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Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

ISO d
establi
techni
and n
techng

Interna

The m

shed by the respective organization to deal with particular fields of technical activity. ISO and IEC
cal committees collaborate in fields of mutual interest. Other international organizations, governmental
bn-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
logy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

tional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

ain task of the joint technical committee is to prepare International Standards< Draft International

Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as

an Intq

In exc
that w

rnational Standard requires approval by at least 75 % of the national bodies gasting a vote.

bptional circumstances, when the joint technical committee has collected data of a different kind from
nich is normally published as an International Standard (“state of the art?/ for example), it may decide to

publisih a Technical Report. A Technical Report is entirely informative in nature and shall be subject to review

every

Attenti
rights.

ISO/IB
Subco

ISO/IB
Netwo

ive years in the same manner as an International Standard.

pn is drawn to the possibility that some of the elements of this document may be the subject of patent
ISO and IEC shall not be held responsible for identifying.aty or all such patent rights.

C TR 29181-6 was prepared by Joint Technical SGommittee ISO/IEC JTC 1, Information technology,
mmittee SC 6, Telecommunications and information exchange between systems.

C TR 29181 consists of the following parts;=under the general title Information technology — Future
yk — Problem statement and requirements;

art 1: Overall aspects

art 3: Switching and routing

brt 4: Mobility

hrt 6: Media transport

brt 7: Service{composition
lowing_parts are under preparation:

bri-2:\Naming and addressing

— Part 5: Security
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Introduction

ISO/IEC TR 29181-1 describes the definition, general concept, problems and requirements for the Future
Network (FN). The other parts of ISO/IEC TR 29181 provide details of various components of the technology.

This part of ISO/IEC TR 29181 identifies problem of the media transport in the IP-based networks and
examines the requirements for the transport of media data over the Future Network.

© ISO/IEC 2013 — All rights reserved Vv
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Information technology — Future Network — Problem
statement and requirements —
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Media transport

1 Scope

This part of ISO/IEC TR 29181 describes the problem statement and requirements for the Future Nety
the perspective of Media Transport. This part of ISO/IEC TR 29181 specifies:

a) detailed description of the media transport requirements in the Future’Network;
b) identification and definition of services, basic and media s€rvices, which will fit the requireme
communications over heterogeneous environments supporting various user preferences, for any

media content, either time-dependent or time-independent;

c) requirements and functionalities of Media AwareNetwork Elements, which are intended to be ng
the network to provide seamless media experienees to users.

2 Normative references

vork in

nts for
ind of

des in

The following documents, in wholeor’ in part, are normatively referenced in this document and are

indispensable for its application. For'dated references, only the edition cited applies. For undated refer
the latest edition of the referenced document (including any amendments) applies.

ISO/IEC TR 29181-1, Information technology — Future Network — Problem statement and requireme
Part 1: Overall aspects

3 Terms and)definitions

For the purposes of this document, the terms and definitions given in ISO/IEC TR 29181-1 and the fo
apply.

34
data

ences,

nts —

lowing

sequence of octets which is conveyed across the network as a single unit
[SOURCE: ISO/IEC TR 29181-3, 3.1]

3.2
media
sequence of bits in a defined format which encodes physical entities such as images, sounds, and text.

3.3
time-independent media

media where the semantic of the content does not depend upon a presentation according to the time domain

© ISO/IEC 2013 — All rights reserved
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EXAMPLE 1 text

EXAMPLE 2 still image

3.4

time-dependent media

media

where there exists a temporal relation amongst the media units

EXAMPLE 1 audio

EXAMH

3.5
conte
media

3.6
static
time-in

3.7
strean
time-d
require
EXAMH
EXAMH

3.8
live cq
time-d
for late
EXAMH
EXAMH

3.9

PLE 2 video
nt
media that is carried in the payload of datagrams sent over the network

content
dependent media that is carried in the payload of datagrams sent over the network

ned content

ependent media that is carried in the payload of datagrams sent over-the network but does not have
bments for latency

PLE 1 MP3 files

LE 2 Video-on-Demand

)ntent

bpendent media that is carried in the payload.of:datagrams sent over the network and has requirements
ncy.

PLE 1 telephone conversation

PLE 2 video conference

encapsulation

additig
the se

[SOUR

3.10

nal octets or other symbols associated with a data unit which serve to delimit it or to identify aspects of
vice it should receive

RCE: ISO/IEC TR29181-3, 2.15]

container

encap
parts,

Sulation~structure containing a payload, either data units or content, and the header composed by two
What refers to the payload and to the underlying network

NOTE

Container has attributes as header fields, which some are related to particular services, and others are

general and specific for a sort of communication.

3.1

context

set of

data or information that completely describes a particular communication environment at a particular

point in time

[SOURCE: ISO 16484-5:2007 (Identifier: CDB-00119069-001)]
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3.12

context-awareness

ability of a network to be aware of the context and react accordingly in order to adapt either itself or the data
conveyed over

3.13
modular paradigm
paradigm where complex functions are composed by well-known and deterministic basic functions

; ;3uch as
sequencing, cyclic redundant coding, addressing, and so on, which combined results into complex functions (or, profocols).

3.14

MANE (Media Aware Network Element)
content and context aware network element capable of processing media content ¢passing throligh to
accommodate a given content or service according to the context

NOTE This element may handle all attributes of containers taking into account thé€content type and properties,
networking properties and status, and other environmental and conditional properties that'may have effect in routing of the
contents and services.

3.15
quality of service (QoS)
set of qualities related to the collective behaviour of one or more objects

[SOURCE: ITU-T Rec. X.902 | ISO/IEC 10746-2]

NOTE QoS is usually defined regarding to three parameéters: bandwidth, delay and error. In conversational
communications, bandwidth consumption is related to the .chosen technology (although the lower one is desirgd), the
delay has to be bounded to assure conversational interactivity among participants, and should be provided a high error
resilience to assure a good data delivery in front of any ehange on the network.

