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Abstract: Finite alphabet signaling refers to commonly used discrete-constellation modulations in practical 
communication systems, such as PAM, PSK or QAM. This talk will present new theory for maximizing the 
mutual information between finite alphabet inputs and fading channel outputs through linear precoders for 
Multiple-Input Multiple-Output (MIMO) systems. When the mutual information is formulated directly with finite-
alphabet inputs rather than Gaussian inputs, it becomes a nonlinear and non-concave function of the precoder 
parameters, thus imposing a major obstacle to the design optimization. We present a parameterized iterative 
algorithm that achieves the global maximum of the mutual information via the Gram matrix of the precoder 
matrix and channel matrix.  Numerical examples show that this approach provides higher achievable rate and 
lower coded bit error rate than the commonly used approaches that design the precoder with Gaussian input 
assumption and then apply it to practical discrete-constellation systems. The precoder design is applied to a 
practical 2-by-2 MIMO OFDM system to harvest both diversity gain and multiplexing gain. Furthermore, FPGA-
based implementation of a hardware test bed is also completed using turbo equalization and LDPC codes. 
Experiment results verify the theoretical analysis and computer simulations. 
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