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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+Unbalanced FSTD

· SFBC+Balanced FSTD. As shown in the table below, if one denotes the two diagonal blocks of SFBC+ Unbalanced FSTD as A and B and the SFBC+ Unbalanced FSTD is denoted by 
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, then the SFBC+ Balanced FSTD is simply 
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The motivation of the SFBC+ Balanced FSTD scheme comes from two-folds: uniform PSD and interference- averaging. 

Uniform PSD: The problem with SFBC+ Unbalanced FSTD is that each antenna transmits over 2 sub-carriers while leaving other two sub-carriers blank as shown by the transmit matrix in Table 1. This result in non-uniform PSD from each transmit antenna. However, PSD can mad uniform by SFBC+ Balanced FSTD, where all 4 sub-carrier are transmitted for each transmit antenna.

Interference-averaging: For SFBC+ Unbalanced FSTD,  sub-carriers in the neighbouring cells experience interference from different pairs of antennas, i.e., sub-carriers 1 and 2 see interference from antennas 1 and 2, while sub-carriers 3 and 4 see interference from antennas 3 and 4.  This imbalance of resulting interference due to SFBC+ Unbalanced FSTD is undesirable from a neighbouring cell’s viewpoint, since it is harder for a neighbouring cell to measure CQI accurately and thus throughput loss may occur. Therefore, we propose the SFBC+ Balanced FSTD scheme that results in the same average interference across all sub-carriers, and thus help improving the CQI measurement accuracy in all the neighbouring cells.  Ultimately, this can lead to cell throughput gain at little or no additional cost, compared to the SFBC+ Unbalanced FSTD. 
Performance: One possible source of performance degradation for the proposed SFBC+ Balanced FSTD approach is the implicit assumption that the channel to be flat within 4 contiguous sub-carriers, which is slightly more stringent compared to the requirement in SFBC+ Unbalanced FSTD, where we only require the channel to remain constant within each pair of 2 sub-carriers. However, we show by simulation results that, even in frequency selective channels such as SCM or TU channels, the performance degradation due to channel frequency selectivity is negligible.

2 Transmit diversity schemes for 4-Tx antenna
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+ Unbalanced FSTD
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3 Link Performance 
3.1 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)
	6

	RB size (sub-channel)
	12 tones

	Channel Model
	Correlated :SCM-Urban Macro, 
Uncorrelated: TU Flat Fading 

	Mobile Speed
	120 Km/Hr

	Turbo Code
	1/3,  2/3

	Modulation
	QPSK

	HARQ
	No

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

	Number of RX antenna
	2

	Chanel Estimation
	Ideal


3.2 Link Simulation Results
For SCM channel, Figure 1 and Figure 2 show the comparative link BLER performance between SFBC+ Unbalanced FSTD and SFBC+ Balanced FSTD with code rate 1/3 and 2/3, respectively. As shown, both schemes yield similar performance. For TU-Flat fading channel, Figure 3 and Figure 4 show the comparative link BLER performance between SFBC+ Unbalanced FSTD and SFBC+ Balanced FSTD with code rate 1/3 and 2/3, respectively. Similar BLER performance for SFBC+ Unbalanced FSTD and SFBC+ Balanced FSTD is observed.
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Figure 1 comparative link BLER performance with QPSK and rate 1/3- SCM
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Figure 2 comparative link BLER performance with QPSK and rate 2/3 –SCM 
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Figure 3 comparative link BLER performance with QPSK and rate 1/3- TU Flat fading
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Figure 4 comparative link BLER performance with QPSK and rate 2/3- TU Flat fading

4 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+ Unbalanced FSTD

· SFBC+ Balanced FSTD
As for performance, the simulation results show both transmit diversity yield similar link performance under SCM and TU channels, for the serving cell UE.
 However, the SFBC+ Balanced FSTD can provide additional benefit: uniform PSD and interference-averaging. 
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