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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 or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.

The prdqcedures used to develop this document and those intended for its further maintenan
are described in the ISO/IEC Directives, Part 1. In particular, the different approval (eriteri
needed [for the different types of document should be noted. This document was drafted i
accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives gr
www.ie¢.ch/members_experts/refdocs). International Standards are drafted in accordance with t
rules giyen in the ISO/IEC Directives, Part 2.

Attention is drawn to the possibility that some of the elements of this documént“may be the subjeqt
of patent rights. ISO and IEC shall not be held responsible for identifying\ahy or all such patert
rights. Details of any patent rights identified during the development of the/document will be in thie
Introdu¢tion and/or on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC
list of pdtent declarations received (see patents.iec.ch). The main task Qf the joint technical committee
is to prepare International Standards.

Draft International Standards adopted by the joint technical. committee are circulated to national
bodies fpr voting. Publication as an International Standard«requires approval by at least 75 % of the
national bodies casting a vote.

Any trade name used in this document is information.given for the convenience of users and does nqt
constitute an endorsement.

o

For an pxplanation of the voluntary nature*Qf standards, the meaning of ISO specific terms an
expressjons related to conformity assessment, as well as information about ISO's adherence t
the World Trade Organization (WTO)~principles in the Technical Barriers to Trade (TBT) se
www.is¢.org/iso/foreword.html. In the [EC, see www.iec.ch/understanding-standards.

D O

This dofument was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technolog},
Subcomittee SC 6, Telecommunigations and information exchange between systems.

Alist of pll parts in the ISQ/IEC 21558 series can be found on the ISO and IEC websites.

Any feeflback or questions on this document should be directed to the user’s national standard
body. A complete Misting of these bodies can be found at www.iso.org/members.html an
www.ie¢.ch/nationdl-committees.

= wn
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Introduction

ISO/IEC TR 29181-1 describes the definition, general concept, problems and requirements for the

Future Network (FN).

ISO/IEC TR 29181-3 examines the requirements for carrying data over digital networks and
identifies the requirements that are not satisfied by the current Internet. It also notes some expected

characteristics of new systems that are better able to satisfy the requirements and specifies
which supports both the existing system and the new systems. This will enable a migration to

a model
the new

slystems; it is also intended to make networks of all sizes easier to manage.

This document specifies the FN architecture which is designed to meet the requirements.ider]
IPO/IEC TR 29181-3. Protocols to support this architecture are specified in ISO/IEC 21559-1.

different requirements of live digital audio and video, which form an increasingproportion of th
dn today's networks.

Whereas in IP all addressing information needs to be present in thé packet headers, in
information needed to route packets is carried separately from the packets themselves. This
the size of the encapsulation by an order of magnitude and simplifies the process of forwar
fdackets in switches.

Nlost importantly, it allows different addressing mechanisms‘to be used without changing th
fprmat and supports mobility without needing artificial devices such as IP-in-IP tunnels.

N offers two main services: an ultra-low-latency “AV” service tailored to the needs of cong
nte traffic such as audio and video, and a best-effort “IT” service suitable for the kind of unprd
emand for which IP was intended. The AV service'can also be used for file transfer, where it el
he need for the kind of empirical throughputtesting that is a feature of TCP.

o o =

IS EN )

s being much more flexible) are a resultof experimentation with a prototype implementation

tified in

HN is a packet network which, as well as carrying data between computers, dlso’ meets the rather

1e traffic

FN the
reduces
ding the

e packet

tant-bit-
dictable
minates

ome details of the services (particularlythe slot size for the AV service, which was originally envisaged
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Telecommunications and information exchange between
systems — Future network architecture —

Part 1:
Switchi i .
1 Scope

This document specifies the switching and routing architecture of the Future Netiwork (FN).

2 Normative references

—

he following documents are referred to in the text in such a way/that some or all of their| content
onstitutes requirements of this document. For dated referencesfenly the edition cited applies. For
ndated references, the latest edition of the referenced document (including any amendments)|applies.

(el @)

IBO/IEC 21559-1, Telecommunications and information exchduge between systems — Future |network
Hdrotocols and mechanisms — Part 1: Switching and routing

et

50/IEC/TR 29181-1, Information technology — Future.Network — Problem statement and requfrements
- Part 1: Overall aspects

et

50/IEC/TR 29181-3, Information technology —¥uture Network — Problem statement and requfrements
—+ Part 3: Switching and routing

IEC 62379-5-2, Common control interface for networked digital audio and video products - Part 5-2:
Transmission over networks - Signalling

3 Terms and definitions

v w]

or the purposes of this“document, the terms and definitions given in ISO/IEC TR PR9181-1,
50/1EC TR 29181-3 and the following apply.

