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1 Introduction

In LTE Advanced it has been proposed to introduce OFDMA as a new multiple access scheme in addition to DFT-S-OFDMA to provide optimized support for UL SU-MIMO. The agreement from the RAN WG1 meeting #55 was that further simulations should be conducted to compare the performance, complexity and latency of the two proposed UL MA schemes, namely OFDMA and SC-FDMA in the case of UL MIMO evaluation[1]. 
In this contribution, simulation results of UL MIMO with SC-FDMA and OFDMA for LTE-Advanced are provided according to simulation assumptions in appendix. 
2 System model
The uplink MIMO transmission scheme with OFDMA/SC-FDMA can be given in Fig. 1. For OFDM, M-DFT module is unnecessary in Fig.1 and QRD-ML receiver for MIMO-OFDMA and Turbo-SIC receiver for MIMO-SC-FDMA are given in Fig.2 and Fig.3, respectively.
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Fig.1 Uplink MIMO in SC-FDMA/OFDM
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Fig.2 QRD-ML Receiver for MIMO OFDM
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Fig.3 Turbo-SIC receiver for MIMO SC-FDMA
3 Computational complexity analysis

The computational complexity of the above two receivers are summarized in Table 2, where K, L, B, C and R are the number of transmit antennas, the number of receive antennas, modulation order, the size of constellation alphabet and the code rate. And Xm is the number of survival path retained at the m-th stage for QRD-ML receiver. The computational complexities of QRD-ML receiver mainly focus on the QR decomposition, Euclidian distance estimation and sort, LLR computation. And the computational complexities of Turbo-SIC receiver mainly focus on interference cancellation, soft modulation/demodulation and the soft decoding. The computations related to information bits and additional parts due to the parity bits are summarized in Table 3 and Table 4[2][3], respectively. 

Fig.A.1- Fig.A.8 in appendix display computational complexities involved in the above receivers. For Turbo-SIC receiver, most of gain can be made by using only one interference cancellation with two soft decoding iterations, which is accounted in detection complexity in the figures. For each stage of QRD-ML receiver (without transmit signal ranking), the 16 survival paths are retained for the case of 16QAM and up to 16 paths are retained for QPSK. For all the above receivers, 8 turbo decoding iterations are assumed for information bit decision.
4 Link performance
The simulation results of QRD-ML receiver for MIMO-OFDM and Turbo-SIC receiver for MIMO-SC-FDMA are given in Fig. 4 - Fig.7 with different MCS and antenna configuration. 
From Fig.4 and Fig.5, the case of 2x2 antenna configuration, Turbo-SIC receiver can achieve similar performance of the QRD-ML receiver. However, QRD-ML receiver is slightly better than Turbo-SIC for high MCS, because QRD-ML receiver is equivalent to ML receiver for all paths are traversed. From Fig.6, the performances of two receivers are almost similar and QRD-ML receiver is also slightly better for high code rate just because it has a sufficient path traverse. However, in Fig. 7, QRD-ML receiver is inferior to Turbo-SIC just due to the limited survival paths. 
[image: image4.emf]0 2 4 6 8 10 12

2

4

6

8

10

12

14

16

18

20

SNR(dB)

Throughput(Mbit/s)

QPSK, 2x2 SCM-C channel,3km/h

1/3 QRD-ML,OFDMA,

1/2 QRD-ML,OFDMA

2/3 QRD-ML,OFDMA

1/3 Turbo-SIC,SC-FDMA

1/2 Turbo-SIC,SC-FDMA

2/3 Turbo-SIC,SC-FDMA

Fig.4 Performance comparison with QPSK and 2x2 antenna configuration
[image: image5.emf]6 8 10 12 14 16 18 20 22 24

5

10

15

20

25

30

35

40

SNR(dB)

Throughput(Mbit/s)

16QAM 2x2 SCM-C 3km/h

1/3 QRD-ML,OFDMA,

1/2 QRD-ML,OFDMA

2/3 QRD-ML,OFDMA

1/3 Turbo-SIC,SC-FDMA

1/2 Turbo-SIC,SC-FDMA

2/3 Turbo-SIC,SC-FDMA

Fig.5 Performance comparison with 16QAM and 2x2 antenna configuration
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Fig.6 Performance comparison with QPSK and 4x4 antenna configuration
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Fig.7 Performance comparison with 16QAM and 4x4 antenna configuration
5 Conclusion

From the above computational complexity analysis and simulation results, with similar computational complexity, Turbo-SIC receiver for MIMO-SC-FDMA can achieve similar performance of QRD-ML receiver for MIMO-OFDMA.
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Appendix
Table1 Simulation assumptions for link level simulations
	Antenna configuration
	2 TX at UE, 2 RX at eNodeB

4 TX at UE, 4 RX at eNodeB

	Channel estimation
	Realistic channel estimation and realistic noise estimation

	MCS
	QPSK: [1/3, ½, 2/3]

16-QAM [1/3, ½, 2/3]

	Channel models
	SCM-C, 3km/h, - UE antenna separation ½ lambda

	Hybrid ARQ operation
	Not modelled

	System Bandwidth
	10 MHz

	PRB Allocation
	All 50 PRBs to one user

	MIMO mode
	Full-rank open Loop spatial multiplexing without precoding, dual codeword transmission for both 2TX and 4TX cases (same codeword-to-layer mapping as DL spatial multiplexing cases)

	Receiver, OFDMA
	QRD-ML receivers 

	Receiver, SC-FDMA
	Turbo-SIC receivers

	Reference signal arrangement
	LTE Rel-8 DM RS structure


Table 2 Detection Complexity for each sub-carrier per OFDM/SC-FDMA symbol 
	
	QRM(L=K)
	Turbo-SIC(L=K)(only one IC stage)

	Multiplication
	6K3+3K2+(3C+X1B)K
+2C+
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	3K4+21K3 +(2(B+1)+2BC+2B+3C+2)K
+32K/R/B

	Addition
	14K3+7K2+(B+XmB+5C-2)K+(2C-X1-1)X1/2 +f(X)1
	7K4+47K3 -2K2
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Table 3 Computational Complexity of each information bit per iteration in Max-log-map algorithm

	Operation
	MAX-Log-MAP(M: memory length, 3 for LTE)

	Max ops
	5×2M－2

	Additions
	10×2M－11

	Multiplication. By±1
	8

	Look up
	5×2M－2


Table 4 Additional Complexity of each parity bit in Max-log-map algorithm for Turbo-SIC[3]
	Operation
	MAX-Log-MAP

	Max ops
	14

	Additions
	1


Notes: LLRs of parity bits has no relation to iteration number with turbo decoder. 
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Fig.A.7 comparison of the number of additions with 16QAM and 4x4 antenna configuration








Fig.A.6 comparison of the number of multiplications with QPSK and 4x4 antenna configuration








Fig.A.5 comparison of the number of additions with QPSK and 4x4 antenna configuration














Fig.A.2 comparison of the number of multiplications with QPSK and 2x2 antenna configuration








Fig.A.1 comparison of the number of additions with QPSK and 2x2 antenna configuration








Fig.A.4 comparison of the number of multiplications with 16QAM and 2x2 antenna configuration








Fig.A.3 comparison of the number of additions with 16QAM and 2x2 antenna configuration








Fig.A.8 comparison of the number of multiplications with 16QAM and 4x4 antenna configuration
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