3.16
quality of experience (QoE)
set of subjective and/or objective qualitiesrelated to user perception about consumed media content

NOTE QoE is usually referred to how the user perceives the consumed content. QoE is more related to subjective
quality estimation rather than objective measurements, although they can be related by different mapping schemes

3.17

connection-oriented
communication between peer protocol entities by means of a connection or association established|by an
underlying layer

[SOURCE: ISO/EG 11582:2002 (Identifier: CDB-00009275-001)]

3.18

connectionless
commuhiCation between peer protocol entities by means of an unacknowledged, unidirectional trgnsport
mechanism provided by an underlying layer

[SOURCE: ISO/IEC 11582:2002 (Identifier: CDB-00009276-001)]

3.19

layer coding (LC)

coding technique in which the video stream is split into several hierarchical layers consisting of base layer and
one or more enhancement layers

3.20

multiple description coding (MDC)

coding technique in which a single media stream is fragmented into multiple substreams which can be
delivered over the network in different paths

© ISO/IEC 2013 — All rights reserved 3


https://standardsiso.com/api/?name=59a54f7dec74c3cc35885ede37fdfcad

ISO/IEC TR 29181-6:2013(E)

4 Symbols (and abbreviated terms)

3D

AIMD

CABCC

CLD

Three Dimensional
Additive Increase / Multiplicative Decrease
Content-Aware Based Congestion Control

Cross-layer design

CLO

FEC

HD

HTTP

LC

MDC

MEDIEVAL

MMT

MPEG

MPEG-TS

Osl

P2P

RTCP

RTP

SMAR[T

SMS

STREP

SvC

TCP

Cross-layer Optimization

Forward Error Correction

High Definition

Hypertext Transfer Protocol

Layered Coding

Multimedia Description Coding

MultimEDia transport for moblIE Video AppLications
MPEG Media Transport

Moving Picture Experts Group

MPEG-Transport Stream

Open Systems Interconnection

Peer to Peer

Real-Time Control Protocol

Real-Time Protocol

Smart Multimedia Routing and Transport

Short Messages Services

Small.or medium-scale focused research project
Scalable Video Coding

Transmission Control Protocol

TCP/I

ubpP

UHD

VolP

WWWwW

Transmission Control Protocol/internet Protocol
User Datagram Protocoll

Ultra-High definition

Voice over IP

World Wide Web

© ISO/IEC 2013 — All rights reserved
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5 Overview

5.1 Networks evolving to support of media

During the last few decades, the various research communities have carried out large research activities in
networking and grid e-Infrastructures, which have concluded with the needs of new types of networks and
distributed computing models of communication. In the mid-80s, the research activity was focused on the

Networking Layer (the lower layers of the stack) in order to improve overall quality of the end-

traoncmiccinn In tha mid QOc tha talacam haam hac areivad and ctartad advuarticina that nahaarkc vwara
O ST TSSO Tt e T O oot et e e oo OO oSy eoart—Starte ot vertomgtriatr e tworks—werg

to-end
ready

for the end user. The trend of collaborative environments appeared, where networks were used, ohl
transport tool, and it was necessary to work on distributed solutions. The Supercomputing or morerecer
P2P (peer-to-peer) were, and still are, the research lines for searching these solutions, in the layer
GRID or distributed computing.

Today, the research is focused on the two emerging layers. The first layer is the Scieptific'Data Layer,
all the data to be processed and transported will be collected. Scientific Data Layerdé€ploys data repog
for the scientific community and future generations of scientist supporting.<{The data repositorig
implemented in a coordinated way to be used as digital libraries, archives, data“‘storage, access to infor
and the necessary pooling of resources [6]. The second layer is a new Multimedia Layer, specifically fq
on the convergence of advanced graphics, media and live videoconferenging, which enables any

y as a
tly the
called

where
itories
BS are
mation
cused
ind of

multimedia data exchange between users on a computer network. Multimedia Layer can communicate glirectly

with the Scientific Layer, GRID Layer, or Network Layer. It is dependent on the multimedia application
the type of network which it runs on.

/‘ Current Research

L“ Mutimedia Layer
!

~ Scientific Layer

GRID Layer

!
New Media Layer ‘ Network Layer

l

Figure 1 — Layers of research activity

Current multimedia reséarch activities have focused on how to adapt the diverse characteristics of m
the running network arghitecture by defining middle layer that provides particular features for this sort of|
RTP/RTCP, RTP.fon uncompressed video, MPEG-TS, and so on, are well-known examples of thes
layers designedfor this reason, to adapt the media content to the TCP/IP network. New middle layers
continuous evelution to adapt themselves basically to users and underlying network requirements. Al
middle layers are designed to adapt the media data to the Internet, over the classical stack of communi
designed in the 70s to transmit computer data from end-to-end user.

Thé middle layers or protocols are presented in the Figure 2. Starting from the left side is the the OSI

and/or

bdia to
traffic.
e mid
are in
these
ations

model,

the TCP/IP stack, and the protocols adopted for the media transport.
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Data Link aTN

Physical

Figure 2 — Current middle layers or protocols used for media

Optical Layer

Optical Multicast

Network Interface Layer

0OBS

User demand for media-based services

pars ago, after the revolution of the WWW and the spreading of the Internet to the end user, the highest
tage of the traffic in the backbone was based on raw data or time-independent content. Nowadays, this

trend has changed towards the exchange of time-dependent media content, either streamed or live, between

users
curren
model
In fac
applic
little p
P2P a
conve
increa
video

Conte
set-up
to eng
reliablg
effort i

themselves or between content providers and users. This change to the traffic types has affected the
[ Internet framework, where intelligence is in the edges not inthe core of the network, communication
changed from the server client model to the P2P model, as well as to the types of contents transmitted.
, Internet is already a media network based on P2Py'media ftraffic and time-dependent content
tions such as VoD (Video on Demand), videostreamipng, and broadcasting. It is in this Internet where a
rt of users generates the major part of the global IR traffic. In this regard, in 2009, media content, from
nd video services, represented the 80 % and 90 % of the global Internet traffic, respectively. Due to the
gence of television, video, graphics, and audio, it is expected that video traffic will continuously
e as with the increasing demand of media“content such as HD, 3D, face-to-face video conferencing,
Jaming, etc.

nt Delivery Network is an example-reflecting this demand, because network operators are starting to
customized infrastructures, composed by clusters of VoD servers and high capacity network resources,
ble a network to feed and deliver streamed and live media content to end users in a faster and more
e way. The CDN is an assoCiated hybrid-networking infrastructure that requires an enormous amount of
h realization and fine-tuning to enable high quality media stream to be delivered along the network.

