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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
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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
those 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 a model which supports both
the existing system and the new systems. This will enable a migration to the new systems; it is also
intended to make networks of all sizes easier to manage.

ISO/IEC 21558-1 specifies an architecture which meets the requirements identified in
ISO/IEC TR 29181-3.
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systems — Future network protocols and mechanisms —

Part 1:
Switching and routing

1 3

This
netw|

cope

document specifies protocols and mechanisms for use within systems conforming t
brk (FN) architecture specified in ISO/IEC 21558-1.

ormative references

The following documents are referred to in the text in such a way‘that some or all of t
consfitutes requirements of this document. For dated references) 'only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

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

ISO/IEC/TR 29181-3, Information technology — Future Network — Problem statement and
— Payt 3: Switching and routing

IEC §2379-5-1, Common control interface for>networked digital audio and video product
Trangmission over networks - General

IEC 42379-5-2, Common control intexface for networked digital audio and video product
Trangmission over networks - Signalling

AES5[1-2006 (s2017), AES standard for digital audio - Digital input-output interfacing - Trd
ATM ¢ells over Ethernet physicadl layer (Audio Engineering Society, New York, NY, USA)
erms and definitions

e purposes’ of this document, the terms and definitions given in ISO/IEC TR
[SO/IEC TR 29181-3 and the following apply.

ISO apd/1E€ maintain terminology databases for use in standardization at the following ad

o the future

heir content
applies. For
nts) applies.
requirements
requirements
s - Part 5-1:

5 — Part 5-2:

nsmission of

9181-1 and

dresses:

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

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

3.1
AV flow

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
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4 Abbreviated terms

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

AV AudioVisual
CRC Cyclic Redundancy Check

FCS Frame Check Sequence

FN Futyre-Network

IT Information Technology

5 FN physical links

5.1 General

An FN physjcal link conveys a sequence of frames. There shall be a whéle number of frames per
allocation pgriod.

Where an KN physical link is implemented over a physical layek that was developed for anlother
technology, the link partners may use the negotiation procedure specified in 5.4 to manage the cr;[)ange
from using ghat technology to sending FN frames. Alternatively;if FN frames are not valid frames for
the other teghnology, either link partner may begin sending EN frames as soon as the link is established.

Once the link is established, with FN frames being sent«dn’both directions, it can be used to exclange
signalling mpssages, which shall be used to convey any’of the information necessary to set up IT flows
that was nof included in a negotiation process (orall such information if there was no negotjation
process), andl to align frames as specified in Clause 7.

5.2 Frame format

5.2.1 Conjponents of a frame

General proyisions are specified-liere. Details are specified in Annex A.
Each frame ¢n a physical linkshall include:

— timing fleld (see bélew);

— slots for|AV pdckets (see 5.2.2 and 5.2.3);

and may als¢ ielude:

— trailing octets (see 5.2.3).

The timing field shall consist of four octets holding (big-endianly) a 32-bit value. The all-ones value
shall show that no time is indicated. Time (modulo four seconds) shall be coded with seconds in the ms
2 bits and nanoseconds (in the range 0 to 999 999 999 inclusive) in the remaining 30 bits. Other code
points are reserved.

NOTE1 Coding time as counts of seconds and nanoseconds is compatible with PTP.

The timing field is a “framing” field. There may be other framing fields, e.g. to mark the start of a frame,
to identify its position within the allocation period, or to detect transmission errors. A frame shall not
contain anything that would require the recipient to buffer the data before processing it.

2 © ISO/IEC 2022 - All rights reserved
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For each link, a “word” shall be defined as a whole number of octets. The number shall be strictly
positive and shall be fixed for each format and physical layer.

A slot should consist of 64 octets. Each slot shall be a whole number of words.

The trailing octets (if present) shall be a whole number of words.

NOTE 2

On physical layers where the interface between MAC and PHY is typically 8 bits wide, such as 1Gb/s

Ethernet, the word length can be a single octet. Where typical interfaces are wider, as with 10Gb/s Ethernet, the
word length can match the width of the interface. The word length can be signalled in a framing field or during

negotiation.

