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Executive Summary

This document proposes at first scenarios not oahtred on the user but business oriented. Thetovaljange
operator or to subscribe to multiple operators iscussed in the first part of this document. Specif
requirements to these scenarios are the derivetiéddnome network.

Besides, external sources for requirements thatbeampplied in home networks are exploited, nantleéy
Future Media Internet and the FP7 ALPHA project.

A summary of the important requirements for the leddetwork is proposed at the end of the documelist a
of requirements and service classes already statprevious OMEGA deliverables, as well as a ddidraof
QoS requirements from the Home Gateway Initiatovéhe whole home area network.

Impact on the other Work-packages

The requirements derived in this deliverable impativork-packages in OMEGA related to connectastior
QoS policies, i.e. work-packages WP2—6.

More precisely this means that the connectivitibputd provide a bandwidth able to convey multiple
compressed HDTV flow and in some specific case mpressed HD video. It also means that efficient QoS
(prioritisation) policies have to be applied aeimMAC level.
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QoS
RCE
RMS
SLA
SME
TV
VoD
VolP

Quality of Service

Remotely Configurable Equipment
Remote Management System
Service Level Agreements

Small or Medium Enterprise
Television

Video on Demand

Voice over Internet (telephony)
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1 Introduction

1.1 Scope

This document proposes at first scenarios not oehtred on the user but business oriented. Thetovalgange
operator or to subscribe to multiple operators iscussed in the first part of this document. Specif
requirements to these scenarios are the derivetiéddnome network.

Important requirements for the home network is glsgposed: a list of requirements and service elafready
stated in previous OMEGA deliverables, as well @lection of QoS related requirements derived frexternal
sources (HGI, ALPHA, FMI).

1.2 Document Organization

This document is organized as follows:

Chapter 2 is dedicated to business oriented s@mnaBy exploring actors involved in the OMEGA
value chain, we have been able to identify furtkeenarios, from which we will draw other
requirements to the OMEGA network.

Chapter 3 presents some other sources for requitsriteat can be applied in home networks, namely
the Future Media Internet and the FP7 ALPHA project

Chapter 4 summarizes requirements from these sguats® incorporating

0 a global summarizing list of requirements and sErvtlasses already stated in previous
OMEGA deliverables,

0 A derivation of QoS requirements from the Home @atg Initiative to the whole home area
network

Chapter 5 focuses on the multi providers and muttiimg scenarios and discusses various possible
related architectures.

D1.4 — Requirements, Architecture & Topology Report Page 8 (30)
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2 Business related scenarios

2.1 Business actors

Figure 1 depicts the main roles proposed in the GMBusiness model value network. These stakeholtars
different interests in this OMEGA ecosystem. R@rd revenue opportunities are also described i6 [Z].

% CPE Retail

Oi =tribnstaor End User

CPE Whoesae/l\

,;-E Senice
Retail

CPE “endor

Content Retail

Cortent Aggregsator

apacity Wholesale

Content
Retail

Wi Sernvices Content Wholesale
DMEG?EPHE“N Cortent Prowider

“alue Added Serwvice
Prowvider

Content Wholesale

Content Wholesale

Metwork Operator Service Operstor Content Producer

Figure 1. OMEGA Business network

Service operator.A role for an entity whose business is to offemoaunication services to the final
user (Internet access, VolIP, IPTV).

Network operator. A role for an entity whose business is to offer élteess infrastructure to the final
user, linking users with service operators or valdded service providers.

OMEGA operator. Either a service operator or a network operator
Subscriber. A role for a person or a SME subscribing the nekwamrcess and additional services.

End user. A role for a person or SME inside a home envirentmenjoying services through its
OMEGA network, also being able to purchase OMEGAigapent through retail CPE distributors

CPE Vendor. Role for an entity whose business is to market edele consumer electronics to
distributors.

Distributor. Role for an entity whose business is to markeilredmsumer electronics to final users.
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Value added service providerRole for an entity whose business is to offer of@wices to the final
user beyond the mere transport of data or commtioicaervices.

Content producer. Role for an entity whose main role is to produomtents, investing time and
money, and to sell the rights for distribution.

Content provider. Role for an entity whose main business isstdl wholesale contents, buying
previously its rights from the content producer.

Content aggregator.Role for an entity whose main business is to retailtents, aggregating them
from many sources.

Deliverable D1.1 [1] covered in great detail theerests and motivations of OMEGA end users. Thegae of
this chapter is to highlight other scenarios inudvother stakeholders. Interactions between thkwser and
another stakeholder can be shown from either thgppetive of the user or the other stakeholdethése cases,

we choose to present the scenario from the otlpErspective, since end user’s interests have beeered
already in D1.1

Most of the following definitions, also used in ghilocument, rely on the Home Gateway Initiative (HG
Technical Requirements Residential Profile, [13].

Application Service Provider (ASP) : entity whosasimess is to offer communication services or to
provide contents to the final user

Broadband Service Provider (BSP) : entity whosdn®ss is to offer the access infrastructure to the
final user

Operator/Business Support System (OSS/BSS) : ibrapasses the functions required for the
Broadband Service Provider to manage its netwodanioverall way

Remote Management System (RMS) : entity embeddiagagement functions such as resource and
device inventory, event notification and alarm ngeraent, diagnostics and troubleshooting. The RMS
presents a northbound interface to the OSS/BSS. RM& also includes the Auto Configuration
System (ACS) defined hereafter.

Auto Configuration System (ACS) : entity implemagtiremote management functions such as device
configuration, software updates, device diagnostmsote operations and reboot requests as ddfined
the Broad Band Forum TR-069 Amendment 1 standadsy known as CPE WAN Management
Protocol (CWMP)[17]. The Home Gateway and the TR-@habled devices located in the Home
network can be managed on the basis of this prbtoco

Remotely Configurable Equipment (RCE): Equipmentated in the home network and remotely
managed by the ACS: it may be the Home Gatewaynoeguipment located behind the Home
Gateway.