© ISO/IEC 2013 — All rights reserved
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46.2
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e /
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ZEizco WHI June 2011

Figure 3 — IP network forecast according:to CISCO Visual Networking Index [4]

It must be remembered that current network started as a computer networking revolution, and nqg
Internet is evolving as a user driven network, based on various types of audio-visual media content. §
change in our traditional paradigm of an infermation and communication network which relies on com
and telecommunications is clearly moving towards a new media network which shares all kind of ¢
knowledge, science, technology, arts, and-games.

Users are becoming into active pfayers in the media-based networks. An evidence of this is the growth
contents generated by the users. Their interest in media contents is growing amazingly, and it is expe
continuously increase in thesnear future. That means the people are the new driving forces in the desigr
Future Network and will introduce new requirements and demand for new services, application
functionalities.

So, the Future Network must start based on this reality, where users are continuously consuming

types of media~(music, TV series, etc.), both time-dependent and time-independent, and beginning t
self-generated videos to the network. People at home will start creating high quality contents, where th
can interacpwith the contents and, even, generate and modify it in a collaborative manner. The problem
the curfent Internet is not ready for this convergence between the real media world and networks and
demands.

w the
5o, the
puters
ultural

of the
cted to
of the
5, and

arious
b offer
e user
is that
future

6 General concept of FN media transport

The media transport in the Future Network is based on the premises of simplicity and flexibility (evolvable) and

is focused on high quality multimedia communications.

This document introduces general concept of the Future Network based on the actual mechanisms and
protocols used to manipulate the multimedia data. To face this challenge, service-oriented architectures offer
a flexible approach, which enables to define services and compose multiple services in run-time or design-

time, to fit the requirements for particular media communications over heterogeneous context, for any
media content, either time-dependent or time-independent. Future Network will go further than the appl

© ISO/IEC 2013 — All rights reserved
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layer and go down to the communication protocols themselves, choosing in a dynamic fashion any kind of
basic services (e.g.: acknowledgement, sequence number, flow identification, congestion windows, etc.) and
media services (e.g.: content adaptation, scalability, transcoding, etc.) that are needed in a particular
communication, according to the parties capabilities and the media transport requirements. Thus, this
document describes a general concept of the media transport, as the media service composer element,
forming a common container with just the metadata needed, to compose and dynamically adapt specific
media services for a given communication for every sort of contents.

Basic Services

Attributes:
+ General
+ Specific
== *+ Service-related

i

Network Realm Application Realm

o
L - Container

Figure 4 — Container

6.1 Bupport of connection-oriented and connection-less model

The model is designed as a service-oriented approach*fer a flow-oriented context-aware network working
mainly in a connection-oriented mode, although connection-less is allowed for particular sort of services,
where| communications are composed in situ (using reusable components) according to the needs and
requirgments of the consumed service.

The meedia transport in the future network should be able to work in connection-oriented and connection-less
fashion in datagram transmission, depending on the working environment. In Internet, most data are conveyed
by using TCP with its strict flow and congestion control. Even media applications using UDP transport protocol
relay gither on RTP/RTCP, as transport / control protocols, or with a particular control scheme at application
level. o, Future Network is designed to work with both modes, mainly as a connection-oriented but also as a
connegtionless mode accordingly’ to the communication characteristics. The connectionless mode does not
regard upon the on-line status of the peer on the other side, such as short messages services (SMS and
tweets). Broadcasting services may be set as connection-oriented communications following a multicast
pattern across the network, or connection-less in simplex communications such as traditional radio / TV.

6.2 Classification of basic services and composite service

Services are’classified into basic (atomic), and composite services. Basic (atomic) services have individual
functigns.commonly used in networking protocols, e.g. acknowledgments, sequence numbers, flow control,

etc T—\nnn ara wall Aafinad AanAd onlf ~antainad fiinatinne viand $+n Aaliviar AAata 1n A onlf adantahlAs onlf
. otrC—wWet Co—art—Str oSt O—o—Genver—G o Craptaiotc o

TTOT e SO am ot o TCuoTrTS; ot oo™ PraiotcT—S

configurable, and context-aware manner. Concretely, media services are those atomic can operate with
multimedia mechanisms (such as transcoding, VBCC, protection, etc.) that belong to the content realm which
may be executed by the same peer or by different peer to perform task in order to provide a higher level
media service. Composite services are the result of combining basic services. Each composite service or
application implies consuming different basic services or other composite services which may have possible
dependences between them. Service can involve one or more nodes, depending on the complexity of the
service. As a result, a container for each particular communication is generated.

Most error resilience techniques applied on real-time communications are FEC (Forward Error Correction),
which adds redundant information increasing the data rate. The application of interleaving mechanisms

8 © ISO/IEC 2013 — All rights reserved
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increases the probability of recovering lost multimedia data in the presence of bursty losses acro
network. These techniques can be applied according the data conveyed as a modular services in an
architecture.

