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Executive summary

One of the objectives of the OASE project is tofgren a techno-economic evaluation of
different proposed solutions for Next Generationti€jp Access (NGOA) Networks. This
evaluation comprises a cost assessment of infaste) equipment and operational
processes, which are dependent on the network dior@ng and the area where they will be
used. Hence, the steps that will be followed farstudies are:

* Network dimensioning: based on the area, userilligton, existing infrastructure,
expected take-rate, etc., this step calculatesinhestments required in terms of
infrastructure (cable/fibres) and of equipment aer, remote locations or central
offices).

» Based on the network dimensioning, the costs ea#tfucture and equipment can be
calculated, as well as the power that will be comsd per year and the required floor
space to place them.

* The cost of operational processes such as netwanktemance, failure reparation and
service provisioning can be then computed. Howetlegse costs depend on other
parameters that vary with the area/country sudalmsies, travelling time, etc.

» At this stage, the business models presented 4t [R8] can be applied. In this case,
the cost of different providers (i.e. Physical &sftructure provider or Network
provider) as well as the separation of differerdviders in the same area should be
considered and delivered to WP6.

» Sensitivity analysis should be also performed tal@ate the impact of cost and other
parameter variations to the total final cost, andsach this deliverable serves as an
important input towards T5.3. This analysis wik@lidentify the key cost parameters
which any operator should pay special attentioavimd rising costs.

This deliverable presents the aspects of NGOA nédsvilat are expected to have big impact
of the total cost, which are: zero-touch operatiogle consolidation, network resilience and
network migration. Afterwards, the deliverable gms in detail the models considered for
the infrastructure, equipment and operational @meese. As operational processes, five
processes have been described in detail (when deedeclarification, Business Process
Modelling Notation (BPMN) was used): Failure Managmt and Troubleshooting, Service
Provisioning, Maintenance, Power consumption awdrspace.

Additionally a general modelling approach for thetwork migration is presented. The main
aspects to be considered are presented.

The equipment, infrastructure and operational n®det being integrated within the TONIC
tool, which is the frame tool chosen within OASE.DSlt is shown how this integration is
performed and how it can be used by GPON and AOiNHmarking scenarios. The first
results of these solutions compare cost for Grekhfand brownfield scenarios in terms of
infrastructure and equipment total cost and costipe.

The document is structured as follows: Section dvides a general description of this
deliverable. In Section 2 the NGOA characteristicat will influence the total cost are
presented. Section 3 describes the considered tmpeamodels. In Section 4 the outside
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plant estimation models are presented which are: ekisting TONIC model (so-called
geometric model), and other proposed analyticaletsoSection 5 introduces the considered
equipment model. Section 6 addresses the operhtasmeects of the network migration
towards NGOA architectures. Section 7 focuses enrttegration of all these models within
the TONIC frame tool and the first results for GP@h AON solutions. Section 8 concludes
the document.
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1. Introduction

This document presents the continuation of the woN/P5 based on the results obtained in
the first deliverable D5.1 [1]. This deliverable D5resented the general framework for the
techno-economic assessment of next generation sace®orks and concluded with the

proposal of the tool to be used within the OASHeub This tool uses the TONIC-tool as the
frame tool because it is available, it can be usedll partners, other home developed tools
can be integrated in the cost computation and sahsianalysis can be performed. This

document also presents the first steps towardstagration of the presented models as well
as the implementation of the TCO tool.

The objective of this deliverable is to give an mwew of the considered cost modelling of
Next Generation Optical Access (NGOA) networks &l ws the implementation and first
studies for Gigabit Passive Optical Networks (GP@NJ Active Optical Networks (AON).
This deliverable is structured as follows: Sect®opresents the challenges of NGOA that are
expected to influence the total cost. One of thesgeects is the node consolidation which is
considered by network operators as a way to redosts by decreasing the number of sites.
However this is only possible when considering NGE8#utions, that is, access solutions
reaching up to 100 kilometres reach and 1000 dliefitther aspects are “zero-touch”
capabilities, network resilience and smooth netwuoigration.

Sections 3, 4 and 5 introduce the models that baee used or developed for the operational
processes, outside plant infrastructure and equipmespectively. Special attention is given
to five operational aspects: Failure Management Enadibleshooting, Service Provisioning,
Maintenance, Power consumption and Floor spaceioBe6 gives an overview and first
steps towards the network migration model to NG@¥lementation; and finally Section 7
shows the integration of all these models withia FONIC frame-tool and the particular
implementation of GPON and AON as benchmarking.

Strong collaboration has been required to aligncth& models with the work done in other
Work packages:

« WP3: the modelling of the network architectures hadbe coherent with the
architectures proposed in WP3 (e.g. taking intmant protection)

«  WP4: the component modelling and the definitiontlué required values for each
element were agreed between WP4 and WP5.

« WP6: the cost differentiation for the different mess scenarios to be evaluated by
WP6 were differentiated

This document is the working document of Task 5@ will be the basis for milestone M 5.3
“TCO modelling and proposed TCO evaluation tool’amdnthe final migration cost model as
well as the last description of the tool impleméntawill be presented. This deliverable also
serves as input for the further work within TasR Since this task will use the implemented
models and tool to perform the required case ssudie
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2. NGOA challenges influencing cost

Many opportunities for reducing TCO for NGOA netk®rare under investigation, e.g. node
consolidation, open access networks, zero touchatpaes, etc. Moving along the path of
such TCO optimization will also pose different regments on the NGOAN than currently
exist on access networks which have been identiledDASE WP2. Many of these
requirements are expected to influence the totsl cbownership (TCO). The key operation
requirements for network and Network ManagementeaygNMS) design are:

« Aiming at zero-touch operations

— Technology neutral End-to-End (E2E) provisioning mfiltiple services for
residential, business, mobile

— Support of auto-configuration, remote-managemedtratwork monitoring to
automate operational processes (provisioning, maartce, fault management)

— Simplifying operational processes by suitable nekwdesign, e.g. Do It
Yourself (DIY) installable and wavelength unspezifOptical Network
Terminators (ONTS)

» Co-operation support with seamless interoperataliyoss different carrier networks

* High E2E network availability and low failure perston ranges to minimise service
impacts, requiring network redundancy and protectnechanisms

* Information Technology (IT) supported optical diagis and measurement solutions
for fault localisation

e Next Generation naming and numbering addressingensal in multi-service/-
provider environments

* Multi-Vendor capable, allowing seamless interwogkof network and IT

e “Green network operation and IT” with reduced powsmmsumption and clean
technologies

Likely higher requirements on hardware (HW) andilifiées in consolidated larger
locations have to be considered.

Based on these requirements, NGOA have speciaadieaistics that will influence the total
cost. These characteristics are presented in nated th the following sub-sections. The first
subsection will discuss in more detail the impactustomer installation and especially all
possible applications of zero-touch will have or tlosts. The second subsection will show
how node consolidation is an important factor whigight be used for reducing costs of an
NGOA network. NGOA are also expected to requireargiringent resilience and especially
in case of higher node consolidation. Clearly noalesolidation, resilience and traffic locality
will have a trade-off for which an example is sketd in the fourth subsection. The fifth
subsection puts the focus on migration and poiatsaere the boundaries in migration are
found. Finally the section ends with a small coema.
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2.1. Zero-Touch versus One-Touch operations

Zero-touch are operational activities with minimalzero human action (human effort). Zero-
touch activities are expected to decrease Operdtioxpenditures (OPEX) e.g. by speeding
up processes (decrease process time), automatiprocésses incl. technical documentation
and minimisation of human mistakes.

In real network rollouts, “Zero-touch” is hard tohgeeve, especially during the network setup
phase. Basic network rollout usually reaches lbas t100% coverage, typically justified by
economic reasons. For the service provisioning gg®dhis means that a so-called “One-
touch” network extension up to the customer flataffdrop) may be required. “One-touch” is
an operational activity which is only one time. Alibsequent activities are then done either
from a central desk with minimal effort or evenlyuhutomatically. Also other activities like
fault identification and localisation or networkntm| may improve over time depending on
learning effects, resulting in minimised touchedius network.

“Zero-touch” capabilities are expected to decretdse cost of fault management (fault
identification, isolation, and activation of fauktparation); service provisioning (faster user
connection, service changes, etc.); control aawi{F.C.A.P.S. — Fault, Capacity, Account,
Performance, Security), etc.

A particular example of the “One-touch” activityigbre 1) versus “Zero-touch” (Figure 2)
for the service provisioning process is presentddvb.

Home/Building(PCP1-3)  Cabinet{PCP4) LEx{(PCP5) CAN (PCP6)

Firstl\ﬁfleNetwork ” Feeder Network a
| . .

' One touch :'

a
One touch: Most probable

' One touch (type A only] ' case, consideringfinal drop
network connections. S—

Figure 1 "One-touch" example

“One-touch”: Considers all for provision required network esiens after network basic
deployment as for example a fibre connection fromadlready prepared building connection
point to the customer flat. Those activities belarsgally to the provision process because
they are mainly driven by customer requests. Fer db-called final drop extension, four
building types will be differentiated.
» Building Type A - without fibre connection duringéic rollout
— Either with (1) or without (2) prepared micro-decinnection
— First customer request triggers fibre blowing (b the cabinet to the
building for all potential customers (fibre patclingel used in the cabinet and
fibre termination point used in the building).
— In-house cabling individual per customer
— Required micro-duct extension in case (2) beloriggamthe provision process
— Typically relevant for very small buildings (1 -c8stomers)
* Building Type B - with fibre up to the building bEment during basic rollout
— First customer request triggers in-house cablindafiger building vertical
stand-pipe up to the floors).
* Building Type C - with fibre up to the floor(s) dag basic rollout
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— Customer request triggers final drop cabling indlinally per flat

— Typically relevant for large buildings
» Building Type D - Fully prepared during basic reitavith fibre up to the flats

In T5.3 deployment scenarios will be defined coesity a certain percentage of the above
mentioned building types that will be determinediy network basic rollout.

Home/Building (PCP1-3}  Cabinet (PCP4) LEx (PCP3) CAN (PCFB)
il
First M]I|E‘NEIWD(|( ” FeederNetwork ﬂ
- : o @
L Zero touch X

Zero touch: After
reaching 100% flat
connection degree.

Figure 2 "Zero-touch" example

“Zero-touch”: Provision after reaching full network deploymeptta the flat.
* 100% of the buildings are fully connected with &hrp to the flats.
e Service activations and changes possible for iddad customers without any
further field work in the network section betweedFL and PCP5.
* Service activations and changes are allowed atR@&5 location, e.g. the
installation of transceiver modules and patch 8bifer individual customer
connections or provider changes.

2.2.Node consolidation

One of the targets of NGOA is to reduce the nundbeequired central offices (as presented
in D5.1 [1]) in order to minimize the cost assoethto them. This approach is called node
consolidation and is specified by a consolidatiegrée which is the reduction ratio of central
offices. For each consolidation degree, networknaie (area, user distribution, etc.) and
architecture, the network dimensioning is performBifferences between the technical
architecture variants concerning the demands facesie.g. smaller ODF size), power supply
and climate facilities in the consolidated accesdes (CAN) will be evaluated. The total
savings in number of Cos depend on the node calamn degree of the different topology
scenarios.

Figure 3 shows on the left side the potential eséhte savings which could be realised at the
old CO location (CO old) and on the right side tlost items which have to be considered to
determine the real estate demand in the CAN (= €@®).nThe real estate model considers
buildings that are owned by the operator (primanalrareas) and buildings that are rented. In
case of rented CO old, 100% of the rents woulddesidered as savings. In case of owned
CO old it will be assumed, especially in rural aethat some buildings cannot be sold and
that the others can only be sold on bad conditions.
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CO old CAN (CO I’IEW)

Consolidation degree
[Cd% =1 - # CAN / # CO old]

=

Real estate savings * Rentals (if not owned)

* Rental savings ¢ Floor space demand and

¢ Capital gains on disposal building infrastructure facilities
(in case of owned locations) * Power consumption

* Power consumption savings ¢ Uninterruptable power supplies

* Maintenance savings (technique (UPS) ; Heating, ventilation and
and building infrastructure) air conditioning [HVAC)

* Maintenance of technique and
building infrastructure

Figure 3 Impact of node consolidation

Beside the architectural and topological requireiiehusiness cooperation related aspects
have to be considered for the real estate conbeptal deployment scenarios it is most likely
that cooperation partners and competitors may aistess at a network location which is
planned to be consolidated by the incumbent operdto those cases interconnection
interfaces have to be provided, and OAM suppontesded at these locations. Depending on
the cooperation or regulation contract agreemehts, OAM support will most likely be
imposed on the incumbent operator, i.e. those n&tlecations have to be considered for the
evaluation of the operational costs, but on theerotside the payments from the other
providers for OAM support can be considered asmegen the value chain model.

One enabler for node consolidation, beside then@olgy capabilities, is an adequate design
of the hardware and facilities aiming at higher pagtness and improved system utilisation
with resulting lower floor space demand. To achiths, the following high level guidelines
have to be observed.
e Scalable and upgradable NE regarding new servgpgreaments and demands
e Support of modular HW and pluggable optical mod@@NT only if economically)
« Interoperable network elements (protocols; standaddinterfaces)
* Small sized systems and optical components (esf., @IDF), retaining operation
ability, e.g. easy fibre patching
» High packing density per system rack to reducdltue space demand
» Passive network elements should be operable irmlmboutdoor
« Active network elements should also be operabldamrt if economically, to allow a
higher flexibility regarding node distribution (e jgartly deployed as remote nodes)
» Efficient power supplies and optimized climate $iolus with high cooling efficiency
* “Green network operation” with reduced power conptiam, e.g. support of “power
sleep” mode, and “Green IT” using clean technologigh e.g. eco-friendly materials
e Support of TL9000 Quality Management System in gane

QASE Page: 16 of 74
FP7 — ICT—- GA 249025



Overview of Methods and Tools
S OASE_D5.2 WP5_IBBT_ 301211 V3.0

2.3. Network resilience

Resilience in NGOA architectures is becoming insiegly important due to two main
reasons. First, higher reliability requirements énae be fulfilled in support of business
access, backhaul and some high quality consumdicappns, such as remote surgery and
healthcare. Secondly, access networks are evotewwgrds reduced number of nodes where
multiple central offices (COs) are being replacgdabsingle CAN covering larger service
areas. This evolution is driven by operators ineottd reduce operational cost. Due to a large
number of subscribers and long reach between thecyelocal office and the new central
access node, an efficient resilient mechanismgsired to avoid service interruption in case
of a failure. On the other hand, resilience affe®BEX, such as costs related to failure
management, service provisioning, maintenance ggreemsumption, and real estate.

