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Abstract:

This deliverable presents research alevelopment on architectural concepts selecte
candidates for nexgeneration open access based network infrastrigctThe deliverable
presents research performed within the scope ofEDé@cerning specific challenges of
different open access agp® Such aspects include different open acces®Isyadonitoring
traffic studies, and access and aggregation/mettotactures. The deliverable is finalized

a short list of open access concepts which wikvauated in WP5 and WF
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Executive summary

The main goal of the deliverable is to evaluate dedelop access and aggregation/m
network architectures focooperativ scenarios and to analyse traffic patterns and
implications on next generation optical access aggtegation/metro networks. 1 work in
the deliverable has the full OASE scope defined in DB from a gateway at the custor
premises to the core networdge.

Open access networking is a business model wheraith is to share an infrastructure
order to lower the costs the entities utilizing the open access infrastreiSuch a business
model has implications on thikesign of the network architecturghis affect is realised acro
three different levelsl) fibre, 2) wavelength, and 3) -stream. In order to visualize whe
and on which levebpen access is suppor, an open access reference model has
developed and used when describingdifferent varietieof open access architectur

The main impact on the physical infrastructure mex (PIP) is due t the opening of the
wavelength layesince this creates an opacPIP thatneeds to manage optical devices (
optical splitters, mayed waveguide gratings (AWGSs), and wavelengtlectige switche:
(WSSs)). Wavelength open accealso requires aentity that manages and coordinates
usage of theptical spectrum (wavelengths) between the entitiatshareit, i.e. the network
providers. It is possible that the |, NP, or even a totally separate entitgy coordinate this.
Based on discussion with WP6 it was decided thatribst likely and neutral entity would
the PIP.

A transparent PIP, which offers dark fibre infrasttre access, is of course also possible.
scope of OA within OASE is larger than that whishniormally considered. In addition
access to fibre and wavelengths within the findemie also consider the problems of -
to-end fibre and wavelength ass all the way up to the core. In so doing we nalso
consider the problems of access to p-of-presence along the path and issues of floor <
and power supply when considering the possibilitgnaltiple network and service providel
equipment at these locations.

When it comes to bistream open access the main focus has been t@sectbe isolatio
between network providers and service providerbzimy the shared infrastructure on
electrical forwarding level, and on the control andnaement level. Thdatter focuses on
alleviatingthe current “black box” problem in open access onekig where the operator
the shared infrastructure has full control over tieéwork while the service provider usue
has little insight in tdhe stat of the shared infrastructure. This can lead to veg suppor
costs when customers are reporting problems whaeservice provider does not have
tools to trouble shoot or locate the cause of éported problems. In this deliverable a m
evoluionary approach based on virtualization has baegjgested, where more disrupt
approaches are studiedathel FP7 projects such as SPARC.

Also included in this worlare studies related to traffic flows which yea focus on video
content distributio and the locality and caching of such traffic flowf there is such
locality aspect in the nature of the traffic flotkeen this wouldtend to offset some of tt
potential gains from extremmnsolidation scenarioghe reason would be that it woulot
be optimal to send traffic into the ¢ and backwhen it could have beeswitched more
locally in the access. The locality study siIs that even though not utilizing a higk
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distributed caching infrastructure there were aisiel8% simultaneous us of the same
video content. With caches this figure would goamu architectures that allows for st
traffic flows would then off load the core netwdrka fairly high degree

The evaluation and development of open access ectinies lead * a numler of different
possibilities six different versions of WDM PON, five differenersions of Hybrid PON:
and a single of each of the two stage PON and N®I Adhd this does not include -stream
open access which is possibler any of the different andectural versions. However, bas
on discussions with WP5 and WP6 a short list ohiéecture was drawn u that included
four different WDM/Hybrid PONs and AON based architeesurthat fulfilled the
requirements.

In summary the main contributions the deliverable is the work on different open asi
models, open access reference model, optical nrorgtor multi network provider scenaric
traffic studies, the large variety of wavelengtheopaccess architectures, evolutior
virtualization base@pen access architectures, and the short list @h @ecess architectur
based on discussions with W
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1. Introduction

The goal of the deliverable is to evaluate the ichjd cc-operation models, or open acc
networking, on the OASE network architectures. $bepe of the deliverable is the ~to-
end OASE scope, i.e. from a core node to tlstomer premises.

In this deliverable the are a multitude of different versions of the @A&chitectures th:
can be developed for open access scenarios. Amuatial of these is included in tt
document. It is assumed that the same aggregagitwcrk architecture can be used for
access architectures. However, it is not necegstike that the aggregation part of -
network is open. flere might be cases where there are multiple, riallpg vertical network:
from the core to the access wtthe access is shared, where sharing can be dathe fibre,
wavelength and bit strealavels.

Connecting to an open acc network can also be done on multiple levels and thrc
multiple types of interfaces. The open access eafsx model, introduc in this deliverable,
tries to conveywhere to conne, and on which layerfor the various architectur. It
corresponds to the reference model twas introduced in D3.1. Other open acc
architectural considerations covered in this dedibée are islation and virtualization
energy-efficiency, CapEand OpEx, and point of open accdassthese types of operation
environments.

The deliverable also includes a section on traffieasurements and analysis in orde
predict future traffic patterns d the impact that theynight have on the next generati
optical access. The focus of these studies is ¢oifsthere is a localized nature of lai
volumes of the traffic since this could act as arter balance to extreme consolidat

1.1 OVERVIEW OF ACT IVITIES COVERED IN T HE DELIVERABLE

Thelist below shows the related-operation model activities in the DoW, and alsacates
where within the deliverable the work addressinghezctivity is to be found. All activities |
WP3 T3.2 are finalized by tf deliverable.

* A3.2.1: Open access network (MN-M35)

o Fully covered in hapters 3, 5, and 6. Chapteirgludes work on the ope
access refence model and other aspects of open access, cl5 is where
architectures of open access are described asasethe en-to-end open
access mapping onto the reference model, and ¢t6 which focuses on open
access implications on the OASE common aggregagbmork

e A3.2.2: Traffic and service models (V-M35)

o Covered in chapte4 by analysing current traffic patterns to predictufe
locality of traffic demand and through simulating locality aspects in |-to-
peer networks. Work in the activity is also covelsdaspects like the shar
IX which is covered in chapt3.2.6.

* A3.2.3: QoS guarantee and monitoring (M35)

0 QoS aspectare covered in chaptt 3through work on virtualisatiorsolation
and SLAs, and chapt5 which includes an analysis of this on a pe-
operaton architecture variety level. Monitoring workdesveredin chapter
3.2.5.
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2. Open access backgrour

Open access concerns the design and operationnetveork or architecture such that
supports a degree of freedom in some conceptuarapkee e.(1]. For example, an ope¢
access network may be utilised to offer a choicses¥ices to the customer (for exam)
allowing them to choose between internet servioigers). This is a boon to customers
promotes competition and market diversilln addition, open access networks all
companies to collaborate in the undertaking ofdéployment of a network, mitigating ris
For example, the supply of an internet connectama tustomer could be divided up into
civil works, network architeure design, deployment and operation and servioegoring
tasks. By dividing these tasks between differemyganies in a collaborative arrangement
risks and investment (at each level) can be comeantalised, potentially reducing the bar
to market entry to new market entrants outside théirgbllaborative agreemer

As the open access mechanisms to be discussedrentité close cooperation of varic
businesses this topic has therefore been the sulfjestudy within Work Package 6 (V6).
Within this section we will include, where appraid, a brief outline of some WP6 wc
which will facilitate understanding of the conceptgesented here. The canonical source
information related to business miling will remain WP6, however, ahwe would therefor
direct the reader to the WP6 deliverables D6.12 and D6.3.

Delivery of internet service to customers will i@ the interaction of multiple actors, whi
may be performing multiple roles. For example, a iR& ned to lease dk fibre from a
PIP. This may be a setbntained entity (for example, see the Stokab saemketailed ir
D6.2) in which a municipality has installed a déitke network, or alternatively it may t
only a part of a large vertically integrated monlegidelecommunications provider. The ro
that must be performed in order to provide a sertica customer are shownFigure 2-1
below
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This shavs the functions that are performed by the differetes as you traverse the netw
stack.

Depending on the scenario, many of these rolesheilcontained within a single busint
entity. These scenarios are showiFigure 2-2 belowand can also be found in D.

SP||sP|[sP
NP NP NP
Vertically Vertically
Vertically Integrated Integrated
integrated Operator Operator
Operator . )
with bit
with LLUB Bstream accessil’All-in-a-box’

Figure 2-2: Examples of ertical and open «cess network scenariaosService Provider which is indicatec
by SP can be in plural, i.e. the figure is not load to ¢ maximum of three SPs or a single SP per NP in ca
“d”.

Scenario “g”, that of a large vertically integrategerator, is possibly the most traditiona
the European context. However, it supports no ogasess and is therefore only relev
within the context of other research areMost of the incumbent operators have curre
been regulated into an unbundling of iopper infrastructure, i.e. model “eScenarios “a”
through “f” however all display some degree of cexgion in order to provide rvice. At the
most extreme, scenario “d” shows a scenario ohglesiPIP supporting multiple NPs that
turn support multiple SPs.

Open access is possible on two distinct levels ietween physical infrastructure provic
[PIP] and network providefNP], or between NP and service provider [SP))iziti three
mechanisms (i.e. fibre, wavelength or-stream). Note that in this deliverable, the terrart
access is used to refer to opening the netin general Strictly speaking, howevethere is a
difference betweemwpen accesand unbundlingUnbundling refers to the case in whict
single actor is exploiting both a particular layerd the layer on top of that, while s
allowing coexistence of other actors on top of its own (modefs “f” and “g” in Figure
2-2). Open access refers to the situation in which theetdayer is provisioned in a n-

discriminatory way to different actors on the laydove (model “b”, “c” and “d” irFigure
2-2). In this case, the actor in the lower layer dagsact in the layer aboy

Open access can be enabled by allowing NPs taaitileployed but unutilized fibre capac
(i.e. fibre open access), or it may be enabledtliging a wavelengt-multiplexing system to
allow signals from multiple NPs to be carried oredjer more) fibres, depending on 1
abundance of fibre (i.e. wavelength open accegs¢n@ccess means that the end cust
can choose different services between different 8P€xample iternet access from servi
provider A and IPTV service from service provider \Be canfurther distinguish betwee
wavelength and bitream open access, where the former referarchitectures with
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individual wavelengths per SP, whereas the latefers to the case where SPs
differentiated on laye®-or laye-3, usingone common network infrastruct..

2.1.1 Fibre open access

Fibre open accesxenarios consider the possibility of utilising lbseed (but unutilised) fibr:
capacity within the fibre networ This provides the possibility of scenarios “b”, ;'¢d” and
“e” at the junction of the PIP and N

The likelihood of such scenarios is based arouradrhain criteria. Firstly, in order to suppt
fibore open accesghere must be sufficient fibore deped. Secondly, a PIP (or vertica
integrated NP + PIP) must exist that is wil (or regulatedand able to allow access to
fibre network.Should these criteria be met, then the fiopen accessystem is the most
flexible of the potential open acss solutions. It imposes no restriction on the pet
providers which are able to -exist in parallel utilising potentially heterogemsonetwork
technologies.

However, there may be a significant additional @sstociated with this mechanism due e
fibre rich deployment and associated costs forcaptiistribution frames as well as due to
replication of equipment and manpower (for both Nfes and PIP) that is requireFibre
open access generally described in chapi3.1.1and further discussed with an architect
view point in chapter 5.1.

2.1.2 Wavelengthopen acces

Wavelength open access refers to the akfor everynetwork provider / service provic to
access to one or more deatied wavelengths within individual fibres to reacistomers. Thi
is naturally predicated on the availability Wavelength DivisioMultiplexing (WDM) over
some (or all)network segments. This provides the possibilitysadnarios “b”, “c”, “d” anc
“e” at the junction of the PIP and NP, although witbager restrictions imposed on the N
by the PIP than in the fibi@en acce: scenario above.

Wavelength open access is technically the most Bmand varied of the open acc
schemes (when lookingt &he individual architectures), and conveys somteresting
challengesOne of the key issues is the coordination of acteske optical spectru. If a

user is willing to receive different services fraifferent service providers, he must be abl
fast tune over different wavelengths or mipossessmultiple receiver or colourless
receivers. his will require that services from different seeiproviders must be prope
coordinated.The spectrum can be managed by a third party why bearesponsle to

allocate spectrum in a neutral and efficient \ However, despite these challenc

wavelength open access allows for tF-use of equipment, points of presence, and persc
For example, by unifying the management of the ipasdevices in one tor there are
decreases in cost through economies of scalet agassible to -use somgoints of Points
of Presence (POPH) house equipment from the different NPs, resglimsavings in renta
power, cooling and maintenance costs, amongsts.

Wavelength open acceakso poses interesting questions. The most sigmifiof these is ho
it will be achieved. For example, in a scenario rehtee PIP is decoupled from the NPs al
it (according to the diagram Figure 2-2) then it is possible that the PIP will also owe
passive opticatlevices (such aArrayed Waveguide Gratings [AWGahd power splitters
necessary to facilitate open access. However,issvith make part of their network fixed to
particular achitecture, it may be unlikely. If, however, therk is rented from the PIP by
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NP who installs their own passive devices, thers iuncertain whether this NP will |
amenable to allowing access to other NPs. Doinigtsoduces the risk that problerwill be
introduced by the new NP (by, for example, utilisia laser power which is too high),
requires access to areas of their network whichsaresitive and normally highly secur:
Similar problems exist for the scenario of a vati-integratechetwork operatot

2.1.3 Bit-streamopen acces

The implementation of this serv-level open access (hereafter referred thit-stream open
access) may be done in different ways, and thisiges the opportunity for scenarios ,
“c”, and “f". In this sectionwe will shortly discuss who is in control of therastructure an
issues connected to this and the technologies#mabe applie:

In current architectural open acc solutionsthe customer choice is implemented by the

who configures the netwk according to the customer’s choice. The SP thelivers the
service at the edge of the NP’s network which iemhthe SP’s control ends. This leads t
issue commonly known as the “black box” probleme t8P has litt-to-no control or
monitoring d the inner workings of the NP’s network and theref cannot troublesho
errors end to end. This issue results in a conflicen a customer reports service proble«

as the SP cannot see the inner workings of the N&tiwork it commonly lays the blai for

the problem on the NP. The NP may in turn put tlaenke on the SP. This increases the

for both NP and SP and increases the problem mesoltime Similar issues can be found
the other open access scenarios (fibore and wawuelenghere e.g.optical monitoring
functionality could be utilisec

A partial solution for the “black box” problem is tncrease the ability of the SP to see
control parts of the NP’s network. In its simpléstm this may be for the NP to she
network informatiorabout a slice of network to the £

More advanced solutions are to give the SP coofrtiie slice. One method to provide this
through network virtualization. With network virtimation the NP can separate the netw
into virtual slices of the netork and give control of a virtual slice to a SPeTSP can the
freely configure and integrate that slice into ptsvate network. Each virtual slice must
separate from other virtual slices to avoid resewtd configuration problems between :

There is little flexibility available witlbit-streamopen access. The technologies, architect
and even vendor choices are restricted by whatafr@ady been chosen by the NP.
addition, within the choice of technology made Ime tvendor it is uncle the level of
freedom that will be provided. For example, if & dystem is utilised, is the Quality of
Service (QoS) If so, will theOpen Access (OAdperator be able to define their own priol
classes?

It is likely that bit-streanopen access vl be possible on four levels. The lowest of th
(with reference to the OSI model), and specificotee architecture, is thTime Division
Multiple AccessMedium Access Contr (TDMA MAC) layer. The next lowest is Ethern
which is likely to be ubiquitcs. In the middle is MultProtocol Label Switching (MPLS
which is currently widely deployed in the core netlwand could therefore see an increas
usage as it is pushed out toward the edge. Atdpes Internet Protocol (IP) which, lit
Ethernet, $ likely to be ubiquitous in either is version 4version 6 form
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3. Architectural aspects

This chapter includesnformatior on a number of architectural aspects of open a
infrastructures, and focuses on open access madelispl and general asps.

3.1 OPEN ACCESSMODEL S

This sectiordescribes on which layer one can open up or unbkuheél network infrasucture
in order to establish an open access infrastrucAs discussed previouslyhe possible levels
are fibre, wavelength and lstrean. Also discussed are different NP/SP scenarios, i.e. W
in the OASE landscapédse entities act. / open access reference model is presented, \
aims to describe the characteristics of the diffearchitectures.

3.1.1 Fibre open access ode|

In a fibre open access modske also chapter 2.1.1) it is possiblgtovide open access to
single fibres, fibrebundles orfibre cables in different network sectic of the access and
aggregation/metro networhe Physical Infrastructure Provider carovide a continuot or
single hop fibreconnection betweenfibre socket at the user sitelysica Connection Point
[PCP2]) and arOptical Distribution Framr (ODF) port at theCentral Access NodeCAN)
location, as well abetween other pois in the fibre infrastructurdt should be pointed ot
that this definition of fibre open access makesst@pe larger and different from e.g. cop
unbundling which focuses on opening up the copp#&gastructure in the last mile (“pur
access).

These point-tgoint fibre connections inclu the Link Levels (LL)1/2, 3, 4 5 and 6 as
shown in Figure 3-1.

{Inhouse First Mile > Feeder Aggregation

Home Building Cabine Local Exchange Central access no Core Node

(| —
[T} Main Regional

PCP5

LL4 LL5

Figure 3-1: Fibre sections of thenext generation optical access an agegation/metro network

This approach allowsNetwork Providers without fibreinfrastructureto deploy system
technology in the accessd aggregation/metrcetwork, e.g. Reach Extender, AWG, Po\
Splitter,Ethernet switches, IP/MPLS routeetc.

Table 1shows some possibfibre connections with the appropridibre termination at the
user and network side and the involved link le

Table 1: Possible fibreconnections with the appropriatefibre termination at the user and network sid

Fibre User side Network side Link level
connection termination termination
between ...

PCP2 and| Fibreocketat PC2 | ODF port at PCP§ LL2 + LL3 + LL4 + LL5
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PCP6

PCP2 and | Fibresocket at PC2 | ODF port at PCP5 LL2 + LL3 LL4
PCP5

PCP2 and | Fibresocket at PC2 | ODF port at PCP4 LL2 + LL3
PCP4

PCP4 and | ODF port at PCF ODF port at PCPG LL4 + LL5
PCP6

PCP4 and| ODF port at PCF ODF portat PCP5 LL4

PCP5

PCP5 and| ODF port at PCF ODF port at PCPG LL5
PCP6

PCP6 and| ODF pat at PCP ODF port at PCP7 LL6
PCP7

The above definitions are more or less the tratitioiew of fibreopen acce: even though it
has been extended to include the full OASE WP3ecop. PCP2 to PCP7. The next ste
to include aspects introduced by ing a fibre open access providgr PIP)that addresses
scenarios which allows for opeig up on the wavelength level (sehapter3.1.2). Such
scenarios can put added complexity onto the phlysif@structure operated by 1 PIP. As
will be described in more detail in the next chaptegvelength open accemay require the
coordinated accegbetween multiple NP to sharedptical spectrum. Together with WP6
was decided that this coordination would not bedtethby an of the competing NPs, but |
the most neutral party in the PIP / NP interactioms the PIP. This leads to the necessity
these scenarios) of added meementand operational responsibility of the PIP due te
need of including optical devices e power splitters, band splitteend WSSs under the F
umbrella, which are needed in order to open uphenatavelength lev (see chapteb). This
leads to the possibility ahe PIPhaving different types of physical intucture:

1. Atransparent fibre open acc

2. An opaque physicainfrastructure which allows for offering an wavelgm oper

access to the different NP and SP combinatiolFigure 2-2

The first optionis the more traditional onend allows for opening up a pure fit
infrastructure based on ducts, cables, fibres, (, sites etc, i.e. not including any opti
devices (e.g. splitters, AWG®Jhich are needed for any specific technology whitilized the
fibre for transmission purpes. The second one is similar ttee first but includes ctical
devices managed by the I. FHbre strands in the PIP’s infrastructure that idelsi thes:
optical devices are not necessarily technology stima@o access architecture (e.g. TDM
WavelengthDivision Multiple Access WDMA] based PONs, andctive Optical Networks
[AONSs]). It is to these access architectures which the dibea access can be transpar
(technology agnostic) or opaque (not technologyatio)

3.1.2 Wavelengthopen acces model

Wavelength open access res to the case when a PIP coordinates the use of gheat
spectrum (wavelengths) by a number of network plengover aninfrastructur: consisting of
fibre as well asoptical devices likepower splitters, Band ditters (BS, and Wavelength
Selective Switches (WSSsas described in the end of the previous ch. The Point of
Unbundling (PoU) in a wavelength open access igéference point betwe the Physical
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Infrastructure Provider andetwork Provider, whereas the intemnection to the user site

named the | interface.Note that this PoU is more generically referredasoProvisioning

Interface in WP6 (and covers therefore both unbongdind open access casior a broader
and highefevel discussion see chap2.1.2.

In general, we can distinguish between F-to-Point (PtP) and Point-tblultipoint (PtMP)
wavelength open access:
* PtP wavelengtlopen acce:
A PIP offersuse of optical spectrum that results idedicated wavelengiconnection
between reference point Pt the network s& and reference point,, at the user site
(PCP2) as shown iRkigure 3-2a. PtP wavelength open acceas be realized usir
active or passive wavelength multiplexers (e.g. G or WSY) in the Optical
Distribution Network ODN).
* PtMP wavelengtlopen acce:
A PIP offers use of optic. spectrum that results e wavelength connection betwe
reference point PoU at the network site imultiple interfacesat reference point |J
as illustrated irFigure 3-2b. In this case several users have access to oneenaytie!
PtMP wavelengtlopen acce: can be realized using power-spliger the ODN.

a) b)
i ODN
| ODN | Uw1
1 1 I :
Uw t\_/\_/\)/ PoU UWZC PoU
|
|
Uwn

— - wavelengtl connection

Figure 3-2: P and PtMP wavelength connectivit

As shown in Figure 3-3he interface of reference point PoU can be redliae different
locations. Figure 3-3showa scenario where the Ncontrols a wavelength coniction
between PCPand PCP6. Service Provis with their own or rented fibre infrastructi have
access to that wavelengtiapacityvia an interface at PCP6. Figure B-8hows a scenar
with the NP/SRnterface at PCP:More information on how the connection between the
and SP can be found in e.g. the next chapter chapte!3.3.1.
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{Inhouse X First Mile > Feeder Aggregation
Home Building Cabine Local Exchange Central access no Core Node
Distribution Eﬁ] Main Regional . Regional
PCP1/2/3 Z PCP: PCP5 PCP6 PCP7
a) NP -0 SP
U
w PoUncpy
| I
b) NP o SF
U
w PoUscps |

Figure 3-3: Wavelengthopen acces options

3.1.3 Bit-stream open aces model

The following bit-stream @es and aggregation/metro referenceodal (introduced in
chapter 2.1.3) is based dhe Broadband Forurdefinitions described irthe Technical
Reports (TR) TR-101 andR-156 (Figure 3-4) [2][3].The interface between Netwao
Provider and Service Provider is referred to as in the figure but in this document we w

call it the NP/SP interfaceyhereas thinterconnectiorto the user site is namU interface,
or the User Interface (Ul).

-

. A ~)
Regional Broadband Access Network

[ \ Network

NSP, Ethernet

IBNG
S

MSP, L2TP LZTS
| -
T

NP, IP - QoS
R

IP - QoS
ASP, \_ Customer Prem. Net

A0

e
Figure 3-4: Network architecture for Ethernet-based GPON aggregation [3]
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Figure 3-5 showshree architectial options which differ in location of thNP/SP interface.
The NP is responsible fothe provision ofthe active and passive accaggregation
infrastructureln addition, the NP is in charge of transport of the endse service between
user and NP/SP interfac&he Service Provider is responsible for servicaatine and the
transport between NP/Siterface and service creation p..

{_Inhouse Y First Mile > Feeder >< Aggregatiot >
Home Building Cabine Local Exchange Central access node Core Node

Distribution EI Main ot Regional = Regiona
PCP1/2/3 PCP4 PCP5 / PCP6
NP (OO SP
U
NP - | SP
U
NP - | SP

U | |

Figure 3-5: Bit-stream Access architecture option

In this deliverable, chapteist and 6.2have a higher focus on next generatbit-stream
open access. It is assumed ibit-stream open access can belegal to all basic variations «
the Next Generation Optical AccesNGOA) architectures described in e.gASE D3.2, as
well as to the wavelength open access variatiossrited in chaptel5.2, 5.3, and 5.4.

