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1 Introduction
This contribution paper is concerned with open-loop transmit diversity schemes for 4 transmit antennas.

The combined STBC and CDD scheme has been introduced in [1,2]. This contribution paper presents more performance simulation results of the combined STBC/CDD compared with the pure CDD [3,4] and pure STBC [5].
Compared to control channel, the unicast traffic may employ high code rates. So, up to 3/4 code rate is considered here. Some spatial correlation may be expected in practical receive antennas of a user terminal due to limitation of its dimension. Correlated channels as well as independent channels of the receive antennas are considered.
2 Performance Simulation Results

2.1 Assumptions for Simulation
Here we compare the following three open-loop MIMO transmission schemes for 4 transmit antennas and 2 receive antennas.
· Pure Cyclic Delay Diversity (CDD) [3,4]

· Pure STBC [5] as follows:
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· Combined STBC/CDD [1,2] as follows:
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Figure 1. Combined STBC/CDD for 4 transmit antennas.

We consider the following things:

· Code rate for Turbo code: 1/2 QPSK, 2/3 QPSK and 3/4 16QAM

· Channel model: TU and flat fading

· Channel bandwidth: 5 MHz
· Symbols and subcarriers occupied by one packet
· Pure CDD: 1 symbol and 144 (1/2 & 2/3 QPSK) or 96 (3/4 16QAM) subcarriers

· Pure STBC: 4 symbols and 36 (1/2 & 2/3 QPSK) or 24 (3/4 16QAM) subcarriers

· Combined STBC/CDD: 2 symbols and 72 (1/2 & 2/3 QPSK) or 48 (3/4 16QAM) subcarriers

· Cyclic delay
· Pure CDD: 1st = 41, 2nd = 41x2, and 3rd = 41x3 samples

· Combined STBC/CDD: 41 samples

· Spatial correlation of two receive antennas: r = 0 and r = 0.7744
 based on the following spatially correlated channel model
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2.2 Simulation Results
Figs. 1 and 2 show performance comparisons among the three schemes for TU channel and flat fading channel, respectively, assuming code rate 2/3 and no receive antenna correlation.
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Figure 1. Performance comparison for code rate 2/3 and TU channel without receive antenna correlation.
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Figure 2. Performance comparison for code rate 2/3 and flat fading channel without receive antenna correlation.

As shown in Fig. 1, when the channel is highly frequency selective over the channel bandwidth, the combined STBC/CDD shows very similar performance to the pure STBC, while the combined STBC/CDD performs distinctively better than the pure CDD. If the channel is not so frequency selective over the channel bandwidth as shown in Fig. 2, the combined STBC/CDD is still clearly better than the CDD and also outperforms the pure STBC especially for high SNR.

The gains of the combined STBC/CDD over the other schemes at block error rate=0.01 are quantized in Tables 1 and 2 for TU channel and flat fading channel, respectively. It is noted that the gain of the combined STBC/CDD over the pure CDD is a bit enlarged (especially for TU channel) when the receive antenna correlation is high. All the gains of the combined STBC/CDD over the other schemes are larger as the code rate increases.
	
	Rx Ant. Correlation (r) = 0
	Rx Ant. Correlation (r) = 0.7744

	Code rate
	Gain over

Pure CDD
	Gain over

Pure STBC
	Gain over

Pure CDD
	Gain over

Pure STBC

	1/2,QPSK
	0.6 dB
	0.0 dB
	0.8 dB
	0.0 dB

	2/3,QPSK
	0.8 dB
	0.0 dB
	1.1 dB
	0.0 dB

	3/4,16QAM
	1.0 dB
	0.0 dB
	1.3 dB
	0.0 dB


Table 1. Performance gains of the combined STBC/CDD scheme over the other schemes at Block Error Rate=0.01 for TU channel and bandwidth of 5 MHz.
	
	Rx Ant. Correlation (r) = 0
	Rx Ant. Correlation (r) = 0.7744

	Code rate
	Gain over

Pure CDD
	Gain over

Pure STBC
	Gain over

Pure CDD
	Gain over

Pure STBC

	1/2,QPSK
	0.6 dB
	0.1 dB
	0.7 dB
	0.1 dB

	2/3,QPSK
	1.1 dB
	0.3 dB
	1.2 dB
	0.5 dB

	3/4,16QAM
	1.3 dB
	0.4 dB
	1.4 dB
	0.6 dB


Table 2. Performance gains of the combined STBC/CDD scheme over the other schemes at Block Error Rate=0.01 for flat fading channel.
3 Conclusion 
We draw the following conclusions for the performance of the combined STBC/CDD compared with the pure CDD and the pure STBC for 4 transmit antennas and 2 receive antennas:

· Comparison to the pure CDD:
· The combined STBC/CDD is distinctively better than the pure CDD. (For example, the gain is 1.3 dB for code rate 3/4 and correlated Rx antennas in TU channel.)
· The gains of the combined STBC/CDD over the pure CDD increase as the code rate is higher.
· The gains are more enlarged if the receive antennas are spatially correlated.
· Comparison to the pure STBC
· For highly frequency selective fading channel, the combined STBC/CDD has the same performance as the pure STBC.
· For not so frequency selective fading channel, the combined STBC/CDD has some gains over the pure STBC.

Based on the above observations, we propose to consider the combined STBC/CDD as the transmit diversity scheme
 for downlink unicast traffic in 4 transmit antennas.
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� This value of r = 0.7744 comes from [6] with antenna spacing of /2.


� It is expected that the transmit diversity scheme will be used in the frequency distributed transmission mode where the STBC (for 2 transmit antennas) and the combined STBC/CDD (for 4 transmit antennas) are considered to be preferred, as shown in this contribution paper. On the other hand, in the frequency localized transmission mode, the CDD together with frequency selective multi-user scheduling is preferable, since the CDD has higher frequency selective multi-user scheduling gains over the STBC and the combined STBC/CDD.


So we suggest to separate rate 1 open-loop MIMO schemes for two different transmission modes, frequency distributed transmission mode and frequency localized transmission mode.
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