Failure management is one of the most costly oemt processes. Mainly, two operational
costs are related to the failures in the network:

1) Failure reparation cost, which includes the persbroost for the time period of
reparation and travel, the required spare compsnett.

2) Penalty cost which is proportional to the numberdfconnected services for each
failure of an unprotected component during theqakdf total time to repair (which also
includes the time for fault detection and localmatand the time to wait for available
resources, e.g. spare components and personngically, the penalty is paid to the
business users and specified in service level aggre(SLA), whereas in most cases no
penalty is given to the residential users.

Obviously, due to higher risk of service interrgpti the unprotected access network
architecture always has much larger penalty comt tihe protected one. On the contrary,
because of the larger number of equipment (andirés) the protected architecture has
reparation cost higher than the unprotected oneth&umore, efficient network recovery
strategies and monitoring techniques are able itkiyudetect and locate the fault and hence
decrease the service interruption time. Thereforgact of resilience on the total failure
related OPEX is dependent on the scenario paraspetgy. number of business users, penalty
unit specified in SLA, type of resilience schends, Typically, for the urban area with large
number of business users, total failure related XOB&n be reduced by providing appropriate
resilience mechanisms to the network [2].

Compared to failure management, impact of resibeme service provisioning, maintenance,
energy consumption, and real estate is less coatptic Typically, extra hardware as well as
software is required to provide resilience, whiclymncrease the complexity of service
provisioning and maintenance and consequently trasuhigher personnel cost. Energy
consumption is only related to active componentsn&studies [3, 4] have shown that power
usage only has minor increment in protected PONdbamccess solutions, but obvious
increase in protected AON. Regarding resilienceachpn real estate, hardware redundancy
for protection provision may need additional fleaace. Among different NGOA solutions
the increase of space due to resilience is simtlaCO, but should be quite different at the
remote node (RN). This is caused by duplicatestiv@ RN typically taking more space than
of passive RN.
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2.4. Trade-off between node consolidation and resiliendgxample for NG-AON)

Whereas the main trend for NG-PON is towards cadatbn of central offices in the
access network, the focus for NG-AON is towarddiziig the inherent possibility of
resilience in mesh and ring topologies from actes®re network as it shows in

Figure 4, whilst new locality paradigms in contdrgtribution networks (CDNSs) are also in
focus (see details in [1] Section 8.4.1).

o aceeee e e NeXEt Generation -
@ regona E Acl:we Access/Agg. Pces
PCP6 PCP7 l-r . PCP 5
7 = 7 PCP 3/4
e a8
L

Figure 4 Example of end-to-end NG.AON topology

In such a scenario, the cost saving is not assatiaith the reduction of number of old COs
in the access network and related cost savingabfestate and management of old CO nodes.
Instead the potential benefits (and cost savingsuch mesh and ring topologies will be
through new resilience opportunities and througtoek equipment and power savings etc.
in the aggregation and core network. By utilizihg tocality in the traffic patterns, the active
equipment in the mesh and ring nodes can keep slamaetraffic locally and hence offload
the aggregation and core network, which will patdhyt result in a net saving in total cost of
expenditure of the whole network
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2.5. Migration boundaries

The migration towards a new technology generati@y tmave various drivers, for instance
End-of-Life of the existing technology (which magsult in higher operational costs), omitted
vendor support, new service features and traffiolidions with missing scalability and
upgradability on the existing technology, new wenldie mass-market evolutions and
standardisations resulting in lower price levelMgo cost per bit) as well as competitiveness
imposing short time-to-market requirements.

Key operator requirements on migration are minis&vice impact on existing subscribers
and minimal migration effort (minimal personnel demd and investment). Especially the first
point leads usually to an overlay migration apphoaconsidering a smooth customer driven
switchover. The experiences show also that an ayerligration often allows a reduction of
the complexity and less IT adaptation effort fogration. However, parallel operations of the
platforms have to be considered during the timégdesf the overlay migration.

The migration scenarios in this document descrilogvbfield situations considering existing
infrastructure of the reference access areas (ONplogy parameters from the geometrical
model as well as the reference start architectaseshown in

Figures.

Reference access area (ODN)

: Buildi Cabinet ; Aggregation Node /
Service area Al el @it Centralised Access
based _ % Node (CAN)
modeling T~ 3

distr. cable I main cable ) Aggr. (Reference)
Feeder (NGOA)

= Starting point will be the information from real world access areas
Geometrical = Geographical reference scenarios (topology model)

model = TONIC geometric model description

= Area types considered: Dense urban (DU), Urban (U), Rural (R)

J

= P2MP: GPON = NG-PON2
Reference * P2MP: XGPON1 NGOA = NG-AON (active remote)
architectures * AON: Eth. (active remote) architectures * NG-P2P (home run)

P2P: Eth. (home run)

Figure 5 Some important aspects to define the migtmn process

As studied within WP3, the migration from deployggtems towards NGOA systems should
be as smooth as possible and therefore, the faltpguidelines should be considered:
* Overlay migration approach, e.g. on a dedicatedeleangth (instead of a singular
network swap)
» Before the migration of the individual customehsg hew NGOA network architecture
will be deployed as overlay (realistically >1 y@@r access area needed)
« The NGOA system has to work on the existing firgtemnfrastructure, aiming
minimal demand for additional infrastructure comgoits (ducts, cables, fibres etc.)
« The NGOA system should not affect the deployedesysind the existing spectrum.
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* Operation of maximal two system generations in lfgria order to avoid operational
complexity. Both system generations will operatpanallel over a certain time period
(e.g.1- 2 years)

* The customers will be migrated smoothly, e.g. bgneting a new ONT which is
compatible with the NGOA system

— For the migration of the individual customers, sieevices will be reconfigured
and routed from the service creation platform ®dkier-layed NGOA system

— The customers can use the services via a new NGiD#patible ONT

— The customers must be informed and will get a n&i ®efore the migration

— Customers from other providers can only be migrédtéle providers agree,
and have prepared for migration (e.g. SCP, IT ...).

* To avoid long parallel platform operation, remamicopper customers (incl. single
play) will be “hard” migrated to FTTH after reachia penetration threshold.

As shown in Figure 6, the migration assessmentldrmnsider several start technologies and
evolution steps, as they might occur in realityr Hee GPON reference, two migration
options will be distinguished in Section 6.2. GPQIgtion 1 with direct migration towards
NGOA and GPON Option 2 with intermediate step XGAQbdivards NGOA.

Technology
4

AON AON active remote ;
p2p —Iﬂm
! P2P homerun :

GPON —I@m
Option 2 : XG-PONT

GPON |
Option 1

i i —
today 2020 Time

Figure 6 Exemplary migration scenarios

2.6. Conclusion

The economic questions to be answered with thé totst of ownership (TCO) tool are a
combination of all the NGOA aspects presented iis thection. For example, node
consolidation is expected to reduce the numbeemwterd or owned locations (i.e. lower total
footprint) and could reduce operational expendgurethis way. It will also accommodate
more customers per location, so failures can impawe customers at once. Hence, network
resilience should be considered carefully. Trafbcality will also impact this trade-off
between node consolidation and resiliency. Furithfirences on cost are imposed by e.g. the
ONT requirements (standardization, design univevsalper customer class etc.), technical
and operational migration efforts, zero touch vse touch provisioning, as well as different
technology characteristics.
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3. Operational Models

The focus of the OASE OPEX assessment lies on #ie gost driving processes such as
service provisioning, fault management, maintenamzepower consumption. As shown in
Figure 7 the different operational aspects depemdlifferent parameters. Therefore, the
modelling of these operational aspects will relytbem and a sensitivity analysis will be
performed to evaluate their impact on the finaltcdbe required floor space demand will be
outlined as square meter per network location imdocument. A monetary evaluation of the
floor space and real estate demand will be perfdrimdask 5.3.

* New service requests N = Detection by NMS and/or helplina
» Change requesls 4

= Diagnosis from central desk

« Cancellation requests &nd/oroutside

= Recovery by physical repairor
configurationfailure solving

Qecowt’)’

(Nate: floor space will separately be
outlined as square meters per location)

= Soft-/Firmware Updates

= Hardwarc Upgrados
= ’reventive maintenance 3

= Personnel inspections

= Network power consumption
= UPS facilities
= Climate pawer consumption

= HVAC [acililies

HVAC system

Maintenance Power consumption

Figure 7 Main operational aspects of a NGOA network

Next to the impact of different architecture desigm operational expenditures, the impact of
node consolidation, business co-operation and gemEat strategies should also be
investigated.
Existing background on the operational processésuisd in the work of the different project
partners and various other projects. Exemplarilgp@prehensive background on operational
processes can be obtained from the former MUSEegrras listed here:
* Fault Repair and Troubleshooting
— Outage frequencies (FIT rates)
— Impact of resilience concept
— Failure penetration ranges
— EZ2E network availability
— Network monitoring (e.g. performance, quality, oiemnces etc...)
» Service Provisioning
— Manual switching effort (e.qg. fibre patching at ORIF new provision,
provider change, user move)
— Network and service configurations
— ONT post delivery
— ONT installation support at user site
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— ONT remote configuration support from central desk
— Costs of automated provision functions
* Maintenance (usually contracts with system vendors)
— Maintenance of system hardware and passive inficiste
— Software release updates (incl. licences etc.)
— Inventory management etc.
Energy Efficiency
— Power consumption and price mix
— Climate concept
— Power supply and climate facilities (UPS, HVAC)
Real Estate
— Location consolidation potential
— Power savings, maintenance savings
— Rental savings, capital gains on disposal
* Business Cooperation
— IT Support
— Operational support (OAM)
— Provision of open access interfaces

In the following subsections each of the aforenmred operational processes (except the last
process of business cooperation which is left datshe scope of this deliverable) will be
presented in detail while having in mind the keguieements indicated by WP2. The final
operational process is drawn in BPMN format whequneed for clarification and discussed in
detail in the second part of each subsection.

QASE Page: 22 of 74
FP7 — ICT—- GA 249025



Overview of Methods and Tools
S OASE_D5.2 WP5_IBBT_ 301211 V3.0

3.1. Failure Management and Troubleshooting

The failure management and troubleshooting pro@essrs to the MUSE “Fault Repair and
Troubleshooting” process) is concerned with captyall kinds of failures in the network —
equipment failures, cable breaks, CPE failurestwsot failures, etc. From literature some
processes are already available and can be usedtading point for the construction of the
process for the different NGOA network architecsuasd systems. In [5] an overall failure
management process is introduced as show in Fi@urdt contains the necessary
administrative steps to perform before the actepair, followed by the repair steps, typically

going to the location of the failure and repairitgs failure. Finally, the process is closed
with some additional administrative steps

[

=

E Problem

_‘@' on public

£ domain

£

°

<

P-Already reported

o Cable cut

2 . I 4

; Not previously reported

W failure—————»

= . .

= | Fault isolation and

£ SW failure traffic recovery

© ) .

© Fault diagnosis

c

<

3]

)

|_

External failure

®
o9
= s SW repair
S qE: "1 in fiber network
e
©

g External repair
% in fiber network
n}

Figure 8 High level overview of the repair process

It also couples to more specific processes forware and software repair, cable cut repair,
failure diagnosis, etc. From these the most ugefithe context of an NGOA network) is the
cable cut repair process which is shown in Figure 9

CC repair in fiber network

Splice
fiber
(twice)

in car
(twice)

" Close "
et ot {oot e of S it
(2 parts)
Blow Connect

new new fiber ;g"ﬁgl:r
fiber (twice)

Figure 9 CC Repair sub-process

These processes and sub-processes will be usedcass&uction basis for the failure
management and troubleshooting process in an NG&Eaank.
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The fault management and troubleshooting processpases three major sub-routines:
prevention, detection and reaction/troubleshootifige main goal of the proposed process
model is the identification of the most costly aities or sub-processes, which will help
decreasing the total process cost.

Prevention against network failures requires the support diinelancy and protection
mechanisms to minimise service impacts (e.g. suppoautomatic re-connections
with short re-routing times),but also preventivagtioses of link quality with outage
prediction as well as customer impact analyses Wattus on service impact and
failure ranges are required in order to triggerrappate preventive tasks.

Detection of network failures can be recognised by custonadls ¢helpline trouble
shooting), NMS alarms or personnel inspectiongalse of a network failure (i.e. excl.
customer troubles without network relation) a falitgnosis with identification of the
faulty network elements will be performed. For {hi§ supported optical diagnosis
and measurement solutions for localisation of passifrastructure faults up to the
home as well as higher layer system measurememticstd for localisation of active
system failures are required. An extended faulgmisis is needed in some cases, if
the initial diagnosis shows no results (e.g. oatsiceasurement in the first mile loop).
Troubleshooting deals with both, solving of customer troubles aedovery of
network failures, aiming a high “first solving rate¢hrough measurements and
configurations from central NMS/IT locations as Wwels minimal effort for
reparations, configurations or technique changesrabte locations (requires a highly
automated, highly available and robust network).

