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1. Introduction
In the RAN1 #48bis meeting in Malta, the SFBC-based TxD was agreed as a 4Tx transmit diversity scheme for both PDCCH and PDSCH [1]. The SFBC-based TxD can normally obtain higher diversity gain as compared with SFBC if we assume similar channel estimation performance across the transmit antennas. However, the current reference signal structure for 4Tx antenna has different portion of reference signals in time domain between 1st/2nd antennas and 3rd/4th antennas [2]. In this situation, unequal channel estimation performance between two antenna groups can be easily expected especially under the high mobility scenario. Therefore, in this contribution, we evaluate the 2Tx SFBC and the 4Tx SFBC-based TxD with real channel estimation and compare the performance of two schemes for PDSCH. In addition, we propose to employ 4Tx TxD scheme in combination with unbalanced transmission that can reduce the performance loss from unequal channel estimation performance.
2. Unbalanced SFBC-based Transmit Diversity Scheme
In this section, we briefly introduce unbalanced SFBC-based TxD schemes that can overcome the unequal channel estimation problem by transmitting the signals through the antennas having lower channel estimation performance less frequently. This unbalanced concept can be easily applied to two types of SFBC-based TxD as follows:
· Unbalanced SFBC+FSTD (u-SFBC+FSTD)
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         As described in equation (1), the SFBC signals are transmitted through 1st and 2nd transmit antennas two times more frequently. If we assume that equation (1) is one cycle, then 2 cycles would be allocated within one RB.
· Unbalanced SFBC+PSD (u-SFBC+PSD)
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            In the equation (2), 
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denote power scaling factors in order to transmit unequal signal power across the transmit antennas.
3. Simulation Result
In this section, we evaluate the block error rate (BLER) performance of 2Tx SFBC and 4Tx SFBC-based TxD schemes according to the Doppler frequency and channel model. In the simulation, we assume the RB-level distributed mode and lower channel coding rate Turbo code that can fully exploit frequency diversity gain. Remaining simulation assumptions are described in table 1.
Table 1. Simulation assumption
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	TTI length
	1.0 ms

	Resource block size
	5RBs

	Pilot Structure
	Working assumption [2]

	MCS
	QPSK (R=1/2)

	Channel Code
	Release 6 Turbo Code

	MIMO mode
	2Tx: SFBC

4Tx: SFBC+FSTD, SFBC+PSD, 

u-SFBC+FSTD, u-SFBC+PSD (
[image: image5.wmf]a

=1.35, 
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=0.65)

	Resource allocation 
	RB-level distributed mode

	Antenna configuration
	4x2

	Spatial correlation (Tx, Rx)
	(0%, 50%)

	MIMO receiver
	MMSE receiver

	RS Power
	3dB Boosted

	Channel Estimation
	DFT-based (Frequency domain) and linear interpolation (Time domain)

	Channel Models
	ITU PedA, Typical Urban (6-ray)

	Mobile Speed
	3 km/h, 120 km/h and 350 km/h


· Frequency diversity limited channel (ITU-PedA)

      In the figure 1, we compare TxD schemes according to the UE speed under ITU-PedA channel. As shown in the figure, the 4Tx TxD schemes significantly outperform 2Tx SFBC due to its additional spatial diversity gain if the UE speed is relatively low since the channel is slightly changed within one TTI. In addition, the SFBC+PSD shows better performance than SFBC+FSTD since the PSD increases frequency diversity gain under the frequency diversity limited channel. However, if the channel is varying significantly within one TTI such as 350km/h, the performance loss of balanced 4Tx TxD schemes including SFBC+FSTD and SFBC+PSD is significant since the channel estimation performance of 3rd and 4th antennas is severely degraded. In this situation, if we employ unbalanced SFBC-based TxD schemes the performance loss in extremely high speed can be significantly reduced by transmitting less signal power to 3rd and 4th transmit antennas.
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Figure 1. Performance comparison between TxD schemes according to UE speed under ITU-PedA channel
· Frequency selective channel (6-ray TU)

     In the figure 2, exactly same simulation condition is assumed except for 6-ray TU channel model. As shown in the figure 2, the performance difference between 2Tx SFBC and 4Tx SFBC-based TxD schemes is reduced due to frequency diversity gain in TU channel. In addition, unbalanced SFBC-based TxD schemes also can provide significant gain under highly time-varying channel as compared with balanced 4Tx TxD.
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Figure 2. Performance comparison between TxD schemes according to Mobility under 6-ray TU channel
4. Conclusions
From the simulation results, we can conclude as follows:

· SFBC vs. SFBC-based TxD
· SFBC-based TxD provides additional transmit diversity gain even using simple channel estimation scheme except for extremely high speed case.
· The performance gain from SFBC-based TxD is more significant under the frequency diversity limited channel.

· Balanced vs. unbalanced SFBC-based TxD
· Unbalanced TxD schemes have similar performance as compared with balanced TxD schemes even under 3km/h UE speed.

· Unbalanced TxD schemes significantly reduce the performance loss from channel estimation inequality due to time varying within one TTI. 
Therefore, we proposed to employ unbalanced SFBC-based TxD for 4Tx Node-B PDSCH in order to increase cell coverage and robustness to time varying channel.
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