Composite Services

SN (k)

ss the
atomic

Basic Services
‘ Adaptation

Media Services

Adaptation

Scalability

SN: Sequence number
TS: Timestamp
ACK: Acknowledment

Figure 5 — Basic services and composite services

In order to obtain the desired behaviour, functionality and. QoS constrains, communications are estal
concatenating atomic services into a workflow for consuming a certain composite services. They are all
amongst the involved nodes, as required by conditions,'of temporal context and service requirements.
way, all functions are used only when and where they are required, so that there is no functional overl
or usage of counterproductive functions. Thus,,atomic services can be executed in a per-hop, per-s
(between two non-adjacent nodes), per-AS (between Autonomous Systems) and/or end-to-end basis (s
ranging the entire route). Nodes on the network are intended to be Media Aware Network Elements,
react either by commands from the control plane or directly over the content or the bit-stream accor
some rules depending on the content.itself (i.e., Scalable Video Content or Multiple Description Video Q

6.3 Deployment of MANE (Media Aware Network Element) in the network

MANE (Media Aware Network Element) is a content and context aware network element caps
processing media conténts to accommodate a given contents or services according to the contex
element may handle @llattributes of containers taking into account the content type and properties, netw
properties and stafus, and other environmental and conditional properties that may have effect in rou
the contents and)services. It is an edge elements of any network, included Autonomous System
operated by a‘single manager, which perform tasks regarding to the media content such as content ada
scalability decision-making, backward signalling, media mobility, content based congestion control, etc.
tasks can“pe performed inside a network, such as in a LAN, or amongst Autonomous Systems inside th
network:
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Figure 6 — MANESs in the interconnect networks

apabilities of MANE include caching, adaptation, synchronization, @and media aware routing in the
k. MANE also needs to deal with heterogeneous network, user capabilities and preference that may
e in time. The multiple MANEs interacts to provide the mest-adequate various media delivery
ingly to the recognized contexts. MANEs may configure media-specific routing information to provide
delivery. However, the routing information are configured by the'FN service composition.

Content delivery networking

nt delivery networking is an approach that allows wser to focus on the required data instead of having to
for the physical location where data is to-bg retrieved from. Some of the features of the content
y networking include content caching, content searching, content routing, content delivery, and content
bl. In media transport aspect, future network should be aware of contents and content receiver to
't optimized content delivery. The FN-should be able to provide efficient content routing and content
y. For content routing, FN should cenfigure efficient path to deliver contents. A mechanism is needed to
and synchronize multiple incoming-contents over the network. For content delivery, FN should delivers
ts to the receiver by by unicast.or multicast using channels managed by content aware router. Future
k should deal with other isstes related to content networking such as performance, resilience, security,
vacy.

roblem statement

ause lists problems of media transport in the current network.

Protocol overhead and useless information
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these models, networking functions and protocols are grouped in layers, according to a common objective and

scope.

Thus, each layer performs different networking tasks, restricting inter-layer communication to

immediately adjacent layers. In theory, each layer is in charge of a group of functions, but in practice functions
overlap at different layers, adding protocol overhead and blurring the layered structure of the protocol stacks.

To send an RTP packet it is needed 20 bytes of the IPv4 header, 8 bytes of UDP, and 20 bytes more of RTP.
So, 48 bytes is needed for headers assuming that there is no additional information (optional fields). For IPv6
(40 bytes) the RTP headers add up to 68 bytes, and a TCP/IPv6 acknowledgement packet is 60 bytes, though

it only

10

carries about 4 bytes of useful information. It must be remembered that TCP/IP network was designed
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to work over any sort of network, and for any sort of application. The main operation of TCP/IP is to transfer
data from end to end, by two different ways, connection oriented (TCP) or connectionless (UDP).

As example of useless fields on the current stack, when MPEG-TS (well self-structured media format with
several information used to “transport” media stream) is sent over the network, a lot of headers and additional
information about the MPEG stream are added. Some fields are already present in the RTP header,
increasing the amount of duplicated information, resulting in a waste of time and resources. This is an
important hint that these protocols need a hard redesign or be replaced. Historically, new features have been
added by means of inserting extra information in higher layers, instead of squeezing the capacities and

Teatures of the existing ones.

7.2 Limitation of Layered Coding

Layered Coding (LC) is based on the idea of splitting a video stream into several hierarchicallayers consisting
of a base layer, with minimal features, and enhancement layers. The more layers received the more uality
achieved, as a receiver-driven adaptation system. The main drawbacks of this coding ate basically two folded:
(1) real implementations of LC, such as wavelet-based solutions (DWT, e.g.: JPEG2000 and Dirac Prp) and
SVC (Scalable Video Coding), require enormous computational complexity and\entail high delay, and| (2) its
weakness in terms of reliability in error prone environments.

7.3 No media-awareness

Current common congestion controls are focused on adapting the data rate at bit level according [to the
network available resources, instead of on adapting the content,(semantic approach). For example, windows-
based congestion control is based on a transmission windows;, such as TCP that limits the amount of data to be
transmitted usually following the AIMD (Additive Increase /"Nlultiplicative Decrease) algorithm according to the
network status. Other congestion control approaches closer to the multimedia world, such as rate-pased,
media-aware rate control and receiver-based mechanism, act over the sending data rate in a smoother way
than the strict data based congestion controls. However, these methods also treat the video flow ap a bit
stream adapted to the network conditions.

Future network should be focused on the experience of the user, enabling a control according to the|media
content conveyed instead of the network{status. As aforementioned, a bit-stream oriented congestion fontrol
is used for time-independent media where a reliable and fast communication is pursued. On the otherl hand,
for time-dependent media solutions\based on content adaptation are basically done over semantic gontent
parameters, instead of over the.bit stream. Both strategies act over the output data rate, increaging or
decreasing the amount of bitsiissued according to the network congestion, but taking care of different garts of
the bit-stream. As an example, if the content is a video stream (time-dependent media), according|to the
variable conditions of thieé ;network and taking into account the nature of the data conveyed, the outplit data
rate adaptation is directly related to the adaptation in real time of the video source parameters, such ag either
the resolution, the frame rate or the codec, instead of directly decreasing the data rate.

7.4 No information exchange between protocol stacks (layered network stack)

The Intérnet does not have any collaboration between different layers. The OSI reference model has designed
layers as separate entities and abstract them by assigning specific roles and requirements to each |ayers.
Currently, Internet is used in variety of devices including wireless and cellular devices and in varjety of
application including real-time multimedia videoconferences, VolP, and various other types of multjmedia

streaming services. These trends has caused the network to face new problems which includes, adaptability
to dynamic changes of the network and traffic conditions, increase in number of connectivity, high effective
capacity utilization, low processing overhead within the network and end-systems. However, these new
requirements are difficult to handle by the IP-based network.