Availability requirements per customer class*

Customer class E2E Service (0] 3 MTBF MDT DT Max. failure
Availability [1/a] [a] [h] [h/a] penetration
range
PSTN today 99,983% 0,135 7.4 10,9 1,47 1000
Residential 99,58% 0,128 7.8 13,6 1,75
(drivers Voice & IPTV})
Wholesale / Wholebuy 99,98% 0,128 7,8 13,6 1,75|  One failure
does not
_ ) - affect more
Business Option 1: 99,5% 1,825 0,55 24 43,8 than 1000
Option 2: 99,95% 0,547 1,83 8 438 cLstomers
QOption 3: 99,99% 0,219 4,57 4 0,876
Backhaul of mobile 99,95% 0,547 1,83 ] 4,38
base stations

*) OF = Outage Frequency per anno; MTBF=Mean Time between Failures; DT=Downtime per anno; MDT=Mean Downtime

OF = DT/MDT
DT = OF*MDT

MTBF = 1/0OF — MDT ; MTTF > MTBF (MTTF = “mean time to [first] failure”)
Availability = 1 — DT/{365%24h)

Figure 10 Exemplary market availability requirements for different customer classes
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The major target of fault management is to minintfse service related “Down-Time” (DT)
per year. The service DT per year is mainly deteeahiby the network components quality
(robustness and life-cycle behaviour) as well asgtwork redundancy degree (see resilience
chapter, Section 2.3). The network components tyuai expressed by the “Mean-Time-
Between-Failure” (MTBF) as key-parameter for thetedmination of the E2E service
availability. Beside the DT per year, also the miisation of the “Mean-Down-Time” (MDT)
per individual failure is a key target of the faalianagement aiming fast failure recovery.
Figure 10 shows exemplarily market quality requieets on DT and MDT per customer
class and the corresponding MTBF and E2E avaitgbiliThe Fault management process,
depicted in Figure 11, is triggered either by akmaceived by the Network Management
System (NMS) or by the contact of the customeriserine by customer(s). In the first case,
a Trouble Ticket (TT) is created andFault Diagnosis and isolatioms performed. If the
failure is not identified, an extended failure diagis will be performed until the failure is
identified. After this, fault isolation and traffic recoveryshown in Figure 12 will be
performed to minimize the service interruption team&his sub-process consists of isolating
the failure and, in case no automatic protectionmplemented, the protected lines are re-
routed via the back-up lines. Depending on the reawf the failure, whether it is a
configuration or a physical failure, different spizcesses are executed.

a n
Z g _ _ Fault Local
= Diagnosis reparation line test
& = report
&
w
= Config.
> ;S Diagnosis R '8 Config.
S & report failure test succe;;ssful N
Z% solving 1 :
= . : physica YES
o E YES A roubleNNO Technical Service failure
] solved Helpline ?
’8‘ S ? Create 2nd level
E g Customer call 1 T (diagnosis) YES Technical Service Close
= m©
B 2 Helpline Extt'anded T
= S 1st level I . fallur.e ,
i — diagnosis |
| | CustomerService FMDB [21 X
""""""""" NO
-
$ | Fault alarm
x g s ~ Problem
s £ Fault Create Fault —>< solved
é & detection [—>| ~ 0 diagnosis >/ YES
= ‘E" \ by NMS ) and isolationl
NMS/IT technicians

TT: Trouble Ticket ; CS: Customer Service ; TS: Technical Service ; NP: Network Production [1] Mostly from a central NMS/IT

Fault detection is the process of receiving alarms and knowing that there is a network problem that should be identified. location without traveling

Fault diagnosis is the process of identifying a set of candidates to be faulty and have caused the received alarms. [2] FMDB: Failure Message Data Base

Fault isolation is the identification from the set of candidates of the faulty element after some remote tests. [3] e.g. outside failure localisation by
technical service

Figure 11 Fault management and troubleshooting praess model

Reroute protected lines
viabackup

Isolate
failure Automatic protection

Figure 12 Fault isolation and traffic recovery subprocess
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If it is a configuration failure, then thenfiguration failure solvings performed, and a test is
executed to verify that normal functioning has beemectly restored. If it has been repaired,
the TT will be closed and the process ends. Otlserwhefault diagnosis and isolatiowill

be performed once again.

If it is a physical fault, a physical fault repaub-process is executed, which is shown in
Figure 13. This sub-process first distinguishestihwiethe repair is outsourced or not. If it is
outsourced, a failure report is submitted to this@urcing company. This company processes
the report and repairs the failure within the adréiene and quality. If the repair is not
outsourced, the operator has to diagnose whetiseaitable or an equipment failure. If it is a
cable cut (CC) failure, the sub-process CC faiaeair is performed for which a detailed
description is shown in Figure 9. If it is an equgnt failure, the operator has to check
whether the required manpower, material, spare ocoents and mobility means for the
failure repair are available. Furthermore, if diggiis required, it is subcontracted and the
repair has to wait until the pavement is open. Walkthe prerequisites are accomplished, the
technicians travel to the failure location and threpair or replace the failed component.
Once the failure has been repaired, a line tepeiformed (shown in Figure 14) to check
whether there is connectivity and the signal quaditabove the required value. If the quality
is good, the TT can be closed. Otherwise, the compis and lines are checked again. If the
problem continues to be unsolved, the fault diagnasd isolation is performed once again.

I Mtepair Failure I

within azveed
Frocess failure > Digging Open
repart redquirer foatuay

Sl Buy and weait
to zetit

Subimit failure
repoart

Outsounr ol

Own Field
technicizns

fallure
location
Wil un i

acdilable

i failure

l reparat'f- 1 I

Figure 13 Fault reparation sub-process model
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Double check
equip., cables, etc.

Figure 14 Line test sub-process

The fault reparation sub-process will be considenedore detail as shown in Figure 13. It is
expected to cause the highest delta on operatierpénditures between the different
architecture designs. The process chart differestibetween self-realisation and outsourcing.
Digging work will always be outsourced. In caseseff-realisation, the check and gathering
of available personnel and equipment, the trawgltim the failure location as well as fault
reparation, or if not possible, component replacgmell be considered. For this, required
labour time as well as cost for repair material @pdre components has to be taken into
account for detailed modelling.

The cost evaluation of this process depends omuh&ber of faults occurred in the network.
Customer troubles not caused by the network, asnkiance CPE configuration problems,
are not in the scope. For the estimation of thewarhof failures network component specific
parameters like FIT rates and MDT have to be detexth Resilience concepts of WP3 have
impact on the E2E network availability and failyyenetration ranges. However, at higher
number of network components that is required her realisation of resilience concepts will
likely result in a higher amount of network failarim total, except when having automatically
service re-routing without customer impact and thass helpline received calls. The E2E
availability is service specific and depends onghth through the network (e.g. voice versus
client server applications). The maximal failurengeation range will be determined by the
single-point-of-failure (SPoF) element with the legt customer aggregation and may also
vary for different services if a certain serviceedaot flow through this element (it depends
e.g. on service creation and content distributimhigecture).

After the reparation, a fault recovery acceptaese will be performed before sending a ready
message back to the customer relationship andfaonie management department.

For architecture differentiation of the fault maaagent cost, the different failure types must
be distinguished. These are for instance hardwaterdé (e.g., I/F, fabric, WSS, RE ...),
configuration and software failure (e.g., DCN, EMSMS) and failures of the passive
infrastructure (e.g. splitter, AWG, fibre cablefgaconnectivity failures).

QASE Page: 27 of 74
FP7 — ICT—- GA 249025



Overview of Methods and Tools
S OASE_D5.2 WP5_IBBT_ 301211 V3.0

3.2. Service Provisioning

This section introduces the modelling for serviecevgsioning which includes any activity
related with adding, changing or cancelling custosevicesFor service provisioning, no
fully detailed processes exist in literature.

Service provisioning is expected to be an operatigrocess that will differentiate the

operational costs of different NGOA solutions. Tequired fibre or equipment to connect a
new customer, the possibility of remote configumatithe type of required ONT, etc. will

impact the final cost. In this section, the geneegjuirements for service provisioning for
NGOA as well as the proposed service process navdgiresented.

The NGOA operation capabilities that are expeabeidhpact the service provisioning are:
» The possibility of “zero-touch provisioning” aftgmitial roll-out
— Physical network to be prepared up to the homesglurasic roll-out, if
economically viable
— DIY installation of ONTs (plug & play capable)
* Auto-configuration of ONTs up to the Service CreatPoints
« Single-sign-on for service connectivity
— Non-disruptive service changes and service upgrhdes to be supported
including web-based customer self-provisioning self-configuration

» Portability of customer identification data, e.gr focation move (nomadic services)

« ONTs within a customer group should not be custorspecific (means e.g.
“colourless”)

— However, the potential of a universal ONT needsd@nalysed.
— Customised ONTSs for residential users, businesss e well as mobile and
wireline backhaul are likely to be required in arttemeet the different needs.
The service provisioning process deals with therallverder handling procedure of adding,
changing or cancelling services of the customehns. grocess model is shown in
Figure1s.

* Add service: In order to add a new service, twavdigs are triggered in parallel: the
first one deals with the physical connectivity, aheé second one is related to the
configuration of the customer service profile amdvge path through the network.
The service is not to be released to the customirhoth activities are successfully
completed. In particular, the first activity cheakbether there is physical connection
and available capacity or not. If there is not etowcapacity, a new physical
connection has to be added (called “connect netwsub-process). The detailed
model of this sub-process is shown in

* Figure1s. It can be observed that the connection can soauted or done by the own
technical personnel. In the latter case, the caiorewill be done once the personnel
and resources are available at the connectionidmca®nce the connection is done,
tests to guarantee a good signal quality are peddr before this activity is
successfully completed. The second activity coméguthe service from a central
NMS desk. A detailed description of the configuratitasks is not the focus of this
document.

e Change service: A customer may request a changeseifvice because of his/her new
location or because the customer wants an upgrddtheo service (e.g. more
bandwidth). If there is a new location, the operdias to check whether there is
physical connection with enough available capaoitynot. If there is capacity, the
service has to be re-configured to the new custanlecation. Otherwise, new
physical connection has to be added before configuhe service.
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» Cancel service: A customer may request a canaallatf his/her service because
he/she wants to change provider. In this casegpleeator has to check whether there
IS a bit-stream access. If so, the service canebeonfigured through the NMS.
Otherwise, the service is switched over to the mpeavider and removed from the

current one.

Entry order
customer

Status
check
v
Add service
to DB

request

New service

Provider
change

Location
move

\1/_'

)

Service
upgrade

Connect
network -

YES

NMS/IT: Change
network config.

0 Switchover,
if agreed

+
N A—

( E2E network config.
(customer path) (service creation pIatform)J

Service profile config. ]

Service  Service
canceled provided
Optional:
falternative i
i realisation }
other | | oA 0 T /I\ """"
reasons | | U /NC i,
Provision Helpline
error i Ltlevel :
Helpline
sm— 1 . i 2ndlevel i
: (diagnosis)
Disconnect :
Repair
[ service 1 -
Conﬂg.
{ Local line test |—% NO fﬂl/;lfe
"""""""""" /[\ YES

1

TS: Technical Service ; BSA: Bit Stream Access

Connecting is the process of establishing the physical e2e connectivity incl. optical splices, connectors, fiber patching, ...

[1]: WP2 req.: zero touch after
initial rollout = therefore no

Configuration is the process of establishing the logical e2e service connection through network and IT. network disconnection
Testing is the process of testing the physical and logical connectivity before release of the service to the customer.
Figure 15 Service Provisioning process model
Process rConnect within agreed Local | Ready
order entry I L time and quality line test) message
Submit
order details
Check AVAIL. r \
YES per§onr1.el Prepare Fiber
availability splicing splicing
d
NO NOT AVAIL. \. J
Wait for availability
é Check / Travel to
network + connection
‘esource.
resources E NOT OCCUPIED \ location
Order entry ——
physical
connecting AVAIL r ~\ -
Prepare Fiber
tchi ——>| patching
NOT AVAIL Forward to PTI/Field Provide resources| patching (connector)
technicians or get free - /

Figure 16 Connect network sub-process model

QASE
FP7 — ICT— GA 249025

Page: 29 of 74



Overview of Methods and Tools
2 S OASE_D5.2 WP5_IBBT_ 301211 V3.0

3.3. Maintenance

The maintenance process comprises all tasks whelheguired to keep the network up and
running. This includes also software release updated hardware upgrades (e.g. new
controller line cards). However, the hardware uggsado not comprise any migration
towards new technical architecture generations.tfite® main process tasks are:

Updates & Restoration
e Periodic, proactive and preventive preservationnefwork elements & support
equipment
» Battery reloads, filter changes, ...
e Software release updates
e Hardware upgrades
* Personnel inspections
* Change of technical components in case of incofuedtioning

Inventory-Management
» Technique stock with allocation to storage location
* Resource management (personnel capacity, mategatyye planning, ...)
» Customer profile data incl. SLAs

Supervision
* Performance monitoring
— SLAs are target parameters for performance mongori
— Availability, QoS performance,
— Threshold, Trend analysis, ...
* Automated signalling of regular operation states
* Automated measurements

Ok
l %[ Performance monitoring ]7
. ] / Failure Forward to fault
N [ Autolmated S|§nalll?gtof ] Sta?tus repair and
regular operation states J \ troubleshooting
%[ Automated measurements]* Restoration

Supervision
(IT-supported)

request

ST %[ Soft-/Firmware Updates ;
® 2 O Restoration ; Wil s
s32 %[ Hardware Upgrades request —> Restoration contracts with
g k] P8 q of hardware vendors are

& ( ) ‘ /: widespread
& 7 q
3 g —>[ Preventive maintenance ]—‘ Status today.
52 : : ? Failure
£3 ﬁ[ Personnel inspections .

= Ok Focus field

%[ Technique stock ]

ﬁ[ Resource management ]

Inventory mgmt.
(IT-supported)

%[ Customer and service data]

Supervision is the process of network performance and operation state observation by automated measurements.

Updates & Restoration is the process of software and hardware upgrades as well as preventive maintenance and restoration.
(Note: The hardware upgrades do not comprise any migration towards new technical architecture generations.)

Inventory management is the process dealing with the management of technique and service inventory data and resources.

