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1. Introduction

Space-frequency block code (i.e., SFBC based on Alamouti code) is used as a transmit diversity scheme in Rel-8. For better support of 4Tx transmission in LTE system, frequency switched transmit diversity (FSTD) is combined with SFBC in order to obtain spatial diversity gain further. By exploiting diversity gain, the TxD scheme can provide robust data transmission without channel state information at a transmitter, thus it is beneficial for high mobility UE and/or control channels. In LTE-advanced system, up to 8 transmit antennas will be supported for higher peak spectrum efficiency. Therefore, optimized transmit diversity scheme for 8Tx can be considered in LTE-advanced to further exploit spatial diversity gain so that it can provide better coverage and robustness as compared with that of LTE. However, backward compatibility should be also taken into account when we design new transmit diversity scheme for 8Tx.
So far, two different approaches have been proposed [1]-[3] to employ 8Tx transmit diversity scheme. One is antenna virtualization with 4TxD and the other is simple extensions of 4TxD for 8Tx transmission. Therefore, in this contribution, we discuss on those two approaches with link-level evaluation results.
______________________________________________________________________
2. 8TxD Cadidates
Abovementioned two approaches can be defined by precoded 4TxD as follows:
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where the 
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 matrix indicates precoding matrix without UE feedback that can be used for virtualization and/or 4TxD extension. If the 
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matrix is used for virtualization by employing precoded RS, the matrix cannot be seen by a UE and the transmission scheme is same as 4TxD in LTE. However, if non-precoded RS is employed for transmit diversity transmission, the 
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 matrix is not transparent to a UE anymore. Followings are some exemplary 
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 matrices.
· Fixed matrix (Scheme-1)
A different fixed matrix could be employed for 
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 matrix such as DFT matrix or other fixed precoding matrix.

[image: image7.wmf]1

12

34

1

**

21

**

43

1000

0100

00

0010

00

0001

00

1000

00

0100

0010

0001

scheme

ss

ss

ss

ss

æö

ç÷

ç÷

ç÷

æö

ç÷

ç÷

ç÷

ç÷

=

ç÷

ç÷

-

ç÷

ç÷

-

ç÷

èø

ç÷

ç÷

ç÷

èø

W

X

1444442444443

,                                (2)

This scheme could be simplest extension in terms of implementation complexity, and the 
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 matrix can be transparent to a UE since the RSes can be precoded by this fixed matrix without and channel estimation loss. However, the fixed precoding matrix may result in significant performance degradation in highly correlated spatial channel due to its fixed beam pattern in which a signal could be transmitted to null space.
· Phase-shift matrix (Scheme-2)
In order to avoid fixed beam pattern, phase-shift matrix could be employed.
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The phase-shift matrix 
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 can change beam directions according to the subcarrier index 
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 so that spatial diversity gain can be artificially changed into frequency diversity gain. According to the delay samples for 
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 matrix can be also transparent to a UE if the delay sample is small enough in order not to harm the channel estimation performance. However, this scheme also transmits a signal to a null space in some frequency region in highly correlated channel.
· Modified phase-shift matrix [1](Scheme-3)
In [1], it is proposed to use 
[image: image14.wmf]f

-shift value to prevent from null space transmission in a specific subcarrier. By employing additional shift value, at least half of signal is kept at the receiver in worst case.
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For the matrix 
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, it is still possible to implement virtualization by using small delay sample. However, if we employ large delay sample to increase frequency diversity gain as proposed in [1], non-precoded RS would be the better choice since the fast frequency fluctuation from the large delay sample may harm channel estimation performance seriously.
______________________________________________________________________
3. Link-level Performance Evaluation
In this section, we evaluate block error rate (BLER) performance of 8TxD schemes mentioned above. For the scheme 3, we assume two different delay samples in order to see the performance gain from large-delay sample with sacrificing UE transparency. The delay values for scheme 2 and scheme 3 are shown in table 1. Other details parameters are listed in the table 2.
Table 1. Delay values for phase shift matrices
	
	Scheme2
	Scheme3-A
	Scheme3-B [1]

	Parameters
	· 
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Table 2. Simulation parameters
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1 ms

	Resource block size
	12 subcarriers x 10 OFDM symbols

	Number of resource block
	4

	Channel Models
	6-ray TU (60km/h)

	Modulation schemes and 
channel coding rates
	QPSK 1/3, QPSK 3/4

	Channel Code
	Turbo code: max-log-MAP

	Antenna configuration
	[8Tx, 2Rx]

	Spatial correlation (Tx, Rx)
	(0.0, 0.0) and (0.9, 0.0)

	Channel Estimation
	Perfect channel estimation

	RB allocation
	RB-level distributed mode


The figure 1 shows the performance of 8Tx candidate schemes under uncorrelated channel. As seen in the figure, all schemes have similar performance including 4TxD since the diversity gain is saturated quickly. Therefore, 8Tx diversity schemes couldn’t provide noticeable additional diversity gain even though the diversity order is doubled compared to that of 4Tx diversity scheme specified in Rel-8. Among the 8Tx diversity schemes, scheme3-B shows slight gain compared to the others since it uses large delay sample which further increases frequency diversity gain.
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Figure 1. BLER performance of 8Tx candidates in uncorrelated channel 

From figure 2, it is seen that the scheme 1 shows significant performance loss due to its fixed beam. The fixed beam pattern may cause huge loss of signal power since it transmits signals into null space if a UE is located in different direction. The 8TxD schemes except for scheme 1 perform better than 4TxD in this case since diversity order is reduced due to strong correlation across the transmit antennas. In addition, it is also shown that the scheme 3-A and scheme 3-B show similar performance irrespective of the delay sample.
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Figure 2. BLER performance of 8Tx candidates in highly correlated channel 

______________________________________________________________________
4. Summary
In this contribution, we provide some exemplary 8TxD schemes by simply extending 4TxD specified in Rel-8 and evaluate the link-level performance according to the channel correlation. From the evaluation results, we may conclude as follows:

· Fixed matrix is not appropriate to be used as a extension matrix for 8Tx transmission due to the loss of signal power in strongly correlated channel
· Phase-shift matrix with small-delay sample could be a proper choice as a virtualization matrix since it can avoid fixed beam pattern.
· 8TxD is beneficial under strongly correlated spatial channel since the channel diversity order becomes lower as the spatial correlation gets higher.

Therefore, we recommend employing virtualization in combination with 4TxD for the sake of simplicity and backward compatibility with reasonable performance gain However, further investigation is also needed under the real channel estimation and frequency diversity limited channel environment.
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