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1 Introduction

The technical report TR25.814 [1] states in sections 7.1.1.4 that "the baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (more than two TX/RX antennas) should also be considered”.
Thanks to Space Time Block Codes (e.g. Alamouti), it's possible to take benefit from spatial diversity but data rates can't be increased.

Spatial Multiplexing allows increased rates without taking part from spatial diversity. Moreover, the number of antennas at Rx side must be equal or greater than the number of antennas at Tx side to recover transmitted data.
This contribution proposes new space-time codes for higher-order diversity configurations, not addressed yet; these codes:

· benefit from full available spatial diversity;
· achieve full rates;

· are flexible enough to address various antenna configurations.

2 DTST (Diagonal Threaded Space-Time) codes
2.1 General description

We assume a classical MIMO configuration with 
[image: image1.wmf]T

N

 transmit antennas and 
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 receive antennas on a flat fading channel (i.e. OFDM is assumed as underlying transmission scheme).
The rate 
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 of a space-time code is defined as the ratio between the number of different data symbols transmitted simultaneously and the number of symbol periods needed for the transmission.
The maximum rate (or full rate) is here given by  
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With DTST encoding 
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 data symbols are jointly encoded using a pre-coding matrix of size 
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 to collect spatial diversity on the symbol level. 
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 is set equal to 
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 in order to achieve full rate. These symbols are transmitted during  
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consecutive symbol periods during which the flat fading MIMO channel can be assumed constant. 
The basic criterion for the DTST code to benefit from the whole available spatial diversity is:

The 
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 symbols to be transmitted must be allocated to the 
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 antennas on 
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 symbol time intervals, in such a way that each symbol is transmitted on each antenna on different symbol intervals.
The transmission scheme for DTST codes is depicted in Figure 1. Each step is described hereafter. 
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Figure 1 Transmission scheme

· 1st step

· The 
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 symbols to be transmitted are pre-coded by the 
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 matrix
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; this matrix gives linear combinations of the symbols to be transmitted;
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may be a unitary or a non-unitary matrix.

· 2nd step

· The 
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 pre-coded data symbols are de-multiplexed in 
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 streams transmitted in parallel over the 
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 antennas, with
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· 3rd step

· If needed (
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 remaining streams are filled with null ("0") symbols.
· 4th step

· These 
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 streams are re-arranged according to a diagonal multiplexing.

· An example of a diagonal multiplexing is given below for 
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· 5th step

· Transmission of the 
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 multiplexed streams on the 
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 antennas.
2.2 Examples
2.2.1 
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This antenna configuration is a classical one and the specific transmission scheme and pre-coding matrix have been introduced by Hassibi and Hochwald in [2].
In this configuration, 4 symbols 
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 must be coded and transmitted on 2 antennas on 2 symbol durations.
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The pre-coding matrix is:
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In this case, 
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2.2.2 
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 are the 6 symbols to code and transmit on the 3 antennas on 3 symbol durations.
The pre-coding matrix is:
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The transmission scheme is the following one:
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This scheme achieves optimal capacity 
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 and optimal diversity
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 on independent Rayleigh fading channels.
2.2.3 
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In this configuration, we have to code 9 symbols (
[image: image46.wmf]{

}

i

x

 for 
[image: image47.wmf]9

1

L

=

i

) on 3 antennas on 3 symbol periods.
The pre-coding matrix is:
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The transmission scheme is as follows:
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This scheme achieves optimal capacity 
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 and optimal spatial diversity
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 on independent Rayleigh fading channels.
Similar schemes can be derived for other antenna configurations, for instance 4x2, 4x3, 4x4.

3 Conclusion

In this contribution we have proposed space-time codes that systematically achieve full diversity and full rate. These codes are very flexible and can address several antenna configurations; they remain optimal even when the number of antennas on Rx side is less than the number of antennas at Tx side. 
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