7.5 Support for new types of media
In the near future, the upcoming media types will be 3D contents, UHD (Ultra-High Definition), hologram. New

media types will need the support of high transmission rates, efficiency, and flexibility that is difficult to be
supported by the current network and current media systems. Currently 3D contents as well as 3D devices are
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delivered to the market places which are growing to interactive 3D contents such as 3D gaming. The UHD
enables applications and services such as telemedicine and super high-vision cinema, and super high-vision
theater. UHD contents needs high transmission rate which may cause problem when delivered in the current
unicast-based transport mechanisms. Different approach such as multipath-based transport mechanism is
needed to support such high quality contents [19].

7.6 Merging of current solutions in supporting media transport

Many research in the past for pnhr—mr‘ing media transport was dedicated to dpfining efficient (‘A(‘hing

architgcture, techniques of media adaptation, and multicast service support, separately. An independent
approach for finding optimal solution for media transport solves only one specific problem [16]. In providing.FN
media|transport, solutions to the three approaches should be merged and dealt with altogether to find jmost
efficient solution in supporting media transport. Efficient caching architecture should be applied t6CMANE,
efficie%t media adaptation should be applied to MANE and end-devices, and FN should provide efficient
multicast services.

7.7 Contents are left to the end-system

Interngt was designed to support host-to-host applications such as telnet and ftp,\in’ which the networking
target js the address of the host. However, Internet is used more and more in applications where the target is
the coptents rather than the host. This trend has motivated content-oriented networking studies (e.g. DONA,
CCNXx]. These technologies did not change the functionality of Internet. Instead they have adapted the use of
a spedjial server which is a host that acts as a network element to provide content based networking. However,
the Future Network should be aware of the content and its characteristics t0 provided efficient content delivery.

8 Requirements for media transport in Future Network

8.1 (General requirements

REQ.AN-MT-101 FN media transport framework should support any types of media contents including
currenf and future types of media ranging from very low to very high data rates and requiring different level of
QoS/QoE, and various types of communications such point-to-point, point-to-multipoint, and multipoint-to-
multipgint.

NOTE Various types of content will appear in the future. Some example would be Ultra HD content, 3D contents, etc.
These fypes of contents require high data‘rates in the network and meticulous processing capability in the media devices.

REQ.FN-MT-102 FN media-transport framework should support wide range of devices able to consume /
genergte media content (i.e::\smartphones and smart TVs) and provide suitable media transport service.

NOTE The media deviees include media producing device, media consuming device, media storage device, MANE,
or any [nedia type of devices that is participating in the media transport.

REQ.AN-MT-103 FN media transport framework should support identification of media content, media
devices, and-user preferences.

NOTE |l The consuming device requests for a particular media contents to the media-based networks. The information

of the actual sender(s) or media contents processing procedures is irrelevant to the consuming device. The consuming
device should be able to identify the media contents.

NOTE 2 In certain occasion, the consuming device may needs to identify the servicing media devices to get the
desired service. However, the identification of the media devices does not have to be based on the physical location.

REQ.FN-MT-104 FN media transport framework should support suitable delivery, in terms of delay (tight)

and / or reliability (losses), of data and content (time-independent media objects and time dependent media
objects).
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NOTE 1 The time-independent media object is a type of content that does not depend upon a presentation according
to the time-domain. Such example would be text, image, etc.

NOTE 2  The time-dependent media object is a type of content that has temporal relation amongst the media unit. Such
example would be multimedia video stream, continuous media.

REQ.FN-MT-105 FN media transport framework should be able to exchange information with other
modules by incorporating QoS/QoE related information from different module (i.e., network module,
application module, etc.).

NOTE Inter-module information exchange provides dynamic feedback of the QoS/QoE information across_different
modules to provide adaptive setting of service control.

REQ.FN-MT-106 FN media transport framework should support content adaptation through techpiques
such as layered coding (LC) and multiple description coding (MDC), among others.

NOTE 1 LC is a coding feature that is used in SVC, in which the video stream is split into)several hierarchical layers
consisting of base layer and one or more enhancement layers.

NOTE2 MDC is a coding technique that fragments a single media stream in (multiple substreams which can be
delivered over the network in different paths.

REQ.FN-MT-107 FN media transport framework should be able do,generate either in run-time or design-
time an adaptive and tailored container for each communication according to both content and network
requirements.

NOTE Replication of functions along the network stack is a féatdre of current internet that has to be wiped ot in the
FN. Just use what it is really needed in one communication. Nevertheless, as FN is being set-up, just a bunch pf well-
predefined containers shall be probably used all the time becoming the de facto containers.

REQ.FN-MT-108 FN media transport framework should be able to adapt the dynamic characteristic offmedia
according to both content and network requirements, as well as user preferences and choices.

NOTE Specific features such as synchronization between different streams (i.e., audio and video), timing between
sender and receiver, data type identification’ are functions performed by entities in certain communications| Thus,
depending on the kind of communication,'seme specific features should be needed. For example, online communication,
jitter, and delay are crucial, but for offline.data integrity becomes more important than others.

REQ.FN-MT-109 FN media transport framework should support security at media level to ensure privacy
and trustiness.

REQ.FN-MT-110 FEN media transport framework should consider heterogeneous devices as nodeg of the
network which will beyable to initiate, handle and finalize tailored media content transmissions.

NOTE MANESs, core network equipment and terminal devices should have, apart of specific capabilities, cbmmon
functionalitiest6"handle the media flowing from, to and through them.

REQ.EN-MT-111 FN media transport framework shall be based on the principles of simplicity, flekibility,
scalability, and able to evolve over time.

REO LN MT 449 Nl ool franaonaet fromn ol bhaold noidar - madia franmaonaet 1ot DTN (Nice 1
TNLGLT TNTIVET < 1T 1TV 1TT1ICUIia udil ID'JUIL MAalrmC VWUl NV OoTTUUIU VUTTOITUCTT 1TT1ICUIia urdil DH\JIL mrure UiTiN \I_IIOI thlon-
Tolerant or Delay-Tolerant networkings).

NOTE 1 DTN is a network architecture that may lack continuous network connectivity. Use of local buffer is one
method to overcome the media transport over DTN.

