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1 Introduction
In last RAN1#49 meeting, SFBC + FSTD with (1,2) & (3,4) pairing is agreed as the way forward of 4Tx transmit diversity for DL control and data channels. Moreover, some other schemes like SFBC + FSTD with (1,3) & (2,4) pairing (uniform RS mapping), unbalanced SFBC+FSTD and SFBC+ Balanced FSTD are FFS. In this contribution, we analyze and compare the performance of 3 SFBC + FSTD based transmit diversity schemes for 4-Tx antennas under TU and SCM-C [1] channel models, the transmit diversity structures considered in this document are summarized as following:
· SFBC + FSTD structure with (1,2) & (3,4) pairing: 
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· SFBC +uniform FSTD structure with (1,3) & (2,4) pairing [2]: 
[image: image2.wmf]*

12

*

34

*

21

*

43

00

00

00

00

SS

SS

SS

SS

-

-

éù

êú

êú

êú

êú

êú

ëû


· SFBC+ Balanced FSTD(A,A;-B,B) [3]: 
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2 Link Performance
In this section, we evaluate the link performance of above 3 schemes with realistic channel estimation under TU and SCM-C channels.
2.1  Simulation Assumptions
In this section we describe the simulation setup used to obtain the simulation results presented later. The simulation parameters are listed in the Table 1.

Table 1 Simulation Assumptions
	Transmission  Bandwidth
	10 MHz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	Subframe duration
	1ms

	Number of OFDM symbols per sub-frame
	10 (data)

	Number of sub-channel (RB)
	8

	RB size (sub-channel)
	12 tones

	Channel Model
	TU, SCME

	Mobile Speed
	3 Km/Hr ,30 Km/Hr，

	Modulation and Channel coding
	QPSK and R=1/3,1/2 Convolutional coding

	Transmit Diversity Scheme
	SFBC + FSTD
SFBC + uniform FSTD 
SFBC+ Balanced FSTD,

	Antenna configuration
	4*2

	Chanel Estimation
	LS


2.2 Simulation Results

The first three figures show the link performance comparison under TU channel with different code rate and mobile speed. From Figure 1 to Figure 3, we can observe that SFBC + FSTD and SFBC +uniform FSTD with (1,3) & (2,4) pairing can achieve similar performance. However, due to SFBC+ uniform FSTD provides more balanced channel estimation error for two pairs of transmit signals (S1,S2) and (S3,S4), it can perform a little better than SFBC + FSTD. SFBC+ Balanced FSTD does not work well.
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Figure 1 Performance comparison with QPSK and rate 1/2, TU channel model 3km/h
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Figure 2 Performance comparison with QPSK and rate 1/3, TU channel model 3km/h
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Figure 3 Performance comparison with QPSK and rate 1/3, TU channel model 30km/h

Figure 4 to Figure 7 show the link performance comparison under SCM-C channel with different mobile speed and polarized paring configurations. Figure 4 and Figure 5 use (13, 24) polarized paring configuration that means antenna 1 and antenna 3 is vertical-polarized, antenna 2 and antenna 4 is vertical-polarized. From these two figures we can find SFBC+ uniform FSTD provides more gains than SFBC+ FSTD and SFBC+ Balanced FSTD. However, from Figure 6 and Figure 7 we can find a different conclusion. With (12, 34) polarized paring configuration, SFBC+ FSTD can achieve the best performance than SFBC+ uniform FSTD and SFBC+ Balanced FSTD. This is because the influence of the channel correlation is larger than the influence of channel estimation error for transmit diversity. Channel correlation will make the performance of the transmit diversity get worse. When (12, 34) polarized paring configuration is used, the correlation between antenna 1(or 2) and antenna 3(or 4) will increases, thereby the performance of SFBC+ uniform FSTD will degrade. These results mean that for Alamouti block coding, the correlation between different Tx antennas has large influence on the diversity performance, When the two vertical-polarization antennas are selected to transmit the Alamouti code, that is to say when the transmit diversity paring scheme is consistent with the antenna polarized paring scheme, best performance can be obtained.
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Figure 4 Performance comparison with QPSK and rate 1/3, SCM-C channel model 3km/h, 
(13, 24) polarized paring
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Figure 5 Performance comparison with QPSK and rate 1/3, SCM-C channel model 30km/h

(13, 24) polarized paring
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Figure 6 Performance comparison with QPSK and rate 1/3, SCM-C channel model 3km/h

(12, 34) polarized paring
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Figure 7 Performance comparison with QPSK and rate 1/3, SCM-C channel model 30km/h

(12, 34) polarized paring
3 Conclusion

In this document, we evaluate the link performances of different 4Tx transmit diversity schemes with realistic channel estimation under TU and SCM-C channels. From the simulation results we can draw the following conclusions:
· Under the TU channel model (uncorrelated channel), SFBC+ uniform FSTD yields similar link performance as SFBC+FSTD. However, due to SFBC+ uniform FSTD provides more balanced channel estimation error for two pairs of transmit signals (S1,S2) and (S3,S4), it can perform a little better than SFBC + FSTD.
· Under the SCM-C channel model (correlated channel), the correlation between different Tx antennas will dominate the performance of different transmit diversity schemes. When the two vertical-polarization antennas are selected to transmit the Alamouti code, that is to say when the transmit diversity paring scheme is consistent with the antenna polarized paring scheme, best performance can be obtained.
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