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I. 
Introduction
Several open-loop transmit diversity schemes have been considered for downlink control and data channels, such as cyclic shift diversity (CSD), space-time block codes (STBC, for simplicity it also denotes space-frequency block codes in this document), STBC+CSD, or time switched transmit diversity (TSTD). 
A comparison between CSD and STBC for downlink control channel has been performed in [1]. It shows that Quasi-Orthogonal STBC (QO-STBC) from [2] has a better performance than CSD. In [3], CSD, Alamouti+CSD [4] and QO-STBC are compared against each another. Again, CSD has the worst performance among the three.
In this document, we will introduce a rate-1 STBC, namely Minimum-Decoding-Complexity QO-STBC (MDC-QOSTBC) [5]. MDC-QOSTBC is attractive as it achieves rate-1 for four transmit antennas (while orthogonal STBC has a maximum code rate of 3/4 for four transmit antennas) and has the lowest decoding complexity among all non-orthogonal STBC [5]. 
We will then present the comparisons between CSD, Alamouti+CSD and MDC-QOSTBC for open-loop transmit diversity with four transmit antennas. 

II.
Description
The codeword of an MDC-QOSTBC is shown in (1)

. The column represents the symbols to be transmitted on a particular antenna, while the row represents the symbols to be transmitted at a particular time or frequency. The superscript R and I represents the real and imaginary part of a symbol. Other design of MDC-QOSTBC can be found in [6, 7].
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, we obtain the followings:
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By comparing (2)

 with the QO-STBC in [2], it can be seen that they look alike. Hence MDC-QOSTBC can be treated as a bit-interleaved version of QO-STBC [8, 9]. However, MDC-QOSTBC has a lower maximum likelihood detection (MLD) complexity than QO-STBC.  QO-STBC requires a joint detection of two complex symbols, while MDC-QOSTBC only requires a joint detection of two real symbols (equivalent to one complex symbol).
Table 1 shows the MLD search space for QO-STBC and MDC-QOSTBC. In general, for a constellation with M points, QO-STBC requires a search space of M2, while MDC-QOSTBC has a search space that is only M. This implies that MLD is possible to be implemented for MDC-QOSTBC. 
Table 1 MLD search space for QO-STBC and MDC-QOSTBC

	
	Decoding search space

	
	QO-STBC
	MDC-QOSTBC
	Alamouti

	QPSK
	16
	4
	2

	16QAM
	256
	16
	4

	Constellation with M points
	M2
	M
	sqrt(M)


In the following simulations, a constellation rotation of [tan-1(1/2)]/2 has been assumed for MDC-QOSTBC [5]. And MLD will be performed for MDC-QOSTBC, while LMMSE will be performed for QO-STBC
. Although MLD will have a slightly higher decoding complexity than LMMSE, the search space for MLD of MDC-QOSTBC is closed to that of orthogonal STBC (as shown in Table 1), hence the complexity is still manageable. 
III.
Simulation Results
Simulation settings:

· Four transmit with one or two receive antennas

· Rate-1/2 or 8/9 Turbo code, 8 iterations

· QPSK modulation

· # of info bits per codeword: 
· For ½ code

· 122 (short codeword) or

· 594 (long codeword)

· For 8/9 code

· 1056

· # of subcarriers: 512

· # of used subcarriers: 
· 32 (the first 32) for short codeword or 

· 300 for long codeword
· TTI length: 4 OFDM symbols

· Channel: TU6 (spatial uncorrelated)
· Perfect channel estimation and synchronization

· CSD values used [0 64 128 192]
Table 2 summaries the six different configurations for the simulation in Figure 1 to Figure 6. 
Table 2 Simulation settings for four tx antennas

	
	Number of rx antenna
	Turbo code’s code rate
	Number of info bits per codeword
	Remark

	Figure 1
	2
	8/9
	Long
	MDC-QOSTBC better than Alamouti+CSD

	Figure 2
	1
	8/9
	Long
	

	Figure 3
	2
	1/2
	Long
	MDC-QOSTBC the same as Alamouti+CSD

	Figure 4
	1
	1/2
	Long
	

	Figure 5
	2
	1/2
	Short
	

	Figure 6
	1
	1/2
	Short
	


From the simulation results shown in Figure 1 to Figure 6, we can obtain the following conclusions:

· MDC-QOSTBC and Alamouti+CSD outperform CSD by at least 0.5dB (at coded FER 10-1 or below) in all cases.  

· MDC-QOSTBC performs the best when the code rate is high, and has similar performance as Alamouti+CSD in other cases. 

· MDC-QOSTBC with MLD has a better performance than QO-STBC with LMMSE. 
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Figure 1 Simulated FER for 4tx-2rx, QPSK with turbo code rate-8/9, long codeword 
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Figure 2 Simulated FER for 4tx-1rx, QPSK with turbo code rate-8/9, long codeword 
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Figure 3 Simulated FER for 4tx-2rx, QPSK with turbo code rate-1/2, long codeword 
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Figure 4 Simulated FER for 4tx-1rx, QPSK with turbo code rate-1/2, long codeword 
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Figure 5 Simulated FER for 4tx-2rx, QPSK with turbo code rate-1/2, short codeword 
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Figure 6 Simulated FER for 4tx-1rx, QPSK with turbo code rate-1/2, short codeword 

IV.
Discussion 
Alamouti+CSD and MDC-QOSTBC have better performance over CSD as shown above. Additional merits of the two include the followings:
Alamouti+CSD:

· Alamouti+CSD may transparent to the receiver, depending on the reference signal used for demodulation. If common orthogonal reference signal based on FDM multiplexing is used for demodulation, receiver should recognize the number of transmit antennas even with Alamouti+CSD.
MDC-QOSTBC:

· Its performance is less sensitive to the code rate or the multipath conditions of the channel. 

· Being a special bit-interleaved version of QO-STBC, it can be part of the HARQ scheme as described in [10, 11]. 
· Include the XTD (rate-2 for two transmit antennas) code from LGE [12] as a special case. 
The above are illustrated in (3)

.
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Table 3 summarizes the comparisons between CSD, Alamouti+CSD and MDC-QOSTBC. 
Table 3 Comparison btw CSD, Alamouti+CSD and MDC-QOSTBC
	
	CSD
	Alamouti + CSD
	MDC-QOSTBC

	Decoding performance
	X
	√
	√

	Transparent to the receiver (depending on the reference signaling)
	√
	√
	X

	Not sensitive to code rates and channel multipath condition
	X
	X
	√

	Others:

· Part of the HARQ scheme as described in [10, 11].

· Include XTD from LG from [12] as a special case.
	X
	X
	√


V.
Conclusion
We demonstrated that MDC-QOSTBC can achieve approximately same FER as Alamouti+CSD and can achieve better FER than CSD when there is no other cell interference, assuming four transmit antennas in downlink. Therefore, we recommend including MDC-QOSTBC as the candidates for the downlink open-loop transmit diversity scheme with four transmit antennas.
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� MDC-QOSTBC will have the same performance as QO-STBC when LMMSE is employed
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