5.2.2] AV packets

Each|slot shall either contain an AV packet or be an “empty slot”. In the case of a packet
shall |be any number of octets in the range 0 to 63 (inclusive). The header shalk consist
formatted as follows:

The fllag f shall not be used for routing, but shall be available for use by the higher layers
to gu
otherfs.

The frame format may provide for explicit indication ‘of whether a slot is empty; otherwi
slot shall be coded as a “null packet”, with length‘zero and f= 1.

NOTH If fis used as specified above, inserting.or dropping null packets in a flow will have no e
5.2.3| IT data stream
The dctets in each slot that are not 'part of an AV packet (after rounding the size of the p

whole number of words), togethérwith the trailing octets if present, shall be concatenated
in which they are transmitted to form the “IT data stream”.

NOTH1
are thus an overhead. Where the word length is more than one octet, this will always occur wit
packelts (which use a whole word for one octet of information), so for frames with a longer word
efficignt means of identifying empty slots can be useful.

The I[T data stréam shall carry IT packets and “idle” words. An “idle” word shall be a single
with
there

hit 7 (most significant bit): set such that the total number of bits set to 1.in the octet is
hit 6: flag f;

hits 5-0: length, coded as the number of payload octets.

de reassembly of longer messages, it should be set to 0in the last fragment of a mess

If the packet isnat a whole number of words, the unused octets in the last word contai

A vatue that cannot be the first word of an IT packet header, and shall be transmitt
ismo 1T packet available for transmission,

the payload
of one octet

odd;

; if it is used
ageand 1 in

5e, an empty

ffect.

icket up to a
in the order

n rubbish and
h zero-length
ength a more

word coded
bd whenever

The recipient of an IT data stream shall interpret it according to the following three contexts:

a)

b)

Searching: this shall be the initial context when the first frame is received and shall be entered
in the event of any error, including: frame of the wrong length; excessive gap between frames;
parity error in the first octet of a slot; and error in integrity check fields for the frame or an IT
packet header. There shall be a transition to “between packets” context when a sufficient number

of consecutive “idle” words have been received.

NOTE 2
implementer.

This document does not specify how many is a “sufficient” number. It is a decision for the

Between packets: in this context either an “idle” word or the start of a packet is expected. An “idle”
word shall be ignored and the context remain as “between packets”. A word that can be the start of
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an IT packet shall be interpreted as such and “within packet” context entered. Any other code point
should be interpreted as an error, and “searching” context entered.

the cont

ext shall revert to “between packets”.

5.3 Negotiation packets

5.3.1 Payload format

Negotiation

packets shall be formatted as specified in AES51, except as follows:

Within packet: each word shall be interpreted as the next word of the packet. After the last word

a) Thetim

b) The octg
for a ser

case are

NOTE
as all-ones.

Nd

5.3.2

5.3.2.1 In
Information

Information
and if preser

Additional iy

5.3.2.2 Se

Information
managemen

The first 8
IEC 62379-5

ng information shall use the same coding as the timing field in frames (see 5.2.1).

t string specified as the Ethernet MAC client data may instead be sent as a serviee dat
vice other than Ethernet, e.g. as a UDP datagram. The UDP port numbers to.be used i
tbd.

semantics are assigned to the timing information in negotiation packets, §9 it will usually be

Information elements

formation element types
element types 01, 03, and 04 specified in AES51shall not be used.

element type 02 specified in AES51 may be present for physical links able to carry AV f
t shall be coded with the value zero. Use of this IE coded with a nonzero value is rese

formation element types specified in 5.3.2.2 to 5.3.2.5 inclusive shall also be support

hder's identifier

element type hexadecimal 82-shall be used to convey information relevant to higher
[, and shall be included if; and only if, the sender has a 64-bit identifier.

ctets of the information field shall contain the sender's 64-bit identifier, as specif
2. Where the information field is longer than 8 octets, the remaining octets are reser

5.3.2.3 Flow label forsignalling messages

Information
messages to
header cont

elementtype hexadecimal 83 shall be used to specify the flow label to be used on sign
the(Sender. The information field shall be coded with the value for the part of the p
ining the flow label (including any protection fields), using the minimum number of ¢

h unit
h this

coded

lows,
Fved.

layer

ed in
ved.

hlling
acket
ctets

and aligned atthehighrendif motawhote momber of octets- i there s oty pe 831E; sigmattimg mes
shall use flow label zero.