Figure 17 Maintenance process model
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NGOA networks should be highly automated and maatalgefor simplified and less time
consuming work in the field (without special toold)his includes for instance remote
manageability of active network elements, remotw-gonfiguration and management of
customer equipment and optical layer managementemaehnically viable. Also seamless
software (SW) upgrade without service interruptidres to be supported (e.g. firmware
updates on NE or CPE). Supervision and monitoragabilities ensure E2E service/traffic
performance monitoring per customer and per serg@cgervision), detection of service
quality degradations ahead of time in order to bke do trigger preventive maintenance
before customer/service impact. Personnel intengareodical maintenance actions such as
inspection, remote testing, cleaning, adjustmentsttould remain minimal. The maintenance
deals also with the renewal of supporting compaenich as filter mat etc., and the
restoration or replacement of defect network eledmevhich are not (yet) recognised as a
failure by interacting with the fault managementiMenance contracts especially with active
system vendors have widely used today.
For the TCO assessment, a simplified calculatiopr@gch will be considered taking into
account the following assumptions:
« 2 maintenance orders per year per fully equipped €duivalent
— 8 Person hours per year (incl. maintenance of $hellities and SW updates)
— 400 € material (e.g. filter mat change etc.)
— SW licence (once per year for all systems per aysfass)
« 1 maintenance order per year per fully equipped@a&®N equivalent
— 4 Person hours per year (incl. maintenance of shellities and SW updates)
— 100 € material (e.g. filter mat change etc.)
— SW licence (once per year for all systems per sysiass)
« For infrastructure components like fibre cables aptical splitters, a maintenance-
free operation is required and will be assumedaiturfe-free situations. The cost

impact of infrastructure failures will be considetia the fault management process.

3.4. Power Consumption

Optical integration and node consolidation wilbal higher compactness, better utilisation of
active systems and fewer powered locations witheebqul positive effect on power
consumption. Although the number of consolidateceas nodes is less than the number of
traditional access nodes, the total power consumméepends on the real system design and
the support of power-saving modes such as powendaowd sleep modes. The total power
consumption at each consolidated access nodes toagame higher (than at the former
access nodes) due to the fact that it will serigher number of users and therefore, it will
needs a higher number of components. This will mapared with the power consumption
savings at all former access nades

The power consumption will be calculated per basgesn (OLT, RE, ONT), per line-card
and per pluggable as well as for climate faciliti#®e OLT power consumption will be
differentiated by shelf/backplane and L2-switchtumhe price per kWh usually depends on
the consumption volume per location type (smalldia, large) as well as the price mix and
tariffs of the power supplier.

The number of network locations with required powepply and climate facilities depends
on the topology scenario. Figure 18 and

! Power consumption values and the impact of powareing modes are defined by WP4.
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Figure 19 show exemplarily a power supply for tHerGn the CO and in the field e.g. for a
Reach Extender.

Central office

T

Power supply unit !
redundant Power supply unit

& lE

HVAC system

Figure 18 Power supply in CO

Contracts with power suppliers often comprise amuah payment fee per provided
connection power [€/kW p.a.]. This payment fee udels, in addition to the pure power
consumption [kWh] per system as defined by WP4cafdits for power supply and climate
facilities as well as its maintenance and operation

Central Office (CO) power supply considerations

. Investment for protected power supplies (UPS)

. Investment for required climate facilities (HVAC)

. Required reserve capacity of power and climatelifies, e.g. for overlay
migration

. Effort for maintenance and operation of power aindate facilities

Field location

—r

PS

Up-front investment
for first provision of
power connection

passive or active climate solution

Figure 19 Power supply in the field

Field location power supply considerations
» Up-front investment for first provision of powerrazection in the field (one-time)
* Investment for power supply termination unit (day.RE)
« Investment for passive or active climate faciliti6depends on implementation
scenario)
* Required reserve capacity of power and climatdifig@s, e.g. for overlay migration
» Effort for maintenance and operation of remote posupply
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3.5. Floor Space

Floor space means the space demand that is nezdestall, operate and manage the system
technologies (switches, OLTs, WDM coupler) whick g&ypically installed in shelf racks. In
addition to the active system racks, some architectariants require pure passive shelf racks
e.g. for WDM couplers. Also the space demand far tbrmination of the fibre cable
infrastructure at the Optical Distribution FrameDE) and the through-connection to the
systems racks via in-house cabling have to be deresil.

Figure 20 shows exemplarily the space demand adionl from WP4 for the model 19”
system rack which can accommodate up to 4 systetaesh) depending on the varying power
consumptions and heat conditions of the differe@®M architecture variants. This model
defines the maximal power consumption per rack t&V, which potentially limits the
number of shelves and ports per rack.

* 4 shelves per rack (19 inch)
* Number of ports per shelf depending on the

11U/ slots <20 ||[® ‘ system technology
19.25 Inch / INRNERERNAA§
~Rgem Stiteh * Footprint per rack: 0,6 mx 0,3 m=0.18 m?
Power Supply "D
“eroseil | | * Workspace perrack: 0,6 mx 1,0 m = 0,60 m*
73.5inch/ 1 1 .
rasich/ e Footprint per rack incl. work space:
——Il7 0.18 m2+ 0,60 m?2=0,78 m?
m Footprint ”
I—| [4}] P 0.18 m 03m
() per rack
=
Work space 0.60 m? 10m
/ per rack '
——— >
Total number of shelfs per rack: 4 0.6 m

Figure 20 Floor space model

Details of port-density, power consumption and Hess per system have been described in
WP4 for the regarded NGOA architecture variants.
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4. Qutside Plant Estimation Models

This section introduces different models that can used to dimension the network
infrastructure. The first one is the Geometric mpdéich is the one used by TONIC [6].
However, other tools can also be used as presentaettion 8.2.

4.1. TONIC (Geometric) Model

The TONIC model follows the approach as descrilpetthé Deliverable 7 of the IST TONIC
project [6]. Within OASE, the reference architeetysoint model is the basis for a work
package overarching discussion and TONIC was adogteordingly. More details can be
found in the following paragraphs. The referencehiéecture point model is described and
documented in D3.1 [7] Section 2.

The geometric model distinguishes between threkerdifit area types, dense urban (DU),
urban (U) and rural (R). Each of this area typdted in certain aspects like number of
customers and related households/business ofifeasper of buildings, different fiber and
trenching lengths etc. The businesses are spbeimween SME and even larger companies,
which are expected to be high bandwidth demandugfomers. For large The detailed
numbers can be found in Table 1.

Dense Urban Urban Rural
Area size km? 5 24 57
Buildings 2.400 3.456 2.040
Households (HH) 14.500 8.400 3.035
SME business 1.100 240 25
Large business 5,5 1 0,05
Total subscribers 15.600 8.640 3.060
HH density / km?2 2.900 350 53
SME density / km? 220 10 0
Large business 1 0 0
density / km?2
Total subscriber 3.120 360 54
density / km?2

Table 1 General parameters describing area types

The number of required connections is based ontdtel number of households and
businesses. It is assumed that the business custdhigh bandwidth business) demand a
higher connectivity which could be provided by agse, not shared, fibre only. Overall, this
special group of customers does not have a hugetefin the model and a number of
additional fibres are included to serve them (whglgalculated as an additional number of
fibres per building).
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Figure 21 Adopted Reference Architecture Points
The reference architecture model was adapted tgebmetric model used in TONIC. So far,
only PCP2 to PCP5 were included but the model ellextended with PCP6 later. After
feedback from different operators, an additionalPP@ad to be included between PCP4
(distribution cable connectivity point) and PCP5a{m cable connectivity point). This
additional point (PCP45) is a branching box pomd &ridges in the main cable section from
PCP5 to PCP4 between two different deploymentegires, a combined bus-star structure
(see Figure 21). A complete duct is not requiredaah PCP4 and therefore a sharing of ducts
between different PCP4 is organized. The most g¥feevay to do so is to aggregate ducts at
each point where full ducts could be combined tot duwndles in trenches. So there are two
bus structures, one connecting the outer PCP4aaith other to a more centralized PCP4 and
a second bus structure between the different, mem&ralized PCP4. This point is by itself a
branch and PCP4, but at the duct layer it is antiaddl point, the PCP45. The respective
main cable section is split into main cable 1 araimtable 2. Overall, the different numbers
for the PCP could be found in the Table 2 below.

Area PCP2 PCP3 PCP4 PCP45 PCP5
Dense Urban| 15600 2400 100 20 1
Urban 8640 3456 64 16 1

Rural 3060 2040 30 6 1

Table 2 Number of physical connection points (PCHh OASE area types per PCP5

It was decided to use an infrastructure model basetie following assumptions:
» Fibres are aggregated in cables

» Cables are placed into micro-ducts

e Micro-ducts are aggregated in micro-duct bundles
e Micro-duct bundles are placed into multi-tube o€du
e Multi-tubes are placed into ducts

* Ducts are placed in trenches

It should be noted that various options exist andoacrete model / implementation is
required. Based on different cost calculations,dptmal solution for the OASE area types
was developed and can be found in

Table 3. Cables are required to be either laid antobe directly (building cable section) or in
a micro-duct. Micro-ducts are always used as matrot bundles only and these bundles need
to be installed in the multi-tube or buried dirgati the underground (respective in trenches).

Infrastructure Building Distribution Main cable 1 | Main cable 2
Fibre X X X X
Cable X X X X
Micro-duct X X X
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Micro-duct X X X
bundle

Multi-tube X X
Duct / Tube X X* X X

Table 3 Infrastructure implementation in cable sedbn

In the distribution cable section, the ducts arky aised if they are already available (brown
field scenario), otherwise the micro-duct bundles laid directly into the ground. This is

marked by (*) in Table 3.

Due to the constraints of available cables, miarotdoundles and tubes, the following

infrastructure equipment could be used:
» Fibre cable with 4 fibres

* Fibre cable with 12 fibres

* Fibre cable with 16 fibres

* Fibre cable with 24 fibres

* Fibre cable with 48 fibres

* Fibre cable with 72 fibres

* Fibre cable with 96 fibres

* Fibre cable with 128 fibres

* Fibre cable with 144 fibres

e Micro-duct bundle with 1 x 7mm micro-ducts

e Micro-duct bundle with 6 x 7mm micro-ducts

e Micro-duct bundle with 10 x 7mm micro-ducts

e Micro-duct bundle with 20 x 7mm micro-ducts

e Micro-duct bundle with 3 x 210mm micro-ducts

e Micro-duct bundle with 5 x 210mm micro-ducts

* Fibre termination box large (Cross-connect for ra@xibres)
* Fibre termination box small (Cross-connect for rh@xibres)
e Duct multi-tube 4

e Duct 100mm

* Branching box for 192 fibres

» Optical Distribution Frame (ODF) for max 2000 fibrealculated per fibre only)

In addition, there are some constraints regarduegirtfrastructure which could be used with
each other. The combination of duct, multi-tubegnmiduct bundles and micro-ducts can be

found in Figure 22 below.
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Duct with 4-channel multi-tube &
Duct 50mm with micro-duct bundle micro-duct bundles

50mm

1 duct: typically up to 20 micro-ducts (&2 7mm) 1 x 32mm diameter: 5 micro-ducts (& 10mm)
10 micro-ducts (5 7mm)

1 x 28mm diameter: 3 micro-ducts (& 10mm)
6 micro-ducts (& 7mm)

Figure 22 Combinations of infrastructure equipment

The duct of 50mm size is only available in broweldiscenarios and cannot be used in new
deployments. If this infrastructure equipment iaikable, it is possible to deploy a micro-duct
bundle with 20 x 7mm micro-ducts inside. The duthvOOmm provides more options:
1. Duct is split into four with a multi-tube
2. Multi-tube provides option for 2 x 28mm tube ang 22mm tube
a. A 28 mm tube provides sufficient space for a miduzt bundle with 3 x 10
mm or Micro-duct bundle with 6 x 7mm micro-ducts
b. A 32 mm tube provides sufficient space for a midust bundle with 5 x 10
mm or Micro-duct bundle with 10 x 7mm micro-ducts
3. Micro-duct provides a capacity depending on thenaizr
a. 7 mm micro-duct provides sufficient space for aleatith up to 96 fibres
b. 10 mm micro-duct provides sufficient space for bleavith up to 144 fibres

In order to analyse the impact of our infrastruetaomponent model, different availability
scenarios of ducts have been taken into accouneseltscenarios reflect no general
information of deployed networks today as a depleymof infrastructure is typically
heterogeneous and depends on the desired numbeéuildings and customers to be
connected.

Figure 23 shows the four different models with thited availability of 1, 2 and 3 ducts,
buried and aerial cable for the different OASE axgees and the main and distribution cable
section. It is always assumed that highest numbeeployed ducts is closest to the PCP5,
followed by the second highest and so on.
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Empty conduit diameter

w DU u R DU U R DU u R
35 1 empty duct 30% 25% 50% 15% 20% | 20% 5% 15% 15%
Y
_5% dguﬁf()mm 2 empty duct 34% | 33% | 5% 39% [ 18% | 5% 49% | 23% | 5%
® 0o
‘5. z 2 3 empty duct 30% | 15% | 0% 25% [ 10% | 5% 15% 5% | 5%
=)
g-("g Buried cable 5% 25% 40% 20% 50% 65% 30% 55% 70%
(2]
&= Aerial cable 1% 2% 5% 1% 2% 5% 1% 2% 5%
023 | duct 1 empty duct 40% | 20% | 10% 20% | 10% | 5% 2% 3% | 3%
52238 | @50mm o o 9 9 9 9
g = g g 2 empty duct 30% 10% 5% 20% 5% 3% 20% 5% 3%
F5zs
ES g %.(é’ Buried cable 27% 63% 1% 57% 78% | 80% 75% 85% 80%
-3 S | Aerial cable 3% 7% 14% 3% 7% 14% 3% 7% 14%

Figure 23 Availability of ducts in OASE area typesand cable sections

In addition to ducts and cables, there are somdiawnia infrastructure components needed
for various PON scenarios:
* Power splitter 1:4

* Power splitter 1:8
* Power splitter 1:16
* Power splitter 1:32
* Power splitter 1:64
« AWG 1:80

In case of AON scenarios, there are two technolmgjons which influence the number of
fibres required in the cable sections (and theeeftor certain components carrying
infrastructure in the PCP, e.g. number of requisehching boxes): the single- or dual-fibre
option. The single-fibre technology is using orf@difor sending and receiving light and is a
more costly than the dual-fibre options which usegarate fibres for sending and receiving.
Overall, for the dimensioning of the infrastructw@mponents in the PCP and cable sections,
the combination of the different components is nexl In the following, no detailed
dimensioning will be presented as the model is &gerselective and depends on a number of
parameters. Results should thus be understoocsasseasitive.
The bridging between the cable sections is orgdninethe PCP and different kinds of
activities are required. This includes

