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1. Introduction
In the uplink of Rel-8, UEs have been assumed to use only one transmit antenna. On the other hand, in LTE-Advanced, UEs are supposed to use two or more transmit antennas simultaneously in MIMO systems. There are various techniques about MIMO systems, e.g. spatial multiplexing (SM), transmit/receive diversity, adaptive array antennas and so on. Especially, MIMO-SM is an essential technique to significantly improve spectrum efficiency.

Clustered DFT-S-OFDM and OFDM are proposed as candidates of the uplink transmission schemes [1,2]. The applicability of MLD receivers brings OFDM [3] as the proposed scheme to achieve the higher frequency efficiency.
In this contribution, we compare the MIMO-SM performances of OFDM and that of Clustered DFT-S-OFDM from the view point of received signal qualities. 
2. Discussion

2.1. Our concept

We focus on the difference of FER between OFDM and Clustered DFT-S-OFDM. Generally speaking, the transmission performance extremely depends on receiving methods for MIMO-SM due to difference of its inter-symbol interference (ISI) and inter-antenna interference (IAI) suppression capabilities. Thereby, the possible combinations of the access schemes and receiving methods are 

	
	Access scheme
	Receiving method

	(a)
	Clustered DFT-S-OFDM
	Linear MMSE

	(b)
	OFDM
	Linear MMSE

	(c)
	OFDM
	MLD

	(d)
	Clustered DFT-S-OFDM
	Turbo equalization


Linear MMSE ((a) and (b)) is categorized as “conventional receivers”. MLD and Turbo equalization ((c) and (d)) is categorized as “advanced receivers.” We reduced the combination of MLD and Clustered DFT-S-OFDM because of its impractically high complexity. We focus on the error rate performance ignoring some technical issues of implementation with advanced receivers, such as circuit scale and processing delay.

2.2. Simulation

a.  Performance of Conventional Receivers

Linear MMSE is a practical receiving method considering circuit size at receivers. It is assumed that the configurations of Tx and Rx antennas are 2 x 4 and 2 x 2. In this contribution, frequency selected RB allocation is defined as the way to allocate RBs to a UE with fragmented channels comprising the clusters of a RB, where RBs are allocated to UEs according to their channel response on the frequency domain. Fig. A.2.1 shows the FER of Clustered DFT-S-OFDM and OFDM with Linear MMSE detections in 2 x 4 MIMO-SM case, that is, a comparison (a) and (b). The results show that there is no difference between Clustered DFT-S-OFDM and OFDM.

In Fig. A.2.2, we compare the same transmission and receiving schemes under 2 x 2 MIMO-SM environment. Both of them use the Linear MMSE detection. Fig. A.2.2 shows no practical differences between OFDM and Clustered DFT-S-OFDM even under full rank spatial multiplication. 
b.  Performance of Advanced Receivers

Fig. A.2.3 illustrates the FER of (c) (OFDM with MLD) and (d) (Clustered DFT-S-OFDM with Turbo equalization). The configuration of Tx and Rx antennas is 2 x 4 MIMO. In this simulation, the calculation reduction technique for MLD, such as QRM algorithm, is not used, and the number of iterations on Turbo equalization is limited to 4. The result shows that (d) is slightly degraded compared with (c) because the performance of Clustered DFT-S-OFDM is deteriorated due to residual ISI caused by frequency selective fading.

  On the other hand, the full-rank MIMO has a marginally different result. Fig. A.2.4 shows the comparative results of the same schemes 2 x 2 MIMO. The difference between Turbo equalization and MLD compared with non-full rank MIMO is slightly larger than the non full-rank. MLD can theoretically obtain 2-branch receive antenna diversity gain. On the contrary, Turbo equalization is not always able to obtain the receive antenna diversity gain because the iterations of the Turbo equalizer might not converged under the spatio-temporally varying channel conditions. We have assumed the ideal receivers which ignore the required circuit size of MLD and the required circuit size and processing delay of Turbo equalization in this contribution. In the further study, these issues have to be considered.

3. Conclusion
We have evaluated the FER performance of MIMO transmission assuming conventional and advanced receivers. The performance of Clustered DFT-S-OFDM is almost the same as OFDM in case of Linear MMSE receivers. However, the performance of OFDM with MLD is slightly better than that of Clustered DFT-S-OFDM with Turbo equalization. For further study, we should further discuss the performance with the feasibilities of the MLD and Turbo equalization.

   In this contribution, these results are not perfect comparisons since it is a comparison of receiving methods. The following two researches remain to be done -

(a) Comparison of realistic advanced receivers, such as applying QRM algorithm for MLD and the limitation of the number of iterations for Turbo equalization

(b) Consideration of the compatibility to transmission diversity methods.

Appendix A.1
Simulation parameters are shown in Table 1.
	Table A.1 Simulation ParametersNumber of subcarriers
	1200 (100 RBs: 20MHz)

	Number of IFFT points
	2048 points

	Number of RBs allocated to UE
	40 RBs: 8MHz (480 subcarriers)

	Subcarrier spacing
	15 kHz

	Sampling time
	1/(15000*2048) = 3.25521 * 10-8 sec

	Subframe length
	1 msec

	Number of Symbols
	14

	Modulation
	QPSK

	Channel coding
	Turbo code (R = 1/2, K = 4)

	Multipath model
	Typical Urban 6-path Rayleigh

	Channel estimation/CSI accuracy
	Perfect


Appendix A.2 - Detailed Simulation Results
Figs. A.2.1 and A.2.2 show the simulation results of conventional receivers. Figs. A.2.3 and A.2.4 show the simulation results of advanced receivers.
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Fig. A.2.1. Comparison of MIMO-SM transmission schemes with conventional receivers

(2 x 4 MIMO-SM case)
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Fig. A.2.2. Comparison of MIMO-SM transmission schemes with conventional receivers

(2 x 2 MIMO-SM case)
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Fig. A.2.3. 2 x 4 MIMO with advanced receivers
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Fig. A.2.4. 2 x 2 MIMO with advanced receivers
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