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Chapter 1

1. In case of an accident, there is a high chance of getting lost. The transportation cost is very high each
time. However, if the infrastructure is set once, it will be very easy to use it repeatedly. Time for
wireless transmission is negligible as signals travel at the speed of light.

2. Advantages of bursty data communication

(a) Pulses are made very narrow, so multipaths are resolvable

(b) The transmission device needs to be switched on for less time.
Disadvantages

(a) Bandwidth required is very high
(b) Peak transmit power can be very high.

3. B,=10"12
1 _ —12
=10

5 =102 — 5 x 10! (very high)

4. Geo: 35,786 Km above earth = RTT = w = 0.2386s
Meo: 8,000~ 20,000 Km above earth = RTT = 2x8000x10% _ 533

Leo: 500- 2,000 Km above earth = RTT = 2x500x10° _ () 0033
Only Leo satellites as delay = 3.3ms < 30ms

6. optimum no. of data user = d
optimum no. of voice user = v
Three different cases:

Case 1: d=0, v=6
= revenue = 60.80.2 = 0.96

Case 2: d=1, v=3

revenue = [prob. of having one data user|x (revenue of having one data user)
+ [prob. of having two data user|x (revenue of having two data user)

+ [prob. of having one voice user|x (revenue of having one voice user)

+ [prob. of having two voice user|x (revenue of having two voice user)

+ [prob. of having three or more voice user|x (revenue in this case)

6

2

= 0.52<?)><$1+0.52><$1+<?>0.8x0.25><$0.2+(

) 0.82 x 0.2* x $0.4+

[1 B ( ? > 0.8 x 0.2° x $0.2 — < g > 0.8 x 0.2* x $0.4} x $0.6
= $1.35

Case 3: d=2, v=0
revenue =2 x 0.5 = $1
So the best case is case 2, which is to allocate 60kHz to data and 60kHz to voice.
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t2=.3*Q(a/sqrt (N0/2));

diff = abs(t1-t2);
[c,d] = min(diff);
a(d)

c

3. s(t) = g(t) cos2n fet
r =71cos A¢p
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where 7 is the signal after the sampler if there was no phase offset. Once again, the threshold that
minimizes P, is 0 as (cos A¢) acts as a scaling factor for both +1 and -1 levels. P, however increases
as numerator is reduced due to multiplication by cos A¢

Pe:Q<

Ty
A? / cos? 2m f tdt
0

(t)

Let prob 1 sent =p; and prob 0 sent =pq
Pe

5. We will use the approximation P, ~ (average number of nearest neighbors).Q (

Aimin cos A¢

V2N,

)

Ag /Tb 1+ cosdnf.t
0

2

o | Ty  sin(4dwf.Ty)

A | =+ —————
2 87 fe
—0 as fe>1

AT,

2
1+n(t)

1 2 2

5 [1.p1 + 0.po] + 6[0-171 + 0.po] + 6[0-191 + 0.po] +
1
6

1
6[291 +po] =

[0.p1 + 1.po]

(- p1+po =1 always )

)

D=

dmin

2Nop

where number of nearest neighbors = total number of points taht share decision boundary

(a) 12 inner points have 5 neighbors
4 outer points have 3 neighbors

avg number of neighbors = 4.5

P, =45Q (%)

(b) 16QAM, P, =4 (1- 1) Q (J2:) =30 ()

(c) P, ~ 2x33x20 <\/§GTO —94 ( 3?%
(d) P, ~ Lxtibxsidag (V%) _ 2.67@( ?2,?%>
6. )
Prsact = 1 - (1 - Q(% Do ( ]\;7_51>>
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Chapter 10

(AANT = (AHT AT
= (anar
AAT

For AAH, X =), ie. eigen-values are real
AAT = QAQH

(b) XHAAHX = (XHA)(XTAH = | XHA| >0
. AAH is positive semidefinite.

(¢) In + AA" = Inp + QAQT = Q(I + N)QHY
A positive semidefinite = \; > 0Vi
S+ > 0Ve
o Iy + AAH positive definite

(d)

det[In + AAT] = det[Iy + QAQY]
= det[Q(Inr + Ay)Q")

= det[IM + AM]

= TR 4y

det[Ix + AT A] = det[Iy + QAQ™]
det[Q(In + An)Q™]
= det[Iy + An]

= A4y

+ AAT and AM A have the same eigen-value
sodet[Iy + AAT) = det[Iy + AH A]

2. H=UxvT
—-0.4793  0.8685 —0.1298
U= —0.5896 —0.4272 —0.6855 ]
—-0.6508 —0.2513  0.7164
1.7034 0 0
Y= |: 0 0.7152 0 ]
0 0 0.1302
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P P—-P
Cr =G 082 ( + nB> 082 < + nB + P1>

P P-P

T wB  nB+ P
= P? +2P;(nB)— PnB =0
= P, = 2.889
- we get Cp = Co = 1.2925 x 10°
15.

P,
Crac = {(RlRQ...Rk) : ZRk < Blogs <1+Zk§\§0ikk> VS € {1,]{:}}
kesS

Scale g by « , P by 1/«
Since capacity region depends on g P, it remains unchanged.

16. B =100K H~z

P1 =3mW
P2 =1mW
Ny =0.001uW/Hz
See Fig 4
A
y
(0,.c (CI' %)

2)

Code division with SIC

L AI €y G
AN —P Time division
AN > o )
| < » Code division without SIC
>
(€10 X

Figure 4: Problem 16

(a) C1 = Blog, (1 n N%) — 4.95B

Cs = Blog, (1 + %) — 3.46B
Ry = 3B In TD rates lie on the straight line joining Cy & Cs, so
Ry | R
ote -~ !
3B Rs
1958 " 3468
Ry = 136.30Kbps

1

With superposition coding and successive interference cancellation we have,
Ct = Blogy (1+ wyhtp; ) = 1.8988
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