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Instructions:

oakrwdE

Including this cover page, this exam has 9 pages.

Read these instructions and the questions carefully.

Closed book. Closed notes.

Basic calculators are permitted, but borrowing is not allowed.

Allocate your time wisely. Some easy questions give many points.

Do not cheat. The use of communication devices including mobile phones is
prohibited in the examination room.

(1 pt) Write your first name and the last three digits of your ID on each page of
your examination paper, starting from page 2.

Your score depends strongly on your explanation of your answer. If the
explanation is incomplete, zero score may be given even when the final answer is
correct.

Do not panic.

. Dr. Prapun will visit each exam room regularly. In general, there is no need to ask

the proctor to call for Dr. Prapun.
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1. (8 pt) If 30 MHz of total spectrum is allocated for a duplex wireless cellular
system and each simplex channel has 10 kHz RF bandwidth, find:
a. the number of duplex channels.

6
30Xx 410 = 1500 c\-uf\ex c.\«ar\n-e.\s.
—_— L
9_,((10810)

1 clurlc:x channe)
=2 Simplex channel

b. the total number of channels per cell site, if N = 3 cell reuse is used.

1500 _ 500 channels per cell site

3
(1500 chonnels ina port (o) ove allocated 4o

each cluster. Bach cluste lhes N=3 cens.)

2. (15 pt) In this question, we consider the SIR value when the cluster size N = 1.
Sectoring is not used. Suppose this cellular system has only three base stations.
They are marked by triangles located at the centers of three cells in the figure
below. Assume that they transmit the same power level.

r-;/s"’ vm‘re. '\""\w\"' ‘}"‘"{
CL:""@’\CQ Frdm Cﬁ‘h wes
Yo ¢ ousociated BS s

J R.

User A (mobile station A), user B (mobile station B), and user C (mobile station C)
are currently associated with the lower-left base station. The locations of these
users are marked by the circles in the figure above. Assume a path loss exponent
of y =4. Do not approximate distance values.

a. Find the signal-to-interference ratio (in dB) for user A.

The distorce fvom A to ol BS =R,

¥
P 1/ R
Se, 31&=____"=-i—-l__-‘1£=—336
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Page 2 of 9 "
Note alse trar 1 S;sﬂm\s '{:‘IOM @o-né C v
not 1nRCY -F(!e. wid e S;Jv\a‘ ‘Ffom A Lecavw
Py Wi diffe vonrr ‘F'?-‘t{~



Name ID

b. Find the signal-to-interference ratio (in dB) for user B.
1

RY ~ 1 — _1__ = -0.26% 315
STR = e 1
e ()T Z )
2R/
'y
K B

c. Find the signal-to-interference ratio (in dB) for user C.

/11+ﬁﬂfl= [# ~

r

A
SIE = (4_"" ?— .:‘1_&-45“";6
er%ﬁ- 2% j— f
Lf'i-&) Sk

3. (15 pt) A cellular service provider decides that its users can tolerate a signal-to-
interference ratio of 20 dB in the worst case. Assume a path loss exponent of
7 =4. You may approximate the distances between the users and the.co- é'ﬁaﬁ‘nel L) 10

base stations by the center-to-center co-channel distance D. 2Z-© 3'3 = qe" =19
a. Find the optimal value of cluster size N for omnidirectional antennas. <100

lo,r e W v ¥
sTIR = %~ -——‘:- = T —x = i-(—‘?--) = j‘(JSN) = 3..011\\?' Z‘Iub
2, kP, KKD KR . =
A=A K=6 J(‘_,, 0vani! divectiona) ¥=4

r - o e nna s
> N7 /100 = 10*/’:_3'- =g ALs —2 OpFmel N =7
o 3

b. Find the optimal value of cluster size N for 120° sectoring.

N?,/T"f“ = “4.714 —> Optmal N= 7

=2
For 420°
gcg*OVi«j
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c. Find the optimal value of cluster size N for 60° sectoring.

12 = 3.93 —> OpHamal N =4

>, [ 100
N 2 [1ee = 5

O‘

|

w=1 fou
o

(X
sectovi "5

wmT 2

4. (5 pt) There are 1000 users subscribed to a cell4far system. The call request rate
for each user is 2 call requests per w: opach call, the average call duration is
1 min. If the system has only({ ynd it is used to support the whole
1000 users, what is the blocking probability?