Multi Dwelling Unit (MDU): apartment in a cabled itding.

2.2 Scenarios

2.2.1 Household appliance vendor

This scenario involves a CPE vendor which is alsalae added service provider. Figure

ACME is a leading household appliances manufactaret is positioning itself for the digital home
revolution. Its next generation products will ofimmote management capabilities. That is the fusalr
can remotely interact with the appliances, foransg, to pre-program an air conditioning systena or
refrigerator temperature point. Their products widlorporate:

» The latest technologies in energy savings

» Remote control of some functionalities by theafinser

» Monitoring capabilities for parts maintenance @agver consumption.
e System alarms for malfunction.

» Connection to a HAN

» Remote upgrades of firmware.
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ICT-213311, OMEGA 16 November 2009

Being part of the user HAN will bring the compargmnrevenue possibilities such as:

 Remote energy-savings management service. Wihhétp of different sensors in their devices, the
manufacturer can remotely collect, assess enengyuroption trends and optimize usage.

» Parts replacement program to anticipate failuvggh the data collected by the internal sensdrs, t
manufacture can replace the more deteriorated peftse causing a general failure in the appliance.

Sellswhitegoods to e As aValued Added Senice
Frovider, ACME offers the
subscriber a semvice
regarding maintenance of
his household equipments

MediumMarket : Jzne :End User
Distpfbutor

family
CPE Wrholesale

-al manage whitegoods status to

s a CPE Wendor, ACKWE
-] designs and sellz smart
whitegoods equipped
with OMEGA technology|

Peter :Subscriber ACME alue Added

Service Provider
ALCME :CPE Yendor

Figure 2: ScenaridHousehold appliance vendawoles and relationships

Having assessed the different technologies, theguesaff will incorporate a PLC interface becatise
no-new-wires approach will help deployment of thefipliances anywhere in the house. Some of their
appliances like electric engines and pumps corgilba the harsh environment present in the powner. li
Having assessed the various possibilities, thelyohdose an OMEGA based PLC chipset because:

e it integrates seamlessly with the rest of the HAXe user will manage these appliances in the same
way as other devices at home.

e The state of the art OMEGA PLC chipset offersusttmechanisms against PLC errors.
 OMEGA guarantees the delivery of alarms in caddaiture.

» Data is encrypted at the link layer, offering #iddal security.

Household appliance vendor (variant)

The variant scenario involves the same manufactiitewever, instead of integrating an OMEGA chipset,
includes standard technology (Ethernet) or dompetific technology like KNX [5], this latter provéd that
there is no conflict at the PHY layer in PL@n the first case, a simple Omega Extender ipamed to adapt the
Ethernet frames to the Inter-MAC frames, thus pilmg a simple adaptation mechanism to the OMEGA
network. The second case would need a specializZdE@A Legacy Device Adapter for the technology in
question.

2.2.2 Changing network operator

As shown in Figure 3 this scenario involves twonmeks operators.

1 KNX's PL110 & PLC132 media use a central frequeat$10 KHz and 132 KHz respectively.

D1.4 — Requirements, Architecture & Topology Report Page 11 (30)



ICT-213311, OMEGA 16 November 2009

old operator :
OMEG perator

Jane :End User

family
Unsubscribe on behalf of the user
upgrades HZ and MediaSener Cantent Retail
o BigPipe :Content
EigPipe :Metwork Peter :Subscriber Proider
Operator ;il“

[
In this szenario, BigPipe plays
three roles: as a netowde operatar,
takes care of subscribers access
nebvodi A= 3 senvice prowvider,
provides 3 bundle of IP senices, as
a Content provider, provides the
content to the subscriber aswell

Content'Whalesale

Semice Retail

EBigPipe :Service
Operstor

(Cortent Producer

Figure 3: ScenaricChanging Network Operatoroles and relationships

Network operatoBigPipeis making its way in getting a market share of B¢ ISP market. It is contacting
customers from competing companies to offer a amactive bundle service: 100 Mbps Internet fiboeess,
free VolIP calls, six month try&buy GizmoTV, a newDHV streaming service and 600 Gbyte network hard-
drive, at a discounted price with savings up to I0%e monthly subscription fee.

BigPipés Call centre agent Norman contacts Peter, exipigithe deal. Although the economic part seems
attractive, Peter is reluctant: has made a subigtémeestment in his OMEGA enabled HAN network:

- Home gateway, media server, extenders, VolP phdBaV TV set, etc...He doesn’'t want to buy another
Home Gateway if he accepts. Norman assures himathdhis can be done without a hasdBgPipe will
remotely access and configure its Home Gatewaysantk domestic OMEGA devices like his media server.

Peter also replies that he has also signed up &acorwith a third party to manage his OMEGA houddh
appliances. He is happy with the service he gedsdaes not allow in any mannBigPipeto interfere or access
these appliances.

- “No problem” — Norman replies — “The list of OMBEGdevices our company will manage are just two: the
Home Gateway and the media server. Regarding thee hgateway, we will only replace software signed by
your former network provider and add our own sofewvaVe will not touch third party signed softwarethe
home gateway”.

Peter finally agrees and proceeds to sign in.

A few days later, the service technician is allow@éccess Peter's HG and changes the softwars.prbcess
takes only some minutes. After having tested ebémgtworks fine in the HG, the janitor access Peteredia
Server and installs new software there. The follmgmMnorning, Peter receives a notification emaikdtesses
the HG GUI and he sees in fact that previous log®heen replaced wiBBigPipelogo. Also, he checks that his
media server control GUI shows a new “Synchronizetton to synchronize contents with his new 600 t€by
network drive.

2.2.3 Network operator launches all-included pack
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In this first scenario, the OMEGA family shown if][subscribes to an offer for simplicity and qualdf
service. Two service operators are offering anitaelluded pack”, in order to:

make available high speed internet access (FTTebssible to everyone,
to simplify the installation of a domestic netwanko the home,

and with this, to bring a set of simple and qualitylti-screen, multi-terminal and user-friendly
services.

