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Performance Analysis Quasi-Maximum-Likelihood Detection
Based on Semi-definite Relaxation

Abstract: Consider the NP-hard problem of maximum likelihood (ML) detection for a multiple-
input-multiple-output channel. We analyze two quasi-ML detectors based on semi-definite
relaxation: the SDR detector for BPSK constellation and the PSK detector for M-PSK
constellation. Both detectors are capable of delivering near-ML BER performance with a
polynomial worst-case complexity. For a general class of random channels, we prove that the
SDR detector provides a constant factor approximation in terms of the log-likelihood value, and
this constant factor remains bounded with increasing system size. Furthermore, we show that the
SNR gap between the ML and SDR detectors (expressed in dB) is bounded by a constant for
large systems. For the PSK detector we show that each local maximum of the low-rank semi-
definite relaxation that is feasible for the ML detection problem achieves at least a half of the
maximum relative log-likelihood value, and for the BPSK case even yields an exact ML solution.
Our analysis shows that the ML detection performance can be well approximated in polynomial
time using semi-definite relaxation.
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