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1. Introduction

The choice of uplink multiple access scheme for E-UTRA has been intensively discussed at the latest RAN1 meetings. This document provides system simulation results, comparing two uplink multiple access candidates: single-carrier (SC-FDMA) and OFDMA. Note that a single-carrier uplink can be designed either orthogonal or non-orthogonal; the current paper discusses single-carrier transmission vs OFDMA and does not address orthogonal vs non-orthogonal transmission.

2. Simulation Results

To evaluate the system performance of SC-FDMA and OFDMA, system simulations have been carried out. To the extent possible the simulation assumptions have been aligned with the agreed assumptions [1]. For simplicity, a system with seven 3-sector sites is studies (19 in [1]).

The maximum UE power output is set to 21 dBm for SC-FDMA. For OFDMA, an additional power back-off is required to account for the inherently larger variations in the instantaneous transmit power of OFDMA. The size of the power back-off depends on the PAR/CM reduction scheme applied to OFDMA. The back-off must be selected to fulfill any RAN4 requirements, e.g., on ACLR. A back-off in the range of 2 to 4 dB is realistic [2]

 REF _Ref118281797 \r \h 
[3]

 REF _Ref118281798 \r \h 
[4] and assumed herein. The lower back-off value assumes a PAR reduction scheme with reasonable complexity. Significantly reducing the back-off even further requires a significant increase in UE complexity and may also result in self-interference, reducing the performance of the OFDM scheme [4].

For SC-FDMA, additional PAR-reducing techniques can be applied ([1], Section 9.1.1.6), but has not been included herein. A low-complexity frequency-domain MMSE receiver has been assumed [5]; other equalization schemes are likely to provide better performance, e.g., turbo equalization [2].

The simulation assumptions are summarized in Table 1. In both cases, the link-to-system interface was modeled using a mutual-information based metric as described in [6].

	
	OFDMA
	SC-FDMA

	Scenario
	According ‘simulation case 1’ in [1], ISD varied between 500 and 1000m.

	Power control
	Slow power control.

	Maximum UE output power
	17 dBm or 19 dBm, depending on back-off
	21 dBm, no back-off

	Receiver type
	MRC-combining OFDM receiver
	MMSE equalizer

	Channel estimation
	Ideal

	Traffic model
	Full buffers


Table 1: Simulation assumptions.

The system throughput as a function of the Inter-Site Distance (ISD) is plotted in Figure 1 and the relative SC-FDMA-vs-OFDMA gain is found in Figure 2. Different values on the system load and back-off are investigated. For example, at an ISD of 1000m and assuming a backoff of 2dB, a 10% gain is achieved for SC-FDMA. As seen in Figure 2, the relative gain with SC-FDMA is larger the larger the cell size where the UE is operating closer to its maximum output power, illustrating the gains in coverage with single-carrier transmission. A similar effect can be seen as function of the load. This is because with low system load the system is to a greater extent limited by noise, and a higher output power is yields a larger signal-to-noise ratio.
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Figure 1: System throughput as a function of the cell radius for different backoff values.

[image: image2.wmf]500

600

700

800

900

1000

1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

1.4

Inter-Site Distance [m]

Relative gain FDMA/OFDM

OFDM, 2 dB pbo

OFDM, 4 dB pbo

20% 

100% 

20% 

100% 


Figure 2: Relative gain in system throughput of SC-FDMA relative to OFDMA.
3. Conclusions

From the results above, it is seen that SC-FDMA outperforms OFDMA, especially for large cell sizes. Furthermore, SC-FDMA allows for further PAR reduction, e.g., through careful selection of the modulation method. Based on these results, as well as results from others, it is recommended that RAN1 selects SC-FDMA as the uplink multiple access scheme for the E-UTRA study item.
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