M-ary symbol bit error rate is higher than
bit error rate

Article Overview

The bit error rate (BER) of M-ary modulation schemes is higher than that of binary
modulation because each symbol represents multiple bits, reducing the distance
between constellation points and making the system more error-prone at the same
SNR.

Explanation

In M-ary modulation (such as M-ary PSK or M-ary QAM), each symbol encodes logz(M)
bits by varying the phase, amplitude, or both of the carrier signal . As the modulation
order M increases, more bits are packed into a single symbol, which reduces the
Euclidean distance between adjacent constellation points. This smaller spacing
makes the symbols more susceptible to noise and interference, leading to a higher
probability of symbol errors, and consequently, a higher BER . For example, in M-ary
PSK, the phase difference between adjacent symbols decreases as M increases. A
16-PSK system has smaller phase separation than an 8-PSK system, so at the same
SNR, the likelihood of misinterpreting a symbol is higher . Similarly, in M-ary QAM,
higher-order constellations like 64-QAM or 256-QAM are more spectrally efficient but
exhibit higher BER because the amplitude and phase points are closer together .

Relationship Between BER and SNR

The BER decreases as SNR increases, but for higher-order I
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From this paper, it can be observed that the value of Bit error rate decreases when
signal to noise ratio increases in decibel for M
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M-ary Quadrature Amplitude Modulation (QAM) is a widely used modulation technique
that provides high transmission rates with
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