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1 Introduction

Enhancement of the uplink scheme is one of the key issues being discussed for LTE-A. Link-level performance comparison between OFDMA and SC-FDMA  has been discussed in [13], where cubic-metric (CM) and decoding performance were mainly focused on. The contribution [3] discusses MIMO receiver complexity for each waveform and concludes that OFDMA is favorable to MIMO from complexity point of view. In this paper, we present the system-level performance of SC-FDMA and OFDMA with MIMO. Following multi-antenna schemes are evaluated for OFDMA and SC-FDMA in terms of average cell throughput and cell-edge user throughput:

· 1x2 baseline

· 2x2 closed-loop antenna selection performance

· 2x2 rank adaptive spatial multiplexing performance

The results show that OFDMA outperforms SC-FDMA for the above multiple antenna transmit cases.
2 Discussion
Simulation assumptions are listed in Table 1. 
Table 1: System level simulation assumptions.

	Number of eNBs
	19

	Number of Cells per eNB
	3

	Number of UEs per sector
	10

	Antenna Configuration
	1x2 and 2x2

	Antenna Spacing (eNode-B/UE)
	10λ/0.5 λ

	Transmission Power
	23 dBm

	Lognormal Shadowing
	8 dB

	Noise Figure
	5 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Channel Dependent PF

	Power Control
	Fractional open loop and closed loop

	MIMO Receiver Type
	MMSE

	Data Traffic
	Full Traffic

	Data Channel Estimation
	Real

	Maximum Retransmission Number
	5

	HARQ Combining
	IR

	Number of RBs for User Scheduling
	3 for 10MHz


We also assume a full buffer traffic model and 57 fully loaded cells. 10 UEs are randomly dropped per cell and the mobile speed of all the UEs is assumed to be 3km/h throughout the simulation time frame. For SC-FDMA, SINR is computed using the equation given in [4] while the EESM model was used to compute OFDMA SINR, which accounts for intra-stream, intra-cell and inter-cell interference. A UE can be assigned a group of contiguous PRBs for both OFDMA and SC-FDMA, following the PRB assignment done in LTE.  
The multi-antenna schemes considered in the simulations are as follows:
· 1x2 antenna configuration (baseline)
One transmit antenna at the UE and two receive antennas at the eNB are assumed to evaluate the UL performance of LTE as a baseline.

· 2x2 antenna configuration: closed-loop antenna selection

Transmit antenna selection diversity is supported in LTE. The eNB indicates one of the transmit antennas at the UE which provides better channel condition and the UE transmits PUSCH using the antenna indicated by the eNB. It can be further enhanced by introducing precoders but the precoder design is not the scope of this contribution.
· 2x2 antenna configuration: spatial multiplexing with rank adaptation

This SU-MIMO scheme is considered in the simulations for LTE-A. On top of closed-loop antenna selection, a UE can transmit 2 layers on the same resource when the eNB grants SM transmissions. Precoding matrices are not applied in the simulations as we did not decide on any precoder design yet.
3 Performance evaluation
In this section, we evaluate the average cell throughput and cell-edge user (5% percentile) throughput of OFDMA and SC-FDMA for various multi-antenna schemes. Tables 2 and 3 summarize the results of both waveforms for Case 1(ISD=500m). Figure 1 shows the fairness curve and Figure 2 shows CDF of IoT.
Table 2: Average cell throughput for SC-FDMA
	Multi-antenna scheme
	Average cell throughput (Mbps)

/ Spectrum efficiency
	Average user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
(IoT=5.67dB)
	6.78/0.678
	0.678/0.0678
	0.177/0.0177

	2x2 Transmit antenna selection
(IoT=5.87dB)
	7.27/0.727
	0.727/0.0727
	0.180/0.0180

	2x2 SM with rank adaptation
(IoT=5.97dB)
	7.912/0.7812
	0.7912/0.07812
	0.152/0.152


Table 3: Average cell throughput for OFDMA
	Metric
	Average cell throughput (Mbps)

/ Spectrum efficiency
	Average user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
(IoT= 5.72dB)
	6.931/0.6931
	0.6931/0.06931
	0.181/0.0181

	2x2 Transmit antenna selection

(IoT= 5.75dB)
	7.365/0.7365
	0.07365/0.007365
	0.1805/0.01805

	2x2 SM with rank adaptation
 (IoT= 5.12dB)
	8.299/0.8399
	0.8299/0.08299
	0.187/0.0187


We observe that OFDMA outperforms SC-FDMA in terms of both average cell throughput and cell-edge user throughput for all the cases considered. It is also noted that OFDMA achieves much larger increase in average cell throughput by introducing the 2x2 MIMO than SC-FDMA compared with the 1x2 baseline case, respectively, even though the IoT level in OFDMA MIMO is lower than that in SC-FDMA MIMO.
4 Conclusion

In this contribution, we evaluated the system-level performance of uplink multiple access schemes using multiple transmit antennas. The simulation results show OFDMA outperforms SC-FDMA for the considered antenna selection and 2x2 SM cases. Moreover, OFDMA achieves much larger throughput increase than SC-FDMA, comparing the 1x2 baseline and 2x2 SM cases, respectively. From these observations, we propose to adopt OFDM waveform in LTE-A at least for the cases of SM.
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Appendix
Table 4 shows the simulation case
Table 4: EUTRA simulation case minimum set.

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Channel

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Model

	1
	2.0
	500
	10
	20
	3
	SCM
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(a) SC-FDMA                                                                     (b) OFDMA
Figure 1: Fairness curves between baseline, 2x2 MIMO, for OFDMA and SC-FDMA
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(a) SC-FDMA                                                                     (b) OFDMA
Figure 2. Uplink Interference over Thermal (IoT) CDF OFDMA and SC-FD












































