One of these two operators, with solid presenddénmarket, is launching an interesting "exclu&iand “all
included" pack, comprising :

FTTH access at 100 Mbps with an associated honssvggtand network extenders.

A third generation mobile line for each personhia home. In our family's case, this amounts to MGS
contracts, of which two are limited for the childre

Unlimited phone calls at home available for worldevidestinations.
Unlimited Internet access

A package of 50 High Definition TV channels wittspecial HD cinema option for 3D or blockbuster
movies.

An on-demand music pack (listen to streaming frenstof thousands of titles)

A comfortable and secure management service whishres regular optimisation of home equipment
(home automation). It optimises the usage, accgrdin certain times and activities in the day,
depending on each family member.

The above pack is offered with an overall 99€ miyrfine.

When the OMEGA family decided to subscribe to ffaskage offer, they had two possibilities concegrihreir
home equipment, the terminals (TV, telephone, etand extra network extenders necessary for thaliason
of the service offerings:

Equip themselves by buying the recommended defioesidentified providers;

Rent the equipment by benefiting from the mainteeaand assurance of always having equipment
adapted to the proposed offer.

Regarding the rental possibility, the offer propb&y the service operator includes an option obé gent of
materials including two extenders, one 42" inch HD3creen, a second 30” screen, two HDTV decoders, a
OMEGA telephone and live radio. Of course, an aptio buy this material is proposed to each cliénhey
wish.

2.2.4 Custom made service pack

In this other scenario, the OMEGA family has chosedularity and is able to decide how and whenxpmad
their home network. They only subscribe to one FTphiysical access with one network operator. This/ok

access (100 Mbps) can evolve requiring for anopimsical access or modifying the bandwidth (with game
operator or another one).

The network operator may then provide them an amperable home gateway (OMEGA Gateway) on top of
which all services from all service operators cam. Note that a simpler and shorter term solutiaule be to
use multiple HG and or multiple STB in the custormpermises, nevertheless in this sub-scenario desHgN
carries all flows from all operators and manage# thriorities and QoS.

The family also decides to subscribe to on demdfetsocorresponding to their needs, profile andeteliing on
their uses. Several service operators and contemiders propose new offers adapted to their expiects and
which consist of two aspects:

The service itself: a content or service offer: HDgacks, unlimited phone
Voice over IP, mobile telephony, etc...

The software needed and the necessary configuradtbrthe corresponding service profile adapted to
all devices installed

2 ‘Exclusive’ means that the whole bundle of sersitsetaken as a whole, the user not being ablagtmmize the subscription.
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Home gateway(s), Set Top Box(es), renderers, etc...
The on demand services proposed by different pessidre the following one:
Voice over IP telephone pack (unlimited communinag)
3rd generation mobile pack (many possibilities k)

Internet broadband offers with HAN (Home Area Netijo: custom-made proposal for the HAN
(depending on the size of the home and rooms cdusrextenders)

Content and service packs such as :
Music bouquet and music streaming (unlimited dowad)o
Video games catalogue

HDTV channels and bouquet: very large offers anddpcts for basic HDTV channels,
thematic bouquets (sport, cinema, worldwide TV cleds, documentaries, events channels,
etc...)

Custom-made offers and products for teenagers arehfs.

Home services: videoconferencing, comfort and hamanagement, security and control,
etc...

Packs installation and configuration

2.2.5 Network Operator Remote Management

This scenario involves a network operator and ath eser, Peter, who is having problems with his home
OMEGA network. Figure 4 shows the relevant stakééis and its relationships.

Bezides the Capacity Retail,
the Newtod Operatar Jane :End User
mandges Peters access and
HAN OMEGA netwark

family

Remote maintenance O Wob Senrice Retail

Waol Help Desk

Capacity Retail

‘Metveork Operator
In-zite HAN maintenance

FPeter :Subscriber :Service Uperator

Figure 4: ScenarioNetwork Operator ReomtndIn-Site managementoles and relationships

Some days ago Peter started to experience someem®kvhile watching films from his VoD service pider.
Having discarded any problem with his VoD servigevider after contacting them, he decides to cal h
network operator help-desk. He explains that stacedays ago his HD VoD films cuts out several gnesery
hour. This is the first time he experiences thieaweour in several months since he has the OMEGAvar&
installed at home. The helpdesk proceeds to chieekstatus of Peter's network. This is possibleesithe
OMEGA network components are ready for remote mamapt. Different flows average values, alarms,... are
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periodically registered (that is , not in real timey the HG. All this information can be accesbgdhe network
operator in a simple and fast way; there is no rfeedraphical representation of the customer hoetevork.
The help-desk finds out an alarm of malfunctionnfrone of Peter’s extenders that is causing a lae ra
transmission of all the video flows that go throuphat device. The help-desk sends a reboot orden fris
terminal and after few seconds he checks thatxttemder is working again without any alarm.

2.2.6 Network Operator In-Site Management

This scenario is a small variant of the previous amere a reboot of the malfunctioning extendersdideolve
the problem. The optional relationship is depidteced in Figure 4

In this scenario, a technician is sent to checkhihime network at customer’s house. In this kingitfations
more detailed information of the home network isded in order to find out the problem and provite hest
solution. The technician arrives at Peter's housd eonnects his OMEGA diagnostic terminal to Pster’
OMEGA HAN. By doing so, the technician is able fweghim a real-time diagnostic (1 sec. resolutiohjhe
problems in the network. Among the information pd&d by this node there are graphical displayhefitome
network:

a mesh view of all possible paths between nodesfigeare 2.

