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1. Introduction
In [13], a set of link simulation assumptions was agreed, which will enable a more careful comparison of the UL waveform scheme (OFDMA or N x SC – FDMA) for the case of single user MIMO transmission. Such study is of substantial significance since LTE – A UEs are expected to be equipped with at least 2 transmit antennas. Following the required simulation assumptions in [13], some simulation results are presented in this document.. 
Previous studies of the UL waveform were performed in [1 – 12]. One of the findings of [1] is that in the SNR range of interest (up to 10dB), there is no significant difference between OFDMA and SC – FDMA. Similarly [2] concludes that gains of OFDMA are more pronounced in the higher SNR operating regimes. At the same time, however, OFDMA imposes higher PAPR. Reference [4] is a system level comparison of SC – OFDMA and OFDMA. With baseline 1x2 and 2x2 transmit antenna selection [4], there is no noticeable difference and with 2x2 SM with rank adaptation OFDMA gives roughly 4% gain, assuming LMMSE receiver. Reference [5] shows link – level results with actual channel estimation with 1x2 and with perfect channel estimation for 2x2. From reference [6] one could infer that in the case of 4 clusters, near – OFDMA performance may be achievable, whereas [7] notes potential issues with channel estimation in 2x2 case. 
2. Simulation Results
Link – level simulations are depicted in Figure 1 and Figure 2. 
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Figure 1: Spectral Efficiency Comparison in Case of Perfect Channel Estimation
[image: image2.emf]0 5 10 15 20 25 30 35

0

1

2

3

4

5

6

7

8

SNR [dB]

Spectral Efficiency [bits/sec/Hz]

 

 

OFDMA; No Turbo Eq

OFDMA; Turbo Eq

NxSC-FDMA; No Turbo Eq

NxSC-FDMA; Turbo Eq


Figure 2: Spectral Efficiency Comparison in Case of Non - Prefect Channel Estimation
Turbo equalization associated with Figure1 and Figure 2 consists of only two stages to limit the complexity. The first stage is classic LMMSE equalization, followed by a Turbo – Decoder which outputs soft information (LLRs) for systematic, parity and tail bits. These LLRs are then converted to probabilities. Second stage comprises generating soft modulation symbols E[S], as well as generating error statistics E[|S - E[S]|2]. Equalizing the first layer then comprises: 1) subtracting soft modulation symbols coming from the second layer, and 2) equalizing the first layer jointly with the residual error from the second layer. Equalizing the second layer then comprises: 1) subtracting soft modulation symbols coming from the first layer, and 2) equalizing the second layer jointly with the residual error from the first layer. Such approach [1] applies both for OFDMA and N x SC – FDMA.     

From both Figure1 and Figure 2, one can identify two important regions of operation. First region is below 12dB, wherein there is small performance difference between OFDMA and N x SC – FDMA. This region of operation is both more important and more likely which is why final decision should be made based on simulation results from this region. Second region is above 12dB SNR, where OFDMA has an advantage. This advantage, however, diminishes with the introduction of more advanced receivers, for example, with turbo – equalization. It should further be noted that Figure1 and Figure 2 report the stress – test case of 2x2 transmissions. In case of higher order transmissions, such as in e.g. 2x4, performance difference between OFDMA and N x SC – FDMA can be reduced even further [1]. It should also be noted that the results assume no rank adaptation. With rank adaptation, the difference between OFDMA and SC-FDMA is expected to diminish even more.
The result with non-ideal channel estimation was studied in Figure 2. DMRS structure is based on Release8; however, the second layer has {+1, -1} modulation introduced across the two slots, in addition to a different cyclic shift. This has enabled us to eliminate error floors associated with channel estimation error.     
3. Conclusion

We prefer N x SC – FDMA for spatial multiplexing since:
· DFT pre – coder manages to maintain low PAPR (= low CM) property.

· For a vast range of likely SNRs, up to 12dB, there is no practical difference between OFDMA and N x SC – FDMA, irrespective of the receiver. 

· With more advanced receivers (e.g.), turbo equalization, performance gap between OFDMA and SC – OFDMA diminishes (i.e. is substantially less).
· Keeping the number of options to a minimum is desired.     
4. References

[1] R1–083732, Nokia, NSN, “Comparison between SC–FDMA and OFDMA for LTE–A Uplink.”

[2] R1–084138, Alcatel-Lucent, “UL transmission scheme.”
[3] R1–084167, Samsung, “UL Waveform.”
[4] R1–084168, Samsung, “System level performance with UL MIMO: OFDMA vs. SC-FDMA”
[5] R1–084200, LG Electronics, “Performance Evaluation of Uplink Multiple Access Schemes for LTE-Advanced”
[6] R1-084225, Panasonic, “Comparison between Clustered DFT-s-OFDM and OFDM for supporting non-contiguous RB allocation within a component carrier”
[7] R1-084228, Panasonic, “Precoding consideration on LTE-Adv uplink.”
[8] R1-084250, DoCoMo, “UL MIMO Transmission Schemes in LTE-Advanced.”
[9] R1-084422, Motorola, DFTS-OFDM Extension for LTE-A
[10] R1-084398, Qualcomm Europe, “Aspects to consider for DL transmission schemes of LTE-A”
[11] R1-084475, Nortel, “Comparison of DFTS-OFDMA with OFDMA”
[12] R1-084375, Ericsson, “Summary of email discussion on Uplink transmission scheme”.
[13] R1-084319, Nokia NSN, “Considerations on SC-FDMA and OFDMA for LTE-Advanced Uplink.”
[14] R1-084675, Nokia Siemens Networks, Alcatel-Lucent, Ericsson, Fujitsu, LGE, Motorola, Nokia, NTT Docomo, Panasonic, Qualcomm, Samsung, Texas Instruments, “Simulation assumptions for the comparison between SC-FDMA and OFDMA for LTE-Advanced Uplink’
5. Simulation Assumptions
	Parameters
	Assumptions

	Antenna Configuration
	2x2

	Channel Estimation
	Ideal and non-ideal 

	MCS
	QPSK
	1/3, ½. 2/3 

	
	16QAM
	1/3, ½. 2/3

	
	64QAM
	1/3, ½. ¾

	Channel Model
	SCM – C

	HARQ
	Not Modelled

	UE Velocity
	3kmh

	MIMO mode
	Full – Rank Open – Loop Spatial Multiplexing without large-delay CDD

	Receiver 
	LMMSE 

	
	Turbo – SIC 
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