1 hr
A< 2x1v00 'ej;\’”’*f’x 4 week e A day x ‘
’ weel > day$ 2w hrs. 6 min
.j—c 4 N
=/ len P
- oy &,
ped o TXA000 c.17 % mm;‘“ z =0.016 = 4.4/
A = & -0 < O. > -
AA }xzqugb 1+-A-+ﬁf_‘
mm = Z 2
)
5. A function ErlangB(m, A) is defined by T+ yos don 't vememnabe,
Aim e ‘FONV"U\O\.) Wois
ErlangB(m, A) = mm!k 9given n e rexy
- quertion!)
o k!

a. (4 pt) Why is this function useful? How can we use it in designing cellular
system? Your score depends on the completeness, correctness, and clarity
of your answer.

For a cell (or a sector) in a cellular system which has m channels and the amount
of traffic is A Erlang, this function is directly used to determine the probability Pb
that call requests will be blocked by the system because all channels are currently
used. The amount of traffic (A) can be found by the product of the call request rate
and the average call duration. When we design a cellular system, the blocking
probability Pb should be less than some pre-determined value. In which case, the
funtion above can be used to suggest the minimum number of channels per cell
(or sector). If we already know the nhumber of channels per cell (or sector) of the
system, the function can also be used to determined how many users the system
can support as well.

Blocking probability Pb and the SIR values determine the quality of service for
cellular users. We can use Pb to trade with SIR and vice versa.
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m A
b. (2 pt) Compare ErlangB (1000, 2000) and

Which one is larger?

m A
rlangB (1000, 2001).

move E’\"“

# MUJ‘C \'fﬂH:C.
@ \ﬂ/jﬁ." P]o

~ A
(1000, 2000)

m A
c. (2 pt) Compare Erlang and ErlangB (1001, 2000).

Which one is larger?

\e.ss &chonnels
- ‘&J?-&f P‘o

d. (1 pt) Suppose
ErlangB (1000, A ) = ErlangB(2000, A, ) = ErlangB (3000, A, ) = 0.05

Let A, =A +A.
Compare A, and A,. Which one is Iarger?

2000 chonnels o divided iato two 3vo\.ys of size
’ 4,000 ond 3wo,

So, e ‘l"ru“\k:nj e.'F-r-ic'\Ov-C)f should be \":51"“’ for e 3009
cl::-nnels cene; e s 1+ should be cble to S\.»”uw-]- AN O AL

froffic for he same blocking probeabilily.
e. (1 pt) Consider the relation ErlangB(m, A)=0.005 . Which plot below

best represents the relationship between m and A?

Hint: No calculation is needed. Think about what the formula says.

We kweow HAat as we jacveare wm, e Tncvece d )}dﬂ&“"el

/
vl +o turrdv* move +'lf°|'['-r-;(, (A)_ S.,, e aya{k S\’\QU\J

be om ?ncftﬁsiﬁj ‘Fw\.c.‘Hon,

ollows

" b 1ACrEo
Now, Supfore we iAcvele  mA \;7 2X, we know, 94 e jncreoned

"rvun’“-?'\j e.-F-f--'r.imc?/}‘\’hm’i‘ A should be tacvecred L7 Ao AL
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6. (15 pt) Consider a system which has 2 channels. We would like to find the
blocking probability via the Markov chain method. Assume that the total call
request rate is 30 calls per hour and the average call duration is 6 mins.

a. Draw the Markov chain via discrete time approximation. Assume that

AL -¢gmmin the duration of each time slot is 1 millisecond. Don’t forget to indicate the
t L transition probabilities on the arrows.
v v, .
A& AT
> CeLl_ml O
@ | ot
-9 -G
NS = 30x 1x10 ¥.23/%10
3600
—G -
AT = 10 X 1%10 2.72Y x40
3Co00O

L AX = f, N P AT = Py x2ue®
= 3 EI"“}} l .
P":Af" FL:%AP.‘: Z.A)"b
\e—— . a
ro'i‘f,"\'(z =1 —_ ¢ = .1_‘ =9|' _ A/Z.. _ ._7_ = 0.929
L
A ) “Z
v
c. Use Erlang B formula, find the blocking probability.
A='3J ~m=7
A L—_st 2
T - T NP T
m~ A% 1¥5%Y%/ 230+ 9 17
< O
5/
PR A,

7. (5 pt) What do we mean when we say a Markov chain is memoryless? Your score
depends on the completeness, correctness, and clarity of your answer.

The future is conditionally independent of the past history, given the
present state. In other words, the entire past history is summarized
in the present state. We need no memory of the past history (only the
present) to probabilistically predict the future.

