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1 Introduction
In regard to open-loop transmit diversity for the LTE system [1], following agreement was reached in RAN1#48bis.
For DL-SCH and L1/L2 control channels (i.e., excluding BCH) in E-UTRA downlink, 

· adopt SFBC as the open loop transmit diversity mode for 2 Tx.

· adopt SFBC-based open loop transmit diversity techniques for 4 Tx.

In this contribution we compare the performance of the following 2 SFBC-based transmit diversity schemes for 4-Tx antennas.

· SFBC+FSTD

· SFBC+ uniform FSTD. 
The motivation of employing SFBC+ uniform FSTD is because it provides more balanced channel estimation error for two pairs of transmit signals (S1,S2) and (S3,S4). Since the pilot allocation for RS3 and RS4, under current working assumption, are less dense compared to RS1 and RS2, it is important to distribute the two pairs of transmit signals (S1,S2) and (S3,S4) evenly when realistic channel estimation is considered.  
The 4-Tx transmit diversity schemes considered are summarized in Table 1 below.
Table 1 4-Tx Antennas Transmit diversity schemes
	Scheme
	Code  Structure
	Receiver

	SFBC+ FSTD
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2 Link Performance 
2.1 Simulation Assumptions

The simulations assumptions are summarized in Table 2. 

Table 2 Link simulation parameters

	Parameter
	Details

	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
	Spatially uncorrelated fading with TU frequency-selective and flat fading

	Mobile Speed
	30 Km/Hr

	Turbo Code
	1/3, 2/3, 5/6

	Modulation
	QPSK, QAM16

	Transmit Diversity Scheme
	SFBC+FSTD, SFBC+ Uniform FSTD

	Number of RX antenna
	2

	Chanel Estimation
	LMMSE


2.2 Link Simulation Results
For frequency-selective fading channel, Figure and Figure 2 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with code rate 1/3, 2/3 respectively. Figure 3 the comparative link BLER performance for QAM-16 with code rate 2/3. For low SNR region (stronger code), SFBC+ uniform FSTD yield the similar link performance as SFBC+FSTD since noise is dominating the performance. For high SNR (weaker code) region, SFBC+ uniform FSTD outperforms SFBC+FSTD. This is because the channel estimation error starts significantly affecting the link performance. The unbalancing of RS mapping for SFBC+FSTD result in a worse performance than SFBC+ uniform FSTD.  For flat fading channel Figure 4, Figure 5, and Figure 6 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with code rate 1/3, 2/3 and 5/6 respectively. Again, for low SNR region, SFBC+ uniform FSTD yield the similar link performance as SFBC+FSTD since noise is dominating the performance. For high SNR region, SFBC+ uniform FSTD outperforms SFBC+FSTD.

[image: image3]
Figure 1 comparative link BLER performance with QPSK and rate 1/3, frequency-selective fading
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Figure 2 comparative link BLER performance with QPSK and rate 2/3, frequency-selective fading
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Figure 3 comparative link BLER performance with QAM-16 and rate 2/3, frequency-selective fading
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Figure 4 comparative link BLER performance with QPSK and rate 1/3, flat fading
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Figure 5 comparative link BLER performance with QPSK and rate 2/3, flat fading
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Figure 6 comparative link BLER performance with QPSK and rate 5/6, flat fading

3 Conclusion
In this contribution, we conduct the link simulation to compare the performance of the following 2 SFBC-based transmit diversity schemes for 4-Tx antennas.

· SFBC+FSTD

· SFBC+ Uniform FSTD
Conclusion: For low SNR region, SFBC+ uniform FSTD yield the similar link performance as SFBC+FSTD. For high SNR region, SFBC+ uniform FSTD outperforms SFBC+FSTD due to unbalancing RS mapping. 
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