* Termination of fibres

» Splicing of fibres

» Preparation of cables for termination

e Termination of micro-ducts / micro-duct bundles

e Interconnection of micro-ducts / micro-duct bundles
e Termination of ducts / multi-tubes

e Interconnection of ducts / multi-tubes

Individual fibres or micro-ducts are not installeeparately. Micro-ducts are terminated in the
building (PCP3) and cabinets (PCP4), but intercotatein PCP45 only. All details can be
found in the Table 4. If certain equipment is regdiat a location, this is noted too.

| Area | PCP2 | PCP3 | PCP4 | PCP45 | PCP5 |
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Termination  of
fibres

X

Splicing of fibres

Preparation o
cables

Termination  of
micro-ducts
bundles

Interconnection
of micro-ducts
bundles

Termination  of
ducts [/ multi-
tubes

Interconnection
of ducts / multi-
tubes

Required
Equipment

Fibre
termination
box

Branching
box

(ODF)

Table 4 Activities in PCP for integration of infrastructure components

Based on this information, the number of requineflastructure components and activities
can be calculated. However, for cables, fibresgl@etc., the length is required too. The
modelling of this parameter is described in theampiag paragraphs and figures below.

a, b, c:1st, 2nd 3¢ floor
d: distance from one floor to ancther

e: baseline distance
f: flat connection

—— Cable layer (single star)

Nuectlayer (bis)

Figure 24 Calculation of length of infrastructure @mponents in building cable segment

The calculation inside the building is rather sienphd illustrated in Figure 24. The following

aspects are calculated:
* Number of floors per building (Figure 24 “a”,” b'¢")

» Distance between floors (Figure 24 “d”)
* Number of flats per floor (e.g. 2)
» Distance between flat and duct (Figure 24 “f")
» Distance to bridge between lowest floor and bas¢emmection (PCP3) (Figure 24

“e”)
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The duct length is calculated based on an assuneedstructure (star at each floor, bus
between PCP3 and the highest floor) and the ca&lgth on a single star model between
PCP2 (each flat) and PCP3 (building connectioméltasement).
The second part right outside the building is thstrithution cable section between PCP3 and
PCP4. Lengths are determined by the following aspec

* Number of deployment directions per PCP4 (Fiqurea”)

e Number of buildings per deployment directions (Fens “b”)

« Distance between buildings (Figu®“c”)

« Distance between duct route and building (Figsré&d”)

Similar to the building cable segment, the microetdlength is calculated based on an
extreme scenario of a tree structure (bus strudturmain duct route and for each building a
separate small bus) and the cable length is basead single star model between PCP3 and
PCP4.

Micro-/Duct layer topology Duct & cable layer structure

X b (N of buildings per
daployment diractions) ‘@ @ EEE @
== P
e

Cablelayer (single star)

Segment

[
d
I Bui\ding/I

a(Nr.ofdeployment

7 directions) Ductlaycr (bus)

s
PG4

Figure 25 Calculation of length of infrastructure mmponents in distribution cable segment

TTTTTTTTTTTTTTA

The third and last part for the calculation of thegth is the main cable segment. As already
discussed, this segment is more complicated dua toixture of different infrastructure
hierarchies and related deployment structure. Algcal model can be found in the

Figure2e.
Main cable duct
1 —© .:\-_-I:ﬁf‘_’. " (PCP4 PCPA)
.__.__l__. k.&*ﬁ Main cable (star structurc)
— T (PCPA5> PCP4)
T @® 101 ° kﬁ*ﬂ Main cable bus section
== (PCP45-> PCP45)
—— _‘ Main cable feeding section
m / | [ (PCP5 > first PCP45)
:ﬁ' ﬁ :' XY| m Lengthr 7 basic seqments
Z* XY m R}
.——'——.——. @0 —@ @ Pk
I O PCP45
o0 —& .—++—.
0 rors
o100 o——o——+——o
I Basic segment(dimension: XY m x XYm)
1T 0@ @ —o—@

Figure 26 Calculation of length of infrastructure mmponents in the main cable segment
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First, an area and its related size in km? is $pid basic segments of equal size, each basic
segment representing the coverage area of one RCBHAould be noted that the PCP4
covered by PCP5 are not shown in

Figure26). The basic segment is represented by a squaneavgize of XY m * XY m and it is
assumed that the PCP4 is in the center of the ksagiment. The PCP4 are organized in the
following ways:

A number of deployment directions exists from PCP5

The main cable feeding section is Z multiples ef segment, representing the fact that
PCP3/PCP4 close to the PCP5 are connected ditedtig PCP5

These deployment directions (main cable bus sgctimrepresented by a bus
structure, connecting several PCP45 (which byfitegresent a PCP4)

At each PCP45 an additional bus structure orgamizecond level of PCP4 (main
cable duct)

The micro-duct / cable layer is organized as adtarcture between PCP5 and PCP4;
no intersection at PCP45 (one OASE model assumpitber models are possible)
only interconnection from one micro-duct to another

The detailed calculation requires the followingoste

Calculation of number of terminated fibres per PCP4

Calculation of number of micro-ducts per PCP4 twyceerminated fibres (based on
the available infrastructure equipment, see Fig@2rand related explanations)
Calculation of number of required micro-ducts inimeable duct

Calculation of number of required ducts in mainleatuct

Calculation of number of required micro-ducts inimeable bus section
Calculation of number of required ducts in mainledius section

Calculation of length of cable(s) per PCP4 to PCP5

Based on these numbers and the desired infrasteuctadel (including the duct availability),
the length for the different layers (cables, dett,) can be calculated per segment.
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4.2. Alternative Analytic Models

Alternative models are possible and under investigan the OASE project. This section
shows two alternatives to the TONIC geometric moa@eld their extensions with
consideration of resilience which are used as stahdénd benchmark in the TONIC

implementation.

4.2.1. Block clustered customers

This model dimensions access networks using thehittam network model for urban areas

and distributing users along rings for rural ar@ashown in Figure 27.

0 RN
B ONU

r——

| P
'L(_:QI FF Ring

..............

o
as®

(a) Sparse (S) scenario

(c) Dense1 (D1) scenario (d) Dense2 (D2) scenario

Figure 27 Fibre layout configurations for different populated areas

For rural areas:
Two different variants have been considered:

e Sparse (S) scenarioThis scenario corresponds to the areas where biNthisGand RNs
are sparsely populated and can be distributed aaiy (Figure 23). An operator would
dig along the partial ring adding RNs to the FF &MUs to DF. The FF ring has a
diameter of r and the DF ring has a diameter affDOur proposed protection will be
offered by closing the FF and the DF rings and imgryhe protection fibre in the opposite

direction

» Sparse-dense (SD) scenaridhis scenario combines the sparse RN distributigh &
higher concentration of users (e.g. residentialftass clusters). The RNs are distributed
along a patrtial ring similarly to the previous saBo. The users are distributed following
the Manhattan network model, which is a square @jsttibution of users. g denotes the
length of block and street side (see Figure 27bg. tdke the value from [2] and set
Lpr=0.133km. In this case, in order to serve all teersi of the same block, a DF duct
around the block has been assumed (Figure 27b)pfdiection is achieved by closing

the ring and burying protection fibres in the opfeodirection.
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For urban areas:

This scenario assumes that RNs and ONUs are logcatadnetwork compatible with the

Manhattan network model. Three different variarggehbeen considered:

* Densel (D1)The RNs are located in the same “vertical” streath placed at the block
they are serving. We let-E denote the distance from the CO to this vertita@es for FF
length calculation (see Figure 27c). The unproted®& connects CO with each RN,
whereas the protected proposed scheme closes thedgiellowing the street distribution
(Figure 27c).

* Dense2 (D2) The RNs are co-located at the closest point ¢0Gl, whereas the ONUs
are distributed similarly to D1 scenario (FiguredR7The FF follows a straight line from
CO to RNs and the protected solution installs @gateon FF through the parallel street.
The DF rings are designed to achieve fibre disjongs.

e Dense3 (D3)This scenario (Figure 27e) is identical with @2sario except that the DFs
are required to serve multiple arrays of blockse photected DF rings can have different
layouts to achieve fibre disjoint rings while usisgmuch common ducts as possible.

Input:

Number of users integer value
splitting ratio integer value
protected or unprotected choice

ring or Manhattan network structure choice
Calculations:

Based on the maximum allowed transmission distamaeogeneously distribute users along
the ring or in parallel blocks (Manhattan networkdal) as shown in the figure below

@ oo
(O RN

— FF [TTTTT [TTTT]T [[[[]

—— DF 4 [TTTTT [TTTT]T [TTTT]

o
[TTTT]
[TTTT]
[TTTT]
[TTTT]
[TTTT]

[TTTTT [TTTT] [TTTTT c

\‘ Street

Length: b

4

“Building
Length: ¢

Block
Length: a

Figure 28 Manhattan network model

Output:

number of remote nodes integer value
trenching length in km real value
fibre length in km real value
travel distance from OLT to any equipment in thevoek, avg in km real value
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4.2.2. Customers evenly spread over the area

Another approach for analytically approximatingestimating models for both installation
length (e.g. trenching) and fibre length considgjiven area expressed in terms of customer
count and area size. The customers are assumeel ¢évdmly spread over the full area as
shown in Figure 29. This figure also shows howel#ht connection types can be used for
connecting all customers to the central physicalnegtion point. For all these connection
options, the analytical calculation formula is simow what follows taking you from input to
the calculation and rendering the output in terisemching and fibre length.

G888 0000 0000
G—81+5—-F 00 0o
G588 0 00 0 0 0

0o 4o

DDDD&&

-
[

Simplified Street Model Street Model Double Street Model

Figure 29 Analytical installation models for custoners evenly spread over the area

Input:

Total number of customers integer value C(ustomers)
Area size in squared km double value A(rea)
Selection of the model choice

Width of the street integer value W(idth)
Calculations:

A full description of the calculations can be foundhe Appendix.
The following models and calculations can be used:

Simplified street model:

Installation length (C-1 E—Té
Fibre length 4%&1[““(,\/6 -i)W/C ‘i)]
1
Street model
Installation length (C+ % -2 E—fg
Fibre length 4%Dﬁf_l[2ﬂninﬁ,\/6/2—i)[((\/E/Z—i)ﬂul)]
i=1

Double street model
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(SEE+\/E—4JE§—[%+2[{/E—4JEN

Installation length

2
Street Crossing length (\/E —1)EN
JCi21
40 amming VC 12-i) VC 12-i)@+1]
Fibre length C =
_c
2
Output:
Trenching length (km) double value
Fibre length (km) double value
double value

Street crossing length (km)
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4.2.3. Model based on real street map

This model is based on real topographical and deapbgcal data which is publicly available.

In order to obtain and analyse the required topoddglata, geographic information systems
(GIS) had to be used based on the OpenStreetMall\P®ject [8]. Based on this data, the
following steps are followed:

1. Import into the postgesqgl database, the .osm clattaining the Geo coded information of
the area’s buildings and the respective streetanktw

2. Based on these data, construct a weighted grhfie street network, on which routing

algorithms can be applied

3. Assign ONUSs to buildings with respect to thézies

4. Apply a clustering algorithm, that clusters ONld& groups of size determined by the
splitting ration of the used technology (e.g. numbé AWG ports), assigns them to a

respective RN, and estimate the optimal locatiantiat RN as to minimize the distribution

cabling.

5. Facilitate the routes. Determine the distributtabling paths connecting the ONUS to their
remote nodes, and the feeder cabling paths comgeitie RNs to the central office as well as
their protection paths. The cabling layout is cotedubased on a modified Dijktra's shortest
path algorithm whose target is to minimize the icaplength since it is related to the high

trenching cost. The same applies for the compurtatiothe feeder protection fibre which is

routed through disjoint but existing cables.

The procedure is shown in Figure 30.

- A
g~ 9 i fi )
] I—w . i|
J r\\/
Select area 1. Import 2. Construct 4. Clustering 5. Feeder Fibre (red)
database weighted graph algorithm and Distribution Fibre

(green) layout
Figure 30 Network dimensioning procedure
Figure 31 shows an example of the impact of thitisy ratio on the number of clusters and
the feeder cabling. It can be observed that withgher splitting ratio, the less clusters are
needed and less feeder fibre is required. Howeasr,ncrease of distribution fibre is
expected.

-
PR {3 e . s
"(";& b - o
e O, A, - LN
IR N Nk NN "
£ AT et LN O 4 -~
A Hiw o o = Wi - q ’ .
Ty Nys Tal [ r) 2L, A o o3 r
‘ﬁ%‘ﬁ A ‘;g;;-:k . —_—v L

DWDM-PON 80. DWDM-PON 160. DWDM-PON 320

Figure 31 Impact of splitting ratio (in number of wavelengthsA) on number of clusters (i.e. RNs as green
points) and feeder fibre (as red lines)
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4.2.4. Resilient structures for block and evenly spread cstomers

In order to reduce the number of users affected Bingle failure, protection is required, in
particular in a large city with more than one moitliinhabitantslt has been shown [5, 9] that
with a proper fibre layout design, minor extra istreent for protection of optical access
networks can make a significant saving on failelated operational cost.

In the fibre layout model for block clustered custos (see Subsection 4.2.1), buildings are
grouped in blocks, which are arranged in an arsag (

Figure 32 below). We assume blocks with several buildingseach edge. Based on the
technological reach limitation, the maximum numbémblocks that can be covered by one
central office can be computed. For instance, UDWBRN can cover 100x170 blocks
whereas hybrid WDM/TDM PON (HPON) can cover 100x86cks [5]. Moreover, for PON
based NGOA architectures we consider two stagesnobte nodes (RNs). The first stage, i.e.
RN1 could locate at PCP5 while the second stageRIN2 at PCP4. In fibre to the building
(FTTB) scenarios, optical fibre should reach amgla building and therefore, all streets are
assumed to have one duct containing any requitwd.fiThe feeder fibre (FF) failure will
affect a high number of users and therefore, itgegtion is crucial and a second disjoint FF
is considered for protection. A protected FF layloa$ been proposed that minimizes the FF
length as shown in

Figure32. The working FF (i.e. RE) interconnecting the OLT and RNL1 is depicted gsen
line. The FF protection (i.e. FFuses a disjoint duct (depicted as dashed green Wwhich
just requires connecting existing dark fibre (omguing fibre when no dark fibre is available)
while avoiding any extra trenching. The distribatittore (DF) which connects RN1 to RN2
is depicted as a blue line. The last fibre sectialhed building fibre (BF) interconnects RN2
with each building and is depicted as a dash do#ddine.

