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1. Introduction

In the last RAN1 meeting, uplink multiple access proposals for LTE are discussed. Among those proposals, we consider OFDMA and DFT-s-OFDMA as powerful candidates. In this paper, we evaluate the performances of OFDMA and DFT-s-OFDMA in several aspects and make a suggestion for the uplink multiple access scheme for LTE based on the results. 

2. BLER performances of OFDMA and DFT-s-OFDMA

Figure 1 (a) and (b) show a basic transmitter structure for OFDMA and  DFT-s-OFDMA. In DFT-s-OFDMA , coded data symbols are spread by DFT matrix before IFFT operation so that the data symbols of a UE are spread and multiplexed in a DFT-code domain as in MC-CDMA. Therefore, equalization at the receiver side is necessary for DFT-s-OFDMA to restore the orthogonality between DFT-codes in a frequency selective channel [1][2][3][4].

From Figure 2 (a) to (d), the BLER performances of OFDMA and DFT-s-OFDMA are compared. The simulation assumptions are as shown in Table 1. In a frequency selective channel and with a single receive antenna configuration, OFDMA outperforms DFT-s-OFDMA because the diversity gain obtained by Turbo-decoding in OFDMA is larger than the diversity gain obtained by despreading in DFT-s-OFDMA [4]. However, with a two receive antenna configuration, there’s no big difference between the BLER performances of OFDMA and DFT-s-OFDMA. Since a two receive antenna configuration is a basic assumption in the uplink for LTE, we can conclude that the BLER performances of OFDMA and DFT-s-OFDMA are similar.
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(a) OFDMA
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(b) DFT-s-OFDMA

Figure 1. Transmitter structures of OFDMA and DFT-s-OFDMA

Table 1. Simulation assumptions for BLER evaluation

	TTI length (ms)
	0.667 ms

	OFDM symbol duration (ms)
	0.167 ms

	FFT size
	1024

	Prefix size
	64

	Number of useful subcarriers
	704

	Channel coding
	Turbo code (r=1/2 or r=1/3)

	Modulation
	QPSK, 16QAM

	Traffic loading
	25 %

	Traffic mapping
	Equally distributed over whole frequency band

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

	Number of receive antenna
	1 or 2

	Receiver algorithm
	MRC for OFDMA, MMSE for DFT-s-OFDMA
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(a) PedB, 3 km/hr, r=1/2
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(b) PedB, 3 km/hr, r=1/3

Figure 2. BLER performances of OFDMA and DFT-s-OFDMA
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(c) VehA, 120 km/hr, r=1/2
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(d) VehA, 120 km/hr, r=1/3

Figure 2. BLER performances of OFDMA and DFT-s-OFDMA (continued)

3. PAPR performances of OFDMA and DFT-s-OFDMA

The merit of DFT-s-OFDMA is a low PAPR (or CM) characteristic compared to a general OFDMA. However, there are several aspects to consider in designing a practical DFT-s-OFDMA system, which may affect the PAPR gain of DFT-s-OFDMA. 
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(a) DFT-s-OFDMA_D                                            (b) DFT-s-OFDMA_L
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(c) DFT-s-OFDMA_S

Figure 3, Frequency resource allocation methods in DFT-s-OFDMA

Firstly, the frequency resource allocation method affects the PAPR performance of DFT-s-OFDMA. In this paper, we consider 3 possible methods of frequency resource allocation to the data traffic.

· To obtain a very low PAPR value, we can distribute the DFT-spread symbols by a equal distance over whole bandwidth as in Figure 3 (a), which offers the PAPR characteristic of a single-carrier modulation. For convenience, we indicate this mapping by ‘DFT-s-OFDMA_D’
· It may be necessary to allocate a localized band resource to a UE to exploit the user diversity via uplink scheduling in a frequency domain, which is illustrated in Figure 3 (b) [5]. In this case, the PAPR gain of DFT-s-OFDMA will decrease. For convenience, we indicate this mapping by ‘DFT-s-OFDMA_L’
· In case of distributed allocation indicated by ‘DFT-s-OFDMA_D’ above, the uplink transmission will be vulnerable to ICI (inter-carrier interference) when multiple UEs transmit at the same time. As illustrated in Figure 4 (a), in a distributed resource allocation, each subcarrier of a UE may suffer from strong interferences from the neighbour subcarriers, while allocating consecutive subcarriers to a UE as shown in Figure 4 (b) can decrease the overall interferences from the neighbour subcarriers. To guarantee a robustness to ICI as well as a frequency diversity, a distributed resource allocation by sub-groups can be considered, where a sub-group consists of contiguous subcarriers as shown in Figure 3 (c). In this case, the PAPR gain of DFT-s-OFDMA will decrease. For convenience, we indicate this mapping by ‘DFT-s-OFDMA_S’
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(a) Distributed resource allocation                     (b) Consecutive resource allocation

Figure 4. Illustration of ICI caused by the other UE traffics

Secondly, we consider the effect of pilot tones to the PAPR performance of DFT-s-OFDMA. Pilot tones as well as DFT-spread data should be mapped in the frequency domain for the data demodulation. Since it is difficult to estimate the impulse response of each subcarrier by a DFT-spread pilot, the pilot tones may have to be inserted directly between DFT-spread data as illustrated in Figure 5. In this case, the PAPR gain of DFT-s-OFDMA will decrease. Another possible way is to time-multiplex the pilot symbols and DFT-s-OFDMA symbols of a UE to avoid the PAPR degradation due to the pilot tone insertion. In this case, uplink resource allocation between multiple UEs should be designed carefully to prevent the pilot symbols deteriorate the uplink resource utilization.
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Figure 5. Example of the pilot tone insertion in DFT-s-OFDMA

In Figure 6 (a) and (b), PAPR (CM) results for OFDMA and DFT-s-OFDMA with various conditions are compared. Simulation assumptions are as shown in Table 2. As shown in the figures, DFT-s-OFDMA shows PAPR (CM) gain of 1~5 dB over OFDMA when pilot tones are not considered. We also observed the results with pilot tones inserted between DFT-spread data in the frequency domain. The pilot pattern was found by an exhaustive search to reduce the PAPR (CM) value. When pilot tones are inserted, the PAPR (CM) gain of DFT-s-OFDMA over OFDMA decreases and ranges from 1~2 dB.

Table 2. Simulation assumptions for PAPR (CM) evaluation

	FFT size
	2048

	Modulation
	QPSK, 16QAM

	Traffic loading
	12.5 %

	Size of sub-group 

(DFT-s-OFDMA_S)
	8 subcarriers

	Pulse shaping filter
	Root raised cosine filter (8 over sampling)

	Pilot configuration (if used)
	Equally spaced 128 tones,

QPSK modulation,

3 dB Tx power offset over data tones
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(a) PAPR performances
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(b) CM performances

Figure 6. PAPR and CM performances of OFDMA and DFT-s-OFDMA

4. Conclusion
In this paper, we compared OFDMA and DFT-s-OFDMA in various aspects. The BLER performances of OFDMA and DFT-s-OFDMA are similar when 2 receive antenna diversity is considered. PAPR (CM) gain of DFT-s-OFDMA over OFDMA may vary according to the various configurations in a practical design. However, considerable PAPR (CM) gain can be achieved by selecting an appropriate configuration design or by switching configurations if necessary. Since PAPR (CM) is a very important factor for the uplink multiple access scheme, we propose to study DFT-s-OFDMA as a possible uplink multiple access scheme for the evolved UTRA.
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