Figure 5: Mesh view of Peter’'s HAN, showing the connectivdmong OMEGA nodes

or an overlay of active links, colour coded by ifdee or technology, see figure 3.

o—=
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Figure 6: Active flows’ view of Peter's HAN, the instantamés flows among OMEGA nodes

With the help of these graphical representatiomvsief the HAN the technician effectively checks that the
extender in the living room is the one causingph@blems, but only the Ethernet interface is affdciSince a
replacement for this extender will take a weeleraforary solution is using the WiFi interface of #xtender.
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This will not be a big problem since the two desgi¢€V and PC) that make use of the Ethernet interfs the
extender have WiFi interface too.

2.2.7 End-User Local Management

This scenario is a variant of the previous oneeloot of the extender by the network operator disolve the
problem. As Peter is waiting for the technicianctome home, he decides, in the meantime, to redalethe
flows that go through the malfunctioning extendeahother extender in house. This is not the optiolution
but it will work till a better one is found. Thedieection of flows is simply done by putting thetngorking
extender in a non-operative mode through a veryplginend-user management interface. Automaticaléy th
home network adapts and the best extender in tefi@eS is selected for the new network configuratio

2.3 Security-related scenarios

While not being in the business network chain, sgcalways poses threads to any system. We propese
some security scenarios that form the basis ofstwairity assessment in OMEGA. Security requiremargs
addressed in detail in D6.2 [4].

2.3.1 lllegal Copy

Peter has bought a second hand OMEGA enabled T&/nvarketplace of dubious reputation. The TV set has
been already hacked to stream a copy of the regteliggtal contents to an external IP address. Ttazkers get
free access to private content either being sellyced or subject to copyrights.

2.3.2 Malicious Code

A hacker successfully breaks the weak protectioReter’s residential gateway and installs malicioode to
snoop his activity in search of private or confiti@ninformation either in the HG itself or any ethdevice in
his Home Network.

2.3.3 lllegal access to critical information

As part of a new deal with another telco compamgtePgets a new, leek and powerful OMEGA gatewal an
has disposed his older HG. However, he hasn’t doire the appropriate recycling centre. An attackets
somehow this HG in search of keys, private infpéoform further malicious actions.
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3 Other sources for requirements

3.1 ALPHA project

The ALPHA project [10] investigates innovative atehtural and transmission solutions based on tarifioid
of optical fibres (single-, multi-mode and plast&a3 well as wireless technology to support bothedviand
wireless services in a converged network infrastmac

The focus is on using the newest physical layefeaelments, architecture solutions and adequateatcamd
management to reach a yet unprecedented end-tpremisioned capacity for access and in-buildinguoeks
at a fraction of the price of today’s technologésl to simultaneously include the transport of taxis2G/3G
and Beyond 3G (B3G) signals whether they are letdPnotocol (IP) or non-IP-based.

The key issues of the ALPHA project are:
Identification of future end-user services and #jmation of network requirements;
Upgrade strategies for next generation PONs foesgoetworks;
Technical and economical issues for in-buildingyeeks based on optical fibres;
Integration of wireless signal transport in acaasd in-building networks;
Optimal use of network resources in access andildibg scenarios (dynamic capacity
allocation);
Reliable and cost-efficient technologies for higlead transmission over multi-mode and plastic
optical fibres;
Management and control for ubiquitous quality of/gee;
Integration and validation of project solutiongfie project test beds.

The ALPHA project started in January 2008 and teitminate in December 2010, as for the OMEGA pitajec

is part of FP7-ICT Objective 1.The network of the futuréts consortium consists of 17 partners which idelu
three telecom operators (France Telecom, Telefordod Telekomunikacja Polska), three systems veandor
(Alcatel Lucent France, Andrew Wireless, and Téelseywe component vendor (3S Photonics), two rekearc
institutes (Acreo and IBBT), 6 universities (Pobftaic University of Valencia, University of Bologha
Technical University of Eindhoven, Bangor UniveysiPolitecnico di Torino, Danish University of Tewiogy)
and 3 SMEs (Luceat and Homefibre as well as 3Sdpits).

3.2 The MUSE Project

MUSE [14] is a EU-funded FP6 project on Broadbarmtess. The overall objective of MUSE is the redearc
and development of a future, low cost, multi-sesviaccess network. The project addresses the network
architecture, techno-economics, access nodes,ia@dufor the first mile, and interworking with tHeome
network.

One of the main goals of the MUSE project is toadep an access network architecture that is openuitiple
services and multiple service providers. MUSE elateal a business model in order to define requingser a
multi-service architecture that is open for mukiplroviders and flexible for different possible rsagos.

The generic MUSE Business model [15] is presente#figure 7. As per the project objectives, this elod
focuses mainly in the “network” access part andagha richer role palette in this area.
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Figure 7. MUSE Project Business Model. Stakeholder roles
A brief description of these roles follows:

The Network Service Provide is the entity who provides the subscriber withublic IP address for
his residential gateway so that he can accessbtter

An Access Service Provideprovides the user with basic Internet services Wb browsing and email
accounts. The traditional ISP is a combination 8PAand NSP in this model.

Multimedia Content Providers provide contents for the Application Service Pdars.

The Connectivity Provider acts as a bandwidth broker that hides technologyhie packager. This is a
new contribution from this project. Its main respihilities appear overlapped with traditional
descriptions of Network Access Provider (which tanplayed of course by the same business entity).
Some of the technical responsibilities assignethi®role in MUSE is the remote management of the
RG (OSI L2 and even L3) and the QoS and securityitmong to fulfil the subscriber’'s SLA.

The Packagerholds a trusted position with both network and/ieer providers (ASP or NSP), as well
as with the Subscriber, by means of SLA’s. The Bgek role avoids the Subscriber having to
separately arrange agreements for each applicsgimce.

Access Network ProviderandRegional Network Provider supply the L1 network infrastructure.
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Figure 8: MUSE Project Business Model: Value Chain insetitns.

The many-to-many relationships among these rolesval for different instantiations showing real wbrl
business models, from vertical integration to pumeundled mode (Figure 8). The technical respditib of

these roles regarding the management of the sblessiCPE is analyzed in MUSE TF3 and summarized in
section 5.1.1 below.