NOTE 2 In future network mobile devices should be connected all the time to the network, but not always this situation

shall be possible. Ad-hoc networks, outside coverage range, disruptive connections, smart cities using sensor spread
around, enable a scenario where communications can be temporaly unavailable.
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8.2 Requirements related to functionality of MANE

REQ.FN-MT-201 FN MANE should support dynamic adaptation and configuration (i.e., combining,
separating, adding, orchestration or removing) of media objects.

REQ.FN-MT-202 FN MANE should support content adaptation to a wide range of device capabilities or
device resource limitations to underlying network characteristics, specific attachments and user
personalization.

NOTE Scalability and adaptation enables the contents to adapt to particular contexts. Content adaptation is to modify
contents based on the given input to generate an adapted output contents according to a particular context, such as ithe
capabilties of the device used by the other party in a videoconference call. Adaptation can be performed in the spatial,
temporgl, quality domain, as well as simply modifying the codec applied in the case of audiovisual content.

REQ.HN-MT-203 FN MANE should support be context-aware of the network environment, 6fthe related
deviceysystem, of the characteristics of media contents and of the preference of the user.

NOTE The some of the contexts that the media transport:

¢ | Any digital devices with various capabilities will be sending and receiving media cohtents The device can be
attached to various types of network which can be wired or wireless.

e | The status of the network that the device is connected to can be varied.

e | The device can have various screen resolutions. The device may be stillNin"a single place or moving across
different networks as with the movement of the user.

¢ | The contents delivered may be time-dependent or time-independentTequiring various types of QoS/QoE.

REQ.AN-MT-204 FN MANE should support tailoring of centainer metadata according to application-
relateqd attributes and network-related attributes.

REQ.FN-MT-205 FN MANE should support exchange of metadata information among MANEs along
networks, enabling flexible interconnection at media level.

NOTE Current media delivery frameworks, such™as multicast or CDN, are not deployed globally (end-to-end) or
betwegn different networks because of lack of interconnection among them. MANEs have to enable interconnection at
media level and facilitate network communication(

REQ.AN-MT-206 FN MANE shouldt have capabilities to cache/store media contents and enable delivery
of them from the cache/storage thatis,located near to the end user.

NOTE Keeping in mind that _all-devices belong to the FN, and content flows from point to point/s, caching solutions
enable| better QoE and QoS. for content delivery, increasing rebustness, lowering delay and drifts, saving network
resourdes, among others.

REQ.AN-MT-207 FEN MANE should support interaction with non-MANE network equipment through
common interfaces;and/or metadata inside containers.

NOTE Non-MANE network equipment does not have to know what kind of traffic is conveying, but can act according
some policies(before certain metadatas. For example, maybe MANE can inform the router be careful in delivery i-frame,
but nofmakrouter would not be able differentiate i-frame, however, MANE can inform the router to not to discard frame

with ceHamformat:

REQ.FN-MT-208 FN MANE should support a signalling plane or protocol to enable aforementioned
features for both MANE and non-MANE devices (included terminals).

8.3 Requirements related to media delivery and network
REQ.FN-MT-301 FN media transport framework should be resilient to delay, jitter, and losses.

NOTE In the current Internet, some functions are implemented in multiple layers. In order to avoid implementation of
same functions in multiple layers, discussion is needed to clearly specify which layer should handle the specified functions.
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Actually, the idea in Part 6 evokes to a network architecture where the protocol stack is tailored for each communication,

therefore duplication, in terms of features, will be avoided. It is also the idea behind the universal container.

REQ.FN-MT-302 FN media transport framework should support differentiation at content level in order to

enable a prioritized delivery based on the media.

NOTE: FN should provide method for the media transport to specify the priority based on the media contents.
Prioritization could be absolute (such as IntServ) or relative (such as DiffServ).

REQ.FN-MT-303 FN media transport framework should Support the seamiess USe Ol heterogeneous
network environment.

REQ.FN-MT-304 FN media transport framework should support multipath delivery.

NOTE Content handling techniques, such as MDC and future media compositions or orchestrations, enable gelivery
of multiple streams over the network from different paths.

REQ.FN-MT-305 FN media transport framework should support content-aware-based congestion pontrol
(CABCC).

NOTE Current congestion controls, such as the TCP’s, are intrinsically related\te’the underlying network perfofmance
instead of to the content transmitted, yielding many times in a lack of sense at media level.

REQ.FN-MT-306 FN media transport framework should support mobility of users along different network

and attachments.

NOTE FN should be able to provide seamless communication’regardless the network, attachment or device.

REQ.FN-MT-308 FN media transport framework should be able to find the best path to enable the best

QoE for users.
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Annex A
(informative)

Use cases for media transport

A1 IhD Multiparty videoconference

Multiparty videoconferencing involves several participants with devices of wide variety of capabilities
conne¢ted to heterogeneous networks. One possible solution to support multiple parties with #different
capabllities (different context) is enabling scalability to be adapted to the video in the heterogeneous
envirohment, by means of, for example, a Polyphase Downsampling Multiple Description Coding technique
that is| applied on the video content to generate several lower resolution balanced subsets from the original
video [source, which will be issued over the network into self-contained separated flows. Thus, with this
solution a wide range of devices can be covered with the same video source, in such a way that the more
subsets delivered the more fidelity is achieved.

. QS

Live Saurce
HD multiresolution (16 substreams)

K (42), PAL+ (43)
L/ ) Media Aware
Network Element,

am

® 995 Mbps Ot 7 ﬁ.{
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L] - B2Mbps

Rsndsmd Sourca

Figure A.1 — Multiparty HD scenario

A.1.1| Current Solution

Currerjtly, such scenarigris\composed by two planes, a control plane and a data plane. Data plane works over
a RTPJUDP/IP stack with“extra signalling to control the synchronization, or an extension to the RTP header to
differeptiate and syachronize the multi-streaming generated for this technique. In the current solution, the
sender of the live.source will need to be aware of the receiving devices and delivers appropriate stream to the
pertaining deviee! Thus, sender may need to setup more than one session in order to provide appropriate
stream to each receivers.