In chapter 3.1.5ve will give a more in depth discussion on theséSP scenarios depicted
Figure 3-3 and Figure 3-5.

3.1.4 The Open Acess Reference Moc

In order to show whictOA mechanisms that are pcble within each architecture an op
access reference model has been developed. Thef@#®mce model is visualized bygrid
such as the one in Figure 3¥he layers are indicated on the left, and the P&®sndicatec
on the bottom.

The goal of the OA reference model is to show orcwkayer and in which physical point
the network one can access an open infrastr,, creatinga client/server releonship
between the onaccessing and the one offeril

The different entities that can access the opeps are: the servie provider the network
provider, abackhauling service, and the end user. Also induthe this is the physice
infrastructure povider, which only acts as a serveayer. This creates a number
Client/Server (C/S) interfacémtween SP/NP and NP/PIP.

In order to indicate that open access is possibéeparticular PCP and layer, a circle will
added in the respective loaati The circle indicates the layer @rhich the client can assume
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their traffic will be forwarded ¢, i.e., itindicates the presence of an interface at thidilmtg
which is capable of providing network services gdime relevant protocol or mechani

Arrows are used to indicate the direction (upstreamownstream) which a client connect:
an underlying open server la. Within PCP2 (and perhaps PCP3), yellow arrows

common which indicate that residential user inte@faare expected at tHlocation and on
this network technology and that these are avalétt open access. Red arrows indic
points at which bekhaul traffic may be admitte Light blue andblue arrows indicate poin

at which anetwork provider ar/or a service provider magccess an open server layer. In

case of NP and SP the open server s would be the PIP and the NP respecti, i.e.

NP/PIP (C/Syand SP/NP (C/-.

An example would be&n NP accessing an open fibirchitectureoperated by a PIP. Th
would render afibre interfac’ circle (i.e. the fibre level) in a site (e.g. PCRbbh light blue
arrow pointing in both upstream and downstreamctivas since the NP connects both tc
end user, as well as to its own equipment in a AG&Aion or PCP7

A more advance@éxample would be a wavelength open access scefdemse see chapt
5.2 for an example of a wavelength open access artinieggc Here an NP connects to
opaque PIP that is offering wavelength open acdad it is the NP that is generating t
wavelengths coordinated/admitted by the opaquesRIpen wavelength access infrastruct
This would then render a “wavelength interfacetlarine.g.PCP5 on the wavelength lev
The light blue arrow should in 's case point downstream sintte&e NP connects to
downstream facing fibre port that might end up @mted to an AWG in PCF

Network
IP
Layer
Packet/ MPLS
Framing
Layer Ethernet
Optical/  pHy Eth
Copper TDM
Layer WDM*
All optical
devices
Physical .
Infra- Fibre
structure
Layer Cable
¢ Not necessari oresent PCP1 PCP2 PCP3 PCP4 PCP5 PCP6.1 PCP6.n- PCP7
VP In-home Homes Buildings | Cabinets Local Central Aggrggatl C_ore
Exchange | Exchange | onSites Sites
= Service provider interface = Network provider interface Q Fibre interface @ Ethernetinterface
=) Backhauling service interface  — Most likely Wavelength interface MPLS interface
=) Residential userinterface === Lesslikely but possible @ Time domain interface 9 IP interface

Figure 3-6: Differentiation grid for an idealised Open Access atwork. PCP6.1and PCP6.n indicates the
possibility of having multiple aggregationlevel hierarchies (see D3.1) which depends on ethe physical
infrastructure topology and the NP network topologyon top of that.

Open access represents a broad study area, arelstme types of OA will not differentiat
between the architectures under study, there renaawide variety which will challenge the
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on many levels. In chapt&:Z of this deliverable a qualitative evaluation wi# done of th
different access architectures based on a genelssion as well as requirements base
business model studies performed in OASE \

3.1.5 PIP/NP/SP scenaric

The business model scenarthat are of most interest haleen outlined irFigure 2-2, and
in this section we will focus more on where thenp®iof unbundling between open acc
entities can be located in PCPs of the referenadeh

We first show an E2Bype fibre open access model in whichPdP will own the fibre
infrastructure in the end-tend scope (PCP2 to PC|, see Figure 3-7The network eithe
opens up at the customer side, in PCP2 (home)t tireanetwork side, typically in PCP
(central exchange) or 7 (core). However, dependn the node consolidation scelo, it can
also be done in PCP5.

In case of bitstream E2&pen access, the entire access and aggregatioorkeRCP2 till
PCP7) is covered by the single PIP/NP. Here thevar&t opens up in PCP 2 (home) ¢
PCP7 (core)This is similar to the previous case, but here aeeha single PIP/NP, where
the previous case we have a single PIP and pdtgndidferent NPs (covering the enti
OASE scope). When, in case of open access dibre level, we see different NP<he fibre
network is opened in an intermediary PCP. This lmarconsidered local loop unbundling
type of open accesklere the network opens up in PCP2 (home) and RIoP&l exchange’
In case oflocal loop unbundlincon the wavelength layer, the netwaspens up in PCP
(home) and PCP5/6 (depending on consolidation sicgr

Network ' e ' '
aver P | E2E type bit-stream OA ]
Packet/ MPLS
Framing
L a
er  Ethernet | E2E type bit-stream OA ]
Optical/  pny Eth
Copper TDM p .
Layer +
WoMm Wavelength OA
All optical \_ )
devices | | |
. 1 1 I
Physical Fibre L[ Fibre unbundling | Dark fibre wholesale |
structure E2E type fibre OA 1
Layer Cable \ yp
* Not necessarily present PCPL PCP2 PCP3 PCPa iy i s i o
VP In-home Homes Buildings | Cabinets L Local Central Aggrggatl C.Ore
xchange | Exchange | onSites Sites

Figure 3-7: The figure indicates between which points and owhich level some of the more common ope
access infrastructures exst. Some are utilisingthe full OASE scope physical connectn points (PCPs),
while other havea focus on the pure acces

CONCURRENTNP/SP

In addition to the physical location of differentPENP/SP entities and how they relathe
user may want to conaoeto multipleNP/SP at aame time. For example, a user can rec
voice, data, TV and multimedia service each frodifierent NP/SP. This is referre to as a
“Concurrent NP/8” scenario. While the network is more open with fhcilitation o such
concurrency in the NPFE5 connectivity, there are challenges and disadgastan this
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approach. For the fibrand the wavelength open access, the concurlNP/SP scenario
requiresmore than one receiver at tOptical Networking Unit (ONU)this will increas the

cost, thepower consumptiorthe complexity and théailure probability of the ONU. Thu:

most likely, the concurreMiP/SP scenario is not pragmatic at fitee or the wavelength
level. The concurrence NA?Scenario is most feasible at the bitamlevel. However, there
remain challenges of providing concurrent open accesshat bit stream open acce

Normally, the services of aBPswill be multiplexed in the same L2 and L3 chanreldthe

ONU needs to filter out its relevant part. As ifuires processing of whole data, it w

increase processing overheads, and power consumgtiws, proper MAC protocols th

allow for theslotted transmission of data from differ<SPsshould be developy, so that the
ONU can choose any one slot to rive its data, rather than processthg whole chunk of
data.

3.2 CONTROL ASPECTS

In this section we wiltliscuss aspec of open-acces®lated to control of tt network. This is
an aspect that is even more important in a netwoitk wotentially several neiork and
service providers.

3.2.1 Isolation

A fundamental requirement when providing c-access in a network is good isolat
between services and the operators in the netvThe strength of thigsolatior and how it is
implemented depends fulbn what liyer the network is opened up on.

Isolation is built in when ope«access is provided on fibre level, as ebi¢his utilising fully
separated fibre strand3his thereby guarantees that no interferencesciaaated betwee
NPs.

If the access and aggreiga/metro network is opened on the wavelength lévalso has th
possibility of offering ahigh degree of isolation. In this ci, it may be possible to sepai a
set of network providers through the use of différezavelengths. It is very importaro
understand that this is not necessarily true ddpgrmh the architecture that is used to ree
open access on the wavelength I. If the architecture is based on the use of optioltters
care must be takemot to introduce the possibility oaffecting other NPs service
Wavelength filtering or even routing devices (eA4VGs or WSSs) can instead be usel
order to keep a high degree of isolati

In bit stream based open acg, isolation is much bigger issue sincerthes a highe degree
of sharing,i.e. data belonging to different service providerdl be sent overcommon

forwarding resourcem the electrical doma. In order to handle contention of such resou

a technique called hierarchical QoS be used. Hierarchical QoS is immented through
the use of dierarchical token bucket architecture. It is catiyeused in mul-layer Ethernet
(IEEE 802.1Q)where one can have different levels of Qo< Service Virtual Loca

Networks (S-VLANs) andCustomer Virtual Local NetworksC-VLANs) (see D3.1). A
benefit of using this scheme is that the open acnesvork provider can have access to

lowest level(s) of this hierarchy in order to cahtQoS behaviour between multiple serv

providers utilizing the open access infrastructwhile aSP could have access to additic

levels of the hierarchy in a transparent manHere we can see that there is a connec

between QoS and the degree of isolation, but tisea¢éso a connection with the concept

virtualization (which is disessed in more detail in t next chapter).
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To summarise, isolation anQuality of Service is an important issue for open ace
networks. The quality of service issue can be a$@e@ in two ways: 1There are issues
related to thearchitecture in which potential malicious and rogue user can disrupt
services of othersThus, there should be proper monitoring serviedsch can take
immediate restorative actions to resume propericgs\to affected use, or there has to t
high enough degree of istion so that this is not possi. 2) The gcond issue is to mainte
fairness between the end users and the servicedprey Generally, the problem of assur
QoS from the perspective tihe MAC layer is a two dimensional problem in open &s;
where the fairness between the users and at the same bitveeen the SPs has to
maintained. The users may want to receive diffesentices from different providers and t
will only complicate the bandwid-scheduling problem.

3.2.2 Virtualization

In bit stream based access a problem for both service prevatet network operators are
lack of integration between the service provideamstwork and the network operato
network. This createwhat is known as the “black box” problenthe service provider s
not see the internal network of the NP and caretbez not detect probles in that part of the
service delivery chain. This may cause situatioher& the SP and the NP put the blame
customers problemsn each other, with both side arguing thiée problem is locatein the
others network.

One solution for this problem is the introductionnetwork virtualizatiol [4], where the SP
gets a slice of the NPs netw whichthe SP is free to configure and manage in the the

SP desires. This means that one entity can moaitdrconfigure the whole chain of serv

delivery, and thereforsimplifies the troubleshooting process.

Network virtualization can be implemented in a egyriof different was and with difference
in the amount of control given to the SPs, butrtiest important aspect is that each slic
the network needs to be isolateA high level view of what will happeiin a network
forwarding element can be seerFigure 3-8.

a) b)
+ Routing
Z information N \
Control and management plane * Management Y
information A
Ports L - . OAM
Control and management plane \\\
| + Control and
b . management
ﬂx | virtualization
> > " |+ Data/forwarding
( nale < plane virtualization
g S \
Forwarding plane « End-user traffic

« Internet access
< IPTV

« Etc.

Figure 3-8 a) depicts a schematic model of a netwo forwarding element, and b) the segmentation ¢
such into a number of virtual slices

With currentlydeployed technologies virtualizati could be implemetec in various ways,
using built in virtualization functics such as “Virtual Routing and Forvding” (VRF) and
Virtual LANs or deploying devices with support for running nplkiinstances of the contr
plane.
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Virtual LANs operate by tagging Ethernframes with an identifiethat define to which
virtual LAN this frame belongs to a ensures that they aklandled according [12]. The
VRF technology is similar to VLANs bloperates on layer thremnd is more node speci
than link specific. Bch VRF instance has an isolated routing and fatingrtable which i
independent from other VRF instances. the VRF instanceperates on layer three e
VRF instance need® have exclusive access to an inter in order to mapraffic to the
correct VRF instance. Thisterface i either a physical interface, arlogical interface suc
as a VLAN or MPLStagged interface. This is necessary as the norfhdlebder does n
include fields to distingish between VRF instances. Tt techniques are currently mos
use to increase scalability of the networks anidnjarove the operation of the networks. Mo
commercial solutions which supp these techniques does not provide sep«Control and
Management (C&Mjnstances or isolatn on the management interfaces, such as prov
separate logins.

In the case of emulating layer two Etherconnectionsover an MPLS network the Lab
Switched Rth (LSP) terminating device uties a Virtual Switchrstance (V1) in order to
emulate an Ethernet switcA. similar type of function could bemploye( in pure Ethernet
forwarding elements, which would then correspondh®s more node specific VRF functi
but for 802.1Q Ethernet network eleme This would allow for creating an open acs
network slice controlled and managed by the SP.eBeing on the link virtualization usi
(i.e. theflavour of 802.1Q , e.g. QinQ, MACInMAC) this wougive the SP full control ove
the virtualized identifier space, € if the open infrastructure is Rider Backbone Bridges
(PBB — IEEE 802.1AHYased and therefore utilize-VLAN tags then the SP would ful
control the CVYLAN space and could utilize all 4096 VLAN ID<PBB allows for a
hierarchical use of S/BLANs and MAC addresses, i.e. SYB-ANs in S/B-VLANs and
MAC in MAC, which means that the SP could also have fullrobmf the ¥YB-VLAN ID
spaceand the open access infrastructure provider woatdneed to populate its forwardil
tables with SP specific MAC addres. Special care is needed aetlkedge of the ope
infrastructure in order for the open infrastructunetwork provider to be able
multiplex/demultiplex traffiqbasically Instance Service IDentifier (I-S)Dmapping) from the
different SPs, see chap®®B.1for more details.

3.2.3 Bootstrapping

Bootstrapping refers to the processhat need to take place whenCaistomer Premise
Equipment (CPE) devices initialised and needs to become part of a net, in order to
receive access to a set of network (Dynamic Host Configuration ProtocoDHCP]) and
enduser (e.g. IPTV) services. These processes areim@grtant since it automates, to so
degree, the processesmbvisioning and service delivery, and failure b leads to hig
Operational Expenditure©pEx) and/or support costs. These processes are initigy first

allowing a network device (ONU) to gbit-stream access, and theonfiguing services
running on top of this bistrean access. How these two steps ardqgoered depends on ti
technobgy used and what type of oj-access offered in the network.

The process of bootstrapping in the c-access network can be more demanding than
vertically integrated network. The rea: for this is thathe network operator and services
normally selected a head of time and the process of ctingeithe device and activating t
services can be pmanfigured both in the network and on the devictoigethe custome
connects the device.
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BOOTSTRAPPING IN NETWORK WITH MULTIPLE NPs

The process obootstrapping in a network that poterly provides severaNPs could be
performed in several general ways. The simplestiadvbe that the customer sele a network
provider a head of time, and ttithe customeport is configured to support this -selected
provider. But the selection @ network provider could also be done in a more dynamay,
where the customer selects one (or perhaps sewetalbrk providers when the devics first
connected to the network. In this scenario the Ohbuld detec the available network
providers either by dedicated control chann: for example viaactive probing the netwol
for operatorsHow this is specifically handled depends or architectur and is discussed in
chapter 5. When the ONbas ascertain: the aailable network providers the ONU cot
present this information for the customer who tkelects the network provider to u

BOOTSTRAPPING IN NETWORK WITH MULTIPLE SPS

Bootstrapping of services ¢, like NPs, be pre-configuredvfiere the customer ected
services ahead of timey detected and selected on the fly. For the secand the procedt

is that the customer seledsrvices wheithey first connecto the network. Specifical, the
customer would start the computer and get a defieintort address for the network operat
and then redirect the customera special “service selection” web site. The poss#igevices
and their costs would be presented on this page then customewould havi the option to
select and pay for these servii Once selected the network operator would provisimse
services, either automatically or based on manuaiguration.

3.2.4 Location and identificatior

A clear assignment of an access line terminationtpo a specifiqpostaladdress is a
important opeator requirement. This assignment enathe implemerdtion oiservice
features which require thosta address information, e.g.:

» Emergency call: The caller location must be asceatde even if the caller is unak
to talk and therefore cannot gives name or location.

* Legal interception: Communications network data specificposta address must be
forwarded to a law enforcement agency for the psepaf analysis or evider
gathering.

» Service Provisioning proces:

» Fault localization process

As illustrated by Figure 3-Bhe assignmet of a Network Brmination (NT) at the subscrib
site to a specific postalddress can be easily implemented by providingdecdeed fibre ol
wavelength connection. A fixed Virtual Prie Network (VPN) between NT and Servi
Creation Point (SCP) is another alternative tolineahe source of data traffic received at
SCP site.
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Network Service
Terminatior CreationPoint

NGOA

() VPN (e.g. 1:1 VLAN)

() Dedicated lambda

N\ J NN

() Dedicated fiber

Figure 3-9: Examples of dedicated connections between Nand SCF

As illustrated in Figure 3-Ha fixed VPN can be realized with a 1:1 VLAN agmio in ar
access network with a poit-point architecture, e.g. AON. The subscriber tcaiffi
transported by a dedicated VLAN pipe thi assigned to a point-foeint access line ar
terminated at a specific postaddress enabling the localization of the data ourbis mean
that the postahddress can be linked with the VLAN Identifier (VN-ID) number.
However, the VLANID cannot beused in arN:1 VLAN architecture as shown Figure
3-1. In this case the data traffic of multiple sulisers is transported within the sal
Service VLAN (SVLAN) which makes it impossible to identify an imttiual subscribe
location on the basis of the VLAID.
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a) 1:1 VLAN Architectur
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b) N:1 VLAN Architecture
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SCP -Service Creation Poi

Figure 3-10: Overview of 1:1 and N:1 VLAN architecture

In addition a VLANID based subscriber localization is difficult irslaared PON architectu
(e.g. TDM-PON), sine the clear assignment of a VLAN to a specificeasdine cannot k
implemented due to its poitd-multipoint nature. In a TDMRPON deployment, therefore, t
ONU has to provide additional information (eONU-ID [ONU Identifier], serial number)
duringthe configuration process in order to enable laadiibn. However, thONU is an un-
trusted device from th@perator’s point of view. For example, the Operadarot able tc
detect when a subscriber connectsONU to another powesplitter port of thesame PON
that is assigned to anothmrsta address (see Figure 3-11).

ONT ID X = lineX = Postaddress

______ | w

Post address X |
1

Post address Y

Figure 3-11: Problem of nomadic access in shared PON architectas (Example
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LINE-ID CONCEPT

As describedbove, the VLAMID is not the best option in all cases to idenéifyaccess line
The Layer-2 Bitstream Access recommendation of the NGA (Next Geiwgr Access
Forum [5]suggests the use of a technical key that is cailnedD. The NGA-Forum, led by
the Bundesnetzagentur, is a working group of regmagives from German regional &
national telecommunications companies with theetao§ defining broadband access prodi
including the technical and operational inters, along with the key business proces
necessary for interoperation.

Definition

The LineiD clearly identifies the physical subscriber asclse and represents the netw
section between network termination (NT) at thessuber site and the firactive port of the
Network Operator. The Lind# will be generated by the Network Provider andmg&nown tc
the subscriber (end custom

Benefits

The LineiD replaces the telephone number as access lingfidein All-IP networks ant
enables a cleadentification of the subscriber access line whih key requirement fc
Open Access architectures and is the basis forlsifipnterfaces between Network Provic
and Service Provider. The Li-ID concept allows for the separationao$ervice fron
network resources (e.g. VLAN pipe, wavelength) wahsanplifies network operation (e.
switchover an Access Node to a new Network Edgenadd addition, the Lir-ID enables a
fully automatic authentication and access line igumétion

Syntax

The LineiD is composed of the Country Code, the CarriereCanad the Line Code
illustrated in Figure 3-12The Carrier Code defines the Network Operatoe Vdlue i<
predefined by ITU M.1400. The Country Code defittescountry whee the individua
access line is located. The Country Code is basdbespecification ISO 3166. The Li
Code identifies the individual access li

The LineiD consists of capitals (“A”...”Z") and numbers (“0”9") only. Country Code
Carrier Code andibe Code are separated by a

Country-Code Carer-Code Line-Coda

el e L e
. )

Figure 3-12: LinedD structure

Implementation

The Broadband Forum (BBF) recommendations-101 and TR156 define the Ager
RemotelD that can be used for describing a siriber access line at the logical access |
The Network Operator can use up to 63 Bytes (A8Gdle) of the Agent Remc-ID field.
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The LineiD can be written into the Agent Rem-ID field during the session at-
configuration process on the basisPoint-toPoint Protocol over EthernePPPoOE) or IP
over Ethernet (IPOEDHCP)
* PPPoOE:
As illustrated byFigure3-13a the Access Node (e.g. OLT, DSLAM) supports
“PPPoOE Intermediate Agent” function which is aldentrite the Lin-ID into the
Agent RemotdD field of the control frames PADI, PADR and PADITring the
session autgonfiguration [TF-101 [2], Appendix C].
* |PoE (DHCP)
The Access Node supports the functions “DHCP RAlggntOption 82” anc
“Layer 2 DHCP Relay Agent” according to ~101. As shown byrigure3-13b the
Access Node writes the Li-ID into the DHCP control frames (DISCOVER, OFFE
REQUEST and ACKNOWLEDGE) during the session -configuraton [TR-101
[2], Appendix B].

a) PPPoHntermediate Ager

Access

Node PPPoEAstive Offer/
Session Confirmation RADIUS
______________ .I:_ - _8 Server
_ “Modified PPPoE Activg—  aA10 - >
PPPOE Active Discavery Reguest/
Discovery Set Line-ID Initiation
Request/ Initiatio
Network Provider Service Provide

b) DHCP Option 8

Access
Node

DHCP
______________ I: - 8 Server
“Modified DHCP Request aq10——

DHCP Request ‘ Al0

Set Line-ID

Network Provider Service Provide

Y

Figure 3-13: LinedD implementation for PPoE and IPoE (DHCP!

Weaknesses

The LinedD concept is not able to solve the problem of adic access in shared P(
architectures as described above. SinccONU is an untrusted device the PPF
Intermediate Agent/ Layet DHCP Relay Agent function should implemente by the
OLT. However, a clear assignment ofONU to a specific postal ddess is not possible
the OLT site, since multiple access lines are comated on one PON po

3.2.5 Monitoring

Rapid troubleshooting becomes very important forQ¥G which support large amount
traffic to/from thousands of users, in particular imoble backhaul systems as well
business access. Centralized and automatic margtoantributes to operational expenditL
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(OpEX) savings thanks to remote operation. No hardwg@grade on user side should

required (e.g. demarcation components) di high hardware and manpower costs per (
line and monitoring functionality should be shamer the complete NGOA network

provide high sharing factor of the investment. Rarimore, the effectivfibre-fault detection
and localization scheme shoulot affect data communication [6][And be sensitive to
low power fluctuations as 1 ([8].

Ceniral office Remote node
Filter
1x32 32 ONU
OLT
OTDR || EVVARM
ONU
(a)
Central office Remote node
Filter
32 32 QNU
oLT
Filter
ONU
oLT
1%2 switch
OTDR EVIARM

Figure 3-14: supervisia solutions for WDM PON with (a) single FF[8] and (b) multiple FFs[11].

Many existing monitoring techniques have been psefce.g. [8][9]10]. However, to the
best of our knowledge, most of them only focusedh@nbasic NGOA architecture. Take

example of WDM PON. A typical WDM PON architectunas a single feeddibre (FF)

deployed for the connection betwt ONU at Central @ice (CO) and Remote ode (RN).

