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1. Introduction

In the previous contribution [1], as a candidate of open loop MIMO schemes for downlink E-UTRA, we introduced high-rate space-time codes (STCs) that can achieve higher diversity gain with the maximum rate in combination with maximum likelihood (ML) receiver. In [1], we showed that the high-rate STCs can improve the system performance significantly as compared with spatial multiplexing (SM) without the loss of multiplexing rate. However, it is well known that the performance of STC is highly dependent upon modulation and coding schemes (MCS) and MIMO receivers such as ML, successive interference cancellation (SIC) and linear minimum mean squared error (MMSE). Therefore, in this paper, we further investigate the performance of high-rate STCs by using MMSE receiver with various modulations and coding rates based on OFDMA system.
2. Further Link-level Simulation Results
In this section, the single user throughputs of the high-rate STCs [1] will be shown. The simulation assumption in order to evaluate the single-user throughput is as follows
Simulation Assumption for Single-User Throughput Evaluation:

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers) [2]

	Subframe length
	0.5 ms [2]

	Resource block size
	24 subcarriers * 6 OFDM symbol

	Channel Models
	Pedestrian B (3km/h), Vehicular A (60km/h)

	Modulation schemes and channel coding rates
	QPSK (R=1/4, 1/3, 1/2)
16-QAM (R=1/3, R=1/2)
64-QAM (R=1/2)

	Channel Code
	Turbo code (11, 13)
Component decoder : max-log-MAP

	Antenna configuration
	·  2 transmitter, 2 receiver => [2Tx, 2Rx]
·  4 transmitter, 2 receiver => [4Tx, 2Rx]

	Spatial correlation (Tx, Rx)
	(0%, 0%)

	MIMO receiver
	Linear Minimum Mean Squared Error (MMSE)

	Channel Estimation
	Perfect channel estimation


STC for 2Tx-Rate 2:
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 denote complex variables and a positive real number for unequal gain combining, respectively. The matrix 
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 has been designed to maximize the diversity gain and the coding gain in combination with ML receiver. Here, we will evaluate the performance of the 
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 with MMSE receiver in order to take the decoding complexity into account. Fig. 1 shows single user throughput of the 
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 and the SM with MMSE receiver under PedB 3Km/h and VehA 60Km/h.
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Fig. 1 Single user throughputs of the 
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 code and the spatial multiplexing (SM) 

with MMSE receiver under PedB 3Km/h and VehA 60Km/h.
From the results in Fig. 1, we can see that the throughput of the 
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 is similar with that of the SM since the MMSE receiver decorrelates data symbols. In this case, the inter-symbol interference (ISI) terms only determine the performance of the STCs. As you can see in Fig. 1, the 
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 does not increase ISI even though the code combines all data symbols in a code block but it has a slightly higher decoding complexity. As a result, the  
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 shows different performance according to the detection algorithm but its performance does not worse than that of the SM even using MMSE receiver. In addition, the code can provide higher performance by employing ML receiver with sacrificing some computation power.
STC for 4Tx-Rate 2:
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where, 
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 denotes complex variable. The matrix 
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 has been designed to achieve diversity order 4 with multiplexing rate 2 in combination with ML receiver. From the result in [1], the 
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 provides much higher performance with ML receiver as compared with the SM in which antenna hopping (AH) scheme is employed to exploit fully the spatial diversity. Here, we also evaluate the performance of the 
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 with MMSE receiver in order to take the decoding complexity into account. Fig. 2 shows the single user throughput of  the 
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 and  the SM with AH under PedB 3Km/h and VehA 60Km/h.
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Fig. 2 Single user throughputs of the 
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 code and spatial multiplexing (SM)

with MMSE receiver under PedB 3Km/h and VehA 60Km/h.

From the results in Fig. 2, we can easily see that the throughput of the 
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 is much higher than that of the SM with AH since the code has less ISI level. As a result, the code can provide higher performance under the both ML and MMSE receivers. But the decoding complexity of the 
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 is slightly higher than that of the SM since it has larger equivalent channel matrix, thus increasing complexity for deriving MMSE filter.
3. Conclusions

In this contribution, we gave further simulation results to investigate the effects of modulation, code rate and MMSE receiver. From the both results in [1] and Section 2, the high-rate STCs can obtain higher performance gain as compared with the SM by employing ML receiver and the gain is more significant when the MCS level goes higher. In addition, even using the MMSE receiver, the performance of the 
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 is similar with that of the SM and the performance of the 
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 is higher than that of the SM with AH. Therefore, it should be one of candidates for open loop MIMO transmission schemes.
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