Figure 32 Fibre layout model for block clustered catomers with feeder fibre protection

For this resilient fibre layout design, the addeyelopment cost related to the feeder fibre
protection is trivial, due to high sharing factdrduct in the considered protected FF layout.
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Regarding the OPEX, protection significantly redsitiee penalty cost, especially in the case
with high penalty rate. Offering protection increadailure reparation costs due to the extra
fibre required, but it decreases significantly genalty costs. Furthermore, special attention
should be paid by operators when offering high figneates since it may become an
important expense factor.

Considering evenly spread customers, the trenchimg fibre length can be analytically
estimated, considering the case in which the ckeplrgsical connection points are connected
to each other and all customers are connected bypsna dual homing with two fully disjoint
fibres to two separate physical connection poifte evenly spread structure containing the
necessary additional trenching and fibre to maleersilient is shown in

Figure 33 and the additional trenching is shown in thickee$ and a cut-out for one area
(spread over four) on which the analytical caldolais based, is shown in the rectangle.

The same input and output can be used for the laeilmou of the trenching and fibre in the
resilient case. For calculating the additional ¢teng length, we clearly need to count the
number of connection points to the left and righthe network for any street based analytical

model. This means that we will need an estréd in length in case of a simplified or double

street topology OG) " in length in case of a street topology.

For calculating the cabling length we refer to FFegss which gives a view on the two first
guadrants of the square shown in the previous digkor adding a redundant cable for a
house in quadrant A, we can envisage this as limgta cable up to point a’ and from there
install a cable up to the redundant connectiontdmiwvhich takes an extra length®f! per
customer. This same reasoning holds for all custeinehe four quadrants. As such the extra
cable length to install the redundancy in the nekws the same as the original cable length
for the topology with an additional length 17 - !

000000000030 0000300
T o 0000000 00@00oD
DRooRoogoooQpogaoao
000 m*m cooooooEoaon
s e e 1 B
5 00O 0800 000)E0 a8
noooilpooggooooiipggo
OO0 00000000000
D00 ok o ooookonono
I T R
10000 00Q00doilogo
000 mqm 50000 0oy 00D
o e O o e w1 B
S 00000000 0@o0 oD
Dooogpoogooognooon
T 000 00000000000

Figure 33 Resilience structure with dual homing tevards four subareas connected to the central point
with customers evenly spread over the area
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Figure 34 Detall of the resilient structure for thecalculation of the cabling or fibre length
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5. Equipment Modelling

With the term equipment in the cost models, we gimpall passive and active equipment
placed in the different physical connection poi#ts.such this is clearly split from all cabling
and all passive installation blocks required f@agnhg the cabling into the ground.

Equipment can be modelled and calculated in a wémyctured hierarchical manner. For
instance, when taking a look at the central offita current AON (P2P) or GPON (P2MP)
situation — location is typically PCP5 — we camsture this as shown in Figure 35.

Street Cabinet
11 r ‘ 11 ‘ 12
ODF Rack | Outgoing Fibers |  Power Supply
1:256 ?
ODF Slot Shelf with
Switching Fabric
11 T 1 L2 Transport Card
I
| Control Card
| 1:18 Optical Line
| Termination Card
I
I 1:12
I
[ Optical Port
| Small Form Pluggable
I
I 114
L - a
S P
| Incoming Fibres |
Street Cabinet

Figure 35 Equipment Model

Calculating the amount of required ODF slots cordewn to calculating the amount of
incoming fibres (from the geometric model). Forte@amcoming fibre there is one ODF slot
required and for each block of 2048 ODF slots arF@&xk is required.

As such:

Amount of GDF slofs = amount of incoming fibres

5:‘03’5]

Amount of QDF racks = Imnmmt of ODF 048

The same structured calculation can be used farthainder of the central office installation
and lead to a given amount of equipment of thestkffit types.
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Examples for the OLT and ONT equipment

The network equipment model as described in WP4istsof an OLT at the Central Office
(or local exchange office) side and an ONT at thd-@ser side. Generic models for OLT and
ONT are described in Figure 36 and Figure 37 raspsdyg.

Shelf
M5 u/
11U/ Slots 1-20 | 8.75inch/
19.25inch / !
~50 cm N
Power Supply A
- T : <
System-specific ! Baseline ~19inch / ~ 48 cm
= iy [~ ! e, 44 U/
Optical | Optical H Redundant H edundant | | t 735inch /
TRX I Modulator :: TRX | Modulator | | itch / ! Redundant > Inc
Array | Amay || Amay I Amay 1 Switch / Router :SwitchIRouter ~187 cm
e iosipsiystyslslvsiysipstysiesieyilieie il |
3 Resilience (Control) Mechanism ) : b { /
7777777777777777777777777777777777777 S
l Electrical TRX | i Backhaul / || Backhaul /
RS eSS e 3§ Backbone |l Backbone
(| bSP_ ] I TRXincl. | TRXincl.
l Multiple Access (Array) | | [Modulators etc.|| Modulators etc.|
l Control | __ Redundant Control __] | Management Plane, ;U
i ) )
Passive optical Components (AWG, Diplexers, 3dB etc.) | | including DCN, EMS,
l,,,,,,,,p,,,,,,g ,,,,, (AWG, Di E ,,,,,,,,,, ) ,! : Subscriber OAM Q-)
L__ Active optical Components (Tunable Filtersetc.) | | P ———— @)
7777777777777777777777777777777777 | |
l Pre-Amplifier | | R A
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i L
Lo Booster Amplifier ____________ ] ) !
ffffffffffffffffffffffffffffffffffffff w Control Pl
L (Optical) Dispersion Compensation ______ | j ! ontror ane
l Power Supply (AD/DC), DC-DC Conversion ]
T
l Redundant Power Supply (AD/DC), DC-DC Conversion ]
|

Total number of shelfs per rack: 4

Figure 36 OLT Model

The rack consists of 4 OLT shelves; each of thévekénas 20 linecard slots, with 2 reserved
for uplink. The shelf includes some baseline elasyer.g. CPU, mechanics, backplane,
power supplies (redundant), Ethernet switching nergand control and management system
etc., that are common for all NGOA systems. TheOMGystems differ in components and
subsystems that are listed as system-specific elsnie the figure. The detailed information
can be found in OASE D 4.2, Section 4.
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T
System-specific ! Baseline
___________________________ 1
i 1 i |
Optical : Optical :: Redundant i Redundant: |
TRX I Modulator I TRX |LModuIator : i
________________________ 1
L Resilience (Control) Mechanism | b soC
- | Interfaces
_______________ Beoncal TRx______] |
b DSP b sLiC,
I__________________ _____________________ ] ! RF
1 Multiple Access |
“““““““““““““““““““““ | Memory
I Control (may include ECC) l :
I Passive optical Components (Diplexers, 3dB etc.) I i

(Subscriber)
Management

________________________________________________________________

| Redundant Power Supply (AD/DC), DC-DC Conversion !

______________________________________ e ]
1

Figure 37 ONT model Il

The CAPEX parameters for the network equipmentcategorized as component level and
subsystem level; and consider a price of a cedaiegory (depending on list market price or
large volume price) and reference year. The OPEAmaters include power consumption of
components, maintenance and repair cost, etc.
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6. Migration Models

This chapter addresses the operational aspectBeohétwork migration towards NGOA

architectures. The technical migration aspects dascribed in WP3 for the different

architecture types. The migration process compreésactivities which are needed to

switchover customers from the reference architectoira new NGOA architecture. The basic
rollout of the NGOA architecture itself is not patt the migration process. The migration
process will be distinguished between migrationnpiag and preparation activities and
customer individual migration activities. The figgart includes the migration planning, the
installation & commissioning of migration specigquipment such as wavelength filters that
will be removed after migration and general IT/NM&aptations for migration. The second
part comprises physical switchover of the individaastomer lines as well as customer
specific network and service configurations.

6.1. High level migration model

The proposed high level model of the migration psscis shown in Figure 38. It is aimed at
being general enough to cope with any migratiomade and consists of:
* Planning of the migration: e.g. deciding which Bhkodes/components should be
changed first
* Installation and commissioning: This sub-processhiswn in
* Figure 39. It distinguishes between the instalteioof equipment and the
infrastructure itself
* Physical switchover (e.g. manual fibre patchin@B{~)
* NMS/IT update and reconfiguration of services froine “old” to the over-layed
NGOA service creation platform

Installation &
commissioning

' “| of the new

Overlay migration {demand driven over a few years)
Start point netwerk & IT

Overlay /\\

deployment /_ \
Start point
Overlay O
migration
and plug- O
inb -
N By user Customer

Network Re'CUﬂfiiurEtiOhn of + auzo-configuration provisioned
- . services from the
on new NGOA
configuration “old” SCP to the over- “etwork
LA layed NGQA SCP

Figure 38 High level migration process model

Physical
switchover
(demand driven)

ONT
delivery
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Figure 39 shows the required installation and cassianing activities for the rollout of the
new NGOA overlay system architecture and infrastnecconsidering all migration specific

equipment.

Rollout of new network as overlay platform
(considered within Network basic rollout of the CAPEX
madel = except of migration specific equipment)

e

—

Equipment

™

Installation &
.| Travel to

plonning

Get new eq. Access to place

cammissioning

location
of new eq.

Get migration
specific eq.*

O

Start point
Overlay
deployment

Infrastructure
plarning

Trenching new
ducts and fibres

(is removed
after migration)

*p.g filer

Start point
Overlay
migration

Available fibers?

Connect/Splice

I Avgilable ducts?

Blow new
fibers

Figure 39 "Installation and Commissioning" sub-process model
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6.2. Particular migration example

This section presents two general migration apprescstarting from the GPON reference
architecture, which differ on the NGOA target atebiure type. A detailed description of the
migration activities and their cost impact as wal#i the consideration of other start
architectures (e.g. AON/P2P) will be consideredftiother work.

1) Migration from GPON towards NGOA Hybrid architectur es using power splitter

For NGOA architectures which support the existifgGN power splitter infrastructure, most
of the network related migration activities canéecuted in the CO without the need for
parallel ODN infrastructure, resulting in minimaelfl work. Sample architectures which
support a power splitter infrastructure are: XGPQNybrid-PON; UDWDM-PON

Example: Migration co “Old”

on wavelength layer 1:m

1:4 1:8
> AG+ A2

NGOA

Example: Hybrid-PON

G-PON

GPON

Power budget planning alternatives:

1) Budget reserve with GPON rolloutw AG
2) Use of Reach Extender

3) Reduction of splitting ratio J

Figure 40 Migration towards NGOA Hybrid architectur es using power splitter

General Migration activities:
« Basic installation of the NGOA system

e Introduction of a migration specific WDM couplerrg@PON during the maintenance
window (usually overnight). Requires adaptatioth&f NMS configuration and test
routines (Customer impact possible)

* Customer flow point and service profile configuoati

* Demand-driven migration through ONT delivery andgin by user (auto-
configuration)
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2) Migration from GPON towards NGOA Architectures not supporting power splitter

For NGOA architectures which do not support thestxg GPON power splitter
infrastructure, a parallel ODN overlay infrastruetwp to the “last” GPON splitter (e.g. up to
the building in dense urban or cabinet in rurahayes needed. This results in additional effort
in the field and/or in the customer buildings. Sémarchitectures which do not support a
power splitter infrastructure are: DWDM-PON; P2R)N.

Building

Fiber patch Upgrade fibers
ONT panel

ol Bt dzizy NGOA

Switchover‘\ v
N GPON

: —aa 8§

Figure 41 Migration towards NGOA architectures without power splitter

General Migration activities:
» Basic installation of NGOA system and through-cantioe of parallel ODN

infrastructure using upgrade fibres
» Fibre termination at fibre patch panel
— in the building for buildings with existing splitte
— in the field for buildings without splitter (e.gt @binet)
* Demand driven switchover of user lines at patchepan
» Customer flow point and service profile configuoati
e ONT delivery and plug-in by user (auto-configuradio
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7. Integration within TONIC

An important aspect in this deliverable is the iempéntation of the models into one frame
tool, which is based on the TONIC tool as has b®enoutcome of D5.1. Different of the
aforementioned high level modelling approaches kshbe added and linked into the TONIC
structure in order to build this benchmarking tofist we describe how the equipment
modelling is adapted for the real equipment anthenconsecutive chapters this is applied to
two reference scenarios: GPON and AON. In the Fosudbchapter the implementation of the
operational expenditure calculation and how thisinked into the TONIC tool is detailed.
Finally the last subchapter concludes with an aeervof the preliminary results for both
reference implementations — GPON and AON.

7.1. Equipment modelling

The models used for the calculation of the equignmestallation in the first implementation
of the TONIC tool are based on the GPON and AORaltation. Figure 42 shows the models
for all PCPs for both technology stacks. It consgde major elements of the system. The
“shelf” defines the dimension and capacity of tHeT@quipment; it includes backplane and
Ethernet switching, etc. The “OLT line card” is telement which can be directly plugged
into the shelf slots, and the “OLT pluggable” raféo the optical interfaces connected to the
line card. These two elements are responsibleh®rcommunication between the end-users
and the OLT. The “10G XFP uplink pluggable” and GQine card” are responsible for
transmitting or receiving data from the aggregatietwork equipment.

= {Number of 10G Linecards + Number of OLT Linecards)/ Number of
o Shelf Qo
LT e
OLT Pluggable = MIN ( Number of ONT; Number of Splitters at PCP3)
OLT Linecard = Number of OLT Pluggable / Number of Ports
10G XFP uplink = “Bandwidth of selected scenario (MIN;MAX) par PCPS5 (connected
Pluggab\e customers only) in Ghit/s”/ 10
Linecard 10G = Number of 10G XFF uplink Pluggable / Number of Ports

= Number of customers

Figure 42 TONIC Equipment Model Implementations

The dimensioning of the OLT differs for each nethveystem. For an Ethernet P2P system,
the number of the OLT pluggable optical interfaeesl total ports count on the linecard is
same as connected subscribers, since every endirasea dedicated fibre link to the CO
(except for NG-AON cases using compact SFP withuBseribers per pluggable). For a
GPON system, a group of end-users is bundled tegathone power splitter, where the size
of the group depends on the splitting ratio of geaver splitter. On the OLT side one
pluggable optical interface (one port) on the larelccorrespond to a group of customers, and
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therefore the number OLT pluggable interfaces exjind total number of splitters used in the
network (when one stage power splitting is appletween the customer and CO). The
number of required linecards depends on the parsiteof the linecards. The dimensioning
of shelves depends on the number of slots for ittexdrd. Once the number of connected
customers and provisioned service bandwidth arededéc the corresponding backplane
capacity, switching fabric, number of uplink lineda and optical interfaces can be calculated.