NOTE
and CRC.

5.3.2.4 Recipient's identifier

ages

For all current link formats, the information field will be exactly two octets, containing the flow label

Information element type hexadecimal 84 may be used to issue a temporary 64-bit identifier to a unit
which does not have a permanent one. It may also be used to confirm the link partner's identity. The
first 8 octets of the information field shall contain the 64-bit identifier to be used by the recipient.
Where the information field is longer than 8 octets, the remaining octets are reserved.
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5.3.2.5 Link type

Information element type hexadecimal 85 shall be used to specify the type of link. In a Link Accept the
information field shall consist of four octets containing (big-endianly) a 32-bit record in the following
form:

— 4 bits: protocol version: shall be coded with the value 1;
— 4 bits: link type: 1 = virtual link, 2 = physical link, other code points reserved;

— 22 bits: reserved: code as zero on transmission, ignore on reception;

— 1 bit: 1 if FindRoute requests can be sent to the sender of the Link Request, 0\ifnot.

In other packet types it shall consist of one or more 4-octet records in the same format, ih decreasing
orderf of preference, showing all the link types the sender can support. When requesting a physical link,
all supported link types (physical and virtual) should be shown, with physj¢alTink types listed first.

NOTH This allows a virtual link format to be used as a fall-back if the link partner does not support any of
the offered physical link formats.

For epch of the flags in the last two bits, if the bit is set in the Link Request it may be clealr in the Link
Accept, to show that the responder does not implement the facility.

If thg penultimate bit is set for a physical link, the timing field shall be set as described ih 8.1 in each
framg; if not, it may be coded as all-ones. If the penulfimate bit is set for a virtual link, bpth partners
shall send link timing packets.

should be set to show what functions each link'partner implements.
5.4 |Link establishment procedure

5.4.1] General

Link pstablishment occurs in\the following three stages:
a) physical layer communication established;

b) exchange of negotiation packets and/or exchange of identity etc information in signallihg messages;
c) exchangeofisynchronisation information and amalgamation of synchronisation domains.

In stdge (b);exchange of negotiation packets is not required if both sides default to sendinjg FN frames,
or ong side“defaults to sending FN frames and the other can detect that it does so.

On completion of stage (b), IT flows can be set up across the link. On completion of stage (c), AV flows
can be set up across the link.

The negotiation procedure in stage (b) is outlined in 5.4.2 to 5.4.6 inclusive, and details, including the
encapsulation of negotiation packets, are given in Annex A. Stage (c) is specified in Clause 7.

5.4.2 Transmission of request

Negotiation of the use of the FN frame format on a network interface shall begin with transmission of a
Link Request packet requesting a physical link as the first preference.

When a request has been sent, the interface shall enter “requesting” state.

© ISO/IEC 2022 - All rights reserved 5
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The Link Request message should be repeated if no reply is received. The number of repetitions and the

interval between them are specified in Annex A.

If there is no reply after the specified number of repetitions, and the interface supports virtual

links

over the network to which the interface is connected, it may attempt to establish one or more virtual

links as specified in Clause 6, otherwise it should enter the “passive” state.

5.4.3 Response to incoming Link Request

If there is no compatible format, a Link Reject packet shall be sent and "passive" state entered as

specified in AES51.

NOTE Having established that the link partner is an FN network element but there is no format.that both

support, therg is no point in attempting to set up a virtual link, assuming the Link Request packetdnclud
supported link formats.

ed all

Otherwise the actual configuration shall be transmitted in a Link Accept packet as specified in AES51,

but the new ptate shall be "accepting” rather than "active".

5.4.4 Response to incoming Link Reject

As specified in AES51, on receiving a Link Reject packet in any state~the recipient shall ente
"passive"” stdte.

5.4.5 Response to incoming Link Accept

The action fpr an incoming Link Accept packet shall be as‘specified in AES51 except that instg
entering "active" state the recipient shall switch to “transition” state.

In “transition” state it shall be configured to send ENcframes, but transmission of the first conj

r the

ad of

plete

frame mightinot have begun, so it cannot transmit,any FN packets. After a delay long enough to ehsure

FN frames afe being transmitted correctly, it shalbswitch to “await sync” state.

