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Exam 1

All work should be done in the blue books provided.
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Coverage: Sessions 1-10.
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This test contains three problems.

Session 14

You must show all work for each problem to receive full credit.
Do not return this test sheet, just return the blue books.
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Problem 1. [30 points]
Consider a very simplistic CDMA system with only two users assigned the following
length 4 orthogonal codes, respectively, which are two rows of a 4x4 Walsh-Hadamard matrix:

User 1’s code: ¢1[n] ={1,—-1,1,—1}
User 2’s code: co[n] = {1,1,—1,—1}
Consider transmitting a block of two PAM symbols for each of the two users,
User 1’s two info. symbols: b;[n] = {b:1[0], b1[1]}
User 2’s two info. symbols: by[n| = {b2[0], bo[1], }
where by[n] can take on one of four different real values (for each value of k£ and n):
1. 3 representing the bit pair {1,1} ;
2. 1 representing the bit pair {0,1} ;
3. -1 representing the bit pair {0,0} ;
4. -3 representing the bit pair {1,0} ;

The transmitted code-division multiplexed block may be mathematically expressed as

Given that the received block has the following numerical values

z[n] —2,2, -4, —4,-2,2,4}

{4
T

where the first entry above is the value of z[0], determine the numerical values of b [n],n =
0,1 and by[n],n = 0,1. Your answer should consist of 4 numerical values all together. Show
all work in arriving at your answer. Note that code 1 is orthogonal to code 2 and that the
two users are synchronized.
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Problem 2. [35 points]
The analog signal z,(t) is reconstructed from its samples x[n] = x,(nTs) according to the
following equation

z,(t) = i zlk] g(t — kTs)  where: g(t) = Smﬂ(%_s)

Samples of the reconstructed signal at L times the original sampling rate may be obtained
via the following discrete-time system.
nT
= X S
x [n] X, [n] r( )

H@H hin —» L

Figure 1.

Your primary task in this problem is to determine the appropriate filter impulse response
h|n] for different values of L so that the output of the system above is what you would have
obtained if you had sampled the reconstructed signal at L times the original sampling rate
as specified. NOTE: Correct answer for h[n| is different for each part (for each value of L.)

(a) For the case of L = 1, write a closed-form expression for the filter h[n]. Plot the
magnitude of the DTFT of h[n], H(w), over —7 < w < .

(b) For the case of L = 2, write a closed-form expression for the filter h[n]. Plot the
magnitude of the DTFT of h[n], H(w), over —m < w < m. The case of L = 2 in Figure
1 may be efficient implementated as in the block diagram in Figure 2 below.

— ho[n] = h[2n]

——o0

O.

\ xr[n] = Xr(n Ts )
interleaver ~—» 2

x [n]

hl[n] =h [2n+1]

—o

Figure 2.

Using your answer for h[n] for this part (b), do the following:
(i) Write an expression for hg[n] = h[2n]. Plot the magnitude of the DTFT of hy[n|,
|Hop(w)|, over —m < w < 7.
(ii) Write an analytical expression for hi[n] = h[2n + 1|. Plot the magnitude of the
DTFT of hy[n], |Hi(w)]|, over —m < w < 7.

(c) For the case of L = 4, write a closed-form expression for the filter h[n]. Plot the
magnitude of the DTFT of h[n], H(w), over —m < w < .
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Problem 3. [35 points]
The analog signal z,(t) is reconstructed from its samples x[n] = x,(nTs) according to the
following equation

o0 t 1- % for|t| <T.
t) = E k] g(t — kT, here: g(t)=A| =)= T 5
:E’r‘( ) ‘/E[ ] g( S) where g( ) <T5> { 0 fOI‘ |t| > Ts

k=—o00

Samples of the reconstructed signal at L times the original sampling rate may be obtained
via the following discrete-time system.
nT
= X S
x [n] x ] = x (--3)

H@H hn — L

Figure 1.

Your primary task in this problem is to determine the appropriate filter impulse response
hln] for different values of L so that the output of the system above is what you would have
obtained if you had sampled the reconstructed signal at L times the original sampling rate
as specified. NOTE: Correct answer for h[n| is different for each part (for each value of L.)

(a) For the case of L = 1, write a closed-form expression for the filter h[n]. Plot the
magnitude of the DTFT of h[n], H(w), over —m < w < .

(b) For the case of L = 2, write a closed-form expression for the filter hln|. Plot the
magnitude of the DTFT of h[n], H(w), over —m < w < m. The case of L = 2 in Figure
1 may be efficient implementated as in the block diagram in Figure 2 below.

— ho[n] = h[2n]

——o0
o

\ xr[n] = Xr(n Ts )
interleaver ~—» 2

x [n]

hl[n] =h[2n+1]

—o

Figure 2.

Using your answer for h[n] for this part (b), do the following:
(i) Write an expression for hg[n] = h[2n]. Plot the magnitude of the DTFT of hy[n|,
|Ho(w)|, over —m < w < 7.
(ii) Write an analytical expression for hi[n] = h[2n + 1|. Plot the magnitude of the
DTET of hy[n|, |Hi(w)|, over —m < w < 7.

(c) For the case of L = 4, write a closed-form expression for the filter h[n]. Plot the
magnitude of the DTFT of h[n], H(w), over —7 < w < .