3.3 The Future Media Internet

Over the last 30 years Internet has revolutionm@deconomy and society. From a purely academigar&tin
the early 1980s, Internet has grown into a trulyldwide open infrastructure for information, comnzation
and commerce and it is destined to become the itibigguglobal communication infrastructure. But, fbis to
happen, the Current Internet (Cl) has to overcoeversl limitations. The most significant ones ie tMedia
and Network domains are listed in the followingléa]6]:

%
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Figure 9: Problems of the Current Internet (source [6])

The Future Media Internet (FMI) will sweep away @llithese limitations and will be much faster anthger,
more secure, embracing not just information anderttrbut also services and real world objects ritjsl). By
2020 the Internet will be both laid out as publidfrastructures and dynamically created by the dbjec
connecting to one another. Essentially it will bseamless fabric of classic networks and netwodkgélcts. The
content and services they facilitate will be athard us, always on, everywhere, all the time.

The FMI will not be just an evolution of what wevesalready; it will not be more of the same. Ondcbatrary,

radically new approaches are needed: new architess;tnew interfaces; new ways of managing data; ways

of integrating all the different Internet entitiegddevices, sensors, services, things and, of copesmle. In the
future, the idea of having a network that reachddmterminals will fade away. Rather, we are gdim see that
objects, including terminals, will have their loaannectivity halo and this will be able to connedth other

halos of connectivity, including the backbones,esscrings, radio drops, etc. The Internet will lbe $um of it
all but this does not mean that the IP (the prdjosid be ubiquitous. Sensor and ambient netwaakes likely to

be based on different more energy-savvy protocols.

Thus, any object will be able to have communicatioapabilities embedded within it and several dbjétan
ambient environment will create a communication waek. This, in turn, will connect with other
communications networks, locally and globally. Thisa dramatic change and will have a significanpact
since every industry, in practice, will have torle#éo produce communicating objects and the funetiities of
the objects will be influenced by these communaraicapabilities and by the context.

To help prepare the ground so that the FMI beccareslity several scenarios have been envisionezkpgrts
fostered by the EC. A detailed description of thesenarios and conclusions can be found in [7].ri&fb
summary is given below:

1. Life on the Net: The personal global Netwofke first scenario illustrates how in the Futlmternet our
personal information, content and services willawailable to us anywhere, at any time. Our everyday
environments will be context-aware: systems andcgsvwill be able to sense how, where and why
information is being accessed and respond accdydifighe Internet will be our personal global
network. This new world of seamless applications, servieesl content requires a new network
infrastructure, which must be built from the groumal In particular, it requires truly ubiquitousraliess
network capacity that can handle orders of mageitmdre data. Advanced features such as semantics an
trustworthiness must also be built in.

2. The market of One: The web based service econdragcond set of scenarios highlight that the imhpéc
next-generation services on Europe’s economy angktsowill be widespread. Service convergence will
reshape sectors such as media, broadcasting aedr@s. Products will morph into services, with profd
implications for traditional organisations and vakhains. Relying closely on the Internet with Gsinthe
new Web-based Service Economwill merge the digital and physical worlds openimg a multitude of
niches and value propositions. Many of these sesvitill be mediarich, but also bandwidth hungry and
cost sensitive.

3. Atoms and bits: An Internet with Thing# third set of scenarios show how embedding sensor
communication and computing capabilities will emabl whole variety of physical objects to seamlessly
gather and use information throughout their erlifecycle. By capturing and interpreting user aatip
Smart Items will be able to perceive and instriirt environment, to analyse their observations tand
communicate with other objects and the Interneis fiew Internet will coexist and be intimately bdwrmp
with the Internet of information and services. It we aninternet with Things.

4. Pushing the horizon: new regulatory spac&he last scenario shows that the Future Interretemts new
challenges for regulation, which is evolving at aam slower rate than technology. The complex web of
services created in the Future Internet requiras phivacy and security be built into each servidew
businesses will evolve to leverage personal inféiona making data tracking and ownership a key
concern. Important issues also arise in relatioactmountability, governance and ethics. All of theseate
new regulatory spaces
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4 Requirements

4.1 Derived from business scenarios

4.1.1 Multiple service providers

The HAN built around OMEGA technology should beeatd let the users enjoy different services froffedent
service providers. Scenario 2.2.4 Custom made cEipack shows precisely this, how users can talier
services to their needs, incrementally and keeglreginvestment in hardware. This requirement shaléd
apply to network providers offering value added/sess like VolP or IPTV. In this case, network ogi@rs have
a “service provider” role.

4.1.2 Sharing OMEGA devices

While it is unlikely that certain OMEGA end deviceging simultaneously shared by services of differe
service providers, we cannot extend this assumpgtiothe whole OMEGA network. In particular, OMEGA
extenders, whose only purpose is to extend the ldéWwrage inside the house, are devices that wihaeed as
intermediate but invisible nodes (no IP nodes}ieruser services.

Sharing OMEGA devices has profound implicationsthie way the Inter-MAC may be used, like security
encryption management or arbitrated admission obftr simultaneous flows requests.

4.1.3 OMEGA devices and Service Level Agreements

Scenario 2.2.1 Household appliance vendor could typical value added service that must guaraiseguility
over time (SLA). To monitor the quality of servicehe OMEGA device must give enough informatiorthe

service to assess the quality. It is an open delhé&ther the SLA should only consider the devicexaged by
the service provider or should also extend to ttermediate nodes that can be reached through MHEGA

gateway. A pragmatic approach is to consider dmy@MEGA end devices to be bound to the SLAs anthée
network operator manage your HAN infrastructure.

4.1.4 Freedom to choose network providers

Scenario 2.2.Zhanging network operathows a typical case that we could find in theirkeit If a network
operator doesn't offer bundle with hardware andvises, we can expect the final user to select ks o
hardware and select the most satisfactory deatinamyeven though this means changing the netwpekaior.

