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1. Introduction

In [8] we proposed the ITA-MIMO concept which supports beside spatial multiplexing also beamforming as well as diversity techniques. Figure 1 shows a simplified block diagram focusing on the linear dispersion code block (LDC) X which allows switching  between full diversity to full spatial multiplexing. The linear pre-coder F supports beamforming and can be optimized independently in a first step in case enough channel state information is available. 


[image: image1]
Figure 1: Basic transceiver structure
This contribution deals with the suitable selection of LDCs under the tradeoff of the multiplexing and diversity gains, stating that full diversity and multiplexing gain is not possible simultaneously with LDC. 

Generally there might be different reasons to use some degrees of transmit diversity in a MIMO system, like missing channel state information due to very low rate or no feedback information, e.g. for fast moving UEs, robust as well as low latency data transmission or e.g. low signal-to-interference-and-noise-ratio (SNIR) at cell edge. 

Depending on the optimization criteria - i.e. based on ergodic capacity or bit error rate - and scenario generally there is no single best LDC covering all user scenarios but an adaptation of LDCs to different scenarios is required. 

For some scenarios LDCs will be given but the final definition and optimization of LDCs might be done in the working item phase. 

2. Linear dispersion code selection

From [9] it is known that there is a fundamental trade-off between diversity gain d and multiplexing gain r for MIMO systems. According to eq.1 the supremum of the diversity advantage d* depends on the chosen rate r, where r is greater equal 0 and lower equal to the minimum number of transmit and receive antennas. In Figure 2 to Figure 6 the optimal trade off curves for d* according to equation 1 are shown for different numbers of Tx- and Rx-antennas. Beside the optimum curves the trade-off curves of some well known LDC codes are shown additionally, which are the Alamouti scheme, VBLAST, quasi orthogonal space time block codes (QOSTBC) and stacked OSTBC. It is obvious that none of the schemes – with exception of the Alamouti scheme for 2 Tx and 1 Rx antenna - reaches the optimum trade off curve for all values of r.  In order to achieve the optimal trade-off curve, the deployment of transmission and detection schemes with high complexity is required. In order to reduce the complexity, only easily linear decodable schemes are taken into account, which achieve a certain point of the optimal tradeoff curve. Depending on the requirements and the QoS, the respective scheme is selected. The lower complexity and higher robustness of linear codes justifies the remaining performance loss.  

The second observation is that there is for Tx and Rx  2 no single best scheme for all rate and diversity requirements. For a given QoS class - i.e. latency requirement – signal to noise and interference ratio, (SNIR), the overhead for the HARQ process, the UE speed etc. the UE evaluates the best suited LDC code out of a pre defined set of codes. 
For this reason we propose to adapt the LDC codes in those scenarios whenever there is at least a very low rate feedback channel available. For a given number of Tx and Rx antennas typically 2-4 different LDC codes should be enough for a proper adaptation resulting in a feedback rate of 1 to 2 bits for this purpose. In case that the feedback fails completely a predefined robust LDC code with high or maximum diversity should be selected.

For high speed UEs with a short coherence time window also orthogonal space frequency block codes (OSFBC) might be considered to avoid inter code interference which would result in more complex nonlinear receivers or performance losses. 
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Equation 1: Supremum of the diversity advantage d*

Where according to [9], the Rate R for asymptotic high SNR  is given as R=r*log(SNR) and the error probability is given as Pe = SNR^(-d)
In figure 2 the optimal trade off curve is depicted for a 2 x 1 system – which is identical to the curve for the well known Alamouti scheme. 
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Figure 2: Trade off of diversity and multiplexing gain for Tx=2, Rx=1
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Figure 3: Trade off of diversity and multiplexing gain for Tx=2, Rx=2
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Figure 4: Trade off of diversity and multiplexing gain for Tx=4, Rx=1
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Figure 5: Trade off of diversity and multiplexing gain for Tx=4; Rx=2
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Figure 6: Trade off of diversity and multiplexing gain for Tx=Rx=4
3. Code Construction for some LDC codes

Equation 2 gives the basic equation for construction of the transmit matrix X. Q is the number of data streams, sq the data symbols (real – and imaginary part) and M and N are defining the code and are of size nT * T, where nT is the number of Tx antennas and T the time. 
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Equation 2: LDC code construction

This very general definition allows to construct all relevant codes and to vary between full diversity and full spatial multiplexing. 

Practical LDCs for 2 Tx antennas

a) Alamouti
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b) Spatial multiplexing (Q=T nT)
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Practical LDC for 3 Tx antennas 

Orthogonal STC   (nT=3, n1) 
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Practical LDCs for 4 Tx antennas 

a) Quasi-Orthogonal LDC   (nT=2n, n2) 
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b) Quasi-Orthogonal LDC   (nT=2n, n2) 
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c) Stacked Alamouti   (nT=2n, n2) 
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LDC in combination with antenna selection 

Antenna selection (AS) can be easily integrated into the above described MIMO schemes by allocating zero power to some of the antenna elements (AE). This is a useful optimization as the waste of power can be avoided for  bad AEs and additionally the interference to other users or cells is avoided. 
AS should be done chunk wise to ensure that each AE is transmitting continuously, but only on the best chunks, The saved power per ‘switched off chunk’ can be used to boost the power of the active chunks of this AE. 
4. Conclusion
The selection of LDC codes depending on required diversity order and rate for a given target like low latency, ergodic capacity or robustness has been analyzed. It is proposed to adapt the basic transmit LDC codes out of a given set of predefined LDCs based on an evaluation in the UE.  
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