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Connection between bits and symbols

M ≡ number of elements in the constellation (a1, a2, · · · , aM)

The number of bits per symbol is

m = log2M

Es ≡ (mean) energy of the constellation

The (mean) bit energy is defined as

Eb =
Es

m

Pe ≡ probability of symbol error ( # erroneous symbols
# symbols transmitted = v

w )

Bit Error Rate (BER)

worst-case scenario→ BER = v×m
w×m = Pe

best-case scenario→ BER = v×1
w×m = Pe

m

}
⇒ Pe

m
≤ BER ≤ Pe
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Gray mapping

...a way to induce the best-case scenario

Premise

When an error happens we usually mistake a symbol for one of the
adjacent ones.

Gray mapping: assign sequences of bits that only differ in one bit
to adjacent elements in the constellation

0010

11 01

Example: M = 4,N = 2

It is the optimal way of assigning sequences of bits to symbols.
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Transmission of a sequence of symbols

4T

T 2T 3T
s2(t)

s1(t) s1(t)

s2(t)
t

T ≡ symbol period

Rs =
1

T
≡ symbol rate

(
symbols

second
or bauds

)
m ≡ number of bits per symbol

Rb = m · Rs ≡ bit rate

(
bits

second

)
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