In this case, we should ensure compatibility ofrel@quipment like the Home Gateway, and not ftineeuser
to buy another box. This has profound implicationeow HGs are designed and sold. By means of ataimbd
interfaces at various levels, and thanks to autdigoration processes, the user should be runniitiy avnew
network provider in a question of hours.

Although we see feasible, even desirable, to be tbhthoose the network access provider of hiscehaie do
not foresee scenarios that support several netwokdders simultaneously. The simultaneous opamnadif the
subscriber’s loop by more than one network operhés profound regulatory aspects that are exaesttvaith
the deployment of FTTH infrastructures.

4.1.5 Home Network Management

The Home Network Management scenarios covered dtioss 2.2.5, 2.2.6 and 2.2.7 show three typical
situations that could show up while giving supptotthe end-users. The implications derived froms¢he
scenarios to be taken into account at network dessig several:

1. The HG has to gather status information from everge in the HAN. This implies well-defined interésc
and APIs based on open-standards for every OMEGHerio be invoked by a “collector module” in the
HG. A “display module” will also be part of the tsgrovided by the HG to network operator.

2. In order to provide more in detail information,@esial node, a management node, is conceived.riblie
will have more strong requirements than the HG wéifjards to diagnostic capabilities: real-time afien
and display capabilities: graphical representatiofithe HAN (active flows map, all-possible-flowsam
flows by interface/technology...)
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3. The last home network management scenario envisigitsiation where the end user is able to do plsim
management task with his HAN through an end-useplgcal interface. A requirement for this interface
would be simplicity as giving too many options wal¢ad to more calls to the help desk.

4.2 Derived from security scenarios

4.2.1 Offering trust to the user

The sample of security scenarios shown above leatthé conclusion that any element in the user's HAN
OMEGA network should be trusted. A trusted OMEGAide should:

Guarantee the privacy of user or system attribloyes
- Offering a high level of tamper resistance (scenar8.3)
- Preventing disclosure of sensitive informationhe butside world (scenarios 2.3.1 or 2.3.2)

Provide a proof of trust to others, so that it dastmates it is not manipulated as in scenario28.
2.3.3

Offer a high degree of security against attack&) asenario 2.3.2

4.3 Derived from other sources

4.3.1 ALPHA Project

As presented above in section 3.1, ALPHA is an EF7 project running in parallel with OMEGA. Studies
regarding usage scenarios and the correspondingegajpn of services have been the subject of the
deliverables referenced D1.1 "Specification of ey for access, mobile and in-building networkkI][and
D1.2 "End user requirements and network specifoati [12]. However, the scope of ALPHA project igler.

It covers both Local Area Network and access netviadio or wired). Moreover, scenarios have beeitten

not only in a home environment but also in an gmtse and public spots environment.

In [11], elementary applications in user environisare listed, divided into six groups:
- Basic Services
- Internet Services
- Video Services
- Virtual Environments and Gaming
- Remote Technical Services
- Remote Health Services

Seven characteristics have been attached to thesttams corresponding to these applications:
- Bit-rate
- Delay
- ditter
- Packet Loss
- Mobility in the home ite. seamless handovers possible)
- Traffic Priority
- Security (no consideration in ALPHA).

The given characteristics are in line with the fegigiven in OMEGA deliverables. Compared to OMEGA,
seems that ALPHA goes more deeply in long termiagibns. One of the main conclusion of [11] istttiee
network of the future will most likely have to dealith multiple data streams having widely varying
characteristics and requirements and at the saneeiill have to consume less energy per bit trarisdolt is
also clear that even the short-term emerging seswill require a further evolution of the existingtworks
towards faster bit-rates, optimal use of resouroeter Quality-of-Service and less energy consionpt

In [12], the applications and services from [11& &m a first time summarised and grouped into fitproof
service classes categorised based on bandwidtiy deld error tolerance. In total 12 groups areneeffi with
the following limits for the categorization:

- Bandwidth : Low, Medium, High
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- Delay : T<150 ms and T>150 ms (E2E delay for ALPtdAlay per node for Omega with 10 ms down
to 0,5 ms latency)
- Error tolerance : Packet loss<0,1% and Packet ;%8%

Note: ALPHA has longer term approach by puttingssts on technical requirements rather than serthets
are supposed to be within 10-15 years. The 12 auatibns came form the bandwidth/error toleranceriey.
12 classes is nothing but a finer kind of segméniahan 4.

In a second time, elementary applications are @gdee into bundles. Some typical usage scenariashiome
environment and for public or semi-public building® thus defined. The five scenarios for privagdential
users are:

- Advanced tele-work including virtual presence

- Advanced remote learning

- A new experience on multimedia and broadband sesvic

- Home control and management scenario

- E-Health usage scenario

The services groups defined previously are usaliusirate the dissimilar requirements. As an exkmnpn e-
Health application like heart monitoring has stdetay, but only limited bandwidth requirementsneke it will
cooperate very poorly with a file transfer whichvbarelaxed delay requirements but can consume aflot
bandwidth. The conclusion gives a rough classificabf the network requirements in the differeritiaiions
described. In fact, each network requirement falis one of the following three categories (the leosnenarios
are written in normal text while the public sceparare in bold):

1. Low delay but relaxed error tolerance

10Mbps 100Mbps Gigabit
Multimedia Remote learning Multimedia (near
(present) future)
Communications

2. Low Error tolerance but relaxed delay
10Mbps Gigabit MultiGigabit

Internet Small Business
(External)

3. Low delay and low error
10Mbps 100Mbps MultiGigabit

Robotics e-Health Small Business
(Internal)

As a summary, for ALPHA contributors, in the honmaiext, requirements will be mainly driven by bardtv
for multimedia applications with most requiremewithin the home itself. We notice also that a reguient of
100 Mbps bandwidth in the downlink access and 2(@#in the uplink is anticipated for LTE femto-cell
systems at home.

