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Introduction

• Fiber to the home (FTTH) is the future-proof technology for broadband 
access networksaccess networks. 
– Currently double digit growth in USA, Europe and some Asian countries

• PON is considered as the most promising solution due to the relatively low 
d l t t d hi h ffi ideployment cost and high resource efficiency.

• The growing demand for reliable service delivery, force operators to offer 
high connection availability

• However, protection of access networks is known to be very costly
This work aims at evaluating the cost of protecting access networks in terms of 

equipment, infrastructure, failure reparation and penalties to be paid for q p p p p
connection interruption.
– Comparison of different protection schemes
– Comparison of different protection reachComparison of different protection reach
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Cost classification

Total Cost

CapEx OpEx

Equipment Fiber Installation Trenching Penalties Equipment 
reparation

Fiber 
reparation
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Cost modeling

• Capital Expenditures:

– Component cost ∑
i

ii nc .

– Infrastructure cost

– Installation cost

bbddfiberfiber lclclc ... ++
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+
i

ii NTITS
v

IT ..2

ci: cost of component i ITi: installation time of component Ii p
ni: No. of components of type i
cfiber: cost of 1 km of fiber
cd: cost of 1km of duct

i p
di: distance from CO to component i
v: travelling speed
TS: technician salary

cb: cost of 1km of blowing fiber
lfiber,d: length of fiber/duct
lb: length of blowing fiber

NTIi: Number of required technicians to 
install component i
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Cost modeling

• Operational expenditures: Given a network operational time T, and the 

failure rate of components and infrastructure the expected failures f arefailure rate of components and infrastructure, the expected failures f are 

calculated. Based on these failures, two costs can be computed:
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– Failure reparation cost

– Penalty cost
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TS t h i i l v: travelling speed

∑
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⎝

+
f

ff BUPIC
v

MTTRP ...

TS: technician salary
MTTRf: mean time to repair failure f
df: distance from CO to failure f
NTR : Number of required technicians to

v: travelling speed
P: penalty for an hour of 
interrupted connection
IC : interrupted connectionsNTRf: Number of required technicians to 

repair failure f
ICf: interrupted connections 
associated to failure f
BUP: Business Users Percentage
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Protection schemes

Basic architecture Type A

Type CType B

Broadband optical access systems based on passive optical network (PON), ITU-T recommendation G983.1, 1998.
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Protection schemes

TDM NP

Type D

J. Chen, et al. OSA JON 2006.
T. Chan et al. IEEE PTL 2003.
J. Chen, and L. Wosinska OSA JON 2007.

Hybrid 
WDM/TDM NPWDM NP
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First study

• Compare the different protection schemes
– Connection availability
– CapEx
– OpExp

• Network operational time: 20 years
• Access networks host 32 ONUs, except Hybrid that hosts 16 PONs of 

16 ONUs.
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Assumptions

• Any component can fail and causes the interruption of all the traffic 
using the failed componentusing the failed component.

• Traffic may be restored through protection path when available
• Operator personnel can be located at the OLT

Failure diagnosis and availability times are assumed to be negligible• Failure diagnosis and availability times are assumed to be negligible 
compared with travelling and reparation times. Spare component cost 
is considered. 

a failure 
occurs

failure detected 
and identified

personnel sent to 
the failure 
location

personnel arrives 
to the failure 
location

failure repaired 
and services up 
again

Availability time (T )

Traveling time (Ttrav)
time

Reparation time (T )Availability time (Tava)

Total time to repair (TTTR)

Reparation time (Trep)
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Impact of protection schemes

99 99 9 9 9

100,000

availability
6 9's

4599,998954

9,999992

9,999993

99,999476

99,999248

99,999356

99 990

99,995

4 9's

5 9's

35

40
CAPEX  OPEX  Total cost 

99,985

99,990

25

30

se
r 
(k
$)

99,975

99,980

10

15

20

Co
st
 p
er
 u
s

99,972435

99,969435

99,972363

99,965

99,970

0

5

10

99,965

P2P AON TDM 
PON

Type A Type C Type D TDM 
NP

WDM 
NP

hybrid 
NP

P2P AON TDM 
PON

Type A Type C Type D TDM 
NP

WDM 
NP

hybrid 
NP

J. Chen et al, IEEE Communications Magazine, 2000
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Second study

• Network operational time: 20 years
• Focus on TDM PON• Focus on TDM PON
• Access networks host 1024 ONUs (32 PONs with 32 users)
• Traffic may be restored through protection path when available
• Operator personnel can be located at the OLT• Operator personnel can be located at the OLT
• Failure diagnosis and availability times are assumed to be negligible 

compared with travelling and reparation times. Spare component cost is 
consideredconsidered. 

• Evaluate cost and availability of different fiber layout scenarios.
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Second study

1:N
1:N

1:N

OLT

1:N 1:N
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Scenarios

Travel speed[km/h] DF or LF [km] DD or LD [km]p [ ] F F [ ] D D [ ]
S 50 4,8 0,4

SD 50/20 5,11 0,133
D1 20 13,37 0,133
D2 20 11,54 0,133
D3 20 18,67 0,133
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Protection

• Two scenarios are considered:

Unprotected Protected

1 2 i l i h1x2 optical switch
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Protection layout

For ring topologies, we protect 
FF d DF b bl i fib iFF and DF by blowing fiber in 
the opposite direction, reusing 
the existing duct.
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Protection layout

For D2 and D3 scenarios, we protect FF by installing duct and fiber in 
ll l t tparallel street.

The DF fiber has the following layout

D2 D3D2 D3
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CapEx per user
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• Component and installation cost is almost the same for all the scenarios with and without

Unprotected Protected

Component and installation cost is almost the same for all the scenarios with and without 
protection, since few extra components are required to protect the network.
• Infrastructure cost in protected networks is much less than the double in unprotected 
networks.
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Connection Availability
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• The connection availability is comparable for all the protected scenarios, which 
corresponds to almost 5 9’s availability.

Unprotected Protected

• For unprotected scenarios, the availability for dense scenarios drops to 4 9’s due to 
the longer FF whose failure affects all connections and implies lower reparation 
times.

• Low impact of the take rate• Low impact of the take rate
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Impact of failures
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Unprotected Protected

It can be observed that reparation time increases slightly for protected schemes, since 
more equipment implies more failures, but the time is shared among users.
Interruption time is longer than reparation since one failure may affect several (andInterruption time is longer than reparation since one failure may affect several (and 
even all) users, hence, the interruption time is not shared as the reparation time.
Interruption time is significantly lower for protected scheme since link failures do not 
cause connection interruption
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OpEx per business user

• Impact of failures to operational costs

Penalty costs are significantly higher 
than reparation costs.10000

$)

Reparation Penalty

When offering protection, penalty 
costs decrease more than 50% for S 
and SD areas, and more than 75% 
for D areas These savings are
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Total cost comparison

• Network operational time: 20 years
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Savings are significant in dense 
areas (10.000$/users, more than 10 
million$ for 1024 users)
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Total cost comparison

• Savings in 20 years
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Conclusions

• Impact of protection on cost and availability has been provided for 
different protection schemesdifferent protection schemes.

• Cost-efficient fiber layout to provide protection for PONs is 
proposed and evaluated.
– a significant increase of connection availability can be achieved at 

very low increase of infrastructure expenses
– the total cost can be reduced due to the diminution of the OPEX 

related to the failure management. 
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