Figure 3-14(a) shows thsupervision approach preser in [8] for a basic WDM POLm

architecture. It should be notthat for other purposes, such@sen access, resilience and

on, the basic architectuvath single FFmay need to be changemthe one wit multiple FFs

connecting to e.g. sever@LTs which are used for working/backup different SPs/NPs. It in
turn requires some modifications on monitoring approar Figure 314 (b) presents the
modified supervision scheme propose(11] for a WDM PON with multiple FFs and OL

In the basic case with singFF (see Figure 3-14 (a)), a commeraglical time domain
reflectometer (OTDR)device with external wavelength adaptation modH&VAM) is

installed at the central office (CO) and is shadogda number of optical line terminal LT)

ports. Here, EWAM provides external wavelengtreability of OTDRIn order to monitoring
distribution fibres, separatelyt is also possible to use an internetuneablt OTDR as an
alternative. To perform the measurement an OTDReid sent from O towards OIUs and
Is backscattered drack reflecte to the CO. The wavelengtdapted OTDR signal is inject
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into the FF by means of a filter at CO and rea@hpassive RN (the design of EWArefers

to [8] for more detail)In case o duplication of the OLT and FF (séegure 3-14 (b)) an

optical switch (OS) is required tbe implemented. It is useéd switch both OTDR signa

between multiple FFs. I2 tothe cost issue, all the OLTs located in an« CO can share
one OTDR device by using an OS to mondifferent PONs. Br some certailapproaches
supporting resilience or open access with mul OLTs for one WDM PONat the same CO,
instead of placing an extra OS an inherent onebeansed to sitch OTDR signals betwee

different FFs.By using the scheme proposed[11], the extra deployment cost to moni

multiple FFs could bémited.

3.2.6 Shared hternet Exchang:

A possible issue in large bstrean open-access netw, where there exists a large degre
isolation between SPs, is that all traffic needséotransported to a point where the
exchangesraffic with other SPs (e.g. an Internexchange point (IX) or through dire
peering). This point is normally a single location and potentially far away from #red
customer.

This can lead t@ scenario whe traffic between two customer (with different SPs) we
transported large distances, from the first custommigh the NPs network to the first ¢
through the SPs backbone to the other SPs netwodkfirzally from the second SP throu
the NPs network back to the second customer. Shis comparison to a vertically integrat
operator’s network, where the route of the packetadbe much shorteperhaps over just tt
shortest multi-hop patl{to the closest shared routing/bridging poibetween the two
customers since both are located in the “same” ondt

Clearly this operaccess traffic case represents a-optimal situation, which leads tcdgh

capacity usejonger latency, and overall higher costs. One tewiuto this issue is t
introduce acommon interexchange point between SPs in the MBgork. In these locatior
several SPs could interchange packets, similarote i is done higheup in the network
hierarchy, where it is oftecalled an Internet exchar point.

NP

Local IX

Z
<

Figure 3-15:Local Internet exchange poin
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In an open infrastructure with a low degree of sitgre.g. with parallel agregation/metro
networks this can be handled in a traditional mamvieere the SPs agree to exchange tre
thereafter connects a reasonably dimensioned katwden them, and configures it to all
forwarding of local traffic flows (sefFigure 3-1%. In an open infrastructure with a hi
degree of sharing this has to be handled in ardiftevay since the traffic that belongs to t
different SPs actually is transported in the sammgsieal infrastructure belonging to a sin
NP, and the shared IX iRigure 3-15 could be realized within a network element. If
shared infrastructure is based on current accag®fgation architectures (see chal6.1) this
could be achiewk by introducing simple filtered forwarding whenaffic between loca
addresses are allowed a local shortcut insteaéinfldorwarded on a s-optimal path. If the
open access infrastructure would be based on remdrgtion virtualized open infrastture
architectures (see chapter 6 ten the shared 1X would need a similar functmmleaking of
traffic but between the different virtual slicestb&é NPs infrastructur:

3.3 GENERAL ASPECTS

3.3.1 External interfaces

The interfae between service providers and the network pessics a crucial point on bo
the data plane as well as on the control planeeraeypossibilities exist on the data pla
both at the selection of layers (i.e. on which lakie traffic is terminateand forwarded on i
the NP network), as well as how services are segmavaithin that layer (e.g. VLAN or MPL
tagged).

DATA PLANE INTERFACE

The most straight forward solution on L2 is to USEE 802.1Q tags (also known a-tags)
for separation of seices, as this is supported by virtually all haadev sol [12]. While this
method solves the routing and separation issueas not offer way for the servic
provider to map an IP address to a customer. Ohgi@o to his issue is to enable DHC
option 82 on the access switches at the NP. Thenston will add a field to DHCP requs
which then contains an identifier of the switch @his closest to the e-customer and the
port on which that endser is connecteone variation of this is discussed in sect3.2.4.
The NP can then provide automatically assembledrnmhtion about which customer
connected to which switch port. This provides a Waythe SP to know from which custor
a DHCP request came from, and therefore also knbiwhacustomer is assigned a certair
address. This method also requires the servite tbootstrapped with DHCP, which is 1
case for most services. Only limited amount of @apon between SPs ¢ the NP is
required as they only need to agree upon which VILIBIshould map to which service

The long term evolution of this Ethernet solutionuM be to have a NPs network whict
based orprovider backbone bridg switches (see D3.1), an Etherrstandard capable
encapsulating Ethernet frames and effectively eraatnels in network. In such a network
SP could use arbitrarily values for VLAN ID as wall sending untagged traffic since the
will encapsulate the traffic at the borders idoes not need to understand the ccts. The
NP would then switch the SP traffic to all the ascpors where the SP has an active u:
This solution would also improve the scalabilitytbé NP network as it can use VLADS in
an unrestricted mannes avell as reducing the resources used by Ethezaating procedurt

A similar approach could be to base the interfdf MPLS instead of Ethernet, which cot
integrate better in to the network of the SP. Thisrface can be designed in several \,
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but perhaps the simplestould be to implement the same basic pattern athenVLAN
technique. Instead of VLAN I, the SP tags the traffic with MPLS labels. A moreatted
approach would be to use separate labels per castmmd servic instead of haing an 1D per
service This is possible since the label space is laagekr MPLS labels can be stacked. 1
interface could also be implemented as MPLS ps-wires in theNP network, so the S
could send Ethernet frames into the MPLS tunnalyiging aL2 interface to the custome
This would then address the identification of costes as there would be a -to-one
mapping between MPLS label and a customer, the m@gpetween label and custon
would be provided by the NP if neet. In such scenariahe ONU would need to have sol
support of MPLS The MPLS OAM functions, as well as the upcon MPLS Transport
Profile (MPLSTP) Operation and ManagemelOAM) functions couldbe enabled for the
SP. This could provide the with a method for doing limite fault detection an
troubleshooting, for example LSP Ping, even ingideNPs networ

An interface based on L3 requires potentially moo®peration, depending on how f

services from the SP operate and if IPv4 is usad.most common model toda where the
NP manages all assignments of IPv4 addressesdingluistribution of them via DHCI

This also makes routing easier since the NP cate rie traffic in its network with norm

routing protocols (e.gOpen Shortest Path FirsOSPF]). The NRwill then simply route the

different traffic out to the appropriate SP as nalri® traffic. The SP will then detect wr

type of service its receiving based on the destinaiddress or other properties of the pac

That the NP needs to have full ccol of the address spaces used is critical if sé\&Paare

using private address spades the delivery of the services, since tl can otherwise be
conflicts in the address spaces between SP. Thefysévate address spaces common for
services thaterminate inside the SP network, like for examipl&V. A lon¢-term solution

for this is the use of IPv6, where the address espmso large that all servs can have a
public (globally routable) address. this case the client may be configured wut DHCP

and no prezonfigured address handling is needed in the NFEhitncase the routers betwe

the NP and SP would disseminate the routes neededat SP

All these interfaces would also be improved by & providing information on what spe
caps and QoS requirements exists for the servicesded by the SP. This enables the NI
throttle the customer traffiat the ingress point instead of #ite border between the NP &
SP. This mitigates local denial of service attaitlkst could be pcsible if the traffic is only
throttled when the flow reaches the

CONTROL PLANE INTERFACE

One important possibility on the control plane gsng partial topology information whic
could be used by both sides identify errors. This function shoulde compared to tF
function in chapters 3.2.4nd 3.2.2 where the SP gets full access to the controlepldihe
function described here would be a more evolutippath which would alleviate sor of the
problems mentioned on these chapters. This , for example,be that the NP “leaks
selected SNMP information to the SP, which give #fs support operation a methoc
verify that the NPs network is working as normdiisTis important for sugort reasons as this
will simply the interaction and minimizes the ambuohtrouble shooting between the tw

Depending on the type of data plane this interfack also need to transfer routir
information, for example viBorder Gateway ProtoccBGP)or OSPF. Also if the data pla
offers avirtualization option to the SP then this interfaw®es to handldhe communication
in a secure way between the two netwo
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SERVICE HANDLING

Some additional information is needed between tReaNd SF(for example ID to custome
information as mentioned abc¢ and this kind of information could be transporteid
manual interaction or via digital interface. Thisutd for example be implemented as
Application Interface (APIpffered by the NP to SPs. T would give the SP tt ability to
query the NP about information about a customerh sas the port ID that the custome!
connected to. This could also be used as a waydom the NP about the services offerec
SP, both about the service metadauch as type, description and price of the service)
transport information (such as service separatidormation, for example VLAN ID for
service).

What information that is exchanged via the API vdowepend on how services
provisioned, e.g. ithe NP is responsibiffor provisioninga service for the customer or if t
customer needs go to the SP. For example, if @cwstwould like sign up for service car
sign up for the service directly via a NP contrdligage c does it togo to the secific SP
page to sign up? Both models exist in c-access networks, where NP control
provisioning allows for faster provisioning as it can trigger the natkvochange:
automatically. In this case the NP would provisiba service and then notify thé® about
the action with the appropriate details. This absguires deeper knowledge about the setr
that is offered by the SP, including cost of sesvamd technical information. If the serv
provide is the responsible for the provisioningntliteneeds to trigger the network changes
the NP, which could be performed using the sameasRlescribed abov

3.3.2 Energy efficiency

An open-access networtplies some amount of shar; what is shared and how depends
the specific flavoulfibre OA, bit-streamOA, etc.) and the architecture (WL PON, AON,
etc.). This often lead to a scenario where an -access based network infrastructure ne
less equipment compared @oscenario whe these providers had parallel networks. " is
especially the case in k8trean open-access as used in an Egke scenario (seFigure 3-7
and Figure 6-1)where parallel NP rtwork infrastructures are minimized betw PCP2 to
PCP7.

If addressing the same set of -users, e total volume of traffic is the same in both &
scoped OASE bit stream architecture (to-end sharing passive and active infrastruct
and one that is only open on the fibre level wiile active layes arenot share. A fully
shared infastructure needs to be dimensioned higher sinedl ihandle the full traffic load
while parallel architectures needs lower dimensignwhich depends on the number
network providersHere it is assumed that netrk elements with a higher number corts
and line cards can be built more energy efficiaahtones with a lower port and card cc

The result of this sharing, and the subsequentcteduin number ofnetwork elemen, is
that the overall energy use can ower compared to several, in parall@tically integratec
operators. This saving leads to overall reductitOpEX besides the more obvious reduct
in CapEx There is therefore a clear benefit from this pecsive to maximize the amount
sharing in the network, whilbalanchg the amount of sharing to the extra costs indubrg
the sharing. See WP6 D6.2 for business model adlonk on open access scena
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3.3.3 Servicelevel agreemen

The transmission of SP data in the NPs networkdcbalconfigured in several ways. The
of network protection couldpr exampl, be used depending on the type of service an
network provider's capabilities. For exarr, the service provider could request netw
protection for a service, wlei at the same time not providing network |ection for other
services from the same service provider. This coesuilt in a higher fee from the netwc
provider;this fee could in turn depend on the cost of priogjdhetwork protectior

Protection could therefore be Service Level Agreement (SLAJonfigured aspect of tr
services, and not a generic attribute of the ndkw®his opens up business options to

network provider, who can sell protection sersto other service providersFor the network
provider this could also reduce the cof providing network protection as not all servi
running in the network would need protection, anccase of a failure only the SPs wh

paid for protection would continue to run with their service beingffected. This means th
the NP does not ed to dimension the network to handled full pratectof all services
reducing the dimensioning requiremeincurred by the neefdr protection equipmen

From a customer service perspective it is logibal bnly important services are protect
for example eHealtbr telephone serviceEntertainment services, for example IPlare less
important;a service outage could be acceptable for a lintitee

3.3.4 Physical infrastructure aspec

As we go higher up in the layers to provide opeweas, both tt flexibility and the
complexity of the solution decreasThere is an increasing price associated with
flexibility of open access solutions. In generdbyd OA provides flexibility but the issue
smooth customer migration may be problematic. OAthe WDM layer is difficult;
dimensioning of the AWGs on the WDM layer may hawebe altered to offer and supp
open access, becoming larger and more experNetwork management will have to
executed more careful with multiple optical signals shing the same fibre there is t
potential for one operator to adversely influertoe signals of anoth (this is notnecessarily
true for wavelengtrunbundling described «chapter 5.3.2 whereetwork management is
handled in dully automated way since operating on the eleatrdomain. Bit-stream open
access will likely be simple to implement on anytl# system concepts under study and
therefore provide simple solutions to SPs not corex® with a high degree of cool of
network resources. We will now see each flavousp#En access and how it influences Ca
and OpEx.

If traffic is handed off at layer 1 (e.g. dafibre), the NP/SP that gains access to fibre
would not only have a monopoly on that househbut also on all premises connected
that network, thus preventing competition. The NRay adopt different heterogenec
technologies, and this will prevent smooth customagration.Fibre open access is possil
in a fibrerich scenario, where the Poverprovision the fibravithin the network. In additio
to the overprovision of fibre within the networkaths necessary to offer open access or
fibre level, it is also necessary to provide ogtitigtribution frames that are not only larg
but alsomore complex, allowing cro-connection between the network operators. It res
to be seen by work in WP5, however, exactly howificant this increase in cost proves
be when considering the cost of trenchiThe architetures with low fan out ke WDM PON
will be most probably hit more with lower layer apacces:
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The challenges to provide open access on waveldagéh are umerou. For wavelength
open access, thePimay need to own the open ac element in order to provide access
everyNP. Since, the PIP will own the network elemenceases to beechnoloyy agnostic.
The point of unbundling can also be owned by onthefNP. This scenario is most likely
case of unbundling. If the NP owns the point ofwmdling, it is referred 1 as the master NP.
For pure open access, the scenario with Master idRId be avoided to ensure neutral
The wavelength open access scenario, the PIP owning the point of unbundling, c
further scale the business case if every customerconnecto every NP. This will requir
that all NPs should use the same technology. Homveve will see that such scenarios
very complex and will not be cost effective. MoreavNPs should bguarantee isolation
from each other. Over the power splitter ed infrastructure, thisherefore pos¢ further
challenges. In view of all this, the scenarios withvelength open access will have h
complexity to implement. In wavelength OA, there anany options to choose a point
unbundling. The point of unbuling could be a manual patch panel. The architectures
allow manual open access will have tremendousliz bigerational cost as every time a L
wants to connect to a different service providemrection has to be manually configu
using fibre path panel. Nowadays, there are automatic fibre mbwhich minimize thi
human error in fibre patching. Moreover, the amttiires using an active switch | a WSS
will have higher energy consumptions and operatiaust. Nevertheless, they hi the
potential to support dynamic spectrum sharing betwsswmice providersin addition, there
will likely be costs associated with conring or disconnecting clients, as this will requ
either manual interventiofrom anoperator to re-patch (manual \wéreing) or the use of
expensive optical switches. Some network architest@re, however, better than other:
this respect and there is therefore the potentalbioth optimisation and differentiatic
between the system concepts in this rec

If, on the other hand, thBP hands off traffic to the SP at layer 3 (i.e., IRclgets), the
network will have to manage ¢he problemsf providing open access at layer 3. Provic
open access at layer 3 involves lot of complexs#igsh as address assignmimplementing
routing protocols, managing peering with SPs, ntignato IPv6, and implementing |
multicast protocols. Therefore, layer 2 (Ethermaibfes) connectivity between tNP and the
SP is most suitable as it combines flexibility witkiv complexty. These reduce the barrier
entry for new SPs whicshoulc therefore result in greater competition.
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4. Traffic and service model:

This chapter includes work on traffic studies and siriokes with a focus on the local natt
of the traffic, i.e. how muclof the traffic could go between two peers whao “close” as
measured by topologicdistanc. Another focus is on cache assisted neting, which looks
into aspects adlistribution of caches €. and their potential benefits.

A3.2.2 of the OASE DOWncludes and specifies thatork on “different traffic patterns ar
service characteristics will be studied in ordectmstruct representative traffic and sen
models”. The implications of this work on the open accessl@® are mainly on the -
stream levelbut also on the fibre open access le

Traffic patterns that are highly local or distribdii@ natur are governedy enc-user content
request concurrency requirements, i.e. how oft@l-users are interested in the same cor
in a similar tme window. This can either be implemented by aqmaltconnecting er-user
resources/cachesnd/or network assisted resources/cacThe impact of this ormnetwork
designis basically the ability of the network to conneatite/bridge the resulting flovof two
concurrent or near concurrent requests of a pé&atiaontent as topologically close to |
endusers as possible. This traffic driven requiremhas the possibility to balar
consolidation requiremengnd has a big impact on where to allowrouting/bridging point:
in the access and aggregatimetrc network.

Also in an open access environment these distidbrdating/bridging points need to adh
to, or at least try to relevantly meet, locality requirements of the traffic transport The
impacton an OA infrastructu is then similar to networks in general but on aer-NP level,
I.e. NPs need to allow for traffic exchange to dair level. Theinter-SPtraffic exchange ca
be composed of routed/bridged traffic between Sfsatoverlays(e.g. see chapte3.2.6)
on NP infrastructures, and/or the understanding@Af network wide cache locatiol On
lower levels this would lead to a requirement efgthe physical infrastructure which wot
need to allav for fibre connections between-located NPs and not only in a PCF-/down-
stream direction.

The traffic studie®f this chapter can have a la impact on how to design future access
aggregation/metro networks general as well as open accessivalent infrastructure.

4.1 LOCALITY OF CONTENT | N ACCESS NETWORKS

This section presents a novel study of the localitgontent in access network by analysi:
the content distributed with BitTorrent. In the dyuwe investigated how many contt
downloals could be kept local in the network, if the clibad locality knowledge. This wi
accomplished by collecting BitTorrent tracker imf@tion from two access networks &
analysing the content download per each clientamdent file. It i, howeve, important to
note that the use of BitTorrent as distribution moetis a means to investigate the locality
content, not to study the specifics of the protoddle results showed that between land
25% of content bandwidth could be saved by onlyagidhese techniques. To complem
this study we also piarmed initial work on the effects of a simple ca:
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4.1.1 Introduction

In order to design architectures for future accass$ aggregation networks we first neec
understand how the current network behe This will give us a better base from where
can estimate how the future network will behave therefore identifjnow to build the futur
network to accommodate thebehaviours.

The purpose of this woris to investigate how content in the networideos, music etc.) |
distributed among the users, and to see if tlare locality patterngo the content. Fc
example,how common it is that several customers are intedes the same content duri
the same time period? It is then possible to ete the benefits of mechanisms that uti
these facts. For exampiéseveral customers are interested in the sameoyithen the traffi
that this video representsuld be kept local in the access/aggregation it

Several methods could be extenin order to keep the content more local, for examysing
peer-topeer offloading, caches or Content Distributicetworks (CDNs). With pe-to-peer
offloading the content is distributed fully or dsrtoy software running in a distribute
fashion, mostommonly on client devices. These solutions coddriodified to be aware
where the other peers are located and ther allow clients toprefer peers that are close
themselves Caches could be deployed in the network wheracdsvmay store data d
where other devices may fetch the content fromviartransparent caching proxies. Us
CDNs the content that is most popular can be placedDN nodes that exist in the loc
access/aggregation network.

These solutions have benefits for all parin the content distribution chain, from the cont
provider, through the network operator and finatlythe end customer. The content provi
reduces its bandwidth costs as less traffic florgsnfits own servers. The network operat
will have reducegeering costs as less traffic is sent to other odtwperators. Furthermo
if the network operator will allow for more locatitiging of traffic flows it will offload its
core network, which leads to reduction the cost of theentral parts of netvrks. Finally
the end customer may experience better QoS irotine ¢f lower delay and higher throughj
as the content is fetched from a location in tlealmetwork

In this work we seek to answer some of these questnd quantify the potential bfits by
analyzing the content distributed via BitTorrenteTreason for choosing Bit Torrent is the
is a very commonly used P2P file sharing protoaal] that its share of the total traffic
high speed access networks is very [{20]. There also exist several proposals for exten
the protocol for locality awarene

4.1.2 Related Work

A similar study was performed i[18] where a university network, with relative I
BitTorrent usage, was mdored for a short time span. This study found tth4%-18.2% of
the content files could be downloaded locally. Gtudy preseis anupdated view, witta
longer monitoringperiod in modern access networks with a differemthodology. Inte
Internet Service ProvidetSF) traffic analysis has been presented in for exat[24], where
the focus in on traffic flows between ISPs andthetactual conter

It is shown in [21]that up to 88% of thtraffic for a Peer-2-Peer (P2Rideo distribution cal
be held locally within an ISP if the P2P applicatioses a locali—aware peer selectic
scheme. To avoid unnecessary transit of P2P traffiong multiple ISPs, different local
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aware content fetaéhg solutions have been proposed, with or with@disdaance from ISF
[15][25][22][14][16][28].

Caching for peer-to-peapplications has been studied, where the cachefa®bions as
peer in the network [19]Further, various measurement studies on P2P capipins havt
shown that there are large bwidth gains for ISPs if caches can be implementedhe
networks, see for examp&9][18][27][23].

4.1.3 Post processing and identification locality

The first step when investigating the locality a@ntent is to select a distribution methoc
measure. As discussed in the Introduction, theerardistribution method that represen
the highest amount of traffic in the access netwankailble was BitTorrent, with about 70
of traffic volume on botmetworks[20].

BitTorrent is therefore an appropriate distributimethod to study, both because the ¢
amount of bandwidth that could be saved and thgelamont of content that could
identified from it. BitTorrent is also easy to syuds the content can be identified using
info-hash described in the next sect

It is however important to note that the use offBitent as distribution method isway to
investigate the locality of content, not to stutlg specifics of the protocol. Other meth:
could have been selected pba$ described above, BitTorrent is both easy toysaund has :
large user base. It is likely that the same germmalent anwsage patterns hold true for otl
types of content distribution, because of the langwunts of BitTorrent users and the var
of content that it distributed with

BITTORRENTINFO-HASH

CONTENT DATA CHUNKS HASHES OF INFO HASH

o CHUNKS
— e o e P 01010101010101
R i BBe:

— i e e 0101010

I I T
Figure 4-1: The info-hash is build based on hashes of chucks of the recontent; this means that the sam:

content will always have the same in-hash.

Each file distributed with the BitTorrent protocd described in a “torrent” file whic
contains information about the content and inforomato bootstrap the download of t
content. The content information include list of files and a list ohashes these hashes were
in turn calculated from chunks of the original anit By hashing all the file chunk hashe
unique hash of the content is obtained, known asirift-hash as seen iFigure 4-1. This
means that the infbash uniquely identifies the content, and it igef@e possible to kno
that two clients with the same i-hash are downloading the same exact cot

BITTORRENTTRACKER

Traditionally each client in the BitTorrent sym would contact the BitTorrent Tracker
receive new peers that participate in the distrioubf a BitTorrent file. This is still partly th
case today, but only as one of several possibleceswof peers, for example modern clie
also exchange peedirectly between each oth However, most clients still contacts
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Tracker, which means that this traffic can be itepted by a packet analyzer. In the -
studied access networks a packet analyzer wasnprasehe border between the acc
network ad the rest of the Internet, which means that tl@gice can pick up all traffi
between a peer and the Trac

A BitTorrent client will send information to theaitker via HTTP GET messages, contair
a set of parameters encoded in the request [17]. The most important of these parame
for this work is the “info_hash” parameter whiclesfies the info hash, which as explair
in section 3.1 identifies the content that the ntliées downloading. Other interestil
paraneters for our usage is “left”, "downloaded” andploaded”, which respective
specifies amount left to download, amount downldaaled amount uploade

Important to note is that encrypted HTTP traffic kea the analysis described ab
impossible, butdrtunately this seems to be quite uncommon amotigpBent trackersl. Th
results of this study should not be greatly affédvy this, even if some traffic is left o
because of encryption. This lost traffic will resohly in a smaller amount of Bitrrent
users, the locality results will still remain thense for the traffic capture

DATA COLLECTION

OPEN ACCESS NETWORK INTERNET

v

y CLIENT v
CLIENT J

CLIENT CLIENT)
» (CLIENT = PACKET ¢ TRACKER

ANALYZER
CLIENT CLIENT)f f
v (cLent -
CLIENT)
|

v

Figure 4-2 We placed a packet analyzer between the accesswerk and the Internet, and could thereby
capture all communication between the clients anche torrent trackers.

