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Here, vy, is the average SNR per bit

k is the number of bits per symbol
M is the total number of points in the square QAM constellation (256)
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Derived Phase Noise Impact for Square QAM Constellations

AvEnergyPerSymbol (CSize) =

AvEnergyPerSymbol (256) = 42.5

Nbits < floor w + 0.1\
log (2) )

0.5-Nbits
RailLevels « 2 1

sum < 0
3 RailLevels
for iie .. — —
2
B RailLevels
for je0..— -

(2-ii+1\2 (2~jj+1\2
sum < sum + T + | —
2 ) L2 )

4-sum

CSize

sum <

Assumes square QAM
constellation.

Adds up power for all of the
constellation points in the upper
right-hand quadrant, multiplies
this sum by 4 to get the total for
the entire constelllation, and then
divides by the total number of
constellation points.

Rectangular spacing between constellation points
assumed to be d= 1.
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pp =0.50

SNRbitdBpp =2+pp-0.5

16 QAM Situation
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256 QAM Situation
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64 QAM Situation
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Now, assume the Tikhonov PDF for the phase error: 16 QAM Case
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Now, assume the Tikhonov PDF for the phase error: 64 QAM Case
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Now, assume the Tikhonov PDF for the phase error: 256 QAM Case
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erf(1) = 0.8427

du = 0.8427

Rayleigh Fading Compensation Method for 16QAM in Digital Land Mobile Radio Channels', IEEE 1989,
S. Sampei, T. Sunaga

BER for Gray-coded 16-QAM with coherent detection

Pb('Yo) = g-erfc(\/m) _ %'erfc(m)z

Rayleigh Fading Compensation for QAM in Land Mobile Radio Communications', IEE Trans. Vehicular
Tech., May 1993, S. Sampei, T. Sunaga

BER for 64-QAM

4o Ly 1 )
Pb(YO) = E'erfC(;-YO) — g-erfc ;'YO)

BER for 256 QAM
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Look at BER with BPSK kp:=0.40  xyp = kp-0.25
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Look at BER with QPSK kp := 0..40 Xkp = kp-0.35
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QPSK SER Versus Phase Noise
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