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1. Introduction

In RAN1 #54bis meeting, it was discussed that whether introducing new uplink multiple access scheme (i.e., OFDMA) is needed or not since multiple transmit antennas will be employed in LTE-Advanced to increase uplink peak/average data rate. In [1]-[6], the performance comparison between SC-FDMA and OFDMA was conducted in order to investigate the gain from introducing OFDMA for the uplink transmission. In [4], it was shown that following advantages can be obtained by employing OFDMA in uplink.
· Achieve higher throughput
· OFDMA is more robust against multi-path interference than SC-FDMA.

· OFDMA provides a higher user throughput than SC-FDMA for a higher received SNR when MIMO transmission is employed.
· Flexibility in resource assignment

· Non-contiguous RB allocation can fully exploit frequency diversity gain, thereby achieving higher system throughput.
In this contribution, we evaluate the link-level performance of OFDMA and SC-FDMA according to resource block size and transmit antenna configuration in order to verify the gain from introducing OFDMA for uplink.
______________________________________________________________________
2. Simulation Result
In this section, we evaluate the performance of two multiple access schemes (i.e., OFDMA and SC-FDMA) according to the various number of resource block size in order to investigate the robustness against highly frequency selective channel. As a MIMO transmission scheme, simple spatial multiplexing with multiple codeword is considered. In addition, independent spatial correlation with two transmit antenna configuration is also assumed. Remaining simulation assumptions are shown in the table 1.

Table 1. Simulation Assumption

	Parameter
	Assumption

	Multiple Access Scheme for UL
	OFDMA, SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5 MHz

	Subframe length (TTI)
	1.0 ms

	Resource Allocation
	Localized Mode (2, 4, 8 and 10 RBs)

	Channel Models
	6-ray TU

	Mobile Speed (km/h)
	3

	Channel Estimation
	DFT-based channel estimation

Perfect channel estimation

	Modulation and Coding Rate
	QPSK 1/2, 16QAM 1/2, 64QAM 1/2

	Channel Coding and Decoding
	Turbo coding : max-log-MAP

	Antenna configuration (# of Tx, # of Rx)
	1 transmitter and 2 receiver (1Tx, 2Rx: SIMO)

2 transmitter and 2 receiver (2Tx, 2Rx: MIMO)

	Antenna Correlation (Tx %, Rx %)
	(0%, 0%)

	Transmit scheme
	Spatial Multiplexing (MCW)

	Receiver
	Non-MIMO: MRC(for OFDMA), MMSE(for SF-FDMA)
MIMO: MMSE, MMSE-SIC

	Frequency Hopping
	N/A


2.1. Performance comparisons in non-MIMO transmission case (SIMO)
Figures 1, 2 and 3 show the BLER performance comparison between SC-FDMA and OFDMA according to the allocated RB sizes with real cannel estimation. From the results, the followings are observed:
· OFDMA always outperforms SC-FDMA irrespective of the MCS level and the performance difference gets more significant as the MCS level goes higher and/or received SINR becomes higher. 

· The performance degradation of SC-FDMA seems to be significant as the allocated RB sizes gets larger due to channel fluctuation in frequency domain which may increase self interference level in DFT dispreading operation. 
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Figure 1.  BLER performances of OFDMA and SC-FDMA with 2 RBs (SIMO)
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Figure 2. BLER performances of OFDMA and SC-FDMA with 4 RBs (SIMO)
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Figure 3. BLER performances of OFDMA and SC-FDMA with 10 RBs (SIMO)
2.2. Performance comparisons in MIMO transmission case (MIMO)
Figures 4, 5, 6 and 7 show the BLER performance comparison between SC-FDMA and OFDMA according to the MIMO receivers (i.e., MMSE, MMSE-SIC) and the allocated RB sizes. For MMSE-SIC, the layer cancellation is employed after checking CRC of a codeword, thus perfect cancellation can be assumed as far as a codeword decoded without an error. In addition, perfect channel estimation is considered for MIMO case. From the results, following can be observed:
· The tendency of the performance results seems to be similar to that of SIMO shown above. However, the performance difference is more significant as compared with SIMO case.

· The huge gain from OFDMA is shown in high SINR region. Note that spatial multiplexing is normally employed for high geometry UE.
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Fig 4. BLER performances of OFDMA and SC-FDMA with 4RBs 

(2x2 SM – MCW with MMSE receiver)
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Fig 5. BLER performances of OFDMA and SC-FDMA with 4RBs 

(2x2 SM – MCW with MMSE SIC receiver)
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Fig 6. BLER performances of OFDMA and SC-FDMA with 8RBs 
(2x2 SM – MCW with MMSE receiver)
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Fig 7. BLER performances of OFDMA and SC-FDMA with 8RBs
(2x2 SM – MCW with MMSE SIC receiver)

______________________________________________________________________
3. Conclusion
In this contribution, we evaluated the performance of uplink multiple access schemes. From the simulation results, we can see that introducing OFDMA scheme is beneficial to enhance uplink performance irrespective of the number of transmit antennas in UE side. 

Therefore, we recommend employing OFDMA as an alternative uplink multiple access scheme to optimize the uplink performance of LTE-Advanced.
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