The first step is to collect the information transmittednf the BitTorrent client and tt
Tracker. This is done by using a packet analyzeegdpacket inspection bas- DPI)
between the access network and the Internet, abeaeen itFigure 42, which means that
external traffic can be collected. The packet arelywas configured to store all pack
matching BitTorrent tracker traffic in Packet Capture (PCAPRacket dump file:

These files where then downloaded and conveo XML based information using the pacl
analyzer Wireshark [26]Using this XML information, the following paranegs were
extracted:

* Timestamp, when the request to the tracker was

* Source IP address of the client, hasand salted to reduce identifiability of the t

* The info hash that the request was

e The amount downloaded, uploaded and left to dovad

* The Trackers host nat
The extracted information was inserteca Structured Query Language@L) database, and
used in the next step as described be Using the captured information an approximatiol
the size of the BitTorrent files was calculated, basedthe maximum value of the “lef
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parameter reported by the BitTorrent clients. Tines a good estimaticof file size, since a
starting client will report the full size of conte@s it has not yet started the actual down

4.1.4 Measurement of localit

The goal of measuring the amount of locality in ¢therent access networks was implemel
by collecting thenformation transmitted from the BitTorrent cligotthe BitTorrent Tracke
The date and time stamp when each BitTorrent chdmre active with a given content
estimated using this collected data, which is refeto as a session in tlwork. The session
information can then be used to estimate (througbrecurrency analysis) which downloe
could be made internally in the network and whichstrhave been downloaded externe
The same session information was also used to ate@d simple cacng scenario. The
analysis of this will be described more in detaithe following su-chapters

SESSION CALCULATION
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Figure 4-3 Recommended and minimal tracker update interval lased on
responses from 8@nique trackers

[=]
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To calculate detailed usectivity, either downloading or uploading with a specificqaeof
content, one needs to calculate the a session of the user+content combination. -
includes at least the time when the client stagaied stopped, and a content identifier. L
sessions were created from the extracted dataifottowing manner

1. Extract all data points for client A d info hash X, sorted by ascending tir
2. Start a session from first new data p
(a)Analyze next data poit
(b)Is the next data point within a time peria from the last data point
(c)If so assume that the session continues, go

(d)If not add a time periof3 to the session and insert the session in to thebdat
and go to 2.
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This calculation requires twtuneable parametessandp, whereo represents thamaximum
time period betweea data point in a session and the next data puoattcan be considered
be part of the same session. ,f is an estimated time period to add to a finishes$isa tc
compensate for possible lost data pointhe end of the session.

These two values depenflithe “interval” parameter reported from the tracivhich specifie:
the recommended interval between tracker updatesad@l survey of the different values w
therefore preformed, and the result is sh in Figure 4-3 It can from the figure be observ
that the most popular choices for update interval3® minutes and 100 minutes. o value
should also be at least twice the interval valuevercome at least one lost tracker updat
when the client select anterval which is higher than the recommended vdlost trackel
updates where observed, either because of packetsaptured by the packet analyzer
because of problems in the BitTorrent clients. &efi value oa =2handp =2.5h was
selected basedhahe intervals reported by the trackers. It waalkb be possible dynamica
calculate appropriate valuégr each torrent based on the tracker interval oese for the
specific torrent and could be performed in futurerky Adding 2.5 hours on shoressions
might affect the results slightly, but most shagssiols will be downloads of small file
which have limited affect of the overall bandwidjain. Furthermore, the initial analysis
the results indicates that large files are ones most likgl to be downloaded concurren

CONCURRENCY CALCULATON

" Internet

Clients for torrent X

TIME

_ Local Download =~ ====eeee External Download
Figure 4-4: Example of calculation of concurrent downloads, dr client

A-D for a torrent X.

Given the calculated session informatwe are now able to evaluatgich downloads mus
be fetched from outside of the access network assgul to downloads that could have b
kept local if the BitTorrent clientsnew about each other. In order to quantify thisgrg
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session associated with a BitTorrent download wedyaed to determine which clients we
active and if they previously had downloaded the

Consider Figure 4-4, in thisxample four clients (-D) are active with the BitTorrent file >
The first active client is A, who has to downlo&e ttontent externally as no other clients

active inside the access network. Sometime latentcB starts to download the file, btan

now instead download this content from client Acsirclient A is both active and s

previously downloaded the file. W, later, client C starts it must download the cont
externally as no other local client is active. Ae ttime when the last cnt D starts it can
download the content from A as it became activeragtier a time of inactivit

This procedure was usedcalculate the amount of local and remote downlo&tls. numbe
of downloadsvas also translated to bandwidth, using the apmated sizes cthe content as
described previously.

| DEAL CACHE

To increase the efficiency of the content distributrocal cache may be placed in
network. This cache would automatically store cohtéransmitted in the BitTorrel
distribution systm. A very simple variation of this cache was therefsimulated; a cact
which stores all content that has been downloatézhat twice. Even if this cache represe
an unrealistic best scenario it gives an idea oatwshthe best possible result 1 a cache
could achieve. Later studies could give insightdav close a more realistic cache could ge
this best case scenario.

This ideal cache was simulated using the same methaescribed in the section above, \
a few modifications. The numk of downloads per torrent file was counted and wter
caching limit was hit (two hits used in thwork) the torrent was marked as being in
cache. The simulation preferred to download froineptclients, and downloads from t
cache was only preforrdevhen no other active clients where avail.

4.1.5 Results
Table 2: Attributes of the two access network measure
Subscribers Access BitTorrent Concurrent Cache Total
technology Percentage Ratio Ratio Downloads
Small

Access ~1500 FTTH, DSL ~70% 18% 43% | 493 Thits
Network

Medium

Access ~1500 FTTH ~70% 23.5% 46% 1337 Thits
Network

The analysis was performed in two different o-access networks, both located in Swe
The same procedure was used in both networks,tihe exception that port numbers wh
used to identify customers onenetwork as compared to hashed IP addresses. Taied
results are presented irigure 4-5 and Figure 4-6where the statistics fceach day is
displayed. Presented is the number of dowrs that could be pfarmed internally in the
network (intra), andhe numbe of downloads that requad an external download (in). Also
presented are number of downloads that could bdl&éa@rocdly with the assistance of
cache (cache+intra), and the ratio between intrenttlads and the total amount
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downloads. The figures also present the numbesefsufor each day as well as markers
the last day of the weekend.

SMALL ACCESSNETWORK

2011-04-24 2011-05-06 2011-05-17 2011-05-29 2011-06-09
1000 L L L 1 L L L 1 1 1 1 L L 1 L L L I 1 L L L I 1 L L L 1 000
1 — Number of active users F
g "] Inter-domain downloads |}
Intra-domain downloads L
Cache + Intra L 800
Ratio Intra/downloads %o
Lastday of weekend

800

600

Amount

400 400

A LRR:.
\\v‘ \\‘ LA . N.\‘ ‘

2011-04-24 2011-05-06 2011-05-17 2011-05-29 2011-06-09
Time (grouped by day)
Figure 4-5: Results of the locality study in the smaller acceswetwork.

The results seen in Figu#eb, are from a smalbpen access network with around 1!
subscribers. This open access network has a higtverage connectivity per end subscril
majority connected via fibreéOn average 18% of the content downlocould be handled b
the local peers €oncurrent downloads”), with 19% in terms of bardhvi With the simpl
cache the average percentage that could be kepti@s 43% in terms of content downloi
and 46% in terms of bandwic. During the period the total amount of downloadedemal
equals 493 Thits, where 94 Thits were concurrently dioaded, and 230 Thits were ke
locally when assisted by the simple ca
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MEDIUM ACCESSNETWORK
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Figure 4-6. Results of the locality study in the mediur access network.

In Figure 4-6the results from the second r-sized access network goeesented. This ope
access network serves around 5000 subsct largely with FTTH connectivity. In this
network we found an oaverage concurrent download ratio of 23.5% andeims$ of
bandwidth 25%. For the simple cache we got 46% %i¥b, for download and bandwid
respectively.During the period the total amounf downloaded material equals 1337 Th
where 339 Thits were concurrently downloaded, aB@ ®bits were kept locally whe
assisted by the simple cache.

4.1.6 Conclusions and analys

The medium sized network showed a higher percerdagetential local dowioads (intra-
domain) compare to the smaller network. This iseexgd, as the number of user will imprc
the likelihood that several users are interestedhen same content during the same t
period. However it is not possible to say to whdeaet this will change for smaller and larg
networks. It is likely that the relationship betwemetwork size and locality potential is t
linear and that there exists a point in the rangeetwork sizes which is the most effect
The percentage of saved ddoads is lower compared to the amount of saved Wit in
both networks, which is probably an effect of lardgiées being seeded for longer tim
compared to smaller files. This results in a largeance for these files to be used by o
peers in the network.

It can also be observed in both networks that tihmeber of active uss, and therefore conte
downloads, clearly rises ohetlast day of the weekendhis probably reflcts the common
content consumption patterasd could probably be exploited with praehing

The resultgound in this research show t alarge percentage of the BitTorrent traffic car
kept local simplyby modifying thebehaviourof the BitTorrent client software. Improveme|
to these results could lmbtaine if the uers were to keep their BitTorrent clients active
longer times but only for popular content. Even hieig savings could bwrealised by
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introducing active caches, even if feasible quantityin a realistic scenario needs to
determined in a future study.

FUTURE WORK

The analysis in this work used a fixed timeout constahen calculating session lenc.
While this probably provides a good estima, future work could calculate the size of t
timeout variable based on the informationt by the tacker. This may improve the accur
of the session calculatiomsd therefore slightly affect the final localitystdts

The types of content were nokeninto consideration when performing the simulas, and
future work could focus on different lds of content. It would be possible to roughlyrastie
the type of content based on the size of the &ke$or example movies and -shows differ
in size. This could provide interesting resultsfesuseibehaviour ofviewersof TV-shows is
probably different fromfor exampli, movies.

The cache in this workvas an unrealistic ideal cache and a moreistic cache could be
implemented which would give a more accurate viéwhe caching possibilities. The size
the network could be changed to inigate on which aggregation level the locality et
are the most effective, and on which level the Benef network size flattens o

Concurrent study of several networks could givegims into similarities and differences
content demand behaviquor example will the same content be popularathinetwork olis
content popularity local? A similar analysis of ethdistribution systes could provide
insight if there is araspect of the locality of content that differs frdine behaviour found in
this study.

4.2 PEER-2-PEER SIMULATIONS

In this section we analgzvia simulatio the possibility of offloadingtraffic from the
aggregation part of the network by localizing traffic using peer-Zee applications. The
traffic measurements presente( the previous section (i.e. Section 4.1) s that there is
common interestni some certaircontent among the users subscriiedhe same access
network, which carbe engineered lead to a potential bandwidth saving on aggrege
links via P2P file shing, especially for video files that are generdllyge in the volume.
should be noted the P2P application itself doescad about the geographi or topological
location of the peers and hence the data mightdvenibaded from the nodes far froihe
requesting node whetée same content is available just in the vicinityorder to offloac
traffic from theaggregation network as much as possible, we canaideodified version ¢
the bit torrent algorithm which takes into accotlmg distance cthe peers from the requesti
node while selecting the list of IP addresses taded as see(29]. Our simulation resuli
have confirmed thaa significant reductiorin the bandwidth usage tfie aggregation/core
network carbe achieved for both passive and active NGOA nétwochitectureoptions.

4.2.1 Networkarchitecturesand locality awareness scheme

Figure 4-7shows the general view the physical topology of a hierarchical netw
including the metro and access nodes. This figsingesed to describe the locality awarer
peer selection algorithm used in the simulatiorssy8u can see a ring of routers is conne
to layer2/layer3(L2/L3) switches, except one that is connecte the tracker. At the ne;
level, one L2/L3 switch is connected to severaleascswitches, each of which cov
multiple end users.
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Figure 4-7: General topology of network[30].

The network demonstrated Figure 4-7, is divided to four zones llye distance from
requesting node. Peers are in region zero when #neyconnected to the same acc
switches. If they are wler same L2/L3 switch but in different access svag; they are i
Region 1. Peers belonging to the same router hutheosame L2/L3 switch have a distal
of 2 (region 2). The longest distance is with pemysnected to a different router than
initiator node, with a distance of 3. Oconsidered bit torrent algorithm chooses the p
with distance as short as possil[30]. To take the topology shown iFigure 4-7 as an
examplepeers between the users under the same acceds aweitfirst selecte

We employed the same algorithm as presented alpotveoi different network architecture
namely PON and AON, to compare their ability toeoftraffic locality.

Figure 4-8shows our considered PON architecture, where fo@-PONs areutilised. It
could also be imagineais a hybrid WDN PON with four 10G TDM PONs. The downstre.
traffic in one TDM PON is broadcasted to all cortedcONUSs, and the upstreass shared
among users via TDMA technique. Starting f theright hand side we have the POP wt
can be considered as the routeFigure 4-7connected to three central access nodes thr
the aggregation linksfach CANcontain four XG-PONseach of which is connected tc
1:32 power splitter in the cabinet. Router, L2/Matsh and access switch in tlFigure 4-7
are replaced by POP, CAN and power splitter in @inchiecture. As th@ower splitter in thi
architecture is a passive component, peers in meggoo do not help to offload the traffic
feeder fibre link.
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Figure 4-8 PON based architecture.

Figure 4-9depicts the topology used to implement an actiiecabnetworkin an active star
configuration This is very similaito the topology presented in Figure/ Awhere each CAN
accommodates an tace OLT. There are also Ethernet switches locatedhe cabine
translated as the access switcheFigure 4-7.

Ethernet
ONU Switch Core_PoP

1 Gh v
33 10 Gbyps ﬁ aggregation
i3
Feeder fiber . = Rl

ONU Cabinet / CAN

Figure 4-9: Active star based architecture

Router

The number of nodassed in our simulations each level is summarized in tTable 3. We
set the same number of ONUs served by each CANdibr PON and AORNN order to have a
fair comparison.

Table 3: Distribution of nodes in the network

CAN Cabinet ONU
POP [ per Per Per
POF Total oLT Total RN Total
PON 2 3 2*3=6 4 6*4 =24 32 | 24*32= 76¢
AON 2 3 2*3=6 4 6*4=24 32 24*32=76¢

The main difference betwedhe architectures is the type of device loci in the cabinet. In
the PON based architecture the cabinet is passiveaks kswitching capability, so regior
and 1 can be merged as a single region in theitp@tareness scheme mentiorabove.
However, in theAON based architecture, the traffian be switchedl the cabinet level,
meaning that peers beldng to two nodes connected to same cabinet do not teatravel
back to the CAN.

4.2.2 Simulations tool and set L

Network Simulator 2 (NS2was utilized to run thesimulations. NS2 is one of the st
popular simulators as it is an open source tool @mstantly updated by its large user k
[31].
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One Video on Bmand (VoD) servewasconnected to each router to be used as the losh
or video server anthis was poulated withall the content which might kof interest to the
users. Each user hasSetup tox (STB) with sufficientstorage capacity to store seve
movies and act like seeds if needed. Each endthaers scheduled to watch a movie o
used as a sl is called a peer. The peers will share the obrde soon as they si the
download and have some slices availa

There is also a tracker for the P2P applicatiore fracker is responsible for peering betw
the nodes in the network. It has st of all the peers with their IP addresses. Thad&esse
of the nodes are ordered in such a way that tle&dracan distinguish the physical locatior
each node to keep the traffic as local as pos¢t alsohas other necessary information ut
the end users such as their Table ontent (ToC) andhe number of downloads and uplo:
of each node. During the simulation, the trackedaips the peers ToC periodically
sending ToC requests to each p

When it is time for a peer to start whing a movie, it sends a request to the trackethe:
pre-establishedransmission Control ProtoccTCP) connection. The tracker processes
request and acts upon it bgarcling for peers who have enough of the requested corttex
tracker checksdth the locality of the peers and their content &rries to choose the near:
peersthat have sufficient upstream capa according to theiphysical distance. To keep t
traffic as local as possible, the tracker firstdrto find peers in regi zero as the requester.
it cannot find enough nodes in this stage, it &8 ©ne level higher in the nodes hierarch
continues this process to find the maximum numlbeseed for the peer (which is equal t
in our case).

We ran two series of miulations for each architecture. In the first seenall the node:

download their content directly from the video sgrand P2 functionality is deactivated in
the network (this iseferred to athe VOD scenarip This will be used as the benchmark

be able to define the amount of bandw that can be saved wheonsideing the possible
gains from exploitinglocality of traffic. In the second set of simulatg, the bit torrent
algorithm (referred to as P2B enabledfor the downloading the samentent as in the first
set of simulations. In order to keep simulationetito a reasonable scale, each STB

download and watch a movie with the duration 06 % tminutes, and the simulation reco

the bandwidth usage for the first 3 minu

4.2.3 Bandwidth usage on the link

In this section, we compare the upstream and doearst bandwidth usage of both scena
for a selection ofinks in the network. In all the graphs, the blusves represent trVOD

scenario and green curves show the traffic when is used.Figure 4-10 (a) and (b),
demonstrate the links between the router and ornies agbnnected CANs, which is called 1
aggregation link. The results show that trafficdad the network in the absenof P2P in the
VOD saenario is considerably higher than the scenarich V2P applications in bo
architectures.
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Figure 4-10 Bandwidth usage on the aggregation link for (¢ XGPON and (b) Active star.

Figure 4-11depicts the bandwidth usage on the link betweenCiAbl and the cabinet fc
both PON and AON. Agigure4-10 (a) shows, the amount of traffic is similar in camxfe
10GPON, as thepassive splitter in the cabineannot offload traffic in the feedefibre.
However in thecase of active star, the link useremainsmuch lower usin(P2P compare to
the pure VOD case (Séégure4-11(b)). The reason is that in case of AON some paokat
directly be routed to other user at the switch in thieicet
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Figure 4-11 Downstream bandwidth usage on the feedefibre link for (a) XGPON and (b) Active star.

On the other hand, in th@2F scenario, upstam capacity needs to be used to decreas
amount of traffic on the downstream directiFigure 4-12 showthe traffic from the cabine
toward the CAN. It can be seen that P2P scenario uses muatore bandwidth in this
direction compared to théOD case. The upstream traffic increases more in XGR{DM, t(

the lack ofswitching function in its passive cabinet compar anAON based architectul
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Figure 4-12: Upstream bamlwidth usage on the feedefibre for (a) XGPON and (b) Active star.

Our simulation results confirm a huge potentialisgwon bandwidth in the aggregation lir
between the CANs and routers by pushing the trafiice towards end users via localiz
the traffic inside the same service area. Althoughawdd be noted that some traffic will

shifted to the upstream direction instead, whicmas a problem due to the fact that t
upstream resource is available and lowly utilizethie access netwo..

4.2.4 Peering statistics

Looking at the end user distribution in the accessvork, we estimate the probability

peering with a node in another region, if all no@ee considered equal. The calculat

shows that the peering probability increases whtindistance, as can be seenTable 4. It
means that without having a specific method foalibg awareness, traffic the aggregation
network will be directly affecid by the one in access segment.

Table 4 Peering statistics without locality-aware scheme.
Region 0 Region 1 Region 2 Region 3 Total
Calculations 31/768 (3*32)/768 | (2*4*32)/768 | (3*4*32)/76¢ 1
Percentage 4% 12.5% 33.5% 50% 100%

Table 5represents the peering sstics from the simulations for the second scendrican be
observed that there is a huge difference causdtiebjocality-aware algorithm. There is t
rising trend by increasing the distance. In bottNRPEDd AON architectures more than 90%
the P2P riaffic stay within the same service area covered single CAN. The results al
show that no P2P traffic passthe POP and hence is localized.

Table 5. Peering statistics per region for each architectre

Region 0 Region 1 Region 2 Region 3 Total
10GPON 97% 3% 0 100%
Active star 69.6% 25.5% 4.9% 0 100%

4.3 CACHING OF TV SERVICES

The previous sections have demonstrated the behafithay be expected by enabling clie
to connect to local sources of content, avoiding ¢bstsof bandwidth associated with t
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aggregation and peering networks and potentiallgyiteg upgrades within the operators o
network. Within this section we will show how loaaching of catc-up TV services may k
employed to further reduce cos

The survey undertaken in WP6 and reported in D6.Z attempted to identify services tf
may benefit from delivery over NGOA, and that maye bandwdth increases toward tl
500MbpsOASE target. One of the identified services iswaly of video conten

Online streaming video services are already extiepwpular. In the United States, the T\
Movie streaming service Netflix already accounts38% of downstream traffic during pe
hours. Including other streaming services, thismber increases tc0% [32]. This number is
likely to increase, with users drawn to the-demand style of content (as opposed to
traditional “channel” delivery mechanisms throughble or satellite) Figure 4-13 below
shows the results of an Ofcom survey to chart thgital day”’—the use of services at varic
times for the population at large. P-time TV represents a large portion of daily acyiy
with almost one third of respondents saying thegaged in tfs activity. NGOA provide:
sufficient bandwidth to deliver this content andstbould therefore prove be a significi
source of bandwidth demand in the netw:

100% ® Sleeping
Washing/dressi

Text comms (e.g. emails, texting, social networking A P L] Travellirg@ "
Cooking and eating

" Working/studying
Childcare

¥ Housework

20% N
80%
T0%
B0% ¥ Shopping

Free Time
"TV onTV set
" TV on other device

Other video
" Radio on radio set

50%

40%

30%
Radio on other device
Other audio

B Print media

Voice comms

20%

10%

Proportion of all media and lifestyle activities (%)

0% 7 Text comms

R G@\\@@@ S S S S S S S S S S Games

Other intemet media
Time of day Other non-<internet media

Source: Ofcom research, base = all respondent days: 7966
Figure 4-13: The Digital Day

Optimising his stream is consequently likely to be of high artance to NGOA operato
looking to ensure QoS and reduce the costs of tlework. However, with the increase
popularity of ondemand services and u-generated content (such as video streamiles
like Youtube) it is in no way certain that popularogrammes will be provided throu
traditional “channels”, which provide a convenidithitation on the variety of contel
available. Is it possible to predict h-demand video content that may behed, independent
of its origin? In order to evaluate how this mayaohieved, we will be analysing traffic d:
from a UK catchdap TV service provided by the BBC called the iPK". In this section, w

! This data was collected via a BBC internal dataeivause (BBC iStats). The methcogy adheres to industr
standard guidelines as defined by JICWEBs and AB{b, the exception that the BBC data is based 86%
sample of users and not 100%. The BBC are workimgtds 100% sample over the coming mol
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analyse 22 months of data from September 2010 and including September 2012. D
for October, November and December 2011 is unaddailas it was not reporte

The data comprises the total requests per montiwelsas the top 10 streamed programi
that month and their viewership. The growth equests per month, in millions of reque
over time can be seen figure 4-14 below. Overlaid is a linear model fitted using
Ordinary Least Squares estimator. The shaded chgives the 95% confidence interval
the estination. It is clear from the graph that the trafcgrowing steadily, with the curre
traffic of around 110M requests/month being almopte the initial value reported in Janu
20009. It is also interesting to note that the growat traffic is higlly linear, in contrast to th
exponential growth reported in other areas of tledéwark. The fitted linear model
significant at the 0.001 confidence level, and ss¢g that the traffic grows by 2.2 milli
requests per month. At this rate we might «t to see around 350M requests per moni
2020, rising to 550M in 203(

It is clear therefore that there is already a digant amount of traffic on this (and othe
streaming and catahp TV services, and growth is continuing apace. el@v, it maybe
possible to mitigate the effects of the increadnadfic demand by utilising optimal-placed
caches at points in the network. Furthermore, bwéce of network technology will affect tl
places at which a cache may be deployed, and halefore povide a differentiating factc
between network technologie

4.3.1 Cache benefits

The iPlayer service allows access to content thatdiready been broadcast on one of
BBC's terrestrial television channels. The senig@ot utilised for delivery of livicontent.
This means that there is the possibility to-distribute popular television (and radio) shc
and movies to content caches before they are basaddowever, there is limited space in
caches and it is important to efficiently use thepae in order to reduce the bandwic
demand to the greatest extent. Ideally, this wdnddachievable without significant opera
intervention or knowledge of the series on offer,order to simplify maintenance. In tt
section, we will show how such sices may be identified automatically.
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Figure 4-14 The growth of iPlayer traffic, shown by requestgper month

The data available comprises the viewing figurastiie top 20 shows each month for
months This data was imported and parsed in the Rsstal package. Shows whii
occurred only once in the dataset were removedsd inere mostly films, with a selection
sporting events. While these pose problems for denmaediction (as there is limd prior
information on which to base a decision), theyfegguently know of ahead of time. Sporti
events and competitions, for example, are easdgtitied ahead of time

In order for a caching algorithm to be able to tifgrcontent to distribut to caches, it must
be able to accurately predict the demand for carttased on past experience (ideally v
shows that are significant sources of traffic)tHis is random, then the algorithm will
unable to accurately identify popular shows. s interesting, therefore, to examine to w
extent the popularity of shows is invariant. Thiapd inFigure 4-15below provides a bc-
andwhiskers plot showing the distribution of view-perepisode of the shows in the dat.

