EE 359 - Wireless Communications - Fall 2009

Homework 5 Solutions

1. (6-13) (15pts)

(a) (3pts)
Found out d,;, geometrically, dpim = 2 X Vs sin(iﬁ) = 0.3902V/ E.

(b) (3pts) Ps = an@ (\/ ﬁmVs) =2Q <\/ “pin— > = 2@(\/077673)
am = 2, By, = .076

(c) (3pts) P. = f Py(vs) f (s)ds

= famQ \//Bm'Ys)f(’Ys)d'ys

0
Using alternative Q form

us
2

= om f (1 + (51n7¢) ) d¢ with g = ’8’”

_ am _ 97Ys _ 038ys . 1 ;
= [1 \/ 1 o \/ Tros82 = o760 where we have used an integral table to evaluate

the mtegral
(d) (3pts) P =1¢
(e) (3pts) BPSK: Py = W =1073, = 7, =250, 16PSK: From above get 7; = 3289.5

Penalty = 322%%5 = 11.2dB

Also will accept 7,(16PSK) = 822 == 5.2dB

2. (6-20) (10pts)
Data rate = 40 Kbps
Since DQPSK has 2 bits per symbol. . T = ﬁ =5 x 10 %sec

DQPSK
Using Table 6.2, Gaussian Doppler power spectrum, p, = e~ (®BpT)?
Bp =80Hz
Rician fading K =2
pe = 0.9998 (5pts)
Use (6.92):
2
Prioor = L . _pe/V2)? exp _R-VOK2| 2.138 x 107°  (5pts)
2 1 - (pc/\/§)2 1- pc/\/§

3. (6-21) (10pts)
(5pts for the upper bound, and 5 pts for the lower bound).

ISI:



Problem 2 — Symbol Error Probability for QPSK
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Figure 1: Problem 6-7

Thumb - Rule approach:

e = 100 nsec will determine ISI. As long as Ts > up, ISI will be negligible. Let Ts > 10 pup. Then
R < 2bits L symbols _ g\ ppy s

— symbol Ts  sec

(Will also accept: Let Ty > 100 pp. Then R < 2bits L symbols _ ( 9 \[hp)

symbol T’ sec

Doppler:
Bp = 80 Hz

1
Pfloor = 107* > 5 |1-

But p. for uniform scattering is Jo(2nrBpTy), so
pe = Jo(2nBpTs) = 1 — (nfpTs)* > 0.9999

=T, <39.79us
Ty, <19.89us. Ry > 50.26 Kbps.

Combining the two, we have 50.26 Kbps < R, < 2 Mbps (or O.2Mbps).7
Will also accept: using expression similar to (6.93) but for DQPSK: P & 0.5(mfpTs)? so Ts <

VEbierset — V0T — 56270 x 10~%s. So T < 5.6270 x 107°/2 = 2.8135 x 10%s, and R > £ =
35.5431kbps.

Combining the two, we have 35.5431 Kbps < R, < 2 Mbps (or 0.2Mbps).




4. (7-1) (10pts)

P, =103
QPSK, using (6.12), Ps = 2Q(/7s) < 1072, 75 > 7o = 10.8276. (1pts)

_0
(l—e 71‘)

Pout (70) =

—

Il
_

(2

5, = 10, 7, = 31.6228, 75 = 100.

M=1 .
Pout = (1 - e‘ﬁ) — 0.6613 (3pts)

M=2
_J0 _J0
Pout = (1 —e %) (1 —e @): 0.1917 (3pts)

M=3
_J0 _J0 _J0
Pog = (1= 1) (1=¢772) (1-¢ 7 )= 0.0197 (3pts)

5. (7-8) (15pts)

(a) (Tpts)
v =10dB =10,1<i< N
N=1,v=10, M = 4
Py = 27100 = 2¢715/3 = 1.3476 x 1073,

(b) (8pts)
In MRC, v =y +v+... +7nN.
So T = 10N
3
Py = 2¢ P00 — 675N < 1076
= N > 2.4412

So, take N = 3, P, = 6.12 x10~% < 1076,

6. (7-12)(15pts)
Average BER for BPSK, over Rayleigh fading, for two branches:
For MRC, use (7.20):
_ 1-T, r 1-T, r
= (— P2+ (1+2)]=(—)22+2).
P = (5 Pl (4 5) = (2 + )
5pts for plotting the correct curve for MRC.)

pb_o.5<1— |- (— )2>.

1+7%
(5pts for plotting the correct curve for EGC.) Plot these two probability of error, for 4 ranging from 0
- 20 dB, shown in Fig. 2:

where I' = % (

For EGC, use (7.28):
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Figure 2: Problem 6-7

The maximum dB penalty to achieve the same p, happens at p, = 0.05. The penalty is about 1.1dB.
(5pts)
MATLARB code:

gamma_bar_dB = [0:0.1:20]; gamma_bar = 10." (gamma_bar_dB/10);
Gamma = sqrt(gamma_bar./(l+gamma_bar)); pb_MRC =
((1-Gamma) /2) . ~2.*(2+Gamma/2) ; pb_EGC =
0.5%(1-sqrt(1-(1./(1+gamma_bar))."2)); figure; plot(gamma_bar_dB,
pb_MRC) hold on; plot(gamma_bar_dB, pb_EGC, ’r--’) legend(’p_b,
MRC’, ’p_b, EGC’) xlabel(’\gamma(dB)’) grid on print -depsc
prob7_12.eps

. (7-16)(10pts)

(a)(7 pts), 2 branch MRC, p(y) where [;* p(y)e *Tdy = O'f/)?

we will use MGF approach

- w/2
P, — 1/ 2, M., <—12> d
T Jo sin“ ¢

7T
(0.01%)?
4

w/2
- 1/0 (0.017 sin ¢)d¢

(b)(3pts) P, = COLA0 _ 0 025,
. (7-17) (10pts)

5 = 15dB = 31.6228.
Rayleigh case (5pts), using (7.20):



Py = 4.5469 x 1076, Will also accept MGF approach:

_ 2 5y 173 6
Py = / [1 + 2] d¢ = 4.5469 x 107"
T Jo sin® ¢

Nakagami-2 fading case (5pts),

(o) ()
7 sin? ¢ B 2sin? ¢

— 1 T2 1 ’
P, = / <M'y (— — )) dg, 5 =10"° =512 x 107°
T Jo sin“ ¢

MATLAB CODE:

gammab = 107 (1.5);
Gamma = sqrt(gammab./(gammab+1));
sumf = 0;

for m = 0:2
f = factorial(2+m)/(factorial (2)*factorial(m));
sumf = sumf+f*((1+Gamma)/2) “m;

end

pb_rayleigh = ((1-Gamma)/2) " 3*sumf;

phi = [0.001:.001:pi/2];

sumvec = (1+(gammab./(2*(sin(phi)."2)))).~(-6);

pb_nakagami = (1/pi)*sum(sumvec)*.001;