[l

IF0 and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online-browsing platform: available at https://www.iso.org/obp

-+ IEC Electropedia: available at https://www.electropedia.org

31
AVilow
flow in which packets are expected to be transmitted at regular intervals, suitable for carrying live
audio, video, and other media

3.2
IT flow
flow in which packets are not expected to be transmitted at regular intervals

4 Abbreviated terms

For the purposes of this document, the abbreviated terms given in ISO/IEC TR 29181-1 and
ISO/IEC TR 29181-3 and the following apply.

© ISO/IEC 2022 - All rights reserved 1
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AV AudioVisual

IT [

nformation Technology

5 Network elements and links

5.1 Levels of service

Servicegofferedby packetretworks camrbedividedimto three tevets:
a) best-effort: latency is undefined; packets may be dropped if there is congestion.

b) asynhchronous: latency is bounded; packets will not be dropped due to congestion.

c) syn

Level b)
sending

Level c)

which tq transmit.

5.2 Li
Alink is

Links a
synchro

thus support a synchronous service. Virtual links are those that do not meet that requirement; they ar
typically implemented over non-FN packet technologies.

5.3 Togpology

An FN “

networl element.
An FN “¢loud” is a group of islands.connected to each other by virtual links, or a single island.
An “extdrnal” network elementis one which is not capable of supporting physical links.

An “intefrnal” virtual link-€Connects two islands. An “external” virtual link connects an external network

element

6 Sernvice interfaces

6.1 Searvice prnvidpd to the Iayprq abhove

Chronous: latency is well-defined; packets will not be dropped due to congestiox.

requires resource reservation, which may be per class or per flow, and relies on sources nqt
more data than is supported by the reservation.

requires network elements to be synchronised; each source is allocated specific timeslots ip

nks

a two-way data path between two network elements.

[

re classified as “physical” and “virtual”. Physical "links are those that implement “tigh
hisation” as specified in Clause 9, using the protocols specified in ISO/IEC 21559-1, and ca

[CHR=]

jsland” is a group of network elements connected to each other by physical links, or a single

to an island,

The service provided by FN switching and routing shall be delivery of packets.

Each packet shall consist of encapsulation and a payload, and shall be delivered to one or more
destinations, defined by the flow of which it is a part.

The payload shall be an octet string which shall not be processed by intermediate network elements
and shall be delivered verbatim except for the effect of transmission errors.

The enc

Clauses

apsulation shall code information necessary for the forwarding of the packet, as specified in
8 and 9.

© ISO/IEC 2022 - All rights reserved
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6.2 Service required from the layers below
The service required from the layers below shall be as follows.

In the case of a point-to-point physical link, the service shall be conveyance of a stream of data octets,
along with formatting which allows the position of each octet in the stream to be identified.

NOTE One possible kind of formatting is the division of the octet string into frames; another is the periodic
insertion of non-data symbols.

I 41 £ raads. 11. 1 41 - a L o AfaraWAR nFalo kN ull ulfa W |
T'UIIT TAST UL VIT TUAI TITIRS, LIIT ST VILT IS SPCLIHICTU TITN TIOVU/TLEG 241 JJ 77 1.

7 Flows

1.1 General

lwul

ach packet shall be part of a “flow”. The action to be taken when a packet arriyes at a network|element
shall be defined by the flow to which it belongs.

(on)

lobally-significant identifiers for flows, and procedures for setting(up flows, shall be as specified in
EC 62379-5-2.

Y

NOTE Flow identifiers are used in signalling messages, but nof/in‘packets.

—

hree types of flow are supported by FN, as specified in thefollowing subclauses.

1.2 AV flows

n AV flow shall carry AV packets (see Clause“9). It shall have a single source, and one pr more
estinations. Each packet transmitted by the;source shall be delivered to all the destination)s. There
hall be no upper limit to the number of destinations that an AV flow can support.

[@Pilla Y

(%)

NOTE 1 Thisis similar to the service provided by cross-point audio and video routers.

NOTE 2  Because there is only a sinhgle source, the sender of each packet arriving on an AV flow is well-defined.

1.3 Connection-oriented’IT flows

oY

connection-oriented T flow shall carry IT packets (see Clause 8). It shall have a single sourfce and a
ingle destination.

0

=z

OTE Because there is only a single source, the sender of each packet on a connection-oriented IT flow is
ell-defined,

<

(an)

ontrol plane procedures should support bi-directional flows that are implemented as two conjnection-
rientedIT flows, one in each direction.

o

A Val Lo 1 I Ll
A UUIITNICCUUIIICSS T'1 ITOWS

A connectionless IT flow shall carry IT packets (see Clause 8). It shall have one or more sources, and a
single destination.

NOTE1 Connectionless flows are intended for carrying packets from other network technologies such as IP.
This document does not specify how the sender of each packet on a connectionless IT flow is identified.

NOTE 2  The form of connectionless service envisaged in ISO/IEC TR 29181-3, with “uplink” and “downlink”
paths, is no longer thought to be useful.