It is pleasing to note that the distribution ofwieg numbers for each show is quite tight

most shows Russell Howard’'s Good News, for examipleuite invarian any particular
episode has similar viewing numbers to any othbrs allows for imple estimation of futur
demandEastEnders, a popular British soap opera, demdestaalooser distribution with tw
suspected outliers noted. These are likely spepiagbdes which resolve plotlines, or seas
episodes which typically draw higheiewing numbers. This looser distribution make
moredifficult to predict. Come Fly with Me shows a vdppse distribution.

In general, however, despite variation between shaidl the results could be utilized
predict future demand (in terms number of viewers). However, we hathus far not
identified shows which are sources of significaaffic — shows are of little use if they a
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predictable but cause little network load. Theltatewing numbers, by show, can be see
Figure 4-16 belowThese reflect national demand as they are a re$wtnational surve
with no particular geographic focus. It may therefoe reasonable to expect some m
differences at a local level, caused by differennesocic-ecoromic status, but our data dc
not provide any insight into this. It may be areneisting area of future stuc

Popularity of various shows
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Figure 4-15: The popularity distribution of various shows.

The results here are quite sing. EastEnders, previously identified as reldyivwell-
behaved, is also a source of significant traffictherefore represents a show which car
accurately predicted, and that will reduce netwtdtfic signficantly. In January 201(
EastEnders aounted for 40.4% of the peak time viewing audéenc Caching thi:
programme, then, is likely to be both simple toashal achieve high benefit, almost halv
the bandwidth demand from IPTV services for thaetisegmen:
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Popularity of various shows

6e+07 -

4e+07 -

Viewers

ol Ll |
0e+00 - -- - . ---_--—. _-- .-———

Jo0l8ys —
Z1L0¢ uopuoT —
Oy Joj00Q
Jeagy doj —
MN 82I0A 8y L
oonuaiddy ay| —
uoneanpg peg
ueyy uszijg -
palaquinuinQ —
alIsNH
pEOY OOla)eAN
XNnoisy| SN0 —
pooOMYDI0 |
slapugiseq —
syoodg —
uleN —

SN UM Al4 swod

sjualed snoioidsng pue xas ‘ung

SM8N Po05) s,pJeMOH |[@ssny
9SIBAIUN BY} JO SISPUOAN —

suinjey Joxeoag Aoel|
shog s,umolg SIN —

393\ 81 Y20

SMBN P009) S,pIBMOH||9SSNY
MOUSpeOY Apawios alAJuIDBI [8BYDIN

Series

Figure 4-16 Total viewing figures.

In general, presaching of content currently available through 3haajor channels in the U
would provide significant advantages. The audieotc®B1, BBC2, ITV, Channel 4 ar
Channel 5 when takerdether between 19:00 and 19:30 " May 2010 accounted fc
71.6% of the entire viewing audience. This woulduiein a commensurate decrease in
bandwidth demand at this time for a service whias lalready been identified as -
bandwidth, high-qality requirement, and watched by approximatellgiadtof the populous ¢
this peak time.

4.3.2 Cache Locations + Technologi

The locations available to install caches depenthemetwork architecture, and can be ¢
in the diagram in Figured-17. The active star AON case, utilising powered cets
containing active Ethernet switches, gives the ipdigg of providing caches at the extrer
edge of the network. Due to their placement, sadhes would cover only a small numbe
households (a few hundred at most) but this magftset by the potential to utilise low-
performance hardware in these locations due ttotlker bandwidth deman:

PON variants will depend on the degree of node aatation being considered. For
“traditional” scenario utilizing existing local ofes, this may provide a balance betw
cache coveragand the performance of the necessary hardwaretfemndfore system cos
The highlyeonsolidated scenario implies caches serving a latgnber ¢ customers, but at
the cost of extremely high bandwidth deme
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Figure 4-17 Cache location as a differentiating factor betwee variants.

The active star scenario may have additional benedis differnt shows are frequent
targeted at different demographics which are adfiédby geographical area, allowing
optimization of content that is of local intere

4.3.3 Conclusion

Streaming video services are likely to be the lsrgeurce of traffic in NGOAetworks. The
high bandwidth available to e-users is likely to increase the appeal o-demand services
to endusers, and we would therefore expect to see someation away from the tradition
“channel” model of content delivery. However, tldses nt mean that content will k
unpredictable. Soap operas will still become awdlaat certain times. Movies will [
released on given dates. Therefore, the potewtiaptimise access to these resources at-
times is valuable, especially if it can ldone automatically away from the traditiol
“channel” modelWithin this section we have shown that TV showseheonsistent viewin
figures, and this lends itself well to predictiasfsfuture demand and automatic optimisat
through caching close todtuser, bypassing the aggregation and peering netvThis is an
important result as it opens the door to automasedhing minimising the need for opera
involvement and maximising cost savings and uspee&nce
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5. Open access architectural configlations

This chapter will begin witla sub-chapter covering the implicat®impose on the physical
infrastructure by the different higher layer arebtures.The subsequent s-chapters then
follow the same structure as previous deliveraljgeeg. D3.1 nd D.32), i.e. focusing o
WDM PON, hybrid PON, two sta WDM PON and NG AON, bumodified with the
purpose of adding ampen access dimensicin doing sowe keep the familiarity of previot
work while allowing for a higher focus on the firérastrucure.

5.1 FIBRE OPEN ACCESS

5.1.1 Introduction

In principle, physial infrastructure providercan technically provide access to single
multiple optical fibre at differeniphysical connection point$n this chapter a distinction
made between fibrepen acces with mono-fibre or multfibre link approac as shown in the
diagram below.

[ Fibre Open Access ]

/\

[ mono-fibre-link approach } [ multi-fibre-link approach ]

PCP5

PCP4 PCP3
(LEX)

(streetcabinet) (basement)

Fibre open access with moifiibre approach is required in fibeploymentswhere there is
only one dedicated fibrbetween PCP2 and a PCP enabling access tfibre. The mono
fibre definition is made within the OASE context ialin has a WP2 requirement on sin
fibre access. A more general definition would igigwarchitectures that have a dual fibre
in the access, e.g. dual fibre ACSection 5.1.3 describes three filmgen access approact
which differ in the location copen access interfa(@CP5, PCP4 or PCP

Fibre open access witulti-fibore approach addresses a filteployment where sevel
fibres are available at each «user-site.
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5.1.2 Fibre OA with multi-fibre approach

Fibre open access with mufibre approachallows open access for network providers witl
without network infrastructure in the access/aggtieg network. The basic requirement
this solution is the availdily of multiple optical fibres per end-usesite. This muli-fibre
approach enables the support of several NP netviorarallel

Figure 5-1shows a schematic overview fibre open access witmulti-fibre approach. It
shows that several opticibres are terminated by fibrsockets at PCP2. A network provic
has access to one of thedg@es at the optical distribution frame that is locatddhe PCF
enabling fibreaccess. Theoretically the e-user is abléo get access to two or more netw
providers in parallel. The ODF is managed and adlett by the PIP. In additioithe network
provider may use the fibre access ced (dark fibre) bya PIP in order to reach any P
where fibreaccess is feasible. e PIP may provide co-locati@pace to the NPs at differe
PCPs that could be used for installing additionatem equipment (e.ca power-splitter,
AWG, Ethernet switch).

l?icl;:rz PCP enabling PCP without
o access to one of access to
termination the end-user end-user fiber
fibers
N e/ T
ODF|| NP1 || FT FT|| NP1
Syste || Syste ﬁ
m L
)
NP2 || FT
Syste
m
\ ) /
Dark fiber access > Co-location
Responsibility: D - PIP D - NP1 D - NP2 ® - Fiber Termination (FT)

Figure 5-1: Schematically overiew of fibre open access with multi-fibre approach

The concept of fibreopen access wi multi-fibre approachis pursued by some regulatc
authorities and operators, for example, in Fr [34] and Switzerlan¢35]. Figure 5-2 shows
the principle of a physical implementation thatealised by Swisscom in Switzerland. E:
household is provided by fibres. The fibre are terminated at a manhole in the field is
accessible bgeveral network providel
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v
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© Cooperation up to the manhole (partner with infrastructure)

® Cooperation up to the Central office (partner without infrastructure)

Figure 5-2: Swiss open fibreaccessmodel [36]

In principle, all NGOAarchitecures support this fiborepen access approach. Howexfibre
open access with multi-fibrdenk causes a very high level of infrastructure dupiain the
access network which drives increasing total costnmership for all network provider

5.1.3 Fibre OA with monafibre approach

As shown in Figure 5-;3his open access sche can be realized between PCP2 and any
enabling access to a dedicated -user fibre. This end-user fibiie terminated by dibre
socket at PCP2 and aptical distribution fram at the PCP enablingccess to thsingle
fibre. The ODF is managed by the PIP and allows a meaccessin the case of darfibre
access the network providases the fibre access oed (dark fibre)by a PIP in order to
reach any PCP where fibopen acce: is feasible.
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F;ICbErZ PCP enabling PCP without
s accesstoa accessto
termination dedicated end- end-user fiber
socket ;
user fiber
) )
ODF NP1 || FT FT|| NP1
System _‘+ +_ ‘System (:;1
N __
N\
NP2 FT

g

o
< Mono-fiber access > Dark fiber access > Co-location

Responsibility: D -PIP D -NP1 D -NP2 ® - Fiber Termination (FT)
Figure 5-3: Schematically overview offibre open access with mono-fibre accessd dark fibre access

Fibre OA with PCP5 (LEX) interface:

In a co-locatiorspace of PCP5 the network provider gets accesslénliaated er-user fibre
at the ODF managed by the PIP. This access lipatshed from the ODF to NGOA syst¢
technology managed by the NP. In addition, the Ny ose darlibres in order to conne:
the system equipment at PCP5 with system compoaéotber PCP cations

In principle, all NGOA architectures support thigeo access approach. Howevocating
the interface aPCP5 is most qualified for AON hoi-run since all PON architectures as v
as the AON active staapproache target a fibre concentraticas closely as possible to t
end-user location.

Fibre OA with PCP4 (street cabinet)interface:

Similar to the PCPinterface the NP gets access to the dedicated smitfibre at the ODF
that is managed by PIP. But in this caseopen access is real@&loser to the er-user at
the street cabinet location. The NP may Ico-locationspace at PCP4 in order to ins
additional system equipment (e.g. power splitt&\8/G, Ethernet switches). The PIP
provide dark fibre to the NP in order to conn the system technology at PCP4 w
equipment at other PCP locatic

The PCP4 interfacés suitable for all PON architectures as well as ADN active sta
approaches. The street cabinet is a typical coratgnt point in current PON deploymel
with fibre rich approach (at last offibre per enddser between PCP2 and PC

Fibre OA with PCP3 (basementinterface:

This fibre open access approach addresthe interface at the iheuse wiring. The NP he
access to a dedicated emskr fibore between PCP and PCP3. Similar to the previou
described fibreéDA approaches the NP may re«co-locationspace at PCP3 in order to ins
additional system equipment (e.g. power splittdid/G, Ethernet switches). In addition, t
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NP may use dark fibsein order o connect the system equipment at PCP3 with sy
components at other PCP locatic

The PCP3 interface is mostitablefor the AON active star architecture with an Etled
switch at PCP3. In addition, it is suitable for P@Nployments in large buiings with a
number of apartments in the range of the PON satlib.

5.1.4 Fibre OA with WDM-PON architectures

This section discusses some aspectfibre open access for the WDRION architectures
WR-WDM-PON, WS-WDMPON and UDWDM-PON.

FiBrRe OAwITH WR-WDM-PON

Home/Building (PCP1-3) Cabinet (PCP4) LEx (PCP5) CAN (PCP6) POP (PCP7)
)

Aggregation
First Mile Network Feeder Network Network -
Fiber

V) —\
Socket Cab
ODE || NP1 |[FT FT|| NP1
N ®
D )
P2

7
—

S

_"__

! !
> [UEL

N 'oEn ~—— NP2
ONT FT FT a
;H Aty

(&)

—

— /

Fiber access AWG Co-location ® -Fiber Termination (FT)

Responsibility: D -PIP D-NPl E]-NPZ

Figure 5-4: WR-WDM-PON fibre OA scenarios (examples)

Figure 5-4shows an example fibre open access under the WR-WDRMBN variant for two
scenarios which differ in the degref fibre sharing. Thenaximum sharing scenaric refers
to the case where the NP (NP1 in blue) hasself-owned fibreinfrastructure in th
access/aggregation network. In contrast to the maxi sharing scenario ttminimum
sharing scenarioaims at the caswhere the NP (NP2 in green) only needs accessttast
fibre link between PCP2 and the F enabling fibre access.

Maximum sharing scenario:
* PIP provides cdecatior at PCP4, PCP6 and PCP7 (PCP5 optior
0 NP uses the ctocation at PCP4 for installing AWGs
o PCP5 cdecatior can be used for reach extender technc
o0 PCP6 cdocatior is used for installing the OLT
o PCP7 cdocatior enables access to the aggregation net
* PIP provides fibr@pen acce: between PCP2 and PCP4
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* NP1 rents dark fibebetwen PCP4 and PCP6 from PIP and transport capacity
aggregation network provider between PCP6 and P@RIk fibres between PCP6
and PCP7 optionally)

Minimum sharing scenario:
* PIP only provides ctecation at PCP4 in order to install AW!
* PIP provides fibr@pen acce: between PCP2 and PCP4
* NP2 utilizes own fibre and facilities (e.g. buildings) between PCP4 RG#"

FiBrRe OAwWITH WSWDM-PON

Home/Building (PCP1-3) Cabinet (PCP4) LEx (PCP5) CAN (PCP6) POP (PCP7)
|
A Aggregation ﬁ
First Mile Network , Feeder Network Network :
Fiber —
Socket Cab )
\ ODF || NP1 || FT FT|| NP1 || FT
ONT | | g l l
LJ >. RE
e il &
NP2 — — NP2
ONT @ FT FT FT
CJ N e # RE $
o) (o] * als M
J \ (- S
—_— \
Fiberaccess Power Splitter ® _Fiber Termination (FT)

Responsibility: D -PIP D-Npl [j_sz

Figure 5-5: WS-WDM-PON fibre OA scenarios (examples)

Figure 5-5shows an example fibre open access with PCP4 (street cabiinterface for the
WS-WDM-PON variantn the maximum and minimum sharing scen:

* Maximum sharing scenari
o PIP provides c-location at PCP4, PCP6 and PCP7 PB®ptionally
NP uses thco-locationat PCP4 for installing pow-splitters
PCP5cc-locationcan be used for reach extender technc
PCP6cc-location is used for installing the OLT
PCP7cc-locationenables access to the aggregation net
PIP providedibre open access between PCP2 and PCP4
o NP1 rents darkfibres between PCP4 and PCP6 from PIP and tran
capacity from aggregation network provider betw®€P6 and PCP7 (da
fibres between PCP6 and PCP7 option
e Minimum sharing scenaric
o PIP onlyprovides c-location at PCP4 in order to install Po-splitters
o PIP providedibre open access between PCP2 and PCP4
o NP2 utilizes owrfibres and facilities (e.g. buildings) between PCP4 RG®"

(@)
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FiBRE OAwITH UDWDM-PON

Fibre open access with UDWD-PON is similar to the hybrid WDM/TDMPON or WS-
WDM PON solutions.

5.1.5 Fibre OA with Hybrid WDM/TDM-PON

Figure 5-6shows an example dibre open access with PCP4 (street cabiinterface for
Hybrid WDM/TDM-PON in the maximum and minum sharing scenar

Home/Building (PCP1-3) Cabinet (PCP4) LEx (PCP5) CAN (PCP6) POP (PCP7)

Aggregation
First Mile Network : Feeder Network Network =

Fiber

Socket (Cab | ) ) )

@\ﬁ ozF NP1 T T NP1 T
—J

@i IR

NP2 —
ONT FT FT FT
= S
o) (o] ? T
> | & L U
S — \
Fiber access Power Splitter AWG ® -Fiber Termination (FT)

Responsibility: D -PIP D'Npl [j_sz

Figure 5-6: Hybrid WDM/TDM- PON fibre OA scenarios (examples)

* Maximum sharing scenatri
o PIP prowdes c-location at PCP4, PCP5, PCP6 and PCP7
NP uses thco-location at PCP4 for indliag powel-splitters
= NP uses the«co-locationat PCP5 for installing AWGs and optiona
reach extende
= PCP6cc-location is used for installing the OLT
» PCP7cc-locationenables access to the aggregation net
PIP providedibre open access between PCP2 and PCP4
0o NP1 rents darkfibres between PCP4 and PCP6 from PIP and tran
capacity from aggregation network provider betw&&€P6 and PCP7 (da
fibres between PCP6 and PCP7 option
e Minimum sharing scenaric
o PIP only provides c¢-location at PCP4 iorder to install powe-splitters
o PIP providedibre open access between PCP2 and PCP4
o NP2 utilizes owrfibres and facilities (e.g. buildings) between PCP4 RG®"

(@)

5.1.6 Fibre OA with Twostage WDMPON

Figure 5-7shows an example dibre open access with PCP4 (street cabiinterface for
Two-stage WDMPON in the maximum and minimum sharing scen
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Home/Building (PCP1-3) Cabinet (PCP4) LEx (PCP5) CAN (PCP6) POP (PCP7)
T
Aggregation
First Mile Network Feeder Network ﬁ Network E
Fiber
— — — — — —
Socket Cab
ODF NP1 || FT FT|| NP1 ||FT FT|| NP1 || FT FT|| NP1
t | el U |
OLT-1
[T} o] T = 1 i T
J - L L - -
: NP2 — ~—— NP2 — NP2 — ~— NP2
ONT FT FT a FT FT FT
& | |OLT1 Py 1 OLT-2
e T 5
— -/ L — — —/

—— /

Fiber access AWG Co-location ® -Fiber Termination (FT)

Responsibility: D -PIP [:]-Npl E]-NPZ

Figure 5-7: Two-stage WDMPON fibre OA scenarios (examples)

e Maximum sharing sceniax.
o PIP provides cdecation at PCP4, PCP5, PCP6 and F
= NP uses thco-location at PCP4 for installing powsplitters
= NP uses thco-location at PCP5 for installing OLT-1
= PCP6 cdecatior is used for feeder fibristribution via AWC
= PCP7 cdecatior is used for installing the OLT-2
o PIP provides fibr@pen access between PCP2 and PCP4
o NP1 rents darkibres between PCP4 and PCP7 from PIP
e Minimum sharing scenari
o PIP only provides ¢location at PCP4 in order to install AW1
o PIP provides fibr@pen access between PCP2 and PCP4
o NP2 utilizes owrfibres and facilities (e.g. buildings) between PCP4 RG#"

5.1.7 Fibre OA with AON

Figure 5-8shows an example fibre open access with PCP5 (LEr)erface for AON home-
run in the maximunand minimum sharing scenal
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Home/Building (PCP1-3) Cabinet (PCP4) LEx (PCP5) CAN (PCP6) POP (PCP7)
|
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First Mile Network Feeder Network Network ;
Fiber
— — — — —
Socket LEx

ODE | | NP1 || FT FT|| NP1 || FT FT| | NP1
D v
id J

SR —— NP2
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Responsibility: D -PIP D-NPl [j-NPZ

Figure 5-8: AON active star fibre OA scenarios (examples)

* Maximum sharing scenari
o PIP provides cdecation at PCP5, PCP6 and P(
= NP uses thco-location at PCP5 for installing OLT{Ethernet switcl
= PCP6 cdecatior is used for feeder fibrdistribution via AWC
= PCP7 cdecatior is used for installing the OLT-2
o PIP provides fibr@pen access between PCP2 and PCP5
0 NP1 rents darkbres between PCP5 and PCP7
e Minimum sharingscenario
o PIP only provides clocation at PCP5 in order to install OLIT-
o PIP provides fibr@pen access between PCP2 and PCP5
o NP2 utilizes owrfibres and facilities (e.g. buildings) between PCP5 RG®"

In the following subehapters the focus will ben how to utilise certain architectures in or
to open up the infrastructurThe figures in these chapters will focus on OA atpef the
architecture and not infrastructural elements I@Fs unless it is a vital part of opening
the architecture.|Pase refer back to this chapter for a more detaliscussion on the passi
infrastructure, e.g. ODF location at points of umdbing.

5.2 WDM-PON

5.2.1 Data plane architectur

This sections starts with an important note abaghli integrated OLTs and aftervds
different possibilities to open the wavelength lagie dedicated wavelength transceivers
used, instead of highly integrated ones) are ptede

GENERAL CONSIDERATIONS

This section refers to Wavelen-Routed WDMPON only, mainly for reasons oystems
CapExand reach. As a recap (from D3.Figure 5-9 shows several WRDM-PON options
and their assignment to the reference architegtorets PCP2-7.The options shown he
(line protection to PCP4, optional RE, last r stage in PCP4 vs. PCP3) do not influence
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following discussion. If dferent configurations of WR-WDMPON are chosen, e.ione with
anOLT located in PCP5 for whatever reason, the dsoasresults change accordint

First Mile P Feeder P Aggregation >

Local Exchange Central Access Node Core Node
Main a Regional a Regional a
PCP5 PCP6 PCP7
— RE | ' oLT Aggregation
———— RErT=——————— —_———— network
IL (Optional)
plitter)
. N ( \ Aggregation
_____;M ________ OoLT | _ _ network
BS plus IL

Figure 5-9: Recap: WR-WDM-PON architecture.

From Figure 5-9one can derive where access is generally possibte on what level. Tt
Important questioffor this system variaris if wavelength access is f@hle and if so, wher
Generally, wavelength access is possible in PCE8,14, 5 (given there is a filter in PCF
see lower part of Figure 5;9and € However, it is our strong belighat such access w
most probably notbe implemente for reasons of CapExand form factor.In order to
minimise both of thesehe WF-WDM-PON OLT (and the same applies for \WDM-PON
and UDWDM-PON)has to be integrated to the highest possible degteally in 64/80/9-
channels (the final nuber is irrelevant) PICs (Photonic Integrated CitguiThese PICs wi
directly be connected, most likely vNx10G backplanes in the OLT shelf, to aggrega
switcheslt is important to note thi the highly integrated PIC-basadlDM-PON OLT is not
open for wavelength accedadividual wavelengths could be added/droppeB@#P6 outsids
the PIC, but this solution adds insertion loss adot economically viable on a broac
scale. In addition, technical problems associateth ihe ONU wavelength tunii or
assignment make it highly difficult to provide wésegth access.This holds for
seeded/reflective WDMRON (this needs icentralized broadband seed), as well as
tuneable-laser-based WDRION (this needcentralwavelength management). These asg
make itdefacto impossible to open the PON at passive filieiBCP4 and PCF. Therefore,
a highly integrated WDMRON will allow open access only on-stream level on Layers
and/or 3. The resulting opatcess scheme is showrFigure 5-10.
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Layer Cable
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I

yp In-home Homes Buildings Cabinets Local Central Core Sites

Exchange Exchange

€8 Senice provider interface & Network provider interface 0 Fibre interface @ Ethernetinterface
=) Backhauling service interface  —— Most likely Wavelength interface MPLS interface
=) Residential userinterface === Lesslikely but possible @ Time domain interface 9 IP interface

Figure 5-10: Open access on different layers and PCHor WR-WDM-PON

It is relevant to note that wavelength access cteldnade possible. However, next to t
CapEx, added insertion ®$due to the use of a power splitter in combining tuneable
lasers)and difficulties with the wavelength control/assiggnt, this will also increase tl
energy consumption of such an approach. This isere@sults from using dedicat
wavelength trareeivers instead of integrated m-channel PICs in the OL

In the following subehapters the focus will be on how to utilise certarchitectures in orde
to open up the infrastructure. The figures in thelsapters will focus on OA aspects of
archtecture and not infrastructural elements like ODRtess it is a vital part of opening
the architecture. For a more detailed discussionthen passive infrastructure, e.g. O
location at points of unbundling, please referhapter 5.1

WAVELENGTH OA ARCHITECTURES (WR-WDM-PON)

We indicated six different options for offering wedength open access in \-\WDM-PON, as
discussed below.

