CHAPTER 6

Problem 6.1

(a) ASK with coherent reception

x(t) b 1} Decision = 1
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fo at device
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s(t)

Denoting the presence of s

ymbol 1 or symbol 0 by hypothesis H, or HO’ respectively,
we may write

Hiz x(t) = s(t) + w(t)’
Hot x(t) = w(t)

where s(t) = Accos(2ﬂfct), with l\.c = /2Eb/Tb, Therefore,

Tb .
L =17 x(t) s(t) dt j
0 g
If £ > E,/2, the receiver decides in favor of symbol 1, If % ¢ E,/2, it decides in
favor of symbol 0.

The conditional probability density functions of the random variable L, whose value
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is denoted by %, are defined by

2
210) = -2
leO( 10) s exp( NOEb)
£ (gl1) = —] [ (Z-Eb)zl
2il) = exple ————ou
L}1 E NoE,

The average probability of error is therefore,

o Eb/2
Pe = Py o f £ ,0(100dy + p, J L (rIDas
. Eb/2 —o
= E‘f exp(- ﬁ‘E—)dl + 5 J expl[- N E Jd2
E /2 YN E 0°b < /qN_E 0"b
b 0°b 0
© 2
= 1 J exp(- ﬁig-)dz
vnN_E E /2 0'b
0b b
1 1
=3 erfc(E-fEb/No)
(b) ASK with noncoherent reception
x(t) :\;ig;zd Envelope ¥ 2 Decision [ H1
. to s(t) ™1 detector - devi
. =Tb evice . HO

In this case, the signal s(t) is defined by

s(t) = Accos(2nfct + 6)

where Ac = Y2 Eb/Tb, and

= 0<8<2n

fe(e) =

o, otherwise

For the case when symbol 0 is transmitted, that is, under hypothesis HO’ we find that
the random variable L, at the input of the decision device, is Rayleigh-distributed:

2
£ £

leO(£IO) = NuT exp(- %—T—)
0'b 0'b

For the case when symbol 1 is transmitted, that is, under hypothesis H

1 we find that the
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random variable L is Rician-distributed:

" : 22 . AiTE/M) (2£Ac)
£ . (201 ) = —=- exp(- ——m—amee ) I (——
L4 N, T N T,/2 o'W

where Io(2£Ac/No) is the modified Bessel function of the first kind of zero order.

Before we can obtain a solution for the error pefformance of the receiver, we have to
determine a value for the threshold. Since symbols 1 and 0 occur with equal probability,
the minimum probability of error criterion yields:

( As b) (ZEAQ) ?1
expl - I < 1 QP
2N0 0 NO H

For large values of Eb/NO, we may approximate Ib(ZQAc/NO) as follows:

22Ac exp(22Ac/N0)

)
0 VHulAc/No

Using this approximation, we may rewrite Eq. (1) as follows:

A =& T) U1 /TER
exp| ] < S

N
0 Ho 0

Taking the logarithm of both sides of this relation, we get

1 Ach meN

T )
]

% 0

AV T
nj—

0

Neglecting the second term on the right hand side of this relation, and using the fact
that

. Ach

b~ 2

we may write
H fo———
1 E T

vy 1/bb

H0

1 /EpTp

The threshold Fl > is at the point corresponding to the crossover between the

two probability density functions, as illustrated below.
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Thg~average probability of error is therefore

Pe = Pg P1g * Pq Poy

where
P,. =/ £ ,.(210)d2
10 JET s202 L0
o 2
") )
= f = exp(- —=)d%
JET, /2/2 NoTp NoTp
2 o
2%
= |~exp(- <=-) ]
N.T
o'o’ VE T /272
E
= exp(~ —HE)
0
/BT /272
Poy =/ £ 1C4IT)aL
0
E Ty 272 us 22 4 Ai Tg/u 208
= s exp(- —75—) I,(——)de
. N,T NoT /2 o\ W
vE,Tp/272 a2 22 4 a2 Tg/u exp(22A _/N)
= v (- —xT 7 gl
0 0'b o'b /HmiA /N
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/Ebrb/zlz

2
(L - A T./2)
=/ TT"ZR' ‘/TT"'Z exp|- C D de (2)
0 { e'db "™o'b NoTp/2 ]

The integrand in Eq. (2) is the product of Wb and the probability density function
of a Gaussian random variable of mean Ach/Z and variance NoTb/ll. For high values of
Eb/NO, the standard deviation W is much 1less than the threshold fE—;'i‘.b/ZIZ.
Consequently, the area under the portion c_Jf the curve from 0 to /EbTb/2/2 is quite small,

that is, Pm' = 0. Then, we may approximate the average probability of error as

Pe ® P, Pyp

E
1 b
3 exp(- uNO)

where it is assumed that symbols 0 and 1 occur with equal probability.
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