This memoryless property is also referred to as the Markov property,
after A.A. Markov who first described and studied this class of
processes in the early 1900s.
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8. (14 pt) Complete the following M/M/m/m queue description with the following
terms:

() Bernoulli (11) binomial (1) exponential
(1V) Gaussian (V) geometric (V1) Poisson We haven’t QJS\JNQ,A el
Peie inktvrvals ot
.!vv\ﬂn .

The Erlang B formula is derived under some aSsumptions. Two important
assumptions are (1) the call request procesg’is modeled by a/an
Poissonip) process and (2) thg/call durations are assumed to be i.i.d.
expo neBifial  random variable£ For the call request process, if we
consider non-overlapping time intervals, the numbers of call requests in these
intervals are i.i.d. Poigyon random variables. The times between
adjacent call requests are i.i.d. __exp &) ent!a)| random variables.

In order to analyze or simulate the system described above, we consider
slotted time where the length of each time slot is small. This technique shifts
our focus from continuous-time Markov chain to discrete-time Markov chain.
In the limit, only one of the two events can happen during any particular slot:
either (1) there is one new call request or (2) there is no new call request. So,
the numbers of new call requests in the slots can be described by i.i.d.

Ber i) \; random variables. In which case, if we count the tot
number of call requests during n slots, we wi/l get a/an \oi(Ego ~mia
random variable because it is a sum of i.i. Bedyolls random
variables.

T naeens ur\aef e BCVV\OUH\' Cisvamf.

When we consider a particular time interval | (not necessarily small), the
number of slots in this interval will increase as the slots get smaller. In the
limit, the number of call requests in the time interval | which we approximated
by a bi AB)m ) a.\ random variable before will approach a/an
Yoiss oK) random variable. coloer o F Ony thing 15 a disevele
v.v.!

Similarly, if we consider the numbers of slots between adjacent call requests,

these number will be i.i.d. _geo-AFe ¥vi ¢ random variables. These

random variables can be thotight of as discrete counterparts of the i.i.d.
expo n€GH 1 o\ random variables in the continuous-time model.

Put your answers in the box below. Some terms above are used more than once.
Some terms are not used.

A [ v
(B) | T
C) | vt
© | T
B | X
B | Vv
©) | m |
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9. Suppose m(t)———M (f) is bandlimited to W, i.e., [M (f)|=0 for |f|>W.
Consider the following block diagram:

m(t) n () v(t) | Hew (1) z:(t)

cos(2z f t)

—»9—» S PO
+

cos(27zf,t) 6_)_ _ ()

sin(2zf.t) -

Q@
—(Jlr)—’ 7 P P

where f.>W |

L |f-f|<w
Heo (f)=<1 |f+f|<W and HLP(f)z{
0, otherwise

Lat we =274 R

0, otherwise.

a. (5 pt) Give a simplified formula for z(t).

2
ety e () veos(wet) ) = it » 2miycos(wet) reos (wt)

\J

2, .12 €o s (zwél)

)

2(t)= 1m(t)C°3‘-Wc+-')
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b. (5 pt) Give a simplified formula for r(t).
2 2,
aFle) = (Z'Lt') rcosw t) = (zmtt-a cos et ooy e T

- (_1.+.‘Zcos (_Zw,_‘\:)) (t-rm"(’r) rymLlt *'1)
=\z

>/:l:U.-) L..PF{z.w.’-(h} :zwltD +-‘|z_- .
(20 rsinwet) = (2mUE) coswet rsinet)

= qm‘-(_t) Cos"wc,f + 4m (1) C—"’E’“c.t)‘;{wct) F sin zw‘_‘t‘

Q-QLE)

= 2mE) +2 mE) cos (zwet) + L) sia (2w t) + .;.-_ilcu,{ 2w t)

SO = LR Jomite§ + 4

Ciy-v = 2w (E)
YLt") = 7/ (R / L 2 C

L |[flsw

c. (2 pt) Suppose M(f):{o otherwise

Plot |V (f )| . 'Your score depends strongly on your explanation and how
accurate your plot is.

From (o), V() Sy LE) F2mLE) €0 (wet) & -12..._12.“5(2\,.&)

AN

k] T
.-;c-w _{‘;:;w

A

7[4 rw

2cos? x =1+ cos(2x)

2sin® x =1-cos(2x)

G(f)= I g(t)e > dt

-0

cos(2ﬂfct+€)£%5(f f)el +%5(f £ f)e
g(t-t,)==—=e"*""G(f)

ejz”ff"g(t)—\; (f - fo)

g(t)cos(znfct)ﬁég(f_f0)+%G(f+fC) Page 9 of 9
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