NOTE Implementers will usually find it convenient for outgoing frames on all interfaces to begin at the

same

time, so it car take up to one frame time before‘the first frame header is transmitted; an additional delay i then

needed until the recipient's IT stream enters)“between packets” state (see 5.2.3).

The link parfner shall switch to “await sync” state either when it detects incoming FN frames or when it
receives a signalling message; if.the signalling message is a Syncinfo message with appropriate content,

it shall switdh directly to "aligning" state.

In "await sync" state it can'connect IT flows but not AV flows.

After switchling to the “await sync” state, each unit shall send a SyncInfo signalling request mefssage
(see 8.2); it hall transition to "aligning" state when appropriate as specified in 7.6. In “aligning” state,

and the tranki 3 3 3 U A ase hashee

AV flows can only be set up in “active” state.

5.4.6 Errors and unexpected packets
Packets received in the wrong state may be either ignored or treated as errors.

Persistent errors in FN frames should cause "reset" state to be entered, which may include ceasi
send FN frames.

ured,

ng to
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6 Virtual links

6.1 General

Whereas a point-to-point link between two FN-aware network elements transitions to a (single)
physical link as soon as it is connected, a link to a legacy network can carry multiple virtual links, and
these links can be set up at any time.

This document does not specify how setting up a virtual link is initiated (i.e. what causes a Link
Request packet to be sent); typically, it will be by a command from a control element or by the interface
being configured to attempt it whenever the link comes up. Thereafter the process is similar to that for
physilcal links.

» o« ”

Each virtual link has its own state, which shall be “requesting”, “connected”, or “terminating”.

6.2 |Transmission of Link Request

Setting up a new virtual link shall begin with the sending of a Link Requestpacket, after which the link
shall |be in “requesting” state. If no reply is received, the packet may be'fepeated or the|link may be
termjnated.

NOTH This document does not specify the frequency of retransmissions or how many there sh¢uld be before
giving up.
6.3 |Response to incoming Link Request

A network element receiving a Link Request that it does not accept shall send a Link Reject if the request
was ynicast. If the request was broadcast, it shalkeither ignore it or send a Link Reject.

A network element receiving a Link Requestfor-a link which already exists with the same cpnfiguration
and i$ in “connected” state shall reply withwa Link Accept.

NOTE This covers the case where a“Bink Accept has been lost and also where both partiep send a Link
Requgst at the same time.

A network element receiving.a-Link Request for a link which already exists but with a different
configuration and is in “connected” state shall either send a Link Reject or update the configuration to
match the new request and send a Link Accept.

A netjwork element receiving a Link Request for a new link which it accepts shall create the link with
“conrjected” state and send a Link Accept.

6.4 |Response to incoming Link Reject

A Link Reject packet on any link shall cause the link to be terminated. If the link was in|“connected”
statelabink Reject shall be sentin reply.

6.5 Response to incoming Link Accept

The action for an incoming Link Accept packet in “requesting” state shall be as specified in AES51 except
that instead of “active” state the recipient enters “transition” state. In “reset” and “passive” states it
shall be ignored. In other states the action shall be as specified in AES51 for “active” state.

On entry to “transition” state, it shall configure the tx MAC logic to send Flexilink frames.

NOTE This can take up to 1 frame time to take effect, and a further 3 frame times before the link partner
detects that it is receiving Flexilink frames. No packets can be transmitted while in “transition” state.

© ISO/IEC 2022 - All rights reserved 7
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6.6 Errors, unexpected packets, and termination

If any packet other than Link Request is received for a non-existent virtual link, a Link Reject should be
sent in reply.

If an encapsulated IT packet is received for a flow that is not connected, a ClearDown signalling message
for the flow should be sent in reply.

Either party may initiate termination of a link at any time by sending a Link Reject and changing the
link's state to “terminating”.

7 Network layer synchronisation

7.1 General

Frames on all links within an island shall be phase-aligned.

NOTE1  THis allows AV flows to be routed with minimal latency.

Frame rates|for different islands within the same cloud shall be the same.
NOTE 2  This prevents queues building up in the de-jitter buffers.

NOTE 3 The phase-alignment of frames is completely independent of thie synchronisation of digital audjo and
video; sampliphg rates of digital media do not need to be synchronised, with the network, nor with other media
flows.