Feeder Fibre basedvavelength open acce

General considerationdn this configuration,ince each NP/SP has a sepe feeder fibre, it
is referred to as feedeibfe based Open Access, which WDRBN easily Figure 5-11
depicts a scenarior the feeder fibre based open ac.

Architectural consideration The OLT requires N+M wavelengths. leeder fibres are
combined, then NP/SP has to share spectrum le&alicmgmplexities

Technoeconomic & business asper For offering open accesgjditional feeder fibres (e#
feeder fibres # NPs) requirec At PCP4, an M:N AWG is required insteada 1:N AWG.
At PCP23, tuneable ONUs are assumed, so that the custoocagrstune to the rigl
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wavelength to select the NP/: However, the additional cost and power consumpgier
user will be high due to the low fan ¢

5= N subscripers Point of unbundling
A A Al .
15 > A
N FE )\80
2=z E > )\
. E 3 o 3 2 i
T/
./ . )\l+(|\/|-l) ces
N=80 a )\
80+(M-1)
PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider
<> <> < >
PCP1/2/3 PCP4 PCP6

Figure 5-11: Feeder Fibre basedvavelengtt open access in WR-WDM-PON

Manual wavelength open access

General considerationdn this configuratior amanual patch panel is used to provide O
Access. As an alternativébre robots could & used to minimise manual error in patchi
Figure 5-12epicts a scenario fa manual wavelength open accessnaric

Architectural consideration All OLTs will share N wavelengthsThe scheme ssumes
Manual fibre patchingses an AWG based demux inside. fibres can be connected to e¢
port but this will increase the numberfibres running from each OLT the fibre patching
point. The NP/SPs can be geographically locatediftdrent positions. he ONU is using
fixed receiver.

Technoeconomic & business asper This solution has high OpEgost as every time
customer wants to migratidre re-patching is required.

S= N subscribers Point w‘bund“ng
M
A
: 25— v
FF An patching
PIP: Passive Infrastructure Provider 'S\I:;S'\:eert,‘?lcc;”;rzzgzzjrer/
PCP1/2/3 PCP4 PCP6

Figure 5-12: Manualwavelength open acce in WR-WDM PON

Electrical wavelength open access
General considerationdn this configuration, a cro-point switch is used to provide Op
Access. Figure 5-18epicts a scenario fa electrical wavelengtbpen acce: scenario.
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Architectural considerationsthe wavelengttswitching is operated in the electrical dom
The OLT does not include any Ethernet switchingnelet

For any NP/SPit is possible to collect clients from differédONs.

Subscriber management is handled in fulltomated way operating on the electrical don
The NPcan be geographically located at different poss. This scenario requiresPIP
provider,with an extended scope, tlcontrol passive infrastructure alov level switching.
No barriers for small R/SP operators: they can serve customers geogadighicstributed or
different PONSs.

Technoeconomic & business aspe: This solution has a low OpEx cost as every tin
customer wants to migrate reconfiguration of thédwis enough (no manual invention is
needed) .

S= N subscribers Point of unbundling

A

Crosspoint
Switch

A-switching
inthe
electrical
domain

[ ]

PIP: Physical Infrastructure Provider

PCP1/2/3  PCP4 ) PCP6
Figure 5-13: Electrical wavelength open access in WDM PON

v

Power Splitter basedwavelength open acce
General considerationsA power splitter is used to provide open acc Figure5-14 depicts
a scenario for the power splitter based open as

Architecture & system aspec The OLT requires N wavelengthshis schem allows for
dynanmic spectrum sharing between IPs, but itrequires a control frame to -ordinate
between different NP/SPs.

Technoeconomic & business asper This scenario is using a power splitter as poin
unbundling.If the customer wants to change NP/SP, the NP/SPtdgrovide the rigk
wavelengthDue to the use of a power splr, it has a shorter reach (rural scenario) thar
other consideredpen access scenarios for “\WDM-PON.
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S = N subscribers in total

Point of unbundling

AWG
N
[T
Sd

FF

PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider

"

"

.

.
prd
<

> «“—>
PCP1/2/3 PCP4 PCP6
Figure 5-14: Powersplitter basedwavelength open access in WR-WDM-PON

v

Waveband Splitter based vavelength open acce
General considerationsA waveband splitter is used to provide open ac Figure 5-15
depicts a scenario for the waveband splitter bapet acces

Architecture & system aspec The OLT requires N wavelengthBhe spectrum distributio
between NP/SPs is stathWGs with a subband cycle are used at PGl i multiple of the
free spectral range (FSBR) an AWG is used to feed multiple wavelengthsridaNU.

Technoeconomic & business aspel TuneabléONUs are assumed, so that the customer:
tune to the right wavelength to select the NF A waveband splitter is used to provide o)
accessAt PCP4, a cyclic AWG is required, with an FSR eqient to the band allocated
one NP/SP, i.e. supportir§ wavelengths It has fewercustomers than most scenarios, v
N/M (instead of N) subscribers, affecting the lomatof the AWG (at PCP4). The number
customers decreases as the number of NP/SP insr

S=K subscriberis in total . . N line cards are shared
Point of unbundling amongst M SPs.
4

75 /1
<> :
\o ﬁ’/
=¥ Zo
A FF -
&
K=N/M
PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider
> <> < >
PCP1/2/3 PCP4 PCP6

Figure 5-15 Waveband splitter basedwavelength open access in WR-WDM-PON
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WSS basedvavelength open acce
General considerationsA WSS is used to provide open acc Figure 5-16 depicts a
scenario for WSS based open as.

Architecture & system aspec The OLT requires N wavelengths. The spectrum tistion
between NP/SPs is dynanilorougl the use of a WSS. Theel of WSSs will avoid the nes
of co-ordination between different S|

Technoeconomic & business aspe: Tuneable ONUs arassumed, so that the customers
tune to the right wavelength to select the NF

Point of unburﬂing

S = N subscribers in total

=0
FF @
PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider
<> <> < >
PCP1/2/3 PCP4 PCP6

Figure 5-16: WSS basedvavelengthopen access in WR-WDM-PON

WAVELENGTH OA ARCHITECTURES (WS-WDM-PON& ULTRA-DENSE WDM-PON)

For WS-WDM-PONand UDWDN-PON, only the power splitter base@den access sche
is shown in this sectiorHowever, th manual, electricalvaveband splittt based and WSS
basedwavelength open acceschemes are also valuable optipand will offer wavelengt
open access in a comparable way as for-WDM-PON. For architectus with a power
splitter based ODNwe cannot usifeeder fibre based wavelengtipen acce: as multiple
feeder fibres cannot be connected to a powereafat PCP4.

Power Splitter basedwavelength open acce
General considerationsA power splitter is used to provide open acc Figure5-17 depicts
a scenario for power splitter based open ac

Architecture & system aspec The OLT requires N wavelengthh. allows for dynamic
spectrum sharing between NP/SPs, but requires &rotdname to c-ordinate between
different NP/SPsNote that for UDWDN-PON (with coherent transceivers), it is m
problematic to offer dynamic wavelen sharing between different NP/SPs and
complexity of this solution is much higher than @WDM-PON, like the considered W
WDM-PON and WS-WDMPON architecture

Technoeconomic & business aspel At PCP6, a power splitter is add If the customer
wants to change NP/SP, the NP/SP has to provideédghewavelengtt At PCP2-3, tuneable
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ONUs are assumed, so that the customers can tutietaght wavelength to select t
NP/SP.

S = P (max. N) subscribers . .
. Point of unbundling
\
i —

o [ < 0

g o g

FF i

PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider
> <> < >

PCP1/2/3 PCP4 PCP6

Figure 5-17: Power spitter basedwavelength open access in WS-WDM-POK UDWDM -PON

5.2.2 Control and management architectu

As mentioned irthe first subsection « chapter 5.2.1massive control challengwould be
requiredfor open wavelength access the context of wavelength control or assignment.
regard this asechnically and economically not viabHowever open access in WD-PON
does not pose additional effcwith respect tocontrol and management. The WI-PON
system is run entirely by onntity. It interfaces with different SPs in PCP6laayer2/3. This
scenario does not differ from other m-SP or even carriergarrier scenarios. Henc
standard means faontrol andmanagement, includingneans for securing SLAs and Q«
can be appliedSince the related problems have been addressedigh alegree in the OT
(Optical Transport Network,especially with respect tofCM, Tandem Connectic
Monitoring), applying OTN framing to the WD-PON access must be regarded an optiol
open-access searios. (Similar considerations are discussed iANFSn the NCG-PON2
context.) If OTN is added, it will also add to st cost. If it is not added, alternative me
must be implemented. These means must includeptaulévels of manageme, monitoring
or communications channels, e.g., Le2 VLANs or, ProvideBackbon-Bridging (PBB,
aka MAC-inMAC) or similar tagging/laklling techniques. They must also include E-
monitoring means, e.g., FEC, for the NP who rursWDM-PON system. (Otherwise, tl
NP will not be in the position to prove his SLA / QaSpects

5.2.3 Evaluation

In low-cost implementations of WD-PON, open access is limited to-biteam open access
on Layer2 or above (Ethernet, MPLS, IP), sFigure 5-10. On Laye®?; access is possible
without additional restrictions. Access to indivdduvavelengths (Lay-1) at the OLT is
complicated and costly. It is possible, with thiated hardware effort and cost impact, to
and drop individual wavelengths at the OLT ao replace them with individual services.

a large scale, this is regarded inefficient witbamel to cost. Since uplink is stande-based,
WDM-PON (like every other solution) is able to intengie with any relevant equipme
The same is true in gerarfor the related management systems and an @btontrol plane
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It must be noted that WDN®ON loses many of its advantages (reach, cost, faaor) in
attempts to open the wavelength la

In an end-tcend context, it is worth noting that atteis to open the wavelen¢-layer in the
OLT will also have a negative effect on the aggtieganetwork. If wavelength access w
implemented in the OLT, it would also require s@pian of aggregation switches. This ag
contradicts energegfficient (inteqrated) implementations, and therefore would in@dasth
CapEx and OpEXx.

5.3 HYyBrRID WDM /TDM -PON

5.3.1 Data plane architectur

The hybrid WDM/TDM PON architecture supports opertess on several levelfibre,
wavelength, and bitstrearRor fibre and bitstream on access, the hybrid WDM/TDM PC
will have no significant additional CapEx and Opé&bst.From the architectural perspecti
the most challenging flavour of open access is Vesngth open access. Hybrid WDM/TD
PON needs to overconmaany challenges to filitate openaccess at the wavelength le\
where he main issues are the NP isolation and the numbeustomer optimisation. Tt
hybrid WDM/TDM PON has a power splitter at remoteda 2, and thus if different NI
serve the customers behind the sameer splitter, it will lead to security issues. Thus
provide NP isolation, special hybrid WDM/TDM PONchitectures should be designed. -
hybrid WDM/TDM PON architectures tr allow NP isolation can be designed usirn
interleaved filter and an adconal patch panel at the users’ location. Theseitaathres will
be discussed in more detail in the next sec

Another issue is howo optimise the number of supported customers e dpen acces
scenario. It is important toote that, in waveleng open access, there is a requirement
every wavelength should reach every omer, which in turn results a high spectrum
capacity reaching every PS. To utilise the highcspen availability at each PS, the optin
split requirement at the PS isry high and that will limit the reach of the soluii The
optimal split factor (OSF) required in case of thi¢P/SPs is 60 as shown in the calcula
done in the figure belowf the OSlis equal to the split factor in the nopen access scena
Is chosen, the number of customers will reduce in priogorto the number of NP/SPs. Th
in the open access scenario, there is a-off between optimising reach and the numbe

customers.

_ Total _Wavelengt _Capacity _ 3*10Gbps _ 60
Avergae datarate _per_usel  500Mbps

M*A

OSF

4SO 1
Sd

Number of wavelengths
(=number of NP/SP)

reaches the PS \

Figure 5-18: The tradeoff between the optimal split factor and react
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The OLTs necessaty offer open accescan e designed in two ways: c utilising tunable

transceivers and the othetilising PIC based transceivers. Ttumeabl transceivers can
reduce the formfactor at OLT. The PIC based OLTs use As to combine all th

wavelengths from all the transceivers, andtuneablebased transceivers are followed b

PS.

There can be many point$ unbundling present in the architecture, lit 8 PS, a WSS and a
BS. The BS allows only the static distribution pestrum amongst NP/SPs. The PS prov
for the dynamic spectrum sharing amongst the NR/&Bwever, itrequire: a complex
coordination between NP/SPs, which has severe ¢atpns for business modelli. The use
of WSSs increases the CaphBf the network buthis may be offset by the f: that many
customers will sharé. The WSS will facilitat the dynamic spectrum sharing between
customers without the need of complex coordinatietween the NP/<s.

In this, we considetwo variants of hybrid WDM/TDM PON: passive hybAMdDM/TDM
PON with AWG based remote node and spassive hybrid WDM/TDM PON with WSSs
the first remote nod&Vhich will be further described in the next -chapter

Normally, wavelength open access can be provided at all PC&idn, cf.Figure 5-19.
Wavelength open access may become practical inrthendgling scenario, whe the PIP is
not technology neutral and all NP/SPs may provetgises usin the same technolog

Network ::9 &
IP
Layer
MPLS e ) -y C}
Packet/ ————————— [
Framing Eth MAC :@ % %
Layer
TDMA MAC z::::@ @ @ %
Eth
PHY
Optical / TDM
Copper Layer
-0 [~0 =0 |20 20 | O-
<4 K=
All optical
devices
Physical - .:;0 -0 qo #0:> @@::m:e
Infra- &
structure
Layer Cable
% Not necessarily present PCP1 PCP2 PCP3 PCP4 PCPS PCP6 PCP7
I
ve In-home Homes Buildings Cabinets Local Central Core Sites
Exchange Exchange
€= Senice provider interface <= Network provider interface o Fibre interface @ Ethernetinterface
=) Backhauling service interface = Most likely Wavelength interface MPLS interface
=> Residential userinterface === Less likely but possible @ Time domain interface 9 IP interface

Figure 5-19:Open access on different layers and PCPs in a hybri®WDM/TDM -PON architecture

In the following subehapters the focus will be on how to utilise certarchitectures order
to open up the infrastructure. The figures in thelsapters will focus on OA aspects of
architecture and not infrastructural elements IM@Fs unless it is a vital part of opening
the architecture. For a more detailed discussionthan pasive infrastructure, e.g. OD
location at points of unbundling, please referhapter 5.1
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WAVELENGTH OA ARCHITECTURES (PASSIVE HYBRID WDM/TDM-PON)

Three different options are shown for wavelengtheropaccess in a passive hyk
WDM/TDM-PON. The other tree options, as presented for WR-WDMNDN in sectior5.2.1,
are also valuable solutions for a hybrid WDM/T-PON with an AWG at PCP

Feeder Fibre basedvavelength open acce

General considerationgdybrid WDM/TDM-PON also supporteederFibre Open Access
(# feeder fibres =# NPs). Figure 5-20 depicts a scenario for tlieederfibre based open
access.

Architecture & system aspec The OLT requires N+M wavelengths.

Technoeconomic & business asper For offering open accesgjditional feeder fibres (e#
feeder fibres =# NPs) arerequired At PCP5, an M:N AWG is required instead of a :
AWG. At PCP23, tuneable ONUs are assumed, so that the custaraertune to the rigl
wavelength to select thdP/SP However, the additional cost and power consumpger
user will be low due to the high fan o

Note about the@roblem of ove-subscription: at the input of the power splittery@velength:
are fed and for a 500 Mbps bandwidth delivery pestamer, thenumber of customers 48.
However, a split ofL:48 will reduce the reach and a split of 1:16 321may be the onl
viable options, leading ttewel customers per NP/SP. As the number of NPs/SPsases
the trade-off becomes mosevere andhus for the same reach, a NP/SP may serve
customers than it possibtpuld serve in a n-competitive scenario, leading CapEx issues.

S =P x K subiscribers in total Point of unbundllng
A .
A
FF 80
= A, .
o
Ag1
Aemea) -
: )\80+(I\/I—1)
PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider
D S <> <> < - >
PCP1/2/3 PCP4 PCP5 PCP6

Figure 5-20: Feeder Fibrebased wavelengttbased open accesa passive hybrid WDM/TDM-PON

Manual wavelength open access

General considerationsin this configurationalso amanual patch par/fibre robot can be
used to provide openceess Figure 5-21depicts a scenario for manuwavelength open
access.

Architectural consideration All OLTs will share N wavelengths. The scheme asss
Manual fibrepatching uses an AWG based demux inside.fibres can be connected to e¢
port but this will increase the numberfibres running from each OLT fdre patching point.
The NP/SPs can be geographically located at diftgpesitions.Note that, besides AWG
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PSsare also used in the patch p:; which makes the patch panel more complex thai
WDM-PON. The ONUwill use atuneable receiver.

Technoeconomic & business aspe: This solution has high OpEcost as every time
customer wants to migratidre re-patching is required.

S=P x K subdscribersin total Point of unbundling

n 3

o H\

o z2Z
FF
p
PIP: Passive Infrastructure Provider ;\I:Z:Sl\i}(er':l\fi\::(;rlgr:z(\jlzirer/
<> —> <—> < >
PCP1/2/3 PCP4 PCP5 PCP6

Figure 5-21: Manualwavelength open acce in passive hybrid WDM/TDM-PON

Power Splitter basedwavelength open acce
General considerations:Hybrid WDM/TDM-PON also supports powesplitter based

wavelength open accedsigure 5-22 depicts a scenario for the power splitter based
accessThe architectural and tecl-economic aspects are same as in WR V-PON.

S =P x K subscribers in total . )
Point of unbundling

P \

< 3
FF
PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider
<> <> <> < >
PCP1/2/3 PCP4 PCP5 PCP6

Figure 5-22: Power splitter basedwavelength open accesa passive hybrid WDM/TDM -PON

WAVELENGTH OA ARCHITECTURES (SEMI -PASSIVE HYBRIDWDM/TDM-PON)

The most likely wavelength OA option for se-passive hybrid WDM/TDMPON is the
waveband splitter based scen, as shown below.
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Waveband Splitter basedwavelength open acce

General considerationsFigure 5-23 depicts a scenario for the waveb splitter based
wavelength open acces$sr sem-passive hybrid WDM/TDM-PONThe architectural an
technoeconomic aspects are same as in the waveband dygesedccess in WR WD-PON.

S=P x L, x Lyisubscribers in total i i
Point of unbundling

- \, | A
=

PCP1/2/3 PCP4 PCP5 PCP6
Figure 5-23: Waveband splitterbasedwavelength open access in semassive hybrid WDM/TDM-PON

\
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1L,
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PIP: Passive Infrastructure Provider NP: Network Provider / SP: Service Provider

SECURE WAVELENGTH OA ARCHITECTURES FORHYBRID WDM/TDM-PON

In Figure 5-24, weshow the secure OA architect implemenation ir a passive hybrid
WDM/TDM PON. For the illustration of this scheme, we use fedibre based OA scenario
as discussed before. However, the technique ofigirg network isolation is implementt
between PCP4 and PCP1/2/3, and can be used c open access flavours. At PCP4, we
an interleaver filter in combination @ PS. The inteleaver filter will create separate I
space. The users can access different NPs usiatch panel at PCP3, which is typically
the location of a building bament.This approach will indeed safeguard against a ragpes
and provides higher security against malicious sigdioreover, using a patch panel will 1
increase th@®pEx cost if a user himself is allowed to slot is fibre. A malicious user ca
still theoretically affect the services of other NPst It can be easily monitored by CC~
cameras or by other approaches. However, if cusmannot beconsidere to do fibre
patching themselves, this scheme will incur higherapional expenditures anhybrid
WDM/TDM PON will not be able to provida pure (fulfilling all thecriterie) wavelength
open access solutioA. use case for this scenario could be an MDU wigiatch panel in th
basement and where the porter is allowed to pateldifferent user Without such a centr:
entity (like a porter), it will be very difficultaimplement this schen
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S =P x N subscribers ip total Point of unbundling
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Figure 5-24: Inter-leaverfilter used to provide NP isolation over a multiplefeeder fibre.

5.3.2 Control and management architectur

The control and management challenges in the opersa scenario are many and
discussed in section 3.2. At fibre open accesscliadienges in hybrid WDM/TDM PON a
same as in noppen access scenario and are discussed ir. At wavelength open access,
in WDM-PON, the techniques of OTN framing can be emplaogdd/brid WDM/TDM PON.
Furthermore, the NP/SP isolation can be provideagugLAN tagging or MPLS based VP
connections. Hybrid WDM/TDM PON suffers from loaati anc identification issues due -
nomadic access discussed in se( 3.2.

5.3.3 Evaluation

As shown in Figure 5-1%ybrid WDM/TDM-PON offers a large number of open acc
possibilities. In general, it can sufrt multiple network providers and/or service prarsl
Both, bit-streanand wavelength opeaccess arpossible. In fibre rich scenarios, the SPs |
directly connect to an AWGDue to the passive splitters each subscriberbeareached b
multiple servce providers ar auser can automatically connect to one of t

Wavelength open access will pose penalties of gaster consumption and reach. Thus
the end, it may not be a viable solution. Bit stne@pen access can be provided using VL
or MPLS techniques as discussed befcBesides bit-streanopen access at the Etherr
MPLS and IP layer, it should also be possible teroghe network at the TDMA MAC lay:
by assigning different time slots to different SP&mwever, bit-streamopen access at the
TDMA layer has some important constraints, as # teabe controlled by one entity, whi
will be the NP in this case. Note that openopen accesthe network at the TDMA layer fc
multiple NPs will not be possible. Figure 5-19 open access at the TDMA MAC layer
indicated as possible, but less likely. Thus, yMiDM/TDM-PON allows better flexibility
However, since now each SP is present until theused, it will also bring isolation issu

QASE Page: 86 of 112
FP7 — ICT—- GA 249025



D3.3
% OASE_WP3_D3.3_Rev Jan2013_final

5.4 TwO-STAGE WDM PON

5.4.1 Dataplane architectur:

As a recap (from D3.1)igure 5-25 shows the Two-Stage WDRION architecture and i
assignment to the network reference model and @RsPOther configurations are possi
(e.g., OLT2 in PCP®6), but they dcot change the results of the opattess analysis. In
addition, the configuration shown Figure 5-25clearly is the most meaningful configuratic
especially in sitesonsolidation scenario

For the operaccess analysis of T\-Stage WDMPON it is relevant to consider two aspe
« Two WR-WDM-PONSs are cascad
e The two WDMPONSs can be implemented differel

These two aspects have severe impact on the-access analysis.

Next, it is relevant to note that tisecondary’VDM-PON the one with OLT1 in PCP5) is
WR-WDM-PON as discussed alreadychapter 5.2. The two-stage sgt-discussed here h
no influence on the outcome from this chapter. €fwee, we can conclude that the secon
WDM-PON will not be configured in a way to allow wavelength ascekhe secondal
WDM-PON will allow open access on Layer 2/3 ot

First Mile X Feeder X Aggregation >

Local Exchange Central Access Node Core Node

Regional a Regional a

PCP6 PCP7

Main

Aggr. Network

OLT2
_______ 2 Switch

BS 1:2 and/or IL

Figure 5-25: Recap: Twostage WDM-PON architecture.

For the backhauling WDNRON (theone with OLT2 in PCP7 ifrigure 5-25), the situation
differs. The reason is that this PON can be implgettin a different wayOne possibility is
to implement the OLT (OLT2) similarly to OLT1, i,an a highl-integrated mul-channel
PIC. This transceiver array has to supportGbps per channel since lower bit rates
meaningless in (nearfuture backhaul. In this case, the backhaulingM-PON performs
similarly to the access WDNON. Open access would only be possible ayers 2/3.

