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1. Introduction
In this contribution we report results of simulations in which we have compared several transmit diversity schemes for 4 transmit antennas.  The schemes we have evaluated are based on the SFBC, which is combined with the CDD, the PSD or the FSTD to provide an extension to 4 transmit antenna case. In case of the CDD and the PSD the SFBC is transmitted unmodified from antennas 1 and 2, and a rotated version is transmitted from antennas 3 and 4.  The rotation angles of CDD are given below:
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The resulting code is potentially not orthogonal any more, since the equivalent channel can change appreciably between two channel uses.  In order to guarantee orthogonality, the PSD was introduced in [1] by modifying phase shift sequence, so that the equivalent channel stays (nearly) constant within the SFBC block:
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The combination of the SFBC and the FSTD transmits the first SFBC block from antennas 1 and 2, the second from antennas 3 and 4, the third again from antennas 1 and 2, and so on.

2. Simulation Setup
Table 1 and Table 2 describe the simulation setting that was used to evaluate the transmit diversity schemes.
	Channel model
	GSM typical urban

	Mobile speed
	3 km/h
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	FFT size
	512

	Coding
	1/3 rate convolutional code

	Modulation
	QPSK

	Receiver
	LMMSE

	Channel estimation
	Ideal and 2-D Wiener filter using pilots from 2 consecutive sub-frames


Table 1 Parameters for the uncorrelated case
	Channel model
	SCM Urban Micro

	Mobile speed
	3 km/h

	Transmit antenna spacing
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	FFT size
	512

	Coding
	1/3 rate convolutional code

	Modulation
	QPSK

	Receiver
	LMMSE

	Channel estimation
	2-D Wiener filter using pilots from 2 consecutive sub-frames


Table 2 Parameters for the correlated case

3. Results
Figure 1 shows the results with all the 4 transmit antenna schemes and with the basic SFBC using two transmit antennas. Both ideal and realistic channel estimators are used. We have performed the same simulations with different DIR values and relative difference are very similar except that the channel estimation loss tends to increase with increasing DIR. Figure 2 shows the results with the SFBC+PSD and the SFBC+FSTD in a correlated channel.
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Figure 1Coded FER performance with different transmit diversity schemes in an uncorrelated channel
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Figure 2 Coded FER performance of the SFBC+PSD and the SFBC+FSTD in a correlated channel.
4. Conclusions
In the uncorrelated channel the SFBC+PSD and the SFBC+FSTD combinations performed equally well.  Results with the SFBC+CDD were somewhat worse, possibly because that combination is not orthogonal and LMMSE is not a maximum-likelihood receiver for a non-orthogonal transmission scheme. An ML receiver for the SFBC+CDD might close or at least reduce the gap, but it comes with an additional computational complexity, whereas SFBC+PSD and SFBC+FSTD are (almost) orthogonal and can be detected with a linear complexity receiver.
In the correlated channel the SFBC+FSTD outperformed the SFBC+PSD by more than 0.5 dB.  Taking into account all the results we propose adopting the SFBC+FSTD as the transmit diversity scheme for 4 transmit antennas in E-UTRA.
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