7.2 Alignment of frames within an island

Each island $hall be a single “sync domain”, within which all transmitted frames shall be phase-lpcked
to the framgs transmitted by a single unit, the “sync master”, so that the timing propagates out|from
that unit. The link on which a unit receives timing information is its “upstream” link. Any linkg over
which it supplies timing information to a neighbouring unit are “downstream” links. All other links are
“off-tree” links. The link partner on the upstream link is the upstream neighbour, and the link partner
on any othei{link is a downstream neighbour.

NOTE1  THe links across which the timing propagates form a spanning tree, with the sync master at th¢ root.
These links afre upstream in the ditection towards the root, and downstream in the other direction. All|other
links are off-tfree.

NOTE 2  THe synchronisatiof method is further specified in Annex A.

NOTE3  End equipnrent may simply align the frame structure on the outgoing direction of its link directly
with the incoming frames, for instance by starting an output frame each time the start of an incoming fragme is
detected. Thi$ is refetred to as “loopback” timing. A link on which it is used is always on the spanning treq, with
the end unit heihga leaf.

When a link becomes a unit's upstream link, the point in the input frame at which an outgoing frame
begins on each link shall be measured, and subsequent inter-frame gaps adjusted so that subsequent
frames begin as close as possible to the same point. The average inter-frame gap shall be measured over
each timing period as specified in Annex A, and if the reference is lost the most recent average figure
shall be maintained, using an algorithm such as a binary rate multiplier to minimise jitter.

NOTE4  This reduces the impact on off-tree links until a new route to the sync master can be established.

7.3 Alignment of frames within a cloud
A cloud shall be a single sync domain, but frequency locked rather than phase locked.

NOTE1 Each island will therefore have the same frame rate over time, although there can be considerable
wander in the phase relationship between different islands.
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Each island shall have its own sync master to which frames are phase locked; for one island this shall
also be the sync master for the cloud, while for the others it shall have an upstream link which is a
virtual link. Its upstream neighbour may be any unit in the neighbouring island; it is not required to be
the island's sync master.

NOTE 2 There can be virtual links within an island, for instance if the island covers two sites which are
connected by a physical link and also by a virtual link which is used as a back-up.

7.4 Establishment of sync domains

When a network element is powered on or otherwise reset, it shall form an island within which it
is th ; i T T ; i pll exchange
information regarding their sync domains. If they are in the same island, both will see theljnk as an off-
tree link and they can set up synchronous flows as soon as they have discovered the-.phdse|relationship
betwgen the frames they transmit.

If thely are part of different islands, the two islands shall be amalgamated as spé€cified in 7.6

o

NOTH In this process, the one with the better reference (chosen in a similarway to the “best master clock” in
PTP) |s unchanged. The other is first reconfigured (if necessary) so that the ginit'connected to the pew link is its
sync faster, and then the new link is set to being its upstream link.

A sinjilar process shall be used when a virtual link is connected.lf the two units are both in the same
cloud, the link is off-tree. Otherwise, the two clouds shall becamralgamated with the new link being on-
tree gnd the unit for which it is the upstream link becominghe sync master for its island.

7.5 |Action on link down

If a link which is part of the spanning tree goes dewn, the unit downstream of it shall becdme the sync
master of a new sync domain.

NOTH1 There is no change to any other links:

It shdll freeze the frequency of the frames it generates at the value it had just before the link went down
and gnnounce the new configurationto the units that are downstream of it in the tree. Iffany of them
has ah off-tree link to the previotis domain, it shall act as if that link had just come up.

NOTH2  This results in the-tree being quickly reconfigured, before there can be significant drifft in the phase
relatipnship on off-tree links:

7.6 |Procedures
7.6.1] Linkup

7.6.1115/ General

If, when a link comes up, information in negotiation packets or elsewhere shows that the link partner
uses loopback timing, the link can transition directly to the “aligning” state. Otherwise, it shall enter
“await sync” state.

The unit shall send a downstream SyncInfo request message on the link immediately after switching to
the “await sync” state. The normal process of repeating the message periodically until itis acknowledged
shall apply.