However, it is likely, and has been consideredtfa general (cost, performance) anal
throughout this project, that the backhauling W-PON will be based on dedicate-Gbps
pluggables, i.e., on tuneald#P+ transceivers, even in the T. There are several technic
reasons for using these transcei
* Form factor. With fully integrated arrays of 40...8(DM channels, the total capac
may exceed what can be expected for the near fututerms of pe-slot shelf
backplane capacity. Inther words: for backhaul at 10 Gbpser channel, best for
factor is not required.
e Flexibility. The backhaul WDMPON has to support a variety of architectt
anyway. This includes all sorts of wireline and elésss backhauling scenarios.
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such, terminabn multiplexers with a broader range of channeunts will be
required. These may have to support different tmgiek, e.g., physical po-to-
multipoint (star, tree), bus, dus-parented bus, and also rings and partial m..
For these reasons, # likely that backhauling WDFPON will be based otuneable SFP+.
(It will also alwaysbe implemented as W-WDM-PON. There is no reason in the backt
for considering powesplit architectures.

WDM-PON based on dedicated pluggables can offer bé#xibility w.r.t. wavelengtr

access. Wavelengthpen acce: in the OLT is relatively straightforward, compareda fully

integrated OLT. 10 Gbpservices do not necessarily have to be routed \backplane. Ir

Wavelength-Routed WDMRON, wavelength assignint is done via the respective AW

port. Tuning means are either integrated into tR€+S or can be implemented externs

based on the wavelengdielective AWGSs (in the OLT and the RN). N-tuning does not
have impact on other channels due to crosstalksuppression capability of the AWC

Consequently, there is only one aspect to be ceraid in PCP7, a single (physical ¢

logical) WDM multiplexer/d-multiplexer is required. This filter can be spihito multiple

stages (cascaded filters), butannot be parallelized. Hence, there still has tafewner o

the WDM filter (or, at least, the first filter stagvhich combines several secondary fi

stages). In addition, open access in PCP7 is gesmibLayers 2 and Figure5-26 shows the
resulting operaccess reference diagra

Network ::e
IP
Layer

MPLS e ﬂ ﬁ

Packet /
Framing Eth MAC :{@
Layer

TDMA MAC

Eth
_ PHY
Optical / TDM

|| 9 999 ekl9

Copper Layer —
-0 %0 [0 [20-20
All optical
devices
Physical Fibre :‘;Q ‘Q -Q -QIZ> <}:|0|:>
Infra- <=
structure
Layer Cable
* Not necessarily present PCP1 PCP2 PCP3 PcPd s o
ye In-home Homes Buildings Cabinets Local Central Core Sites
Exchange Exchange
- Service provider interface =" Network provider interface 0 Fibre interface @ Ethernetinterface
=) Backhauling service interface = Most likely Wavelength interface MPLS interface
= Residential userinterface === Lesslikely but possible @ Time domain interface 9 IP interface

Figure 5-26: Open access on different layers and PCPs for T\-stage WDM-PON

The backhauling WDMRON can be combined wioptical transport etwork framing. Then,
carriers’-carriertype services can easily be provided. In this ciigs,also possible to ope
individual wavelengths on a s-wavelength granularity. For 1Gbps wavelengths with
OTU2 optical channel§Optical Transport Uni, payoad content can be any out of OC

(Optical Data Unit) ODU1, ODUO or ODUflex No matter if the respective backhauli
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wavelength is opened on the opt-channel (OCh) or ODU layer, the secondary W-PON
which is backhauled by the respective transpcpacity is run by the related ¢

It is worth noting thathe total ope-access solutions space results from the-WDM-PON
as described in chapter 5.2ombined with the we-known openaccess capabilities
standard WDM trasport (applied to the backhaul pe

WAVELENGTH OA ARCHITECTURES

Point of unbundling ~ Kremote nodes

. \ in total Point of unbundling

<> <>
PCP1/2/3 PCP4 PCP6

FF

T
Jani|ds pueg

Band Splitter
1M
WT
Janijds pueg

PIP AL PIP NP: Network Provider /
(Passive Infrastructure Provider) 2 (Passive Infrastructure Provider) SP: Service Provider

Figure 5-27: Open access on wavelength layer in Tv-stage WDM-PON

The band splitter before PCKFigure 5-27) gres a 1:1 mapping between NPs in the

stages.A flexible mapping between NPs in the two stage¢ possible if band splitter |
replaced by a PS, this would make it possible teehwo points oopen acce:. For a more
detailed discussion on the pas: infrastructure, e.g. ODF location at points of umdbing,

please refer to chapter 5.1.

5.4.2 Control and management architectu

With regard to the secondary WIL-PON (OLT1 in PCP5), chaptér.2.z applies. For the
backhauling WDMPON, ope-accesgelated control and management issues are besick
if OTN framing and monitoring is applied. Then,redard carrier-carrier OAM functions
can be used.

Isolation between NPs or Sislightly differs for the opemccess possibilitiedf two NP/SP
run separated wavelengths in the backhaul pastpivssible to fully isolate them (despite
fact that both have to traverse common filtersexgslained above). If multiple SPs shar
common backhaul waveletig they must be isolated in the electronic dompieferably vie
OTN time slots. This is regarded standard OTN fometity.

5.4.3 Evaluation

The Two-Stage WDMRON has decentralized OLT1’s in PCP5 sites. Orotiee hand, tis
contradicts fully passivéhe P(P5 sites. On the other hand, it allows to locailtching
certain traffic. The twetage approach can thus support loc-of-traffic aspects an
potentially relieve the backhaul and consequerttly tore network from certain trafi
amounts. The approh further allows high capacix reach.
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In addition to the locaswitching aspectTwo-stage WDM-PON offers eomparativehlarge

number of operaccess possibilities due to the cascaded appraseFigure 5-26). In
general, Two-Stage WDNW-ON can support multiple Network Providers (NP)/an&ervice

Providers (SP). Both, bit stream OA and waveler@#h (backhaul partare possible. The
accesdPON part has OA functionality identical to \WDM-PON as discussed chapter

5.2 The backhaul part adds OA to a TDM layer (giveiNOs used) and/or to the Ethen

layer (backhaul based on 10Gk

5.5 NG AON

5.5.1 Data plane architectur

Open-access for NGON can be accomplished the bit-streantevel and is easyo open up
on the fibre level. Several commercial deploymeinbit-streamaccess exits today, with
wide variety of solutiondt can also be accomplished on top of all the gmasiarchitecture

For a more detailed discussion on the passivedirture, e.g. ODF location at points
unbundling, please refer to chapter

BIT-STREAM OA ARCHITECTURE

Bit-streamOA can be accomshed over virtually all layerge.g. TDMA, WDMA, or hybrid
architectures)and in turn several methods exist for eachr. Figure 5-28 indicates the
strong point of AON and NG AON, i.e. the flexibyliof placement of active equipme
Figure 5-29shows the preferred hybrid with WR WDM PON, sinaghbof the carfulfil
isolation/security requirements by pc-to-point data plane allocatio, i.e. not shared
medium architectureghe latter is optional, as indicated in the figuln OASE the focus he
been on consolidation and comparative studies aRN/OLT is place inPCP4/5 and the
second aggregation step PCP6 (see D3.1Current OA operators usually operate tt
network either on L2 (Ethernet) or L3 (IPv4), whemeanagement system exists
configuring there OA networl
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Figure 5-28 Open access on different layers and PCPs in a I-AON based bitstream architecture.
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Figure 5-29 Open access on diffeent layers and PCPs in WR WDM PON based bistream architecture

Two issues need to be addressed when consideringe®een the home and the first ac
device (RN/OLT), separation of SP and how contfahese should be handled. The chc
of either affects how the e-to-end management is handled ahi sectionwill therefore
deal with the different optionof separation (electricdink based mux/demu of the data
plane, while the aggregation chapter will deal witla en-to-end aspects.
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802.1Q Ethernetbased forwarding in the acces (Figure 5-30 - current)

The most common way to separates today is to use IEEE 802.1Q VLAN tags-VLANS),
where different VLAN values are used to identifyvsee and SP. Several variations of t
technique are possible depending chere thetagging of the VLAN IL is performed. The
technically simplest solutiois where the VLAN tagging is gformedon an i-home facing
port by the home gateway, where the gateway has pin-home port to indicate whicl
service is accessible througtat port.Which VLAN ID to use on which i-home facing port
is already decided in the production proceThis VLAN ID is then translated by the fir
access switch to an ID that reflects both SP andcee

48]

To Aggregation
| 9| c-vip 20 C-VID 20 — 120 o
- S| C-VID 120 C-VID 720 c
@ || = =
BIE o
& ||l 5 cvIb 20 C-VID 20 + S-VID 100 3
< [|&
i I3
< | c-vip 20 C-VID 20 + I-SID 100 -
N— ) c
=5y =3
2| LABEL 120 LABEL 720 =
n || = o
& ||| E| LaBEL 20 LABEL 20 +LABEL 100
= [I& LABEL 20 +
£ ) Ethernet PWE LABEL 100
B
E| ROUTING ROUTING
2
_

Figure 5-3Q Overview of different data plane possibilities, \ith color coding for future approaches and
currently deployed solutions. The ID values of VLANand labels are indicative

A slightly more advanced solution is having a hagageway whictcan reconfigured by tr
network (e.g. configuration server address can be suppi@dHCP, in this a VLAN ID
that reflects both SP and service is already asdigm the gateway, and a translation of
VLAN ID is therefore not necessary in the accswitch. These two variations could furtt
modified by adding a monitoring capability of thateway This approach is simple and
supported by virtually all hardware sold today, Ibudy lack in scalability(the maximum
amount of C-VLAN IDsare 409€, ard requires high amount of configurat because of the
large amount of VLAN IDs which needs to be confegiron all switches leading to t
customer.
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A similar approach with less configuration and &etscalability can be accomplished
using IEEE 802.AD (S£LAN) tags as well as normal VLANS. In this apprbabe gatewa
would first tag the traffic, based on port, witlservice specific -VLAN. This traffic is then
tagged with a SZLAN on the first access swit which corresponds to an . The traffic is
from that point tagged with both a-VLAN and a CVLAN, but only the -VLAN used for
forwarding the traffic. This reduces the configuratneel, since access switches only nee
configure with the S-VLANas well as improves the scalability of nerk.

Utilizing VLAN IDs for SP, service, and customeeittification (i.e. not only SP and servic
would potentially lead to extreme scalability issu€he extreme scalability issues could
eased but maybe nbandled by -VLAN domain segmentation th& terminated on the |
level, i.e. the possibility of reusing-VLAN space in separate and IP terminate-VLAN

domains. These issuean be overcome for services that use DHCP by usi@agption 8-
extension. This extensiaudds identifiers for port id switch to the DHCP request, which 1
SP can then use to map the assigned IP addre$® tewitcl-port, which in turn can b
mapped to a customein chapter3.2.4 this anda solution for current usage of PPPoE
discussed.

A last possibility on L2 is to use IEEE 802.1AHsalknown as PB (see D3.1, where the
first access switch would encapsulate C-VLAN taggedservice traffic with an-tag at the
first access switch. The34D in the -tag would then be specific todtSP and customer, a
switchedto the SP based on that value. This method woujdime PBB support of the fir:
access switchthat has great flexibility and scalability (whids not common in today’
hardwareand mainly geared towards core applicati. This solution also provides a way -
the SP to identify the customer based on -SID values, assuming that the PBB networ
terminated at the SP border rather than on theditfesof the borde

IP based forwarding in theaccessFigure 5-30 - current)

When using IP the first access router (and potiyntize gateway) will route the traffic bas
on the IP range of the packet. For IPv4 this preseproblem when bootstrapping as |
requires DHCP, whicloperates on L2, which least to the need of a ceBiCP serve
which handles address assignments for all SPs. i§h&so important for populating tl
routing tables as well as making sure that IPv4Aesidspaces does not overlap. For IPv6
couldbe by passed by not using DHCP as well as onlygugliobally routable addresst

MPLS based forwarding in the accessFigure 5-30 - future)

The possibility to terminate MPLS on the first asxeswitch, or evenn the gateway, is
possible and realistic futureince MPLS capable hardware ageming down in price an
enables a seamless data plane from the accestheviaggregation, to the ci [13]. The
reason is increased demand Iperators of a higher degree of endetud traffic engineerin
A MPLS based access architecture could be configurseveral different ways, but perhz
the simplest is tdéag a service with a label which identifies botk tervice and the service
provider.

This is still provides an acceptable level of suglas the MPLS label space is rather I
(1048576 possible labels), which means that it ¢dwdndle around 350k users with th
services each, even without using label stac Such a single {ger MPLS solution couls
work but creates a large amount of forwarding talelietries and a better solution is there
to use label stacking. In this case the gatewayldvadd a MPLS label for the service,
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example based on port, and then the fircess switch would add additional label wh
identifies the service provider. This enables leswarding entries and improves the sca
of both the access and aggregation/metro (seeat6.2).

The most interesting sdion is to use MPLS pseu-wires, where an Ethernet is encapsul:
by MPLS using two labeJswhere pseuc-wires are used to e.gemulate an Ethern
connection over MPLSThe NP could then supply an emulated and traffigirexerec
Ethernet connection ovan MPLS.Using this solution the traffic would be encapsedatvith
anMPLS frame using a service identifying label and tlgged with a serviceustomer label.
This could be pdormed either on the first access switch or on gagéeway, where th
gateway option woudl simplify the handling of the resulting Ethernet payload.sTémable:
the SP to send any type of Ethernet traffic to tustomer, with the result of eas
management for the NP.

All the MPLS solution can enable the SP to identifg cusomer based on the MPLS lab
And in the case of pseuduires it enables the SP to communicate with theéocosr as i
there where point-tpoint connection to, creating a simple interface f8P as well as givin
the SP the possibility to send arbiy Ethernet traffic to the customer.

Gateway ports

An issue not to overlook is how different serviegs separate on the gateway as this af
how the customer practically uses the network. ¢bemon approach is to haservice
specific ports on the mpe gatewaye.g. a colored itrome facing port labele“IPTV” , which
requires the customer to connect its setup boxto that specific port. The upside of tl
approach solves the separation issue and is eagygplement but leads to support iss
when the customer fails to connect the right equipmenthte right port. It is therefol
desirable to have all ports of the gateway be eamal let the system differentiate ir
different way.

Perhaps the simplest solution is to have the egemprwhich uss the gateway indicate tl
type of service. For example the-top box could add a VLAN tag to identify the seryi
instead of having the gateway adding a VLAN tagnidging IPTV based on port. Th
solution could be implemented in virtual all harde but requires coordination between
SP and NP when selecting VLAN IDs to use. Traffluetn does not have a VLAN tag wot
be assumed to be internet traf

A more advanced solution is for the gateway to adtee type of service based on a prog
of the traffic. An obvious choice for this is toeuthe Ethernet MAC address to detect if
connected device is for example e-top box and then tag it with the appropriate vallas
could also be done based on the Organizationaligugnidentifier (OUI), which is the firs
three bytes in the MAC address and identifies aufaurer, which reduces the amoun
MAC address patterns to match against. This apprdess the downside of requiril
information about the connected device from the

The best long term solution for problem is to rdinsarvices over IP as they were norr
internet based services. This removes problemsawing different service port and mal
boot strapping of the services easier. This woudt @llow the customelo connect it's
devices through a customer bough router as the teemtestination would be accessi
through the router, and the device could simplythedP address provided by the rout
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FIBRE OA ARCHITECTURE

Openaccess on the fibre level is a sible solution for AON, even if btream open-access
might be the obvious soluti (see Figure 5-31). With fibre opewcess the remote node
PCP4 (or PCP5) is opened up to allow several NRsstall equipment and access tomer
via dedicated fibres to the customers. Several ddfdoconnect to customers if multiple fibi
are installed to the customer.is means that an additional patphnel in needed in th
location to allow the connection of the fibres te thanged, nd possiky more space for
accommodatinghe extra network equipme

Fibre OA Feeder fibre
) ) Wavelength OA
Point of unbundling
. Point of unbundling
.\ o FF 5
PIP NP PIP NP
> < > < >

PCP1/2/3 PCP4/5 PCP6

Figure 5-31 An active architecture which supplies a multipleNP scenario over an transparent PIF
between PCP2 and PCP4/5, and an opae PIP between PCP4/5 and PCP6.

It is also possible for the NP to share the upbekween PCP4/5 to PCP6 by multiplexing
different NP wavelengths in to the WL-based link. This requires a limited amount
coordination as the wavelength separaticenforced by the configuration of the AW(

5.5.2 Control and management architectu

A major benefit of NGAON is that the same C&M soion can be used e-to-end, through
the access to the aggregation/meiSince this chapter is focusing on the OASE
architectures, and not tlaggregatio/metro, so here we witlot address er-to-end aspects of
the C&M,; this will instead be covered in chag6. In NG AON the RN/OLT is the same ty,
of equipment as in the aggregation/metro «© section below will focus on the gatew One
of the main focuses in the below is to alleviate ‘hlack box” probler discussed previousl
This can be done via the use of virtualization #redgoal is to simplify the NP operations
having the NP focsing on physical network nodes and to manage Vislicges of these nod¢
and the NP’s network infrastructure. The respohgitof more advanced C&M functions al
operations can then be shifted to the SP (whichldvbe good in the case where the Sla
national or global network and service provider).cOurse in the case of less advanced
the NP can take a dgater responsibility of the C&Noperations (and has the possibility
charge for it).

GATEWAY VIRTUALIZATION

In an open access environmwhere one customer may get services from seveoalgars it
quickly becomes costly and problematic for eeervice provider to have their ovgateway
at the customer premise®ne combined gateway could replace these multipie:, which
could reduce tth operational and capital cost, and provide tebservice to the customs
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To accomplish this each service provider need taldbe to run their software on the box,
for that software to have access the appropriaysipél resources, such asrt for network
and telephony. It is also vital that these multgdevice provider do not affect each other
therefore strong isolatiorfsee chaptei3.2.1) between each service provider instant:
required.

Virtualization (see chapté3.2.2) for enterprise computing needse well studied and seve
proven solution exists today, even if these sohstiwhere developed for use on servers
workstations the development in hardware perforraihas made it possible to use the s:
technologies in current and especially future gaigmw One virtualization technique ti
could be implemented in current hardware is thatlgight Linux based LXC, short fi
Linux Containers, which provides virtuzation between instances in a way that is ligr
resource use and therefore suitable for devicdslaw performance

(Service Provider) (Service Provider) (Service Provider)

(CPE Manager

Virt. Policy

Network operator

Customer Premise

)

WAN — Incoming demux

SP sp| :sp: ’F

Outcoming demux

N
LAN

jw— ju—- =
Figure 5-32:architecture for virtualization of home gateway:

J)‘=D=u=u=u=’

A prototype architecire for such a virtualization approach can be sedigure 5-32, where
severalCustomer Premise Equipm receives software from a CPE Manager who in tuta
this software from the service providéThe SP could provide the feoare directly to the
gateway, buthis would require the SP to run a software distidn software serv. This
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would also require the gateway to manage validatioime SP requirement as well as har
the resource distribution between . Furthermoe it would be possible for the NP to prov
common gateway software, for example a simple B#teswitch, in case the does not w
advanced software on the gatewMore specifically the components in this architeetare

CPE

Each customer device eapable of running several instances of serviceigeo software
using for example Linux LXC. The instantiation ¢fese service provider instances
controlled by a virtualization agent, who is resgibfe for the correct setup based on
setting, equirements and data received by the CPE Man

There is also a need to isolate the incoming data the network and route this traffic
the correct instance, which can be solved with ramyber of encapsulation technique,
example VLANs or MPLSunnels. The same is true for the home side ofnitevork
ports; here one can separate the virtualization stancggdnmeaning each instance ¢
exclusive control over a network interface. It isoapossible for several instances to sl
an interhce facing the home side but presents more cortiphe, but handling the «
multiplexing on the packet level between the SR®re trivial.

For other types of ports, such as VolP port, thEsés needs to be allocated exclusivel
one service prode instance as sharing such a resource is hardsome cases impossit
or impractical as they are not packet based ports or analogue.

CPE Manager

The network operator runs a node in its network than charge of instantiating au
managing te gateways in the network. Each service providardsethe setting:
requirements and the software to this node, wheigestored. Using this information tl
manager knowsvhen to instantiate and what resources go giver tmstance provided L
the service provider.

Each gateway in the network keeps in contact withrmanager and receives instruci
and data for creating instances of the serviceigen\s software. For example wher
customer select a new service provider for a V@Rise the marger pushes an instan
of the service providers software down to the gatewho in turns start the software ¢
there for enables the customer to start usingehace

Service Provides
Each service provides send a set of requiremepégifies the eed of the softwa, the
required settings and finalthe actuaC&M plane software data.

This solution could be built today with current thaare and software but more researc
the details are needed. Especially the isolatidwdxen service provir instancesneeds to be
explored in further detail.

5.5.3 Evaluation

In NG-AON (active star and home run) the main focus isasgingle NP over a fib open
accessi.e. not unbundling on the wavelength level. Téh®s not exclude fibre unbundli
and therefag allows for multiple NPs on parallel fibre straraadgl sharing on the site level.
NG-AON open access platform can be accessed on neulapérs and multiple geographit
locations from PCP2 to PCP5 or PCP6 (pure opensapa@ up to PCP7 (open accand
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aggregation/metro), seBigure 5-28. A point-topoint (home run) scenario on La-2

Ethernetcan also be created utilizingP wavelengths through a WL-PON system (for
open access implications in this scenariochapter 5.2 In order to meet WP2 requireme

it is assumed that an active remote node is utdizthe WDM dimension when connecting
the main access nodm fibre rich scenarios this WDM link could be clgged to multiple
fibres). This can be realized viaP WDM links, WDM-PON, or a WDM ring. Each optic
can realize different resilience scenal

Since the focus is mainly diit-streamopen access at the logical layers (Ethernet, MARS
the goal is to create a working «to-end architecture. The main challenge is to mee
isolation needs of the logical lay, and creating and end-to-end &itean open access
architecture based on more evolutionary virtualiratechniques (should be comparec
more revolutionary / cleaslate approaches in e.g. EU FP7 SP£.
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6. Open access in aggregation/met networks

As discussed in chapter 4 it is possibl have a variety oflifferent NP/SP scenarios. O
scenario is where the SP connects to the open saaagastructure in PCP7nd the open
access network provider opens up its infrastru also in PCP7As with the access netwo
the aggregation/metro network car openedup on different layers e.g. fibre, wavelengtt
bit stream. The main focus in OASE has been oniogehe aggregation/metro network t
on the bit stream layer. All of ttopen access architectures discussed in the pregi@pe!
is assumed to be handled by the open aggregation/metwork desibed in the following
text.

Below we start with a short seon on current open aggregation/neearchitectures and the
moveon how to mitigate certain issu(e.g. see D3.1 NG AON sectidar a more in dept|
discussion of these) of thesethe next generation architectures.

6.1 CURRENT ARCHITECTURES

Current open aces aggregation/metro networks are closely relatedthe curren
aggregation/metro solutioradreadycovered in D3.1. Thesarchitecturednclude multi-layer
Ethernet and MPLS as higher layer architectured,passive WDM and OTN as lower lay
architecturesComplementary to these, and used in open acce$isajgms, is an IP base
I.e. routedarchitecture, whic utilizes IP routers in all topological positionsQP4 to PCP".
Current operaccess in aggregation/metro architectur mainly realizecbn the higher layers,
i.e. an end-teend OASE scoped open infrastructure uding anaggregation/metro netwo
that utilizes a multi-layeEtherne (e.g. [5]) or an IP based forwardimgchitectur. Multi-
layered VLAN hierarchy and filter based IP forwardircreates dairly isolated resourc
allocations per SP.

D3.2 also covers the aggregation/metro network iaistiows both a physical tree and r
topology (where the ring allows for higher level shetopologes). As indicated in chapt
3.3.2there are some implications of these when apple@rn open access infrastruct
scenario. One implication is that the access achites lead to two main cases; 1) mult
NP, and 2) aisgle NP in PCP5/6Figure 6-). In the aggregation/metro part this leads tc
case 1), the need of having separate and panafedgort between PCP5/6 and PCP7. In
2) as single shared transport is utilized. The ndéfierence between the two cases is capi
dimensioning of the aggregation/metro system/systamna the floor space and fibres u
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Figure 6-1: The top figure shows an architecture that is opein the acces (wavelength OA) while the
aggregation/metro part is not shared. The bottom jure shows ¢E2E type open infrastructure which
covers the full OASE scope. The equipment located PCP5/6 depends on consolidation scenat

In reality the open aggregatioretro architectures of todayuite commonl are a mix of
Ethernet and IP, where the forwarding element &mtain PCP7is, usually, Ethernet
terminating, i.e. it forwarden the IP level. Traffic forwarding to different SBre usualllP
filter based, whikh puts a requiremeiof SP coordination athe IP address, both 1-cast and
multi-cast, ranges used by the ¢ The positive side of these hybrid architecturethat it
less of an issue witbf VLAN ID scalability than a pure end-tend Ethernet solutn can
have (employing a full multiayer 802.1Q hierarchical Ethernet solutions dagshave thes
scalability issues)A hybrid solution also add some added functionadityiltering of traffic
since IP based network element usually have a ambrance set of tools for these functior
On the other hand does a pure Ethernet solutioa aawadded benefit in migrating to an IF
based world since such a migration would be moiess transparent from a forwarding pc
of view (IP based switch managert would require a migratory stegjor a discussion o
how the external interfaces to an open infrastinectelates to this please schapter 3.3.1.

