of iterations in the IC stage as well as on the number of turbo decoding iterations. When looking at the different contributors to the complexity in the receiver, the turbo decoding plays the major part. Generally, turbo decoding is many times more complex operation than equalization. By reducing the number of turbo decoding iterations for each turbo equalizer iteration, the overall increase in receiver complexity can be kept very low.

The example in Figure 2 shows that most of the gain can be obtained by using only one IC stage iteration with 2 turbo decoding iterations before and 5 iterations after IC stage. In this case the total complexity about is two times that of MMSE.
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Figure 2. Performance of DFT-S-OFDM with Turbo SIC and MMSE receivers. Even a simple Turbo SIC rx outperforms MMSE receiver by multiple dBs. 
Flexible resource allocation
Third main reason mentioned for the introduction of OFDMA for LTE-Advance uplink has been the added flexibility in resource allocation. In Release 8 LTE the uplink resource allocation are always contiguous in frequency domain in order to maintain beneficial low cubic metric properties. However, if more flexible resource allocation in order to better utilize FDPS gains is seen a necessary for LTE-Advanced, the CM requirements need to be relaxed. In such case clustered DFT-S-OFDM can be used provide more freedom, while keeping the modifications compared to Rel-8 at minimum level.
4
Summary

We have discussed various system aspects related to the selection of Multiple Access scheme for LTE Advanced. It has been shown that Turbo SIC type of receiver provides the best performance regardless of the UL MA scheme. Regarding the performance, there are no substantial differences between the two MA schemes. Furthermore, non-contiguous resource allocations, if seen as beneficial, can also be realized with clustered DFT-S-OFDM. 
Summarizing the discussion above, we do not see a need to introduce OFDMA for LTE Advanced neither from performance, complexity, nor resource allocation flexibility point of view. Introduction of OFDMA would lead to unnecessary increase in the UE and the eNodeB complexity and cost as well as added standardization effort and delays.
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