A.1.2 Future Network-Sotution

Future Network will be a content aware network able to provide a composite service to fit the specific
requirements for a given communication. MANE (Media Aware Network Element) will need to be aware of the
participating parties and their characteristics in terms of capability of the device, status of the interconnected
network, and preference of the users. The MANE manipulates the video to be adjusted to the receiving device.

In implementing this use case in the FN, a control plane is needed to establish, negotiate, monitor, and tear-
down the communication among the involved parties. A data plane to transport the data is required. During
the negotiation phase, current multimedia signalling application protocols determine the capabilities of the
parties participating in the call, entailing which kind of media will be issued over the network infrastructure.
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Future Network should go down to the communication protocols, choosing in a dynamic fashion the basic
services (i.e., acknowledgement, sequence number, flow identification, congestion windows, etc.) that are
needed in a particular communication, accordingly to the capabilities of the participating parties and the
characteristics of media to be transmitted. Taking into account of the existing communication environment and
traffic status as a reference, the basic services that could be negotiated amongst the parties can be:
sequencing, sub-stream synchronization, content handling, timestamping or global time referencing QoS
labelling, FCS of all data, content based congestion control, and back reporting with media statistics. These
services entail related attributes as part of the header fields of the container. Besides, there will be general
attributes such as media type (content to which a particular composite service is provided), parties

identification, and dafa length. The generarl atiribuies are atiributes that has no relation o the communi¢ations
network used. And specific attributes are associated to the type of transmission network such as line Aaumber,
data pointer (with regard to the content information conveyed, current offset), and media unib reference
(current M-bit to signal the end of a media unit of the media object, in this case a frame). This will restlt in a
group of attributes which conforms to the header of the total container to support each basic service.| Using
this methodology, it is possible to avoid use of replicated functions and is possible to usg‘only those fupctions
that are needed to support a particular communication in a flexible way.

Services:
+ gequencing
+ sub-stream synchronization

+ timestamping or global time referencin .
. Qosmbeﬂlnqg 9 : 9 L \\Y Related Attributes
+ FCS of all data

Basic Services + content based congestion control
+ back reporting with media statistics

GenerahAttributes: Specific Attributes:
= media type + line number
= pavies identification » data pointer
«_data length » media unit reference
’l y -\\'\
n
MDC
(Multiple

. Description Coding) Media Services

Figure A.2 — Service for multistreaming communication

A.2 Web browsing

Multimedia-contents consume the largest part of the current traffic carried in the network, mainly becguse of
p2p applications of file sharing, live streaming and lately the Video on Demand application. In this scenario,
the sécond majority traffic on the network is reserved to web browsing, an asynchronous reliable seryice of
data'\transfer between two nodes in the network following a client/server model. Actually, this is the kind of
service for which the current TCP/IP network was primarily designed, to provide a reliable (using TCP)|or fast

(UDF) communication between peers working over non-reliable pnysical networks.

A.2.1 Current Solution

Currently, web browsers uses HTTP/TCP/IP which performs a strict data control in order to assure the
complete data transfer between the server and the client without errors (integrity). This reliable communication
is achieved by means of a connection-oriented protocol at the transport level, the TCP, which performs also a
strict control, in terms of flow and congestion.
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A.2.2 Future Network Solution

Future Network will be a content aware network, by means of the control plane, which in the negotiation and
establishment process shall specify the type of media contents (time-dependent or time-independent). Hence,
in this scenario the basic services will be those that identify the peers and assure an asynchronous reliable
data transfer. Basic service shall be: sequencing, content handling, QoS labelling, FCS of all data, content
based congestion control, and acknowledgement. General attributes shall be media type (content to which a
particular composite service is provided), parties identification, and data length. Specific attributes, regardless
of the basic services and general attributes shall be the currently used HTTP attributes.

Services:
= sequencing
= Content handling
= QoS labelin .
. chgraudgta L > Related Attributes

. . = content based congestion contral
Basic Services « acknowledgment

General Attributes: Specific Attribltes:
* media type » HTTP attribues
» parties identification

-l + data length

S0
(,O

MBC
(Multiple

_ Description Coding) | Media Services

Figure A.3 — Services for web browsing

A.3 Media Aware Network Element

A.3.1| Content-aware based congestion control

Media|Aware Network Elements-are intended to be the network elements with higher functionalities related to
media|transport instead of~a-mere data relays. MANEs have capability to be aware of the contents that is
being gonveyed and reacts-over them accordingly to the rules defined, depended on the type of media content,
and being aware of network event, such as congestion.

18 © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=59a54f7dec74c3cc35885ede37fdfcad

ISO/IEC TR 29181-6:2013(E)

Time-independent : = 2,
Media Content il “~
Time-dependent & B

Time-independent
Madiz Contant

» Time-independent
» Media Content

.

Time-dependent

Medlq Content
™

Time-dependent
Medi tent

Media Aware Media Aware

X Network Element Congestion /" Network Element
» Zone /
- - -

. - e
- =5 Signal backward to source

Adapts  Media Contents gy & othdr MANE's

{dropping or queuing)

Signal backward lo source in

case of packets dropping

Figure A.4 — MANE reacting to congestion

As shown in Figure A-4, there are two main streams, one conveying time-dependent media data and thg
time-independent. In case of congestion, MANE’s reacts by adapting media contents accordingly
characteristic of the media content. In the case of time-independent content, data may be queued and
bursts instead of following a continuous stream. In case_of.time-dependent media, MANE may per
different actions depending on its capabilities and the characteristics of the content, such as droppin
important packets of an scalable content or adapting the content to the network status. In both cases, a
of congestion is sent backward to notify the source for the source to make rightful adjustment.

