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1 Introduction
Space-time block coding (STBC) is a promising technique in multiple-antenna system, which is proposed and analyzed in [2], [3] and [4]. In the research on this technique, it is proved that the technique only achieves 1/2 of the maximum possible transmission rate for any number of transmit antennas for an arbitrary complex constellation for the input signals modulation, and only for the specific cases of two, three, and four transmit antennas, the technique can achieve, respectively, all, 3/4, and 3/4 of maximum possible transmission rate.

Moreover, the channel state information (CSI) feedback is not used in the STBC scheme. In this proposal, we will show that the further performance gain can be obtained if the CSI feedback is used in the space time coding (STC) scheme. 
Based on the above mentioned, this proposal presents a new STC scheme, which uses the CSI at the transmitter and has better performance than the traditional STBC scheme.
 2 Motivation
The most important background for this proposal is that the CSI feedback is an optional technique in IEEE 802.11n draft standard [1].
This proposal gives a new STC technique, which uses the CSI at the transmitter. This proposal can provide not only better BER performance but also higher transmission rate than the traditional STBC system.

3 Main Features
There are three main features that are detailed as follows.

1. Compatible to the existing CPEs. The existing CPE has no enough space to set more than two antennae to promise the independence between the fading channels. The main reason for this proposal is available is that, as the traditional STBC scheme, it do not need add antennas to the CPE because the transmit diversity is used.
2. High transmission rate. This proposal can provide higher transmission rate than the traditional STBC scheme when the system is set with more than two trasnsmit antennas.
3. Good BER performance. This proposal can provide better BER performance than the traditional STBC scheme, which is shown in Figure 1.
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Figure 1 – BER Performance Comparisons between the proposal and the traditional STBC scheme.
From the simulation results shown in Figure 1, we can find that the proposed scheme has better BER performance than the traditional system and the distance between them becomes larger when the number of transmit antennas increases. More important, the transmission rate of the proposed system is higher than that of the traditional STBC system when there are more than two transmit antennas in the system.

4 Details of the Proposed Scheme
The multiple-antenna system is set with M transmit- and 1 receive- antennas and denoted by (M,1) system later. And, the flat fading channels from transmit antennas to the receiver are denoted, respectively, by 
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. These channel gain factors are independent of each other and all satisfy the complex Gaussian distribution, i.e.,
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An important note in this proposal is that both the transmitter and the receiver know the channel state information.
4.1 BS with two transmit antennas
The transmission matrix for the BS with two transmit antennas is


[image: image7.wmf]÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

+

=

*

2

*

1

1

2

2

1

2

2

2

1

2

0

0

2

h

h

x

x

x

x

h

h

T

,                                                          (2)

where * denotes complex conjugate operation, and 
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 denote the information symbols. The rows of the matrix are corresponding to the symbol periods and the columns of the matrix are corresponding to the index of the transmit antennas.

In detail, at a given symbol period, signals 
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 are transmitted sepeately from antenna 1 and antenna 2. And, during the next symbol period, signals 
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 are transmitted from antenna 2 and antenna 1, respectively.
At the CPE, the corresponding received signals during the two coherent symbol periods are
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and
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where 
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 denote the received additive white complex Gaussian noise.
        The  combined signals that are sent to the maximum likelihood detector are computed by
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        These combined signals are then sent to the maximum likelihood detector and the estimations of the original symbols can be obtained.

4.2 BS with four transmit antennas
The transmission matrix for the BS with four transmit antennas is
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where * denotes complex conjugate operation, and 
[image: image23.wmf]1

x

, 
[image: image24.wmf]2

x

, 
[image: image25.wmf]3

x

 and 
[image: image26.wmf]4

x

 denote the information symbols. The rows of the matrix are corresponding to the symbol periods and the columns of the matrix are corresponding to the index of the transmit antennas.

In detail, during four coherent symbol periods, the corresponding received signals at the CPE are
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where 
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        The  combined signals that are sent to the maximum likelihood detector are computed by
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        These combined signals are then sent to the maximum likelihood detector and the estimations of the original symbols can be obtained. 
4.3 SNR comparison
The received noise is assumed to be complex zero mean additive white Gaussian noise with two-sided power spectral density 
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 in each symbol period. The signal to noise power ratio (SNR) for the traditional STBC scheme in (M,1) system is 


[image: image44.wmf]2

1

2

traditonal

N

M

m

m

h

SNR

s

å

=

=

,                                                                   (16)
and the SNR for the proposed STBC scheme in (M,1) system is
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It is obvious that 
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, that is, the proposed STBC system can obtain more SNR gain than the traditional STBC system. And therefore the BER performance of the proposed STBC system is better than that of the traditional STBC system.

5 Conclusion
In this proposal, an effective STC scheme by the use of CSIT is proposed, which can obtain better BER performance and higher transmission rate than the traditional STBC scheme for the cases of more than two transmit antennas.
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This document proposes a new STC scheme with the CSI feedback, which can obtain better BER performance and higher transmission rate than the traditional STBC system.
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