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Problem 1 : Consider a broadcast PON in which nodes are connected via 2 × 2 optical
couplers, as shown below as network 1. Assume that each coupler has no excess loss and
has splitting ratio α = 1/2. Denote the transmit power from each node by PT, and the
minimum receive power at each node by PR. Assume that PT/PR = 210.
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(a) Specify the maximum number of nodes supportable by this broadcast PON (denoted
by Nmax).

(b) Suppose now that each coupler has excess loss γ = 1/2. Specify the value of Nmax in
this case.

(c) Assume that γ = α = 1/2. Suppose that we apply an electronic regenerator (i.e.,
receiver followed by transmitter), as shown in network 2. Specify the value of Nmax in
this case.

(d) Assume that γ = α = 1/2. Suppose that we apply an optical amplifer with the power
gain of 26, as shown in network 3. Specify the value of Nmax in this case. NOTE: We
do not worry about amplifier noise here.
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Problem 2 : Consider an access PON whose topology is illustrated below. Assume that
fiber losses are negligible compared to losses due to 2× 2 couplers. In addition, assume that
the transmit power of any node is 3 dBm, the receiver sensitivity (i.e., the minimum receive
power) is −30 dBm, and the link margin for the transmission power budget is 5 dB.
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(a) Identify the maximum value of k such that transmissions between the central office
and any node have an acceptable power budget. You may assume that the loss factor
of 1/2 corresponds to the loss of 3 dB.

(b) Suppose that we keep couplers 1, 2, and 3 in the above figure to be 50-50 couplers,
and change the remaining couplers to be 25-75 couplers. In particular, the splitting
loss factors of a 25-75 coupler are 1/4 and 3/4 respectively. Assume that the power
split to each user node corresponds to the loss factor of 1/4. Identify the maximum
value of k such that transmissions between the central office and any node have an
acceptable power budget.

(c) Suppose that we upgrade the optical transceiver at the central office only. Assume
that, for the upgraded unit, the transmit power is 6 dBm, and the receiver sensitivity
is −40 dBm. Assuming the splitting loss of 1/2 for all couplers as in part (a), identify
the maximum value of k such that transmissions between the central office and any
node have an acceptable power budget.
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Problem 1 :

(a) Let n be the number of layers of 2× 2 couplers in network 1. The number of nodes
is thus 2n. The loss between any node pair is α2n. The maximum value of n can be
solved as follows.

α2nPT = PR ⇒ 210 = 22n ⇒ n = 5.

It follows that Nmax = 25 = 32.

(b) With the excess loss, the loss between any node pair becomes (γα)2n. The maximum
value of n can be solved as follows.

(γα)2nPT = PR ⇒ 210 = 24n ⇒ n = 2.5.

Since n must be an integer, we set n = ⌊2.5⌋ = 2, yielding Nmax = 22 = 4.

(c) With the electronic regenerator, the loss between any transmitter-receiver pair is
(γα)n. The maximum value of n can be solved as follows.

(γα)nPT = PR ⇒ 210 = 22n ⇒ n = 5.

It follows that Nmax = 25 = 32.

(d) With the optical amplifier, the loss between any node pair becomes 26(γα)2n. The
maximum value of n can be solved as follows.

26(γα)2nPT = PR ⇒ 216 = 24n ⇒ n = 4.

It follows that Nmax = 24 = 16. ■

Problem 2 :

(a) The maximum value of k can be computed from the transmission power budget
between the central office and the farthest user on each bus as shown below.

3− 5− 6− 3k ≥ −30 ⇒ k ≤ 22

3
≈ 7.333

The term 3 corresponds to the transmit power. The term −5 corresponds to the
margin. The term −6 corresponds to the loss due to 2 50-50 couplers between the
central office and the closest user on each bus. The term −3k corresponds to the
loss due to k 50-50 couplers on each bus. The term −30 corresponds to the receiver
sensitivity. It follows that the maximum value of k is 7.
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(b) After using 25-75 couplers, the maximum value of k can be computed from the
modified transmission power budget as shown below.

3− 5− 6 + (k − 1) · 10 log10
3

4
+ 10 log10

1

4
≥ −30

⇒ k ≤ 1− 16

10 log10(3/4)
≈ 13.81

The first three and last terms (3, −5, −6, and −30) are the same as in part (a).
The term (k− 1) · 10 log10(3/4) corresponds to the loss due to k− 1 25-75 couplers
closest to the central office, while the term 10 log10(1/4) corresponds to the loss due
to the 25-75 coupler of the user farthest from the central office. In summary, the
maximum value of k is 13.

(c) For downstream transmissions, the modified transmit power budget for the user
farthest from the central office is shown below.

6− 5− 6− 3k ≥ −30 ⇒ k ≤ 25

3
≈ 8.333

For upstream transmissions, the modified transmit power budget is shown below.

3− 5− 6− 3k ≥ −40 ⇒ k ≤ 32

3
≈ 10.67

Based on both upstream and downstream transmissions, the maximum value of k
is 8. ■
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