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1. Introduction

In the last RAN1 meeting, downlink multiple access proposals for LTE are discussed. Among those proposals, we consider OFDMA as a desirable solution. In addition, MC-CDMA also can be considered in some special cases. In this paper, we discuss several aspects of OFDMA and MC-CDMA as the downlink multiple access scheme for evolved UTRA.

2. OFDMA and MC-CDMA

2.1 Coded OFDMA  and Coded MC-CDMA

In a frequency selective channel, the main difference in the performance between coded OFDMA and coded MC-CDMA occurs from the different sources of the frequency diversity gain. As illustrated in Figure 1, in OFDMA, received signals are emphasized by different channel gains between different  subcarriers through a channel compensation and then MRC combined through a FEC decoder. On the other hand, in MC-CDMA, received signals are equalized and the diversity gain is obtained by combining the equalized signals in the despreading procedure before FEC decoding.
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Figure 1. Illustration of frequency diversity in OFDMA and MC-CDMA

It is generally known that the performance of coded OFDMA is better or similar to that of the coded MC-CDMA if the code rate is not so high, e.g. r<3/4, because the diversity gain obtained by decoding process in OFDMA is larger than the diversity gain obtained by despreading process in MC-CDMA when the coding gain is sufficient. In case of high code rate, e.g. r>3/4, coded MC-CDMA may outperform coded OFDMA, however, the performance gain of MC-CDMA over OFDMA is not so large, typically, less than 1 dB [1][2][3]. Therefore, we propose to consider OFDMA as downlink multiple access scheme for the FEC coded downlink channels unless significant performance gain of MC-CDMA over OFDMA is proved, since it’s simpler than MC-CDMA  

2.2 Uncoded OFDMA  and Uncoded MC-CDMA

There can be uncoded control channels in LTE downlink, such as, downlink ACK/NACK channels or the channel containing timing control bits. In this case, transmitting one data symbol through one subcarrier cannot obtain frequency diversity in a frequency selective channel. Therefore, it is desirable to spread the uncoded data symbol over the frequency domain to obtain frequency diversity. In this case, multiplexing different data symbols by orthogonal codes, that is, MC-CDMA is desirable for an efficient downlink band resource utilization. 

Figure 2 shows the performance gain of MC-CDMA over OFDMA (in case of transmitting one uncoded data symbol through one subcarrier) according to the various spreading factor, where the simulation assumptions are shown in Table 1. As shown in the figure, MC-CDMA outperforms OFDMA by about 5 to 10 dB at the BER point of 10-3 in a frequency selective channel. In addition, the performance gain of MC-CDMA saturates as the spreading factor increases. Therefore, an uncoded bit need not use all the subcarriers over whole bandwidth, and a spreading factor smaller than the number of total subcarriers can be used for an efficient downlink resource utilization.

Table 1. Simulation assumptions

	TTI length (ms)
	0.667 ms

	OFDM symbol duration (ms)
	0.167 ms

	FFT size
	1024

	Prefix size
	64

	Number of useful subcarriers
	704

	Modulation
	QPSK

	spreading factor (in case of MC-CDMA)
	4, 8, 16, 64, (WH chips are distributed by an equal distance over the whole frequency band)

	Number of code-multiplexed bits (in case of MC-CDMA)
	Equal to the spreading factor

	Channel environments
	PedB (3km/hr) or VehA (120 km/hr)

	Receiver algorithm
	MRC for OFDMA, MMSE for DFT-s-OFDMA


[image: image2.emf]0 5 10 15 20 25 30

10

-4

10

-3

10

-2

10

-1

10

0

Eb/No(dB)

BER

OFDMA

MC-CDMA,SF4

MC-CDMA,SF8

MC-CDMA,SF16

MC-CDMA,SF64


(a) PedB, 3 km/hr
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(b) VehA, 120 km/hr

Figure 2. Performance comparison of uncoded OFDMA and uncoded MC-CDMA

3. Conclusions
In a downlink multiple access, OFDMA is simple solution for the FEC coded channels. Therefore we propose to study OFDMA as a basic downlink multiple access scheme for evolved UTRA. For the uncoded downlink channels, MC-CDMA can outperform OFDMA in a frequency selective channel environment. Therefore we propose to study MC-CDMA for the uncoded channels as a special case.
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