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NB: In any exercise, any answer not justified adequately, even with few words, will not be considered.

Problem 1
(Solve on this sheet in the space provided) (5 points)

Consider a Passive Optical Network reaching up to N users at variable distances from the Optical Line Termination
(OLT) via a variable number of 1x4 and 1x8 splitters, with an asymmetric tree topology according to the scheme in
figure. Splitters on 1st stage are 1x4. Splitters on 2nd and 3rd stages are 1x8.

The line from the OLT is cross-connected via an Optical Distribution Frame (ODF) to the PON. An Optical Amplifier
(OA), if needed, may be added after the ODF at the Point-of-Presence (PoP). After a first single feeder fibre segment
with length /;, another ODF (Fibre Flexibility Point, FFP) cross-connects to the PON. The fibre segments between the
FFP and the following splitters have length 1, L, I, Is, respectively. The length of other segments of fibres connecting
network elements is negligible. The Optical Network Terminations (ONT) can be connected at the output of any splitter
at the three stages (A, B, C).

Assume the following data for the PON elements:

o fibre with attenuation & = 0.2 dB/km;

e [;=500m,,=2km,5=1km,l;=2km, /5=

e OLT transmission power Pty = 0 dBm;

« splitter insertion loss o = 1 dB;

« power loss by each couple of optical connectors a, = 0.5 dB (connections marked with dots in figure);

o sensitivity of ONT receivers Prx > -33 dBm, with at least 6 dB of safety margin to be guaranteed;

o optional OA gain +4 [dB] (excluding the additional attenuation 2, introduced by its two couples of connectors);

; 1x8 B
L 3 R ONT
PoP
ODF FFP 1x8
- _ - 1x4 C
1 F 1 E EO R
OLT %: . oot 14 Zreg O o! ONT
1@ L A
I, 1, I, I

a) Evaluate the maximum Differential Path Loss [dB] between ONTs as in figure, if /s =L = 5 km.
b) Evaluate the power Prx [W] received by the farthest ONT in position C without OA, if /s =L =5 km.

c) If the system so configured is feasible (i.e., if Prx at any ONT is not less than the sensitivity of receivers including
the safety margin), what is the maximum length L of the last fiber segment?
Otherwise, if the system so configured is not feasible, add an OA with gain A = +12 dB (excluding the additional
attenuation 2 ¢, introduced by its two couples of connectors) and evaluate the maximum length L with this OA.
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Problem 2
(Solve on this sheet in the space provided) (6 points)
a) Let s(¢) be a pseudo-sinusoidal timing st P A ~
signal with nominal frequency v, = 0.2 0 / \ \ [\ >
Hz and Total Phase ®(t) as plotted in \.,/ t[s]
figure. o(f) [rac] 4 5 10 15 20 25 /eo% on
Where possible, plot on the graphs at right: 6
o the timing signal s(?); et
« the instantaneous frequency wW(t); A By
o the Time Error TE(f) with respect to an 2r P
ideal timing signal with frequency vy , 4 — .
starting from TE(0)=0, with the A 5 10 15 20 25 30 ts]
. -, v(t) [H2] ‘
convention that positive TE denotes
time advance. 2
41
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A 4 N 2
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b) Let s(?) be the square timing signal s(¢) plotted in figure and with nominal frequency v, = 1/(47) Hz.
o What is the fractional deviation of its average frequency measured over the interval (0, 327)?
« Plot on the graph the jitter s 4 P |
values e[k] measured in 3 R
[UI], at significant instants t [s]
t, = k(47) of the ideal timing !
signal with frequency v, count 4T, 8T 12T 16T 20T 247 28T 32T
starting from the initial point L ;
¢[0] = 0, with the convention +1
that positive jitter denotes 3
time advance.
0 v >
t [s]
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Problem 3
(Solve on this sheet in the space provided) (5 points)

a) Consider a Slave Clock based on a second-order PLL system, as shown in the figure below.

