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Here,  γb   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)

  

(equ. 4.2.144)Ps γb M, k,( ) 2 1
1

M
−









⋅ erfc
3 k⋅ γb⋅

2 M 1−( )⋅









⋅ 1
1

2
1

1

M
−









⋅ erfc
3 k⋅ γb⋅

2 M 1−( )⋅









⋅−






⋅:=

Symbol Error Rate

From Digital Communications, 
Proakis, Wiley, 2nd Ed., 1989, 
page 282

Bit Error RatePb16QAM 10
0.1 SNRbit_dB( )⋅

bits 16( )⋅




 1.228 10

7−
×=

EsNo is the AVERAGE symbol to noise ratio
SNRbit_dB 15:=

Pb16QAM EsNo( )
1

2
Q

EsNo

5









1

2
Q 3

EsNo

5
⋅









⋅+:= From Modern Quadrature 
Amplitude Modulation by W.T. 
Webb, L. Hanzo, Pentech Press, 
1994, page 161

Q x( )
1

2
1 erf

x

2









−







⋅:=

BPSK case added at the end
26 October 2001

bits 16( ) 4=16 QAM

erfc x( ) 1 erf x( )−:=bits x( ) floor
log x( )

log 2( ) 0.1+







:=BER for QAM

Copyright J.A. Crawford 2004



J.A. Crawford U10220 BER for Square QAM.mcd 2

kb 0 15..:=

EsNodBkb
10 kb+:= EbNodBkb

EsNodBkb
10 log bits 16( )( )⋅−:=

pskb Ps
10

0.1 EsNodBkb
⋅

4
16, 4,











:= pbkb Pb16QAM 10
0.1 EsNodBkb

⋅
:=

10 12 14 16 18 20 22 24 26
1 .10

8

1 .10
7

1 .10
6

1 .10
5

1 .10
4

1 .10
3

0.01

0.1

1

Symbol Error Rate
Bit Error Rate

Error Rate Performance for 16 QAM

Average Esym/ No Ratio, dB

E
rr

or
 R

at
e

Copyright J.A. Crawford 2004



J.A. Crawford U10220 BER for Square QAM.mcd 3

Derived Phase Noise Impact for Square QAM Constellations
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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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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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Look at BER with QPSK kp 0 40..:= xkp kp 0.35⋅:=
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