In addition to these high-level network requirenserib [12] the contributors of the "specificationg/ork
Package provide to the other WPs a toolbox of xjsiechnologies for flow separation and prioritisa that
will help to implement the proposed scenarios wagbplications asking for very dissimilar requirensent
Integrated and differentiated service models fer data plane are analysed. For signalling the renngints in
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building, both the DPWS (Device Profile for Web 8ees) and the UPnP-QoS protocols are identified an
initially evaluated.

Table 1: Summary of High-level requirements for the HAN givey ALPHA and OMEGA projects

ALPHA OMEGA
Usage scenarios presented - Advanced tele-work | - Family
- Remote learning - Tele-work
- A new experience on - Students working
multimedia broadband together
services - Single
- Home control and - SOHO
management - Empty nesters
- E-Health
Characteristics associated to datBit-rate Bit-rate
streams Delay Delay
Jitter Jitter
Packet Loss Packet Loss
Mobility Mobility
Traffic Priority Traffic Priority
Security
Requirement for HAN throughput in theGigabit Gigabit
near future
Long term requirement for HAN MultiGigabit (multi room| Gigabit
throughput link p2p for specific| (MultiGbps in a single
applications) room is possible)
Specific bandwidth requirement forYes No
femto-cell
Housing and household statistics foNo Yes
dimensioning the HAN

4.3.2 Future Media Internet
According the experts [6] the FMI will have to @ttaeveral requirements:

Contents of the FMI will have to be able todmaptedto the users’ preferences (personalization), @svic
(terminals) capabilities and access networks irotd allow for a good user experience.

FMI will deal with 3D contents(real-time or not) including visual, sourtthptic features.

The user should be ableitderact with the media objects in any terminal by modifyimnd/or render them
using multiple views and perspectives. Real-tinteractivity with other users through the media il
required in order to achieve the maximum levelafaboration.

FMI would need to facilitatéve multimodal media, such as video, events in virtual worlds and tvésic
performances to users and in addition, enablelomiidion in distributed environments.

FMI needs to inherently facilitatross modal approacheso media creation, retrieval and consumption.

The FMI should becontent-centric, stressing the importance of the content versesldbation. The
content may and should be distributed, and end-usernd be able to request, find and retrieve the
information regardless of its location. The futlinternet of media should also Bervice-centric where
the key and main focus is the user and the serdieesmnded more than the location of the service.

The FMI will be able to transport 3D multimodal needbjects, that is, not only the 3rd dimension ddab
other senses like smell, temperature, pressure, etc

The FMI should be able to rely antegrated multifunctional devicesable to render multimodal media
formats and allow for creation, modification, séeand sharing of the media objects.

FMI will need to deliver media ireal-time throughout the whole pipeline of communicationraPaeters
regarding delay, latency, jitter, are vital in aréie enable efficient collaborative tasks.
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The FMI's user should be able a@cess the networlkusing a variety of access technologies and differe
terminal devices regardless of his/her place. [2eiing information to the user should take into artdhis
variability and be able to deliver suitable devdc®l access media formats at any time.

Impact of generic FMI requirements on the OMEGA netvork

Several of these generic requirements addressetbé of high bandwidth networks. Again, it is thaiml of
OMEGA that having a hundred end-to-end Megabit dpieeplies a Gigabit speed at home [8]. The QoS
requirements cited are also in line with OMEGA lge@ible to cope with delay, jitter, etcEinally, from the text
above it is recognized that service continuity il s requirement. FMI requirements above stresges
terminaf and personélmobility aspects of service continuity, but sessimobility can also be included.
Terminal and session mobility are being studieWin6.

4.4 QoS Requirements
In former OMEGA deliverables [1,2] service classesl related requirements on typical parameters asch
delay or BER have been derived. Four main senl@gses have been defined:
1. Conferencing for real time video and audio,
2. Streaming for one way video and audio that cafesfifom longer delays,

3. Less Sensitive Traffic representing all other smsiin the OMEGA HAN with some needs for
QosS,

4, And Best Effort flows for all flows in the OMEGA hegork without need of QoS such as web
browsing, P2P or FTP. This class also containfialls coming from legacy devices that are not
QoS marked at IP level nor trusted.

Additionally to these classes, 2 extra classes baea defined:

Emergency for flows coming from sensors generadiegts. This class is of top priority compared
to all others.

Other flows not intended to be carried over th@lHHAN but only on dedicated links, i.e such
as a very short range wireless transmission oin@ompressed video from a STB to a HDTV set.

The table below recalls the QoS requirements feraflorementioned classes of service.

Table 2: Summary of QoS requirements for the services ckissthe OMEGA HAN

Service Class | Average Bit rate Delay Jitter Packet loss

Emergency 10 kbps for emergency0 ms <20 ms <16
voice calls, lower for
sensors data

Conferencing | 2 CBR flows, some 10 Real time| <20 ms <10
kbps constraint < 10 tg
100 ms
2 flows from 128 kbps to 20 to 30 ms <10 ms <10
4 Mbps
Streaming CBR flow, some kbps in Video-audio <10°

audio, from 2 to 50 Mbps$ synchronisation
or 600 Mbps in the future constraints  <40(

for video ms

< 50Kbps Audio-3D
synchronisation
<300ms

® Terminal mobility: The user’s ability to use a Béde while moving across networks.
“ Personal mobility: The user’s ability to acceswises from anywhere and any time using a Terminal.
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Less Sensitivel Flow < 100 kbps <50 ms <l ms <io
Traffic
Best Efforts Variable from some kbps
to 1,5Mbps
VBR flow up to the Gbps
Other Mono-directional  flowy <400 ms <lms
1Gbps or more

Additionally in HGI QoS White Paper [16] some geale@oS requirements for the HG as well as for ti#d\NH
are proposed. From this document the following @aftiirements can be derived for the HAN.