Let us denote as si(?) and soyr(?) its input and output timing signals, respectively, and as () and @oyr(?) their
respective phase errors vs. the Total Phase of the ideal timing signal s(f) = A4 sin 2 vyt considered as common reference
in this model, having frequency v,. Therefore: sp(¢) = 4 sin ( 2zvt + ¢ie(?) ) and soyr(f) = A4 sin ( 2 7zvet + dour(?) )-

The phase step amplitude 778 is supposed small enough to make the linear model a valid approximation for the PLL
behaviour. The closed-loop transfer function of the PLL is therefore the standard H(s) with 1 zero and 2 poles. Let its

time constant 7=1/B=15s.

() ¢our()

t t
Sint? N Slave Clock M

The input timing signal sin(7) exhibits a phase step @n(?) as shown in the graph below. Plot on the same graph the output
phase @our(?) and the output-input phase error A1) = @gour(?) - I (?).
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b) Consider now a chain of 2 Slave Clocks as above, as shown in the figure below. Analogous notation as above
applies.

do(D) $1(8) $,(1)
Sol | Slave | $10 | slave | S0
Clock 1 | Clock 2

>

The input timing signal so(¢) exhibits a phase step @(#) as shown in the graph below. Plot on the same graph the chain
output phase ¢,(f) and the output-input phase error Ag#) = () - ¢o(?).
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Problem 4
(Solve on this sheet in the space provided) (4 points)

Consider the frame alignment algorithm represented by the diagram below (A, state: system aligned in service; B state:
alignment lost), as specified by ITU-T Rec. G.754 for the PDH signal E4. The frame aligner operates on a test E4
framed signal at input (nominal frequency f; = 139.264 Mbit/s, frame length L, =2928 bit), with random content
everywhere in all frames except the alignment word (10 bits during both hunting and maintenance). The test signal is
affected by random transmission errors, uncorrelated and with rate &.

a) Let the system be aligned and in service (A, state). For £= 10, compute the
probability that the system moves to B because 3 consecutive frame alignment
words have been incorrectly received in their position.

19
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b) Let the system be out of alignment (B state). For = 10", compute the probability that the alignment word is
correctly detected in the predicted position due to simulation of the alignment word pattern by the random payload.

-4
qu' % = DS w

L

c) Let the system be aligned and in service (A, state). What is the maximum value of the line bit error rate ¢, in order to
have the probability of forced loss of alignment less than 1077

L A0
Cra-p) <10
A ’10/3—_/' S
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Problem 5
(Answer on this sheet in the space provided) (16 points)
NB: In any exercise, any answer not justified adequately, even with _few words, will not be considered.

1) The figure below plots the calibration curves ¢ (v) for adjusting BER estimates of bits 1, 2 of byte V5 of VC-11,
VC-12 and VC-2. (3 points)
a) Why the parity violation rate v exhibits vertical asymptotes? what is the reason of upper limits on V?
b) Under the error rate BER = 3-10™* on the transmission line, what is the approximate parity violation rate detected
by the byte V5 of VC-2?
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2) This graph compares values of Erlang-C(4,m) vs. Erlang-B(4o,m). Discuss for what reason, for a given Ao, Erlang-
B(4o,m) is defined for any m, but Erlang-C(4q,m) only for Ag < m. . (2 points)

1E+00 = e
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A, [Ed]
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3) For what reason the ONUs of a PON must be synchronized by the OLT? What happens if the clock of an ONU is in
free running? Distinguish between upstream and downstream. What information would you seek on relevant
standards, to understand whether a fractional frequency offset of a single ONU on the order of 107 is a problem or
not, that is whether users perceive if there is negative impact or not. (3 points)

4) What is the purpose of the follow-up packet in PTP? (2 points)
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5) Explain and discuss the concept of local loop unbundling. In what category of countries, in what situation, is it
considered advisable? What problem does it intend to solve? What is the role of the National Authority? Comment

on the apparent paradox that public remedies are called to favour market liberalization.

(3 points)

6) In the plot below, representing the cumulative distribution of deployed twisted pairs in the local loop of various
countries, the curve of Italy is above all others. What is the impact of this situation on upgrading the transmission

capacity? Elaborate.
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(3 points)
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