© ISO/IEC 2022 - All rights reserved 3
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8 IT services

8.1 Packet format

The encapsulation of an IT packet shall code the payload length and a label; the format shall depend on
the formatting of the link across which the flow passes.

NOTE1 The length can be coded explicitly, for instance as the number of octets, or implicitly by marking the
end of the packet in some way, for instance by a non-data symbol.

[72)

The labdl shall identify the flow; this identification shall be local to each link over which the flow passé
and shall be chosen by the receiving network element.

NOTE 2 | Apossible value to use for the label is the address of the flow's entry in the receiving networkelement|s
routing tpble.

=3

NOTE 3 | The label value, and possibly also the format of the encapsulation, is changed at edeh-switch throug
which thg packet passes.

=

The encppsulation should include appropriate error detection for the length andthe label. The packe
format ghould not include error detection for the payload.

Error d¢tection for the application’s data, if required, should be end-té-end and thus included in the
payload] It may be part of encapsulation at the layer above.

8.2 QoS considerations
Packetsfon an IT flow experience a best-effort service.
Error dgtection in the encapsulation should be used to reduce the likelihood of packets being misrouted.

The probpability of corruption of payloads should be‘low, and an estimate of it should be included in thie
signallig messages that set flows up. On links(that use an unreliable physical medium, the data link
layer shall include measures to ensure an aceeptable level of service.

NOTE End-to-end detection of errors i payloads, and correction methods appropriate to the application,
can be inpplemented in the transport layer:

8.3 Carriage over other technologies

IT flowg may be tunnelled ©ver non-FN technologies by encapsulating the IT packets according to thie
underlying technology. En¢apsulation according to AES51 should be used.

9 AV services

9.1 Synchronisation domains

Two kinds of AV service are specified in this document: "tightly synchronised” and "loosely
synchronised”.

On a tightly-synchronised link, AV packets can be identified by their time of arrival or, equivalently,
their position in an allocation period (see 9.4).

Each network element shall ensure that all the physical links to which it is connected are phase-aligned
to within a specified tolerance, using the protocols specified in ISO/IEC 21559-1.

The tightly synchronised AV service, which provides the lowest possible latency, can only be used
within an island.

4 © ISO/IEC 2022 - All rights reserved
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The loosely synchronised AV service is used for flows which pass over virtual links. The latency is
greater, and de-jitter buffers are required at the receiving end. Islands within a cloud shall be frequency-
locked to a common reference, but do not need to be phase-aligned.

9.2 Packet format

The encapsulation of an AV packet shall code the payload length; the format should be as specified in
ISO/IEC 21559-1.

9.3 QoS considerations

9.3.1 Flows within an island
Hackets on an AV flow that is contained within an island experience a level c) service as specifi¢d in 5.1.

The transit time shall be reported in the signalling messages that set the flow-up.

9.3.2 AV flows not within an island

—_—

ackets on an AV flow that passes over one or more virtual links experience the lowest of the service
bvels provided by those links.

fu—

Signalling messages that set up an AV flow shall report thatd$ynchronous service is not provided, and
should include an estimate of the maximum and minimupntransit time and whether packets on virtual
links are likely to be dropped.

9.3.3 All AV flows

—

he probability of corruption of packets should'be low, and an estimate of it should be includ¢d in the
ignalling messages that set flows up. On links that use an unreliable physical medium, the data link
hyer shall include measures to ensure amacceptable level of service.

— N

OTE1 The encapsulation is not used for routing, so corruption of the encapsulation cannot cause a packet to
e misrouted, though it can cause ddtato be lost from the end of the packet or spurious data to be added.

o =z

=z

OTE2 For many applications\it is better to deliver a corrupted AV stream than to delete a whole gacket for
Fhat may be a single bit errof, or to incur the added latency required for error correction.

<

]

Fa flow is re-routed arpund a failure, the revised transit time should be reported as soon as possible.
F a change in the point of attachment of a mobile device changes the transit time, the new trampsit time
hould be reportédbefore the change occurs.

=

though £hey increase the transit time. The probability of corruption should be low enough that they

easures such as forward error correction or retransmission may be implemented in the highgr layers,
|
re uniecessary for most applications.

9.4~ Slots and allocations

Each physical link shall be formatted into “allocation periods” which recur at an interval which shall be
(0,999 68 £ 0,000 1) ms or an integer multiple or submultiple thereof.

NOTE1 The specified interval can be regarded as a nominal 1 ms with a tolerance of 100 ppm in the reference
and a further margin to accommodate media streams whose reference clocks are up to 220 ppm faster than
nominal.

Each allocation period shall contain a fixed sequence of “slots”, each able to carry one AV packet.

NOTE 2 ISO/IEC TR 29181-3:2013, 6.2.2.2 and 6.2.2.3 envisage the provision of a wide range of slot sizes and
packet sizes; however, subsequent experimentation and prototyping has shown that a fixed slot size is preferable.

© ISO/IEC 2022 - All rights reserved 5
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