Regarding the uplink streams as any device in traehnetwork may use all the available bandwidthten
upstream (e.g. in XDSL based accesses), the delaguced in the HG will depend on the size obitffer if no
QoS is applied. This can lead to packet loss ifathifers become full and this is problematic foneersational
services (voice and/or video) where retransmissamesusually not implemented. Moreover, large delase
also problematic for conversational services. éfficient prioritisation of the serviceslisted above is thus a
must for the QoS guarantee in the HAN. This imphéshe inter-MAC level an appropriate mapping ddwn
the scheduler queues of the technologies in uskeitHAN, this mapping will be provided in delivetatb5.3
[18].

Regarding the downlinks, while nothing can be dahehe HG or in the HAN to reduce the delay already
incurred by downstream packets, it is important ithia not made worse. In consequence no additiontiering
should be necessary in the HG nor in the HAN, dbissimply that the available bandwidth in the HANould
alwaysexceed the one available at the access.

Beyond this, a requirement in the OMEGA HAN is ttfeg network allows at least one local HDTV flowofgd
e.g. in the NAS) to be conveyed. This implies ttiegt network should guarantee a sufficient bandwidtbe
able to support multiple HDTV flows simultaneougBtreamingservice class) thorough the whole HAN. Video
flows from Other service class, i.e. uncompressed video shall betabbe transmitted in a single room on a
dedicated link between an STB and an HDTV setl{ttkemay be wired or wireless).

Note: Specific requirement for multi-homing scepariare discussed in section 5 hereafter, additional
information about management of the OMEGA netwoilklve included in deliverable D6.3 [19].
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5 Architecture scenarios related to the Business Orrged
Requirements

5.1.1 Multi Application Service Provider management mode$ in the classical
mono access scenario (one single access line, ongls home gateway)

Different models of this scenario have been anayxnethe FP6 MUSE project [14]: MUSE provided end-t
end recommendations for the fixed network, takintpiaccount the constraints of the different segmen
constituted by the core network, the aggregatiawork and the access network up to the residegtistway.
This project pushed forward a business role modsking the part between the Application Service Riew
(ASP), the Broadband Service Provider (BSP), amd Rlesidential Gateway (RGW), also named Remotely
Configurable Equipment (RCE) in the MUSE multi-pidsr context since the project did not cope with plart

of the home network located behind the home gatewdws business role model is compliant with the
definitions given in section 2.1. The pictures begldlustrating the different models studied in MBEISor the
multi-provider scenario, make reference to the OME€ntext, where a Remotely Configurable Equipment
(RCE) may be located behind the Home Gateway.

5.1.1.1Model 1

In that case all ASP have their own ACS and eacls Adanages the whole set of RCE. The providers are
completely unaware of each other and perform tbenfigurations independently. The highly likelynflicts
have to be solved inside the RCE, which is a vecky situation to manage regarding responsibditieor that
reason, this model was discarded by the HGI forum.

Figure 10: Synoptic for Multi-Application Service Provider magement model 1

5.1.1.2Model 2

In that model each RCE is connected to one and oméy ACS. Each ASP has an independent access to the
different ACS through their North Bound Interfad@$Bl). The conflicts have to be solved inside thES\
which is also a quite tricky situation to manage fesponsibility reasons. For the same reasondageathis
model was also discarded by the HGI forum.
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Figure 11: Synoptic for Multi-Application Service Provider magement model 2
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5.1.1.3Model 3

In that model each RCE is again connected to odepaly one ACS. The ASP must first contact the @Ste
BSP hosting the ACS. The conflicts are solved ims¢ite OSS of the BSP, which is an acceptable soefdris
model is the only one which was recommended byHiGé

Figure 12: Synoptic for Multi-Application Service Provider magement model 3

5.1.2 Multi Application Service Provider management modes in the multiple
access scenario

That scenario mainly concerns the dense areas viheagsed the concern of the cabling of Multiplevéling
Units (MDU), or apartments, inside the buildingbeTscenario refers to the deployment of FTTx (FTFHTB,
FTTCab) in the cities. In that scenario the fibsemutualised in the access network, but from the & the
building one fibre per couple ASP/BSP is drawn apghe MDU, which means that there are as many alptic
connectors interfaces in the customer's apartmenpaential couples ASP/BSP. Therefore the client i
completely free to choose one couple ASP/BSP ansengral possible competitors, and has the podgildli
change operator: this represents a possible apgprfacthe future, though leading obviously to areiov
investment in terms of infrastructure.

The customer may even subscribe simultaneouslgveral ASPs. In that case one home gateway peria\SP
installed in the home: this scenario is tacklethmfollowing section (multi homing scenario).

5.1.3 The multi homing scenario

In that scenario the client is simultaneously cated to several ASP/BSP and there are several lgategvays

in the home. These home gateways may be conneactalifférent access networks (xDSL, optical, radio,
satellite...). That situation is taken into accouthb(gh not recommended) by the RFC 3927, allowindfipie

IP addresses on one physical interface. The maregeshsuch a scenario remains nevertheless quitplex.

From the QoS point of view the OMEGA network iseahby manage that situation in a best effort andvialy,
at the condition that the operators respect thest'Beirrent Practices” in terms of Diffserv-basedQ@uarkings.

In order to simplify the scenario, each home gateméght also address an independent sub netwoitteirtbke
home.
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6 Conclusion

In this document we provided summary of the impartequirements for the Home Network is proposethat
end of the document: a list of requirements andicerclasses already stated in previous OMEGA d#dlibles,
as well as a derivation of QoS requirements frommHlome Gateway Initiative to the whole home ardaoek.
Requirements from other sources such as FMI or AAPEve also been exploited and discussed in theegbn
of OMEGA.

It is derived that the connectivities used in tloenke network (radio, wireless optics, PLC, Etherkdbre, ...)
should provide a bandwidth able to convey multipempressed HDTV flow and in some specific case
uncompressed HD video. It also means that effici@o$ (prioritisation) policies have to be appliddraer-
MAC level.

Various architectures able to cope with the isstienoltiple operators are also discussed at the @fnthe
document.
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