However, in the OASE context the goal of next etiohary development of pen
aggregation/metro network is to lower the needaufrdination between SPs (e.g. VLAN
IP address coordination), to allow for the SP teehanore or less full control over
segmented piece of the shared access and aggrégedim infrastructur The reason for the
first one is that coordination increases the tholslof delivering services over a shal
infrastructure since coordination would lead tohig costs. The seca goal, we call the
black box problem since iaurrent solutionsthe SP ks none or little insight of the shat
infrastructure, which leads to high support cosewlroubleshootingAnother side of thi:
benefit is that the NP of the shared infrastructyixes away responsibility of operations
the SP which in turn lowersequirement on the technical staff of the open siftecture
network provider.
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Figure 6-2: Shows an open access and aggregation/metro netwdhat is an extension of the SP’s ¢
national/global NP network.

Isolation and virtualization techniques of data#farding and control/management planes
a way forward in working towards these gt (see chapters 3.24nd 3.2.2). In software
defined netwdts e.g. OpenFlow based architectures (see OASE BBdL FP7 projec
SPARC) a more clean slapproach is employ while in OASE we try a more evolutional
approach which tries to utilize already existinghteique. An OASE architecture thi
employs suchiechniques is shown in the below section on nereg#ion aggregation/met
architectural configurations.

6.2 NEXT GENERATION CONFI GURATIONS

This section describes potential future configwratioptions for handling op-access
network with an end-to-ergtope

6.2.1 Virtualization based on VRF/VS

One virtualization solution that could be deployeday is one based on L3 forwardi
(either IPv4 or IPv6), where each router is separdty the today available VRF (Virtu
Routing and Forwarding) solutions. Inis solution each SP gets its own virtual instanic
the IP router, where each instances is separatdétieolayes below. Wavelengths could |
used for separation, where enough are availableotRer links VLAN tagging could be ud,
where the VLAN ID @ eachpacket is used to switch the packet into the corkéRF
instance. Please refer to chapte3.2.1 and 3.2.2or an initial discussion on isolation a
QoS, and virtualization between virt slices.

A similar variation of this is VSF (Virtual Switchg and Forwarding), which work on t
same principal bubn L3 anduses different packdével separation when physical separa
(port/wavelength) is not possiblThis would be similar to whas the realization of MPL:
based L2VPNs, which uses a smaller scale versidedc&irtual Switch Instance whe
emulating Ethernet functions at the egrespseudo-wire tunneldlhere are several possit
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approaches for packetvel separation, but perps the most realistic is to us-VLAN based
separation, which means each VSF instance canludedlze C-VLAN name spact

This enableghe NP to easi perform the initial creation and separation of YeF/VSF
instances (see Figure 6;3) process that easily could be performed autcalbtiby a NMS.
The NP would then provide connecti\ from each VRF/VSF instance to the SP, where
SP then configures the instance, which then carcas&ol and management plane protoc
that fits with its own infrastructure in order toeate an er-to-end SP infrastructure (s
Figure 6-2).

Port X sl VRF instance A [ mxr{ VRF instance A JEIm
PortYﬂ VRF instance B vum' ‘vuwv VRF instance B vuwv' EEEEEEN]I
Port Z E VRF instance C IfXE TR VRF instance C iIXE

Figure 6-3: Example of VRF configuration with a configurable home gateway, with VLAN tags for
packet-level separation.

This approach could be utilized from the NP/SP boall the way to the gateway, giving 1
SP full control 6 its slice of the network on L2. Where the separations of VRF/V:
instances on the gateway tbe done based on port. This means that trafiierang port X
would be handled by SP Xhe combination of VRF and VSF in a network woulsioafit
well with NP that uses L3 equipment in access aswtU_3 equipment in aggregaticThe
downside if the pproach is that it lacks the possibility for the tRaffect theoptical routing
of the networkif such would exis

6.2.2 Virtualization based on OpenFlo

Software defined networking is today a popular aese topic, where OpenFlow is popu
variation of ths. OpenFlow offers many interesting possibilities virtualization, man)
which can be applied to of-access networks. This research topic is researichatany
projects, include FP7 project SPARC, and vthereforenot be discussed he (a short
introduction can be found in D3.

6.2.3 Virtualization based on GMPL

Optical elements must be a part of the access/gatipa network to handle the long te
OASE objective of 300-3D Mbps sustainableéandwidths per customers, and it is there

desirable to haw a virtualization solution which provides tNP/SPwith the possibility to
slice and controthe routing of wavelengths. This could for exampéeused to bypass acti
equipment or to change the bandwidth allocationdtwork nodes based on changethe
network(see D4.4 for a none open aggregation/metro soldkiat incorporates parts of tr.

The technology closes to achieving a standard pobtsuit to control optical network

generalized multprotocol label switchingGMPLS) (see D3.1), whitis a suit of protocol
standardized by IETF. It consists at its core ob twmandatory protocols, OS-TE and
RSVPTE, augmented with extensions to support more @enersources. Topoloc
distribution is handled by OSITE and RSVP-TE handles the acttedource allocatior
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Figure 6-4: Virtualization of a GMPLS node, which supports both electica
and optical switching, based on creating multipleristances of the GMPLS
control plane.

This protocols suitould be separated to support virtualization, sthe&aP could control it
part of the network, including both optical andotfieal forwarding. One approach to tr
visualized in Figure 6-4is to have several instances of GMPLS control software runnir
on each node. With this approach one wavelengthldvba used for i-band signalling,
proving connectivity to each nc (Ctrl Path) This channel would be separated using VL/
to provide one VLAN per SP, and isolating SPntrol traffic from each other. The sai
channel is used by the NP to control and configheeinstances. The VLAN tagging of t
control traffic need to be enforced by the node, stmould therefore be transparent to the .
Each instance, which is caol by a SP, would then have control of a subsettheaf
wavelengths offered by the node. In this case th#id for each SP is separated us
wavelengths and each SP has therefore unrestustedf all electrical forwarding

The network traffic neexdto be slices for electrical nodes without WDM dzhsterfaces a
well, for example in case of a IFAON RN. In such a node the uplink is WDM based, the!
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interfaces facing the customers are not. In thi® &02.1AD -tags could be used to sepat
the traffic, and still provide each SP unrestricted gesaf 802.1Q tags as well as MP
labels. The gateway at the customer would tag réiféi¢ with S-tags based on the receiv
port, which value would correspond to a SP, andy#teforwarded to the RN \ere it is sent
to the corresponding SPs forwarding talFor the MPLS layer this could also be done
pushing an extra MPLS tag on the outgoing MPLS &snthis tag would identify the servi
provider. When a MPLS frame ieceived the reverse would be foemed, the tag is remove
and based on this value the frame is give to theecbservice provider instanc

The limiting factor for the implementation of thmethod is the amount of control pls
resources on the node, most critically the anm of memory. Resource limits must be

between control plane instances to prevent one Sdct the control plane of other SPs. -
same kind of limits need® be enforcedon the forwarding plane of the node, so that
forwarding engine table spads not all used by one SP instan®e the discussion

hierarchical QoS in chapt8&r2.]).

A way to reduce power use is to shutdown unuseceégwr parts of devices, like interfac
for example as described in D4.4. s kind of approaches requires interworking betwse
in a virtualized network as the operation of smgftlown a component may affect severa
and can therefore not be performed by a simpleC8ie.method for circumventing this isst
to have a centrglath computation element for all sin the network, which has knowled
about both each SP slice of the network as wethascomplete view of the network. Tt
element can therefore make allocation recommenuatishich take the full state of tl
netwak into consideration. By using this approach tbme network element could still |
shutdown even in a virtualized netwc

6.2.4 Pure IP network

The long term evolution of services pcs to future scenarioshere all services are deliver
as internet basedervices, even if they coulstill be terminated inside the SP netwc
Examples of such services today include NetFlixptBp and Youtube. These services
delivered purely via publically routable IPv4 adsbes and do not require any spe
configuration of the network.

This leads to a future where a custa’s primary choice is it$nternet service provider ar
there is therefore no need configure the networlspecific services, like for example IPT
A SP can still provide several servicebut they are deployed as normal internet bi
services, and require thatastomer haan internet service.

The common argument against such a future is thblgm of live TV broadcasts, whe
many customers want access to the same live cenfEniscould for example be the wor
cup in football. Today these scenarios are resolbgd using multicast, where ti
access/aggregation network is configured to harttkese streams and -top boxes
configured to receive it. But the use of multicasproblematic for internet based streams
can practically not be implemented over the interiestead the contents could be unica:
to the customers, which is technically simple t@lement. But this requires extra bandwi
as the content need to be : to each customer individually. The scalability bistmethoc
depends on where content source is located, iedlaear the customer the extra bandwid
reduced. This method of distribution of live cortenactively used by Google, who'’s recc
at the time of writing is six million concurrent viev[33] by using unicast streams from
CDN. It is therefore possible to resolve live sining of video conter by using a CDN
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network with nodes near the custo but requires aetwork with high available bandwidt
such as the architecturesnsidered in OAS (see chapter tbr additional aspects of locali
based traffic).

The approach to solving live streing could be further improved by usi peer-to-peer
offloading, in addition to using a CDN netw: (e.g. see chapter 4.3 this case the devic
at the customer would send data to other devicethanaccess/aggregation network,
thereby reducing the need traffic higher up in the network. A practical exdmpf this
could for example be that the live content is fatseamed to a customer A, which retransi
the data to customer B who join the live streararlafo what degree this is acceptable for
customer depends on how important the livelinesghefstream is, and if what happet
earlier in the stream matters. For example the iogecteremony of the Olympics is an ev
which a customer might wants to see from the stant| a delay could be eptable. The
timeliness sporting events are more important andhis case only small delays may
acceptable.

Running such a network on IPv6 also resolves tlesl te use private address spaces ¢
IPv6 has a large address space. This means titing in the NPs network becomes easy,
can be handled with normal routing protocAddress assignments could beformed either
by using static IPv6 address methods orNeighbourDiscovery Protocc (NDP) if dynamic
address assignments are nee:
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7. Open access summary

In this chapter we will summarisél open accesarchitectural aspects. We begin with a summarglitet forn which describes OA aspects of
the access architectures from chapteéfdlowing that is the short list of open access, which is a list whieds to represent the more proba
of the above solutions. This short list is the tfiafi collaboration with WP5 and WP6, and is veryamunfluenced by a s«of business model
requirement. The chaptends with a general summary which summarises thddliverable

7.1 SUMMARY TABLE

The following tables comparal the different next generation optical acceshiéectures whicthavebeen geared towards use in open ac
networking scenarios. The goal of these talde®s give the possibility of a high level compansand see the strengths and weaknessthe

architectures.

The information of the tables is mainly based om @A architectures in chapt5, but some are qualitative assessment of the architect
Examples of such a qualitative assessment are; glepaty of solution” inTable 6 and Table, or “amount of c-ordination needed between
NPs” in Table 7, or “Maturity of OAolutions” and “Maturity of OA virtualization solions” in Table 8 These qualitative assessments repre

a highly important indication of the architectul®sthe gathered expertiseOASE.

Table 6: Fibre Open Access

Architecture WR-WDM-PON | WS-WDM-PON | UDWDM-PON Hybrid Hybrid Two-stage AON (PtP) AON (Active
WDM/TDM WDM/TDM WDM- PON Star)
PON PON with WSS
Fibre YES MES MES MES MES MES MES MES
Open Access
Can be opened up YES YES YES YES YES YES NO YES
in remote node?
Fibre OA interface PCP4 PCP4 PCP4 PCP4 PCP4 PCP4 PCRS PCP4
(typical options)
Complexity Moderate Moderate Moderate Moderate Moderate Moderate Simple Simple
of solution?
Co-location needed BC: PCP4 BC: PCP¢ BC: PCP4 BC: PCP4 BC: PCP4 BC: PCP¢ BC: PCP5 BC: PCP3 or
(best case/ worst case)| WC: PCP4,6,7 WC: PCP4,6," | WC: PCP4,5,6,7| WC: PCP4,5,6,7| WC: PCP4,5 WC: PCP4,5,6, WC: PCP5,6,7 PCP4
(PCP5 optionally)| (PCP5 optionall ,6,7 WC: PCP3 or
PCP4 and
PCP5,6,7
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Table 7: Wavelength Open access

Architecture WR-WDM-PON WS- UD- Hybrid WDM/TDM -PON Two- NG-
WDM- WDM- stage AON
PON PON WDM-
PON
Variant Feeder | Manual | Electric | Power Wave- WSS Power Power Feeder | Power Wave- WSS Secure | Wave- | Generic
Fibre al Splitter band Splitter | Splitter Fibre Splitter band with band
Splitter Splitter Feeder | Splitter
Fibre
Wavelength YES MES YES MES YES MES YES YES but| YES MES YES YES MES YES NO
Open access problem
atic
Amount of Minimal | Minimal | Minimal High Medium | Medium High High Minimal High Medium | Medium | Minimal | Medium N/A
coordination
needed between
NPs?
Amount of Limited | Limited | Limited High Pre-con-[ High High High Limited High Pre-con-| High Limited | Pre-con-| N/A
concurrent NPs? to to to cross- figured to figured to figured
amount | amount point amount amount
of FF of FF switch of FF of FF
Security layer NO NO NO MES NO NO YES MES YES MES YES YES NO NO N/A
needed?
Can all NPs YES NES YES NES YES NES YES NES YES NES YES YES NES YES N/A
reach all ONUs? (manual
ly)
CanaNP OLT NO NO NO MES NO NO YES MES NO MES NO NO NO NO N/A
interfere with
OLTs from
other NPs?
Can an ONU NO NO NO NO NO NO YES NES YES NES YES YES NES NO N/A
interfere with
ONUs of the
same NP?
Can an ONU NO NO NO NO NO NO YES YES® YES MES YES YES NO NO N/A
interfere with
ONUs from
different NPs?
Wavelength OA PtP PtP PtP PtP PtP PtP PtMP PtMP PtMP PtMP PtMP PtMP PtMP PtP N/A
type
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Support of

NO

NO

NO

NO NO NO YES NES YES NES YES YES NES NO NO

Broadcast (betwee | (betwee | (betwee | (betwee | (betwee

overlay nPCP2 | nPCP2| nPCP2| nPCP2| nPCP2

wavelength (e.g. and and and and and

Video PCP5) | PCP5) | PCP5) | PCP5) | PCP5)

broadcast)
Complexity of Low Low Medium | Mediurr Low High Medium High Low Medium Low High High Medium | Medium

solution?

Passive Opaque PIP Opaque | Opaque Opaque PI Opaque | Trans-
equipment is PIP PIP PIP parent
WDM/PHY PIP

layer technology

agnostic

(Transparent or
Opaque)

Table 8: Bit-stream Open access

Architecture WR-WDM-PON | WS-WDM-PON | UDWDM-PON Hybrid Hybrid Two-stage AON (PtP) AON (Active Star)

WDM/TDM- WDM/TDM- WDM-PON
PON PON with WSS

Bit-stream YES YES YES YES YES YES MES MES

Open access

Maturity of No commercial | No commercia No commercial No commercial No commercial | No commecial Commercial Commercial

OA solutions?

systems

systems

systems

systems

systems

systems

systems availablé

systems available

Maturity of OA
virtualization solutions

Research topic

Research top

Research topic

Research topic

Research topic

Research top

Research topic

Research topic

First location of NP-SP PCP6 + PCP7 PCP6 + PCF PCP6 + PCP7 PCP6 + PCP7 PCP6 + PCP7 PCP4 + PCF PCP5+ PCP3+PCP6+PCP
interface PCP6+PCP7 or
PCP4+PCP6+PCP
Identification (Line-ID) OLT OLT OLT OLT OLT OLT-1 PCP5 Switch First Switch at
added by PCP3 or PCP4
Customers physical YES NO NO NO NO YES YES YES

location fixed, no
nomadic access
(refer to 3.2.4)

(1) Assuming layer2 aware NGOA system technolo
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7.2 OPEN ACCESSSHORT LIST

This section describes a short list of all the opecessrchitecture variations which has be
transferred to WP5 and WP6 for evaluation. The tslgtrhas been created in collaborat
with WP5 and WP6 in order to zero in on the mokavant and likely versions of all that h
been researched.

In order to nerow down the full list of OA architectures WP6 glipd the following busines
model related requiremen(i® no particular orde:
e Concurrent NPs
o0 An enduser can have multiple NPs in a slowly varyingaemanne or in a
parallel manner (thought lesikely), and in preferably in a non manual \
o Mainly applicable to wavelength open access, sincébre and bi-stream
open access a change of NP would mainly be doaerianual wa
* Inter NP isolation
o A rogue ONU (a misbehaving ON- deliberate or not3hould not be able 1
effect the service of another NP, e.g. hybrid ONh effect other ONUs i
the same NP domain is ok, but not between
» Coordination
o No master NP, i.e. if there is a need for coordimatof resources (e.
wavelength span etc) s function should not lie with one of several M
offering service in the same a
o It should, if needed, be coordinated by the since it is considered the mc
neutral party

The last two requirements are the most stringemtesithis introduces the ed of high
isolation on the OA architectures. This is espécibard those architectures that targe
wavelength open access scenario. The end resultthedsin order to open up on t
wavelength level, a cost hitas needed replacing optical splitter&vhich have low degre
of isolation)with reconfigurable optical filters (e.g. WS and AWGs However the cost h
per enduser is not great. But it shows that the open agrical business models are |
easily combined since in this case there w be a need of exchanging all splitters installe
the NP wants to go from a vertical to an open &echure. And being able to utilize existi
power splittersn migration scenaricis one of the more stringent requirements in POsétd
accesses.

Theresulting short list of open access architecture!
* Fibre open access
o TransparenPIF
= Usually fibre rict
* Green field infrastructures whimaximiseson fibre cour
= Normally point-to-point on fibre and optical level
* Wavelength open acce
o Opaque PIP
= Usuallyfibre poor
* Brown field infrastructures that optimizes on film@un
* Includes opticadevices
e Optical device e.g. optical splitters, AWGs, WS
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* Legacy installations are normally pc-to-multi-point on optical
level (i.e. splitter based), while n installations can be po-to-
point (i.e. purely AWG or WSS bast

o WDM-PON
= Wavelength routed (WR) WD-PON
* AWG and multi feeder fibre based
o Hybrid WDM PON
= Passive hybrid WDI PON
* Multiple feederfibre with NP isolation
e Bit-streamopen acce:
o WR WDM PON
= A “pure” optical ptp WDM POI
* No opticalsplitters for shared medium applicatic
0 NG-AON
= Active remote node with WDM backhauli

Including theseshort listed architectureinto the full scope of WP3, i.e. including t
aggregation/metro network, show tlthere are basicalliwo scenarios where focus is 1)
wavelength open access in the pure access, ambit-streamopen access in the full OAS
architectural scope. IRigure7-1 on can see what these different focuses le. 1) pushes
the SP to the access and to the need of havin@perdting n aggregation/metro netwc,
while 2) allows for sharin@f the network infrastructure in the aggregatiorthmenetwork.
The first oneis comparable 1 the current situation of whambundling ha<occurred in the
copper access, while the latter is also referretthé&E2E type of open access infrastructu
(see Figure 2-1).

Applying these to the open access reference modeder to see on which leveld at which
point in the network an infrastructure opened upyields what is shown iiFigure 7-1. It
shows theopen access interfe occurs on all studied levels in PCP2, and on alP®Gn the
fibre level. PCP5 and PCFare usedor wavelength open access but also for backhal
purposesPCP7 is mainly used fibit-stream based E2fgpe open access infrastructu
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Figure 7-1: The resulting open access reference model figubased on the short listof OA architectures
delivered to WP5 and WP6

7.3 GENERAL SUMMARY

In this deliverable we havevaluatd and developedccess and aggregation/metro netw
architectures for open ag=type scenarios, aanalysedraffic patterns and i implications
on next generation optical access and aggregateirdmetwork with a qualitative analysi
of the impact on open acce3he deliverable hi hadthe full OASE scope defined in D3.
i.e. from a gateway at the customer premises tadhe retwork edge.

An initial background to thepen access networking business maodas givel, where the
aim is to share infrastructure in order to lower tiostsborne bythe entities utilizing the ope
access infrastructure. The business model has detions on the network architectuat
mainly three levels; 1) fibre, 2) wavelength, andi-stream.

In order to visualize where and on which l¢ open access is made possible by
architectures under studgn open access reference model has beveloped and used whe
describing the different variations of open accasshitectureslt was used in order 1
describe all variants of the open access architestand as well when creating the short
of open access architectures to be used by vnd WP6.

It has been identified thabé main impact on the physical infrastructure ptevi(PIP) is du:
to opening of the wavelength le. This lead to the need toodelling the PIP in two differel
ways, i.e. an opaque PIP and an transparent PI&g¢ an opaque PIB a PIP that needs
manage optical devices (e.g. optical splittersayad waveguide gratings (AWGS), &
wavelength selective switches (WSSs)). The reaeorthis is that wavelength open acc
leads to the need of having an entityt manages and coordinates the optical spec
(wavelength) accesbetween the entities thatilise it, i.e. the network providers. It
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possible that the PIP or NP, or even a totally sspaentitycould coordinate thisHowever,
based on discussion withg. WP6 it was decided that the most likely andtrad entity
would be the PIP.

A transparent PIP is more of a traditional roleh&vise it is mainly the scope of OASE t
leads to an extended scope of open access, i.eE@BI® open access iot only opening of
the FTTH but also the dark fibre infrastructureaimd between sites leading up to the c
Also the dimensioning of the sites -location) needs to take into account the possybalft
multiple network and service provis’ equipment at these locations.

When it comes to bistream open access the main focus has been t@sectbe isolatio
between network providers and service providerbzimy the shared infrastructure on
electrical forwarding level, and on the control anenagement level. The latter alleviates
current “black box” problem in open access netwagkwhere the operator of the sha
infrastructure has full control over the networkihthe service provider usually has lit
insight in the state of the slear infrastructure. This can lead to very high supposts whet
customers are reporting problems while the seprogider does not have the tools to trot
shoot or locate the cause of the reported problémthis deliverable a more evolutione
appioach based on virtualization has been suggesteeiewhore disruptive approaches
studied in e.g. FP7 projects like SPAF

In the end the evaluation and development of opeess architectures lead to six differ
versions of WDM PON, five differet versions of Hybrid PONs, and a single of eaclthe!
two stage PON and NG AON, and this does not incthdefact that you can run -stream
open access over any of the different architectwetsions. However, based on -
discussions with WP5 and W we ended up with a short list of architectures included
four different WDM/Hybrid PONs and AON based architeeturthat fulfilled the
requirements.

Also included in the worlare studies related to traffic flows which vea focus on video
content dstribution and the locality and caching of suchffic flows. If there is such
locality aspect in the nature of the traffic flowsen this wouldcounterac some of the
expected benefit afxtreme consolidations. The reason would be thabild not le optimal
to send traffic into the core when it could haverbé&ept more locally in the access. ~
locality study show that even though not utilizeug highly distributed caching infrastructt
there were at least 18% simultaneous users ofame ¥idio content. With caches this figu
would go up and architectures that allows for swaffic flows would then off load the co
network to a fairly high degree

In summary the main contributions of the deliveeals the work on; different open acc:
models, open access reference model, optical nrorgtor multi network provider scenaric
traffic studies, the large variety of wavelengtheonpaccess architectures, evolutior
virtualization based open access architectures tfamdhort list of ope access architectur:
based on discussions with W\ which will be vital to the further analysis of thechitecture:
within other work packages.

---End of Document ---
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