7.6.1.2 Same domain

On receiving a downstream SyncInfo request message on the link containing the same sync source as
its own (i.e. with the same “source of clock” value and, if it is less than 176, the same sync master's
identifier), it shall switch to “aligning” state.
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7.6.1.3 Less “good” sync source

On receiving a downstream SyncInfo request message on the link in the case where its own sync source
is “better” than the one in the message (i.e. has a larger “source of clock” value, or the same “source of
clock” value and a larger identifier), it shall stay in “await sync” state until the link partner announces
that it is ready for the link to transition to “on-tree”.

7.6.1.4 “Better” sync source

On receiving a downstream Synclnfo request message on the link containing a sync source that is
“better” than its own (i.e. has a larger “source of clock” value, or the same “source of clock” value and a

larger identiffery; IfiTis Ot the Sync master it shatt firstbecome Sy Master, as folows:

— Itshall fprward the message on its upstream link, as an upstream message. Other units receivingg the
messagd shall forward it on their upstream links until it reaches the sync master. The sync mjaster
may ignpre the message, for instance if it has already discovered a better sync source elsewhgre.

— If the sync master accepts the request, it shall send a handover message towards the new| sync
master. Each unitreceiving a handover on its upstream link becomes sync master until it has passed
the message on and the recipient has acknowledged it.

— When the handover message reaches the unit that originated this partefthe process, orimmedjately
on receiting the SyncInfo request message if it is the sync mastéryat that time, it shall swifch to
using the link as an upstream link, sending messages on all its links to inform the other units|in its
domain pf the change, and to inform the link partner that the link is now a downstream link.

— A unit r¢ceiving a handover message shall not announce’the change to the rest of the network if it
immediately passes the sync master role on to anotherunit; it shall, however, announce the change
if it fails|to pass it on.

7.6.2 LinK down

When an offjtree link goes down, no action is.tequired other than rerouting flows that traverse it. The

same applieg to a downstream link.

When a unit|s upstream link goes down,.the unit shall become sync master, setting the frame rate|from

the measurement in the most recent.timing period as specified in 7.2, and send a downstream megsage

on all its rerhaining links announcing that it is now sync master. If a unit receiving the message has an
off-tree link/|it should send an-upstream message in the same way as in the “link up” case.

The link parfner might also be in the detached part of the domain, so the unit should wait before sending

the upstrearn messagesto.give the link partner time to pass on its own downstream message.

7.6.3 Syn¢Info-Signalling messages

Synclnfo mejssages shall be signalling messages (as specified in IEC 62379-5-2) with message type 7

and the message class coded as “request”.

For information on frame timing the fixed part shall consists of two or thirteen octets, the first of which
is the subtype and is coded as:

— bit 7 (most significant): coded as 0 (code point 1 is used for network time, see 8.2);

bits 6-2:
bits 1-0:

reserved, code as all-zero if not otherwise specified elsewhere;

message subtype: 1 = downstream, 2 = upstream, 3 = handover, code point 0 reserved.

The second octet shall be a serial number which serves to associate an acknowledgement with the
correct original message. The numbers shall not be interpreted as following any particular sequence.

The remaining octets shall not be present in handover messages.

10
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The third octet shall contain the “source of clock” for the sync master for the cloud.
The next eight octets shall contain the sync master's identifier.

The last two octets shall contain an “uncertainty” value, which provides a measure of the uncertainty
in the phase relationship between frames transmitted by the unit and the sync master's reference, i.e.
the sum of the latency variation for all the links over which the spanning tree passes between the sync
master and the unit sending the message. The first 3 bits shall contain the ones-complement of the
number of virtual links, and the other 13 bits shall contain the ones-complement of the total number
of nanoseconds of uncertainty for the physical links. If the sync master uses a global reference, the
latter figure shall include the uncertainty in the relationship between the frames it transmits and the
reference—A unit Fnrurarﬂing an npcfrn:xm or-downstream message received on a virtual link shall
subtrjact 1 from the value in the 3-bit field unless it is already zero. A unit forwarding anjupstream or
dowrlstream message received on a physical link shall subtract the uncertainty for the link on which it
was feceived from the value in the 13-bit field, setting the field to zero if the result of the spbtraction is
negative.

