Problem 6.2

The transmitted binary PSK signal is defined by

JEL000), 0<t<T,,  symbol 1
s(t) =«

~JE,0(),  0<t<T,  symbol 0

where the basis function ¢() is defined by

o(r) = J%cos(anct)

The locally generated basis function in the receiver is

Av/zcos(anct + Q)
T,

A/Tz[cos(anct)cosq) —sin(2nf t)sin@]
b

‘Drec(t)

where @ is the phase error. The correlator output is given by

T
y = jo”x(z)cprec(z)dt

where
x(t) = 5,(8) + w(t), k=12

Assuming that f, is an integer multiple of 1/T}, and recognizing that sin(27f.f) is orthogonal to
cos(2mf ) over the interval 0 <z < T), we get

y=1=% A/E_bcosq) + W
when the plus sign corresponds to symbol 1 and the minus sign corresponds to symbol 0, and W is

a zero-mean Gaussian variable of variance Ny/2. Accordingly, the average probability of error of

the binary PSK system with phase error ¢ is given by
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E, cos
P, = %erfc( / bNO (p)

When ¢ = 0, this formula reduces to that for the standard PSK system equipped with perfect
phase recovery. At the other extreme, when ¢ = +90°, P, attains its worst value of unity.
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