7.2. GPON reference implementation

Beside a point-to-multipoint infrastructure, a teology scenario based on GPON has been
implemented in the TONIC tool as one of the twarehce scenarios. Figure 43 presents the
high level structure of the GPON scenario. Eachtatuer at his home location (PCP1) is
connected to a power splitter in PCP4, which isneated to PCP5, the local exchange from
the copper world. By definition of the technologgch customer can have a connection of up
to 2.5 Gbhit/s, but in practice this depends on scowestraints like performance of the CPE
connected, number of attached customers per GP@lEV@rage in the order of 75-80% - 20-
25% of available splitter ports could not be usedinber of parallel active customers in the
respective GPON, etc. Therefore it can be assuhmdatsimilar performance as in the AON
reference implementation can be achieved for tlegagueed throughput between PCP1 and
PCP5, with a higher available peak rate (most grlydamited to 1Gbit/s per CPE).

Home/Building Cabinet LEx CAN Core_PoP

in
E PCPG PCP7

first mile feeder core
aggregation

B < _______________
GPON ONT Power splitter

T3

1:32

Figure 43 GPON scenario in TONIC implementation

The fibre infrastructure of the GPON implementatismassessed according to the TONIC
geographical model as detailed in Section 4.1Ihdugl be noted that it was decided against a
cabinet, but similar to the AON case a branching oincluded where drop cables are
spliced to splitters and splitters spliced to meables. Compared to AON, the GPON case
requires fewer fibres in the main cable section tratefore less infrastructure components
like micro-ducts or ducts.

The detailed equipment model can be found in

Figure 44. Beside active equipment, the powertspldt the PCP4 location is included, too.
The OLT is equipped with GPON line cards, each ablearry up to 8 GPON interfaces,
which means up to 256 customers could be concedtmt one line card.

QASE Page: 57 of 74
FP7 — ICT—- GA 249025



Overview of Methods and Tools
2 S OASE_D5.2 WP5_IBBT_ 301211 V3.0

I Branching box at
FCP4

Splitter
] 321

 echant ’ v OLT shelf (inciuding backplare, power supplier, coofing eic.)
CPE/ mechanics G-PCNTRX PowerSplitter 1.32 GFON line card & x G-POM porls
Downlink TRx: Pluggabie B+
Uplink card: 2x70Gbps
Uplink TRx: 106G XFP
L2 switching fabric

Figure 44 Network equipment model of GPON deploymen

Based on the geographical model, the required caemgs could be calculated, as shown in
Figure 45.

Equipment and components Location Dense Urban|Urban Rural

GPON shelf (15 tributary slots) PCP5 21 12 4
GPON line card 8 ports PCP5 77 43 15
GPON Plugable B+ PCP5 609 338 120
Infra - ODF - connected fibre PCP5 609 338 120
Infra - ODF - terminated fibre PCP5 1.200 768 360
Infra - Splitter 1:32 PCP4 609 338 120
GPON ONT PCP1 15.600 8.640 3.060

Figure 45 GPON dimensioning for different area typs

The calculated results are presented in SectionThé&y include price references for the year
2010.
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7.3. AON reference implementation

An Active Optical Network (AON) with its point togint (P2P) Ethernet access scenario has
been implemented as a reference study in the T@OHILC As shown in

Figure 46, every subscriber at location PCP1 iseoted with 1Gb/s (peak rate) fibre link
individually to the local exchange office (PCP5heTdistance between PCP1 and PCP5
varies from 1.3 km in a dense urban to 2.7 kmruaral scenario.

Home/Building Cabinet LEx CAN Core_PoP

= b i)

H PCPG PCP7

first mile feeder core
aggregation

SFP (grey, single-fiber) SFP (grey, single-fiber)
Figure 46 AON scenario

The fibre infrastructure of the AON implementatian assessed according to the TONIC
geographical model described in Section 4.1. Coatpto the GPON implementation, AON
P2P Ethernet does not need any passive splittecaidet in between the PCP1 and PCP5,
However, it is inevitable to have some cable imdarection points where trunk fibre cables
are spliced into smaller distribution and drop eabl

The network equipment model of AON is shown in Feg47 according to the TONIC
equipment mode. Both GPON and AON system dimensgprare based on the same
sustainable service bandwidth to the subscribergielier both of them could have peak
bitrate up to 1Gb/s.

SFP, grey,

P sms e single-fibre

I ONT |

| |

i CPE | feeder switch
G |

L 1

CPE / mechanics SFP (single-fibre) QLT shelf (8 tibutary slots + 1 up_Iink carq +1 C&M)
1Gb/s (including backplane,power supplier, cooling etc.)

Ethline card : 48 x 1Gb/s ports
Downlink TRx: SFP 1Gb/s (single-fiber)
Uplink card: 2x10Gbps

Uplink TRx: 10G XFP

L2 switching fabric

Figure 47 Network equipment model of AON

By applying the equipment model into the geograghimodel we can get detailed
dimensioning of network equipment and componenided in the AON P2P reference
scenario as shown in Section 7.5. All equipmentscase based on 2010 reference prices.
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Equipment and components Location [Rural Urban Dense Urban
AON 10G XFP 40KM 1550 PCP5 2 4 6
AON ETH Line card 6 x 10G aggregation uplink PCP5 0,3 0,7 1
AON ETH Line card optical 48Portx1Gbps PCP5 60 180 325
AON ETH shelf (160G / 8 slot) PCP5 8 23 41
Infra - ODF - connected fibre PCP5 3060 8640 15600
Infra - ODF - terminated fibre PCP5 3840 9216 16800
SFP BiDi 1.25G LC 3.3V SM 1550T/1310R LX 20KM PCP5 3060 8640 15600
AON ONT PCP1 3060 8640 15600

Figure 48 AON P2P dimensioning for different typeof areas

7.4. Coupling the operational expenditures

The BPMN models as defined in the previous chaptensl more in general annotated
flowchart diagrams, can easily be accommodatecktosed in cost calculations. It suffices to
associate an execution cost to each activity arsdbceste information on the statistical
occurrence to each branch at a gatéwaye cost of executing the process once is then
calculated by summing up the weighted cost of eddhe activities. The weight is the total
statistical occurrence of the activity, as shown in

Figure49. In case a process contains a loop, this can dlgtarally removed from the process
by altering the entrance probability (or occurrgnokthe first and consecutive activities in
this loop and beyoridThe entrance probability is multiplied by a facasrshown in

Figure4o.

Finally the total cost of executing the processeoisamultiplied by the number of occurrences
of this process, leading to cost estimation ovgivan planning horizon (e.g. 1 year).

'

Figure 49 Simplified processes used in examples ftire cost calculation

Cost,, =Cost, +t[Cost, +ulvICost +(t +ulv)[Cost,

With: Cost = The cost of executing a specific dtfivwr the total process (left part of the
figure). Note how the statistical occurrences t andare summed for the calculation of the
cost of executing activity D.

2= 2[4 x+x+..)=20) X =——
i 17X

% The statistical occurrence indicates how manyithés path will be taken for one execution of phecess.

® This approach is able to remove a loop from tlee@ss in case this loop completely covers a sepagat of
the process with no paths running to parts out$ickeloop and a full probability at the exit (hece- y = 1). This
has always been sufficient for the analysis of psses in our research.
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With: z' = The new entrance statistical occurrence (ijglacement for z) when removing
the loop link from the process. This will alter teetistical occurrence of all consecutive
activities and gateways in the process.

The cost of executing an activity can be closeflected by detailing which type of personnel
is required and what time it (statistically) willke to execute the activity. This approach is
suggested in activity based costing (ABC) [11].

In this way the costs of the operational processesalculated. In order to make this interact
with the cost calculation in the TONIC tool, a ta®lconstructed which is able to translate the
content from a BPMN model into a spreadsheet caficul with formulas in the sheet as
indicated above. The algorithm followed (in psewdde) is:

1. Point at start event of the process
2. Read next step in the process
3. Depending on the type
a. Gateway
I. Read the name
ii. Store the parameters of the occurrences of therdift outgoing paths
iii. For each path go to step 2
b. Task
I. Read the name
ii. Store the parameters of execution time and tygeegonnel
iii. if not already visited
1. make new entry for storing occurrence tree of sk
iv. if already visited via the current path
1. break loop by changing occurrences of incoming path
v. if via new path
1. update statistical occurrence of this task witlerefce to the
incoming path
c. Subprocess
i. Read the name
ii. Go to step 1 for this subprocess
iii. End event- STOP

At the end of this process, the tool has storeorimétion on the following data:
1. All personnel types used in the tasks

2. For each gateway and each outgoing path the statistcurrence of this path

3. For each task the time and personnel required

4. For each task the statistical occurrence of tlsk imked to the different paths leading
to this task

For each of these sets of data a separate sheetten in the output spreadsheet with links
between the different sheets and formula for theutation of the statistical occurrences of all
tasks, their statistical resource consumption aed tssociated cost based on the input from
all other sheets. Clearly the summation of all taskts (statistically for one run of the
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process) multiplied with the amount of occurrenaesr a given time period (for instance per
year) will give the cost of the process.

Linking the sheets into the TONIC tool is first atter of copying the sheets into the same
spreadsheet and linking the amount of process @restto the right driver.

In case of the failure management and troubleshgoprocesses, this is the aggregated
amount of failures to be expected in the networlefich year and can be calculated by means
of the amount of installed equipment and their m&are between failures. In order to
calculate the difference in repair time and theanotpf placement of the different types of
equipment on the process cost in more detail, Wetkp calculation in two parts: the generic
administrative process and the equipment spe@fiair actions. The first part is calculated
by means of the process indicated in Section 3.drevive leave out (or set at zero cost) the
actions of going to the location, repairing andineing. The second part is a per equipment
calculation of these steps and is calculated hynasing the distance from the repair team to
the placement of this equipment — we expecteddpair team to be located at the PCP6 (or at
a comparable distance on average from PCP5 andvaangds — and from this deriving the
driving time (twice — hence and forth) with an datdi of the actual repair time. Multiplying
this with the statistical per equipment failureesafor each year will give for each equipment
the repair time and cost of personnel.

The service provisioning process is linked into Ti@NIC tool. It should be fed with the data
on the adoption of the customers which is an outcofithe Task 6.2.
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7.5. Preliminary Results

The total cost of investment of AON Ethernet P2Bhiswn in

Figure 50 (left) in contrast with GPON case for a brownfiad@ployment. This figure
distinguishes infrastructure costs from equipmeonstx (as dashed and plain colours
respectively). Infrastructure costs distinguishteas different links LLx: LL1 in-house cable,
LL2 Distribution cable, and LL3 and LL4 Main cablas shown at the bottom of the figure.
Equipment costs distinguish equipment at FlexipiRoint (FP) O: flat; FP1: building; FP2:
cabinet; FP3: branch; and FP4: Main cable connecpoint. We can see that fibre
infrastructures weight more than network equipmani]l especially the distribution cable
section is the most costly.

Figureso (right) shows the cost per subscriber. Rural a@eaoyment has the highest cost
per user, whereas dense urban area has the louedb dhe high number of users sharing
costs. Main difference between GPON and P2P i©iemtain cable LL4 and local exchange
office FP4 cost due to the high number of fibrepureed by P2P.

Brownfield (+) Scenario Brownfield (+) Scenario
14- 100% take rate 2,500+ 100% take rate
Total Costs per Service Area 9 250_— Costs per Line
124 p-t-p p-t-p e
o | 4 B L |
5 10 > 1,750 7
o | —
o v ) ‘o 15007
= 7 + 5 1,250
2 (]
3 2 1,000~
(@) 2
E é 750+
o
= & 500+
— 250-
o ) iz Wz B
Dense Urban Urban Rural Dense Urban Urban Rural

B FPO LL1 O FP1 EZZA LL2 I Fp2
LL3 [ FP3 2 14 I FP4 Infra I FP4 equipment

Distribution cable Main cable
Flat Building connection point B h connection point
connection point connection point (cabinet) ranc (MDF)
JTONIC* | FPO [—>— FP1 | > FP2 > FP3 T FP4
FP Model LL1 LL2 LL3 LL4
(In-house cable) (Distribution cable) (Main cable sec. 2) (Main cable sec. 1)
single star single star single star bus

Figure 50 Comparison of GPON and P2P network in &rownfield scenario study.
Left: Total cost of investment; Right: cost per sulscriber.

Figure 51 shows a greenfield scenario study on GP@Mork. In terms of total cost of
investment (left figure) GPON has similar costsdense urban and urban areas. In a dense
urban area the higher cost of the drop / in-howdsecis due to the higher number of end-
users, while in an urban area the higher costiagigt the distribution cable part is due to the
longer distribution distance. The impact of greeldficase is the most significant for dense
urban area: almost 33% add-on comparing to the ffielsl case. From cost per subscriber
perspective the investment required to install ifiesing infrastructure of the greenfield is
clearly shown in

Figure 51 right, however the difference betweendbst of greenfield and brownfield is less
significant.
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Greenfield Scenario _ GPON based p-t-mp Scenario &
100% take rate 2500 100% take rate & @QQK\
14 Total Costs per Service Area 2.250- &

Costs per Line
GPON

G,

GPON

iz

Total Cotss [Mio EUR]

Dense Urban Urban Rural Dense Urban Urban Rural
I FP0 22 LWL [T PP [ L2 [ FP2
A1 | | FP3 2 L1 4 [ FP4Infra [ FP4 equipment

Figure 51 Left: Total cost of investment of GPON foa Greenfield scenario
Right: cost per subscriber of GPON network comparisn between brownfield and greenfield
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8. Conclusions

This deliverable summarizes the work on the totst of the ownership tool. The frame tool
has been based on TONIC as discussed in D5.1.detiigerable extends the work within
D5.1 with details on the models and implementatro ONIC. The aim of this work is to

serve as a frame tool for benchmarking and caliomatf NGOA network installations.

