SOLUTIONS TO ASSIGNMENT 4

e (1)

(a) The Fourier transform of h(r) is given by (using entry 5 of the Fourier-transform pairs Table

A6.3)
_dn 1 r
H(f) = —J-ﬁt/aexp -nxw
= exp-(fia?) o))

Substituting o0 = (Jlog2/2/W) into (1), we get

H(f) = exp(-f* B2 #)

- ol SE(f))

Let fp denote the 3-dB cut-off frequency of the GMSK signal. Then, by definition,
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Hence, from Eq. (2) it follows that

oo 2 0) - &

or

exp( logZ(%)z) =2

Taking the logarithm of both sides, we readily find that

fo=W



The 3-dB bandwidth (cut-off frequency) of the filter used to shape GMSK signals is therefore
W.

(b) The response of the filter to a rectangular pulse of unit amplitude and duration T centered on
the origin is given by
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g(1) = J’ h(t - T)dt
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Equation (4) is finally rewritten as
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ierfc(kz) = icﬂc(kl)

% {crf c[n(r -ar/z)] 1 erfc[u(t -ar/z )] f

='{°rf°[ \/_WT(T 2 =Sre J—WT (7+ 2

s

1

056} -
(1] 3
-05} .
-1 1 1 1 1
0 1 2 5 6 7
Real part
1 Y T Y
05F -
oF -
]
-1 1 1 Y
0 1 2 6 6 7

GMSK slgnal



(@ by 1 1 0 0 1 0 0 0
Ay 1 1 1 0 1 1 0 1
dy 1 1 1 0 1 1 0 1 0
Transmitted
phase 0 0 0 n 0 0 n 0 n

The Wavefoam of the DPSK s@a-d i thes ‘as faffeus -

(b) Let

T

PSK
vave W— :

xI = output of the integrator in the in-phase channel
xq = output of the integrator in the quadrature channel
x{ = one-bit delayed version of x;
xQ’ = gne-bit delayed version of xqQ
L = in-phase channel output

=xx;’
lg = quadrature channel output
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Problem ‘;L
(a) For a coherent PSK system, the average probability of error is
)]
Pg =3 erfc[/(Ebluo),]

L1 exp[-(zbluo)ll
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For a DPSK system, we have

1
P, = 7 expl- (Eb/llo)zl (2)

Let
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Then, we may use Eqs. (1) and (2) to obtain

4 #isb/uo)1 = exp §

We are given that

(;Epl = 7.2

Hence,

§ = &n[r7.27M]

= 1,56
Therefore,

E
10 log1°(ﬁ%)1 10 log, 7.2 = 8.57 dB

E
10 1os,o(i§)2 10 206, (7.2 + 1.56)

9.42 dB
The separation between the two (Eb/NO) ratios is therefore 9,42 - 8,57 = 0.85 dB.

. (b) For a coherent PSK system, we have
1
Poz3 erf‘o[f(Eb/No)1]

a1 exp[-(Eb/No)1]
R &N,

For a QPSK system, we have

Py = erfolv (E IHOS.‘,J
T b 0’2

Here again, let

(3)

(4)

() = () +s
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Then we may use Eqs, (3) and (4) to obtain



1 exp(=-6)

2' a
1+ 6/(Eb7llo)1
Taking logaritms of both sides:

(5)

“2n 2 == § = 0,5 &nf1 + "‘%’“0)1]
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Solving for 6:

P n 2

T T e 0.B/E /N,

= 0- 65
Therefore,

E
10 10310(“—:)1 = 10 1og,(7.2) = 8.57 dB

E
b
10 log1o(i;)2 = 10 log, (7.2 + .65)

= 8.95 dB.
The separation between the two (Eb/NO) ratios is 8,95 - 8.57 = 0.38 dB.
(c) For a coherent binary FSK system, we have

Py = % erfal /(E 7200, ]

exp(- %(-%)1)
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For a noncoherent binary FSK- system, we have

P, = -12- exp(- %(N—B:)z) (7

Hence,

E
. _
V/ %{ﬁ% = exp(3) (8)

We are given that (I-:b/llo)1 z 13.5. Therefore,



= gn(léégiq

= 3.055
We thus find that

10 10810[;%)1 10 log,,(13.5)

11.3 dB

Eb

10 1°‘1o[i;)2

10 10310(13.5 + 3.055)

= 12.2 dB

* Hence, the separation between the two (Eb/llo) ratios is 12,2 - 11.3 = 0.9 dB,
(d) For a coherent binary FSK system, we have

=3 E 7oY.
P, = 3 erfol Eb 01]
Eb

exp(- —(—) )
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For a MSK system, we have

1
Pe =3 erfol 2 0 2] (10)

expl- -(-B-E) ]
= -'Tm-r D

Hence, using Eqs, (9) and (10), we

""2'%“‘[‘*(Eblu)]="‘ Q1)

_Noting that
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we may approximate Eq. (11) to obtain
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Solving for &, we obtain



- 2 0.?2_3
1+ 5353

s 1.29
We thus find that

10 1og1°(ﬁ;)1 = 10 log,(13.5) = 10 x 1.13 = 11.3 ¢B

E
10 log1°(i§)2 = 10 10g,(13.5 + 1,29) = 11.7 ¢B

Therefore, the separation between the two (E,/N,) ratios is 11.7 - 11,3 = 0.5 dB,



mien 9

The average power for any modulation saheme is

Pzxg,

Ty

This can be demonstrated for the three types given by integrating their power spectral
densities from =« to m,
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The baseband power speotral densities for each of the modulation techniques are:

’I PSK QPSK MSK
L 2 32E, "cms(;.)m"rb)"2
S .(f) 2E  sinc®(fT,) 4E_ sino”(2fT, ) —
C % E % E T Y

. g ! E
Since r a sinc(ax)dx = 1,P = 7-.—” is easily derived for PSK and QPSK. For MSK we have
= b



