Answers & Hints to the exam in the course Digital Communications (ETT051),
October 22, 2010, 14-19.

Problem 1.

a) The energy efficiency is better for 64-QAM since d*, = 6/21, compared with 24/255 for

min

16-PAM. The bandwidth efficiency for 64-QAM is Gpppg, and for band pass 16-PAM it is
Apppsk (worse than 64-QAM). However, the bandwidth efficiency for base band 16-PAM is
8pppsk (better than 64-QAM).

When comparing 64-CQJAM with base band 16-PAM the statement is FALSE.

When comparing 64-QAM with band pass 16-PAM the statement is TRUE.

b) TRUE, since Wige = 4/T = 8R;/3.

¢) TRUE, since P, ~ [\/dfmnéfb; No) = 20(5.273) =~ 1.14- 1077,

d) TRUE, since Dfmn 2608 = 2(PT,/4)0.8 = PT,0.4
e) FALSE, since d* . =4 for 16-PPM, and it is smaller for 16-QAM.
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Problem 2.
With o and R, = 334 kbps it is given that B, = Q(\/d*&/No) = Q( V/ %@f-} =107 =
0(5.612).

\ f g2 2 -
a) P5={Q[w/d1;5§8{z = ()(0.5612) &~ 0.28.

b) S =5 6122

The ratio a*/ R, must be held constant.
i) %/ By = (0/10)2/ Ry ey, leading to that Ry e, = 3.84 khps
i) o xRb (10a)? | Ry e leading to that Ry e, = 38.4 Mbps.

¢) It is gven that P, = O \/ff’&,x = Q(vVd19.953) = 107 = Q(5.612). This gives
d* = 1.578 which is 1.98 dB better than binary orthoganal signaling,




Problem 3.

a) The output signal alternative will be:

0 in the time interval ¢ < (.

1.5A4 in the time interval 0 < ¢t < 0.17%.

0.6A4 in the time interval 0.17, < ¢ < 0.37..
1.2A4 in the time interval 0.37, < ¢t < 0.57..
—(0.34 in the time interval 0.57, < ¢ < 0.67%.
0.6A in the time interval 0.67, < ¢ < 0.77..
0.3A4 in the time interval 0.77, < ¢ < 0.87..
—0.34 in the time interval 0.87, < ¢ < 1.27,.
(0 in the time interval 1.27, < t.

b) See the compendium (e.g. Chapter 6).

Problem 4.
a)

i) r(t): (symmetry around f=0)
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ii) y(t): (symmetry around f=0)
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1) Correct user signal (user 3) at base band in y(t]. A disturbance at 400 kHz, Low pass flter
bandwidth should be 600 k.

b)
1) Close to the true P, at medium and high sur. Also then a simple expression,
i) It determines the energy efficiency (and Py at medium and high su.

i) The bandwidth efficiency is low,



Problem 5.

a) ébi\gl‘rbjbl% = 4()460 leads to that

min

R, fi Tﬂ 14?;0 which gives maximum allowed bit rates for different values of M.

The reqmrement on the width of the main lobe is W, = 4/T = 16R;/(3k) = 5- 10° which can
be formulated as By = 15k10°/16, and from this expression we get the bit rate for different k (

or M),

We want as high bit rate as possible, so we calculate Hj for increasing k. However, we must
not violate the maximum bt rates obtained above!

It is found that 1M = 64 should be used and the bit rate then is By = 5.625 Mbps.

b From the meximum allowed bit rates in a) we find that we should use M = 4 and the bit
rate iy = 49.4 Mhips.

Wiake will in this case be Wy, = (16/6)R; = 131.7 Mhz.