In order to be capable to calculate the TCO for MG@tworks this tool had to be updated

and linked to specific calculations, for instanansidering the operational models. This
deliverable contains detailed modelling of the afienal processes indicating all tasks and
possibilities during the execution. The operatiopadcesses taken into account are: failure
management and troubleshooting, service provisgp@ind maintenance. Additionally the

operational expenditures for energy consumptionfhooat space have also been described in
detail.

Next to the operational expenditures, the deliverallso shows how the installation of the
network — in terms of trenching and fibre can b&ested by means of structural or analytical
models. Finally the deliverable also proposes a@gempproach for modelling the equipment
in the different physical connection points in tiegwork.

All models — operational, installation and equiptnerare also integrated within the frame
tool, build on top of the TONIC basis. The detailghis implementation and configuration of
everything are described in this deliverable. TNTC frame tool also had to be configured
with the right models and cost values for calculgtine operations and equipment required
and to estimate the cost of the outside plant ¢treng, ducting, cable and fibre). As a test of
the implementation and as a means for benchmatkimdogical structure of the calculation
has been described and implemented in the TONICfeodooth a currently possible AON
and GPON solution.

In task 5.3 and deliverable D5.3 the models desdriand the frame tool will be used to
compare different NGOA architecture and systemtgmig. The main points of interest and
areas of investigation have also been highlighteitie beginning of this deliverable.

Finally Milestone 5.2 will present the final toohplementation and the network migration
process model.
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Appendix - Analytical trenching and fibre length madels

This appendix details how the analytical modelstfenching and fibre installation in a given
area are calculated and as such it links to Sedtd.2.

As mentioned before, the potential customer basaifermly distributed over a squared area
(see Figure 52). One side of the square contaimsuses and the square contains as sfich
houses. The distance between two houses is indidagd. When considering only the
connection points of the houses, the longest distdrorizontally or vertically between the
two most distant houses igs-{).. When considering a house to have a square pe&tmet
separating this from the neighbouring houses aadjtaphical model to continue beyond the
selected square, the longest distance horizordaNertically isn.l. The surface of the square
is at most’.l. The central office (CO) is always situated in thiedle of the square.

[] [] ] [] [] ] ] ] n houses in a row
O O 0O O 0O 0O >Oweel]
é] | = distance between two houses
O o 0O o o o o
O o o o o o o o ,
® This serves r* customers

O o 0o o o 0o o o
O o 0o o o 0o o o
O o 0o o o 0o o o
Q‘ O O O 0o o o L

n »>

(n-1).1 = distance between first and last house

=} n.I = distance with continuity

A

Figure 52 Schematic overview of the logical strucne and parameters for the analytical
installation and fibre length calculations

The following sections will detail the different agtical models. We start with a graphical
representation of the model far= 8 and indicate the relation of this analyticabdal to
reality. Next, we deduce the installation lendjhafnd the fibre lengthH).
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Street Based Models

In a fully buried FTTH installation, the trenchingill run along the side of the streets,
typically in the pavements. In new installationsresidential or industrial areas, the fibre
could be run along one side of the street conngc¢htia customers. We distinguish following
three street side installatior@mplified streetsstreetsanddouble streetThey are detailed in
the following sub sections.

Simplified Street Model

The first model is a very simplified model, assugnthat all houses can be connected in one
line through the middle of the house (see Figure BBis simplified Manhattan model is of
course not realistic, but could closely resembflecade installation of the FTTH network. All
streets are connected using one divider street.
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Figure 53 Logical structure for the fibre connectims in a simplified Manhattan street length.

Simplified Street Model: Installation Length

Each row requires an installation length ofl)., and there are rows. The divider street
requires an installation length of-1).|. Combined this gives an installation length as given

(2).
(1) 1 =nln-1)0+M-)d=n*-1)0

Simplified Street Model: Fibre Length

The structure, as seen from the CO is fully symimétorizontally as well as vertically. As
such there are 4 quadrants which result in the ddoreelength each. When we focus on one
quadrant (see also the first quadrant in Figure ®@)find for the houses in the categories
indicated on the figure the following lengths: ()., b=(n-2)I, ... g4. The categories are
formed by the intersection of a diagonal line wifte quadrant moving from the most distance
house up to the CO. At the beginning, the numbdnaefses in each category is increasing
with one each step. Once the diagonal line croasstee half of the quadrant this changes and
from there the number of houses per category isedsitg with one each step. The fibre
length is as such given by (2). Note that this wiwl model will assume a double
symmetrical structuren(is even).

@ F :4manz_l[minq n-i)ph-i)
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Street Model

The street length model will more closely followeostreet and connect all houses from one
street-wise cable along the street (see Figure \M4thin the calculation of the analytical
model, the cable is located at the middle of tleest but could easily be envisaged at one
side of the street as well. As such it could comsah aerial installation in which the poles are
placed at one side along the street and all hoatsbsth sides can be connected from those
poles.

N I O e I B
1 =0 03 O+

OO0 OO eodo ot+gr
I [ ) I R I
0 O O0+O OO
Oo+0 OO 0440 OO0
oo oo oo oo

0 O

Figure 54 Logical structure for the fibre connectims in a street length.

Street Model: Installation Length

In this structure we can group all houses per thdisated in Figure 54. For connecting all
couples of houses in 2 adjacent rows (one street)sg an installation length ofl. There are
n/2 such adjacent rows. For connecting these coedembuples of houses into one fully
connected street, we need an installation lengtfn-df)., and again im/2 adjacent rows.
Finally the connection to the central office happenthe divider street which has a length of
(n-2).l. Combined this gives an installation length aggiin (3).

_ nZEI]+nEdn—1)EH
2

@) | +(n—2)[l]:(n2+—2—2)[I]

Street Model: Fibre Length

For the fibre length we can again follow the sae#soning as in the Manhattan case. Figure
54 shows the structure and the categories in teeduadrant. The distances are the same as
in the Manhattan case. The grouping in categosgedifferent and is as follows: a=2, b=2,
c=4, d=4, e=2, f=2. The grouping is per two houmas the distance between two consecutive
horizontal streets is 2.As such per two categories we can again group)(d¢+d), (e+f).

For each of those new groups, the number of hasgege same and the distance is double of
the smallest + 1. Finally all this information Ilsatb the following fibre distance in the
structure (4). Note that this analytical model asssi a symmetrical structure for the
horizontal rows of houses/@ is even).

n/2-1

(4)  F=400) (2mmingn /2-i ¥fi6 /2-i Y4 )
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Double Street Model

The double street length considers a street toistooistwo sides. Crossing the street is often
much more costly than the installation along theettside. This analytical model reduces the
number of street crossings to a minimum. As sucklosely resembles a fully buried
installation in the area (see Figure 55).
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Figure 55 Logical structure for the fibre connectims in a double street length

Double Street Model: Installation Length

Again we can make use of the structure mentionedealor the grouping of two houses. In
this case the adjacent houses are not directlyemed to each other as there is no crossing of
the street with distance&. As such the installation length in this part lisv{ and there are
againn?/2 such adjacent houses.

Considering the connecting in the rows, we needhsatallation length at both sides of the
street. In all cases except the upper street sitteeaipper row and the lower street side of the
lower row, we require an installation length of1).| minus the street widtv of the divider
street which is not crossed here. In the upperd@ndr street we do not need to take this into
account. We have in total2 streets and as sunfstreet sides.

Finally considering the divider street, the ingtadin length at both sides of the street will be
the same. Again the horizontal streets are spacadliatance of 2and the length at one side
to connect two streets is as sudhv2. The number of streets to conneat/2 and the number

of connectors (at both sides) is as such/2-1).(2I-w). The resulting installation length is
given in (5). In this calculation one should salid the length of installation crossing the
streets. We need to do this at both sides for etweoystreets, except for the top and bottom
street, where the street is only crossed at oree Bidally there is also one street crossing for
connecting both sides of the street at the CON6)e again that the model assumes a highly
symmetrical structure in whiahis even.

. %Eﬂl -w) +[ (n-2)f[n-10-w)+ 20n- 1)0]
(5) +20n/2- D20 -w)

2 2
= 13 —alo-| Mt om-alw
2 2

(6) ISC=[2E\;——2+1}W= - 1w
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Double Street Model: Fibre Length

The fibre length and cost is independent of thesiry of the street. It will be the same as in
the case for the street length with the differetiad in half of the houses, i.e. for each of the
horizontal streets this is the street side closeshe CO, we can save a fibre distancevof
The fibre distance is given in (7).

(7)  F =Fibre street length n{ /2
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Aerial Based Models

In an aerial installation the choice of path is ptetely free. In these analytical models we
consider the smallest possible installation len§tte consider following two installation
models: diagonal tree and simplified Steiner tree.

Diagonal Tree Model

The diagonal tree considers an installation per fauses from the geometrical centre of
those four houses (see Figure 56). The differeeteden the centre and another location will
not matter a lot as we will indicate in this seotas well.

Figure 56 Logical structure for the fibre connections in a dagonal tree

Diagonal Tree Model: Installation Length

The tree structure is a repetitive structure (dee Rigure 56). In each block connecting 4
houses, we find one smaller structure consistingt @onnections from the centre of this
structure. Each 4 blocks are again combined bystnueture of the same size in the centre of
the 4 structures. This aggregation is repeatedifierent levels combining always by a factor
of four. Considering the combination of 4 houses,ved 1 such structure, for 16 we need
4+1 structures, for 64 we need 16+4+1, etc. In ggnee will need at the last level always 1,
at the last but one level we need 4 and later omeeel 4structures and we will need log
levels. Note that the last level hasstructures. We need a number of structures asetefy
(8). In this the (*) indicates the usage of a @hrsium of a geometric series. Although the
formula does not indicate the highly symmetricalictiure, the model will assume a structure
in whichn is a power of 2, especially regarding the fibreghkb.

log,n°~1 1- 4(Iog4n2—1)+1 n? -1

® 2 4= 1-4

i=0 3
PILCEN !
FR, M r 3
//2{ E\ X
,,,,,,,,,,,,,,,,,,,,, y l
5 5 N
@ =012 'cosé5) = (V2/2) 1oy D=2A=2I
| =4@m=20/20 | =2[+b=(2++/2)

Figure 57 Installation Length for connecting four louses from one drop box using straight lines
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The total installation length is then this numbailtiplied by the length of the structure for
connecting 4 houses. In this case the length ofilkdelle of the houses perimeter to the center

of the four houses is equal t2R/2) 0 (see also (9)). As mentioned before, the longest

distance from one house to the other three housetdvbe (2++/2)1 instead (see also (10)).

In case the installation is performed from the eewmtf the four house, the total installation
length is given in (11).

(11) | =(”23'1J R/2)1

Diagonal Tree Model: Fibre Length

The fibre length is calculated in a recursive manke&ure 58 links to the different steps in
this approach. The smallest fibre length that wié v@ed in the calculations is indicated Yy

and is equal t(i/E/Z)EI] (see als@ in (9)).

16

Figure 58 Recursive structure used in the analytidacalculation of the fibre length

At the highest level we find four equal blockswihich each blocks connect&4 customers.
For connecting those four blocks, we need a fibregth ofy dedicated for each customer
(from atob). The total length is then given b§y+ 4.(length of each block). We indicate the
level of the block by ar which is the number of customers on one sidefastar of 2 (log).

At all lower levels, we always connect again foomafler blocks. & which contains only one
customer, has no extra fibre length and will ashstop the recursion.

At each level we will also need additional fibre émnnecting the three most remote blocks to
the edge of the block (by which it connects torgda block). In this manner we lengthen the
fibre of 3/4" of all customers residing in the considered blddke number of customers at
one side of the block is equal tdahd the total number of customers residing inbiloek is
equal to 22 or 4. The number of customers to connect is thefi*3Rinally the fibre length

to connect each customer to the edge will alsodpending on the size of the block. A block
of level x, has a total length of 2X2)y from edge to edge. To connect all three smaller
blocks to the edge we need a length from the edldleet center and one extydeyond this
center to connect to the edge of the smaller blésksuch we need a fibre length dfy2per
customer of the 3 smaller blocks.

The total length is given in (12).

2
N° Ly +40F g, 04

(12)  (F =4F  +387 2y
F,=0
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Simplified Steiner Tree Model

The simplified Steiner tree uses the optimal stmecfor the connection of every block of four
houses (see Figure 59). It is easy to find a Stdnee for this structure considering the fact
that in a geometrical Steiner tree a Steiner pweititalways connect three links at an angle of
120° between each two adjacent links. This is thallest possible connection of the four
houses and serves as such as the lower bounddrg wistallation length. It is hardly useable
in a realistic installation as the operator woudkd to install a dedicated pole for each two
houses.

Figure 59 Logical structure for the fibre connectias in a simplified Steiner tree

Simplified Steiner Tree Modelnstallation Length

112

]

Figure 60 Installation Length for connecting four touses by means of a Steiner Tree

a= (/2 cos80) = ( /2){2/+3) =1/3
b=aBin@0)=a/2=1/2G/3)
(13) c=(/2)-b
| =am+ 22 =(4/V3+20U2-1eEB))n
=@3/V/3+D) D= @1+/3)0

In this calculation we used the same tree structure as mentioned. Bdferéength of the
installation for the connection of four houses or four sub blegdksin this case be equal

to (1++/3) [ (see also Figure 60 and (13)), and the total installation lésgikien in (14).
2 —
14) | :(” . 1}[@1+J§)m
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Simplified Steiner Tree ModeFibre Length

The fibre length for this tree structure will folothe same reasoning as in the case of the

diagonal tree structure. The smallest lengik in this case equal th1+ \/§)/2 E«L/C_BJEI] (see
also (13);a+c). In this calculation we assumed all fibres toaggregated in the center of the
structure. Considering the 3 ways connection to ghmaller sub blocks, this assumption
disregards a small saving possible by connectiegctbsest edge over the shortest path (2
timesain (13)).
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