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1. (70 Points) A DS spread spectrum communication system with two users (with two
message signals of VI (t) and v2 (t) ) is given. Each user transmits at a bit rate of 4 kbits /
sec. For this communication system, to provide a Pe (probability error) of 10-4

, find the
SNR (due to interference between users arising from the common use of time and
frequency axis) and Le (processing gain) and Te (chip duration of the PN sequences). State
what assumptions you have made in these calculations.

Now assuming that these two users are assigned two of the following four spreading (PN)
sequences,

C-[-l -1 1 -1 -1 1 -1]I -

2C = [-1 -1 1 1 -1 -1 1]

C-[-l -1 1 -1 1 1 1]3 -

C-[-l -1 1 1 1 -1 1]4 -

Explain which of the IC, 2C, 3C and 4C you would choose as PN sequences of the two
users bearing in mind that the time shifted autocorrelation function of the chosen PN
sequences should make the chosen PN sequence maximum length. Find the new Le and Te•

Find the time shifted autocorrelation and time shifted crosscorrelation of the chosen PN
sequences and plot them. Note that autocorrelations and crosscorrelations can be obtained
from matrix multiplication of PN sequences.

For the above DS spread spectrum system, draw transmitter and receiver block diagrams
and plot time waveforms and spectrums of signals, labelling these plots with numeric
values.
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2. (30 Points) Answer the following questions as True or False. For the False ones give
the correct answer or the reason. For the True ones justify your answer.

a) In OFDM, subcarriers are determined taking into account properties of noise: ~ 0/'5 Q.. .

1/\ //}rD

/~ 11/7.s
7

DI'

/ .....•

I~ o/l-hoJ.!:>/)o/'}y

fi' - /~ -:: .-!
b) OFDM offers the advantage of transmitting the message signal in a narrower bandwidth

/~ 0/5 L / ();: tJ /f) d ~/l / /VI ;D /e-/YI(, /l Ja~/~/l /-0 )~j; /- ~~/;)

Jiv. eAo../Jlld //)A /)C</{ Vw<'.,r j ~/J (f'u-Jldliy J/c. ej fD JJ,c;1-
, ;![e. rccfcvyvl", r, ZJ- ./7~1 I/v... //}k/Jl/0/.JCc.cn t/;?)J e..t1/5' /)

10 51{ ~ (}/J jc. /? d'vv I Jj..~ ,'/J [) rLJ/r1.

c) Symbols in different time slices (slots) of message signal are assigned to different
subcarrier frequencies in OFDM: ---. e ) -1 • Ii L1 /VI

l / U / b <.J C.":':>/) Jvl//J:; '7 17/11 o/'

€ "1 {. h 5:J /'YJ hoi C( S' I{ 6' c. c"'~1 ~t'"' I wz. 0/-1-et/v~(y q S (/ 7'/)

J'ffG.>(Cfl l~ yc.lce-) ;)/ (14M 'J/ /'Y,t{' '>''j'/7q/ pta c/i,/-J-.e.rw L
d) In OFDM, we get the message signal from PSK or QAM modulator: I' e; t.J e/J (I c.,J

e) OFDM is to be used in digital audio broadcasting:
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