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1 Introduction

In this document, we present a simplified Transmit beamforming (TxBF) MIMO scheme that can be used in both paired and unpaired system. In paired operation, proposed scheme can reduce amount of CSI feedback information while keep performance at an acceptable level. For unpaired operation, advantage of channel reciprocity can be exploited.

2 A simplified TxBF MIMO scheme

When CSI is available at the transmitter (either implicitly or explicitly), TxBF MIMO can be used to obtain the diversity gain, multiplexing gain, and beamforming gain, such as a kind of TxBF technology mentioned in [2]based on the SVD of the channel matrix.

In general, in FDD mode CSI can only be obtained by CSI feedback from the receiver. It would introduce signaling overhead and reduce effective data throughput. Meanwhile, time-varying characteristics of radio channel, feedback delay and feedback error would introduce interference among the different parallel sub-channels and degrade the performance of parallel transmission. Same thing happens in TDD mode, although reciprocity of the channel can help to obtain channel state information.

In order to decrease the interference among parallel sub-channels and look for trade-off between complexity and performance, a simplified TxBF MIMO scheme by only using the sub-channel with highest gain is proposed as following.

2.1 Principles of the Simplified TxBF MIMO scheme

Consider a MIMO system with 
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transmit and 
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 receive antennas. The system can be modeled as:
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Where 
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 is a transmit symbol, 
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channel matrix, 
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 is the TxBF vector, which is the principal right singular vector (principal right singular vector of 
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 corresponding to the principal singular value of 
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) in this scheme. 
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 is the receive vector and 
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 is additional white Gaussian noise vector at the receiver.
At the receiver, the received vector is weighted by the RxBF vector 
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Where 
[image: image14.wmf]u

r

 is the principal left singular vector of 
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 is the principal singular value of
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, and 
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 is a noise random variable with variance equal to 
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The diagram of proposed scheme is show in Fig. 1.


[image: image20.emf]Turbo(R)

M QAM 

mod.

M

I

M

O

 

T

x

B

F

IFFT&CP

IFFT&CP

RCP&FFT

RCP&FFT

Channel 

estimation

M

I

M

O

 

R

x

B

F

Deturbo(R)

Obtain CSI

Corr. 

channel

Receiver

Transmitter


Fig. 1 Simplified TxBF scheme

The advantages of the simplified TxBF scheme are as follows:

· Only the highest gain sub-channel (correspond to principle singular value) is adopted, obtain the trade-off between performance and complexity.

· Same scheme for both paired and unpaired system. Reduce amount of CSI feedback information in paired operation, meanwhile advantage of channel reciprocity in unpaired operation can be utilized.
· Robust to the spatial channel correlation.
3 Simulation results
In this section, comparisons of the simplified TxBF MIMO and SDM are presented. Simulations between SDM and the simplified TxBF MIMO with spatial correlation of MIMO channels (based on TR25.996 v6.1.0) are carried on.

Simulation parameters are shown in Table1:
	MIMO configurations
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	Vehicle Speed
	3km/h, 30km/h

	Transmission BW
	5 MHz

	Subframe duration
	0.675 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency
	7.68 MHz (2 ( 3.84 MHz)

	FFT size
	512

	Number of occupied 
sub-carriers
	301(including DC)

	 OFDM symbols per sub-frame
	9

	Modulation and Coding
	16 QAM, 1/2 Turbo (Simplified TxBF)
	QPSK, 1/2 Turbo (SDM)

	Channel model
	Typical Urban (TU)

	Antenna correlation
(Tx antennas, Rx antennas)
	(0,0), (0.5,0.5)

	Channel estimation
	Perfect


Table 1 Simulation parameters
Simulation results of the simplified TxBF MIMO and the SDM MIMO are shown in Fig.2 and Fig.3.
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Fig. 2 Simplified TxBF MIMO and SDM with corr.(0,0), v=30km/h, 3km/h
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Fig. 3 Simplified TxBF MIMO and SDM with corr.(0.5,0.5), v=30km/h

Simplified TxBF performs better than SDM especially in low speed environment. SDM is sensitive to the spatial correlation. However, because the principal singular value increases statistically with correlation increasing, the performance of this simplified TxBF MIMO scheme will be better than low correlation case. The simulation results show that:
· The simplified TxBF outperforms SDM, especially in low speed case.

· Performance of SDM degrades but the simplified TxBF MIMO goes better when spatial correlation increases.

4 Discussion and conclusion
Channel reciprocity is one of the dominant characteristics for TDD mode. This advantage should be fully taken into account when constructing LTE techniques.

In this contribution, a simplified Transmit beamforming (TxBF) MIMO scheme was proposed. Its characters can be concluded as follows:

· Same scheme for both paired and unpaired system. Reduce amount of CSI feedback information in paired operation, meanwhile advantage of channel reciprocity in unpaired operation can be utilized.

· Trade-off between performance and complexity.

· Outperform SDM and robust to the spatial channel correlation.
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