A.3.2 Decision-making

Users can have different devices connected to various types of network. The FN should be scalab
adaptable to support this heterogeneity environment. MANE should be able to make decision according
control plane. For example, in the case of video transmission, MANE will be in charge of adapting the g
or relaying as many sub-streams (from a scalable video coded video stream) as needed to each d
behind its network. Figure A-5 shows a multistreaming transmission of a video content using a MDC s
to split the content into several pieces in order to reach as many users as possible. MANE relays th
pieces to each peer aceording to their capabilities. MANE also report the transmission status throu
control plane.
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Figure A.5 — MANE relaying on the required media data

Seamless mobility

A user may be watching an online TV program on his/her s%rtphone connected through a cellular network
operated by Operator A. Upon arriving at home, user w e to continuously watch the online TV program
on the|TV in the living room with full HD support which \i%o erated by a cable Operator B, without interruption.

This ig called media mobility. Media mobility inside

inside

ame network can be performed by the MANE placed
the LAN, operated by the same manager.~|\1 the case of media mobility between different network,

MANE| has to be placed in the interconnection p@t for easy handoff. This is an important point, because user
does not care who provides the service. I-[eebe wants to consume that specific media content regardless of

the de

20

vice or the location. C)\\

-

hY
\ Media Mobility
(from wiraless low capable device to
! wired media dedicated device)

o | )}E’ri v'-;if! ﬂf‘;‘-?i !
Y B Y
R

.
HD multiresolution (16 subsireams) (( ,)

Time-dependent Media Content

Media Aware
Network Element

*  Context-Aware (just relay as many [
sireams as needed according to

v & the interface)
— a 2 £ @ 995Mbps
% i) " & 560Mbps

4249 Mhp

L] « 62 Mbps

Figure A.6 — Media mobility inside an AS
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Annex B
(informative)

Related standardization and research activities

B.1 MMT (MPEG Media Transport)

MMT(MPEG Media Transport) is a standard developed by the ISO/IEC JTC 1/SC 29 which aims tg fesolve
various problems of the existing multimedia transport, such as MPEG-2 TS and RTP. The MPEG:2 TS and
RTP are not suitable for the current and future network and service environment with broadcasting_and mobile
convergence. MMT aims to provide efficient solution for the transport of various types of MPEG media in the
heterogeneous network environment.

The miin objective of MMT is defined in the “MPEG Media Transport (MMT) Context-and Objective” which is
listed as follows [14]:

- | Efficient delivery of media in an adaptive fashion over various networks-with the main emphasis on IP
based networks, including terrestrial, satellite and cable broadcast.networks. The standard will enable
building interoperable solutions for delivery and consumption of media in this context.

- | Enable the use of cross-layer designs to improve the Quality of Service/Experience (QoS/QoE). By
incorporating QoS/QoE-related information from different™ayers, the delivery and consumption of
media would be optimized.

- | Enable building integrated services with multiplexcomponents for hybrid delivery over heterogeneous
network environments. The specification shall_provide the capability of seamless and efficient use of
heterogeneous network environments, incliding broadcast, multicast, storage media and mobile
networks.

- | Enable bi-directional low delay services and applications, such as online gaming and conversational
services.

- | Enable efficient signalings.\delivery and utilization of multiple content protection and rights
management tools.

- | Enable efficient content forwarding and relaying.
- | Enable efficient.Gne-to-many delivery.
- | Provision mmeans for error immunity, including burst errors.
MMT considers cross-layer design to deliver media adaptively to various types of network. It monitors the

network _status to respond to the changes of the network conditions by periodically collecting QoS-related
paramgters such as signal strength, available buffer size, packet loss ratio, delays, etc. This information is

conveyed to the application layer to conduct media adaptation.

The mechanism defined in MMT for cross-layer design that can be considered in the inter-modular information
exchange concept defined in this document.
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B.2 SMART of Ambient Network

Ambient Networks is a network integration design that seeks to solve problems relating to switching between
networks to maintain contact with the outside world. This project aims to develop a network software-driven
infrastructure that will run on top of all current or future network physical infrastructures to provide a way for
devices to connect to each other, and through each other to the outside world [15].

Ambient Networks is a large-scale collaborative project within the European Union's Sixth Framework
Programme that investigates future communications systems beyond today's fixed and 3rd generation mobile

networks [16].

Ambient Networks defines SMART (Smart Multimedia Routing and Transport) for media delivery |in the
heterogeneous network environment including mobile network. SMART provides distribution (@adaptatign, and
caching of the media in the network in accordance with the context of the end-user with\various end-user
terminals and network capability in the heterogeneous network. Each service are provided in the qverlay
network, SSON(Service-specific Overlay Network), to deliver the appropriate media-to the end-users. The
figure shows the mapping of the media server(MS)/media client(MS) in the SSONVwith the routers|in the
underlying network.

Media applications/services

o

Ambient control space Mobility |
S Q’ - S
Trigger and context learer anc \\u -
management ~ manag nent. w Security domain

nent

Service-specific
overlay networks

Underlying network 4
- infrastructure .~ -

Ei

Although the ambient network defines SMART for media delivery operating on the overlay fashion the
functionality of SMART. The media routing in the SMART has some resemblance with MANE. Features such
as media routing table and media caching/adaptation are part of the features that is considered in the FN
media transport.
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B.3 MEDIEVAL (MultimEDia transport for moblIE Video AppLications)

MEDIEVAL [17] is a Small or medium-scale focused research project (STREP) of the 7" Framework
Programme of the European Commission, addressing the core of the strategic objective "The Network of the

Future". MEDIEVAL defines a mobile video architecture with cross-layer mechanisms to provide high quality
of experience to users.

It has identified five key issues.

The kgy components of the MEDIEVAL architecture are illustrated in the figure.

By |
J by
o
lnteractiv:\;@ & @ & &
video Multimode

Specification of an interface between the video services and the underlying network mechanisms.

Enhanced wireless access to optimize video performance.
Design of a novel dynamic mobility architecture adapted to video service requirements.

Optimization of the video delivery by means of Quality of Experience (QoEj)ydriven network
mechanisms.

Support for broadcast and multicast video services, including Internet TV and/Personal Broadcasting.
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Figure b.Z2 — MEDIEVAL Vision

The MEDIEVAL architecture comprises of five key functionalities:

24

Interaction with the underlying network to allow video services optimally customise the network
behaviour.

Enhanced wireless access to optimise video performance by exploiting the features of each wireless
technology.
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