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Apsume 8 binary bit stream is to be modulaied on an RF carrier. If the

. baseband bit stream has a data rate of 1 Megabit per second, then: A
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pulses are used, fot a=1? Amme BPSK is used.
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{c) Wlututbe absolute bnndwtdth of the RF spectrum if raised cosine rolioff
pulses are used, for a = 17 Assume BPSK is used. ~C
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(d) ¥f a timing jitter of 10~ seconds exists at the receiver and raised cosine
rolloff pulses are used, will the detector experience intersymbol interference
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(&) If GMSK modulation is to be used md a dB bandwidth of 500 receved
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(f) For GMSK modulation using BT < 0.5, how many spectral sidelobes
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b-H| For I$-%54, R=486 Kbps , B=30kHz,
2 Is = = B crp2dps
For GSM, R=270.833 Kps.  Bs 200 kHz

= 5= Z‘;f” = 135 bps/ Hz

P PO, Regakbps | Bz25KHr =Ts=EX =145 bps/he

For _IS-95. The bandhdth eZﬁcfeﬂ-y a%zmds on the /mrméarojl
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Frequency response of raised cosine filter
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5./6J Bls=05 , [s= ‘,‘;’2‘;;/75" (Se.’e also froé/em 6.27)

9L = 05 x132X)0% = 9.6 KHz
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Frequency'response of Gaussian puise shaping filter
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62/] & (‘/%'.‘7/)5 Jox 33x107 = 33%/07¢

= ;—5_7"—’_: 45600 = %—jﬂ— = 203058 =k =276

b22
T.=1/1.2288Mcps, T,=13kbps, 7.8dB ~ 6

so the processing gain is PG=T,/T.= 1.2288M/13k = 94

Assume BPSK,
1 1
K-1 No 20-1 :
—_—t— +1/12
3PG 2Eb 3%94.52

For actual IS-95 system, some coding overhead is added. So the bit rate is 19.2kbps, and since
QPSK is used, the base band rate is thus 9600bps. This gives out PG=1.2288M/9600=128. The
corresponding BER is:

BER= 1 = 1 = 0(2.74) = 0.0031

JK—1-+LV0_ 'JZO—I +1/12

3PG 2Eb 3*128
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j (a) humber o f /L/’5 segnd

= 2/0725/4.15 X R = 2X 3500 = 5x/0% hops [sec

(6 For —/% = Dodg =160 ond a 5i7/e wher (a/SSwaw}fj
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6.24 Hints for solving Problem .20

To evaluate the probability of error, F, of a signal in flat Rayleigh fading,
simply weight the P, by the conditional likelihood of the signal being a particular

value. That is,

P(error) = / P (error lapeclﬁc Eb/No) -P (specific E,/Np) d( ) (1)

® in text books - AWGN
where the probability density of the fading E,/Nj is given as the square of &
Rayleigh distributed r.v., which is easily shown to be exponential, eqn. (5./5%).
If we let X = random E,/N, due to fading and let a? denote a chi-square
(exponential) r.v. with the pdf of a squared Rayleigh distributed voltage, then

—a? ﬂ) i
X=a ( A (2)
Let's let
— Ey : E,
) =b
.I’'=a N the average value of o 3)
Then:
P(l)= /P,(X) . %e‘de (Eqo. 1) @)
0

is the value of P, in flat slow Rayleigh fading.

127



6.26 Hints contd.

Hint: Derive the p.d.f. for
E,
X= 02 (FD) (5)

where E;, /Ny is a constant and « is Rayleigh, and you get (6. 153), an expo-

nential PDF.
Note a table of integrals can evaluate (Eqn. 1) where

1
(D{p) = —p=—n%
PH(z) 2¢ (6)
n= % for noncoherent FSK Y]
n = 1 for DPSK (8)
and
Fz) = %erfc\/ﬂ: 9)
8= % : coherent FSK : (10)
B = 1 coherent PSK ‘ (11)
A table of integrals can show:
T 1
PY = / P,‘"(X)Fe-fdx (12)
]
1 1
= 13
2 [1 + r)l‘] a3)
P = [ BP0 zeFax o
]

1 1
[ﬁ] )

OR - if not closed form, use numericai integration for specific values of I'.
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4. 26 Soluton
We can treat the system as synchronized because they are in the nearby local area.

Using formula 4.147 and 414%, we can plot the curve for BER vs. K. Please note that you should
use the exact expression of &.143, not the approximation expression, so that you can observe the
change of the curve. A sample code in Matlab is enclosed.

~ When K=25, BER is above 0.2, which is redeemed as unacceptable because we need to apply
significant coding scheme to reduce the end user BER. However, for the homework, any
reasonable justification about number of acceptable users will be credited.

Sync. Sys.
0.25 T T r Y
N 02t
0.15}
c
w
@
0.1F
0.05
0 ) SE— L i L !
0 5 10 15 20 25 30

Device Number

4.27 See the MATLAE /)mjmm /06_27.m a/za/'/%./zo’.zm
(8. (6. Fig. pboarb(ed . (b), Fig-ps-270(a.(b) and
F?‘v- /bé-zm’.

For « Geussiar /aya,n ]/7/éar wit, z‘)w.?/w fmd/b;,
fletf)= €x/>(—oz‘fz)

the 3AB badwid#f B vs related with X by e
fo[éw-édm e{gﬂdﬁfm ' /
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