NOTH Coding these fields in ones-complement form means that larger values-are “better”|than smaller
values. If the last eleven octets are considered to be an unsigned 88-bit integerya “better” value is p larger value
of thaf integer.

Acknpwledgements shall have a 2-octet fixed part which is the sameas the first 2 octets of|the message
being acknowledged.

None|of the messages shall have a variable part.

7.6.4] State information
For ehch link, a network element shall remember;
— the header of the message that was mostfecently sent, in case it is not acknowledged;

— Whether the link is a downstream_tlink (in which case it is in the same domain), and if not the
information from the downstream-niessage that was most recently received, which defines the link
gartner's sync master;

— and whether AV flows can‘berouted across the link.

It shdll also remember which (if any) is its upstream link; if there is an upstream link, its “cqurrent” sync
mastgr shall be the upstream neighbour's sync master, otherwise it shall itself be the syncjmaster.

It shalll also remembeér'the information from the most recent upstream message that it forwarded, which
definps a “new”/sy1nc master with whose domain its current domain might merge, and its upstream link
for that domain,*This information shall be deleted if that link goes down, or when it is converted into an
upstream link.

7.6.5_“Downstream messages

A downstream message shall report the sender's current sync domain. If received from the upstream
link, it shall be forwarded to all the other links.

Any other link on which a downstream message is received can be assumed to be off-tree; if it shows
that the link partner is in a “better” sync domain it shall be forwarded to the upstream link as an
upstream message.

7.6.6 Upstream messages

An upstream message received on a downstream link shall be assumed to report a “better” sync master.
If the receiving unit already has a domain (current or new) which is “better” than the one reported, it
shall ignore the message (though it shall still send an acknowledgement); otherwise it shall forward the
message on its upstream link.
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If the recipient is the sync master, it shall reply with a handover message (in addition to the
acknowledgement of the upstream message).

An upstream message received on the upstream link shall be acknowledged but otherwise ignored.

7.6.7 Handover messages

A handover message received on the upstream link shall hand the sync master role to the recipient. The
sender shall continue to provide local timing until it receives the acknowledgement; after switching to
taking its timing from the new upstream link, it should trim the phase relationship between incoming
and outgoing frames on the link so that it is as close as possible to the value assumed when connecting

AV flows.

NOTE Th
on the netwoi

The recipien|
it shall stay
the message
timing from

A handover
joined its sy
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towards the new sync master, switching the link to being an upstream link and taki
it once it has received the acknowledgement.

message received on a downstream link notifies the recipient that the link partne
ic domain and the link is now a downstream link; this allows-it to route synchronous

comes up and has reached “await sync” state,each partner shall send a downlink me
e other of its domain. If both are in the samé“domain, the link is an off-tree link and
oceed to “aligning” state. Otherwise, one<of them will find that the other has a “bg
once it has become sync master, send a handover message on the link. Unlike when se
message on an upstream link, the-sender shall switch to taking its frame timing
n it sends the message. The link-partner can therefore switch to “aligning” state w
handover message.

he unit in the domain that will.change fails to become sync master, there will be some other c
which will be reported, including to the link partner, by a downstream message which supe
bwnlink message, whereafter the process restarts using the domain reported in the new mes|
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8.1 General

Support for network time shall be optional.

Network time, if supported, shall be distributed across the network in a similar way to the phase-
alignment of frames, though not (in general) by the same route. Network time may have discontinuities,
for instance when changing to a different master.

Where network time is supported, the value transmitted in the timing field in frames on physical links
(see 5.2.1) shall be the sender's network time at a defined point in the data stream. There will thus be a
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constant offset between the value in incoming frames and the recipient’s time when the timing field is
received, which is established by the exchange of protocol messages between the link partners.

NOTE

1

The offset is the sum of (a) the time between the sender sampling its timer and the timing field being

transmitted, (b) the propagation delay, and (c) the time between reception of the timing field and the recipient
sampling its own timer. The way in which each of these components of the delay is established is different for
each physical layer technology.

Where network time is not supported, the timing field in frames on physical links shall be coded as all-

ones.

NOTE

2

The most significant 4 bits of the number of nanoseconds can never be all-ones, so the all-ones coding

canb

NOTH
entirg
of its

sourc

NOTE

aligne
about]

8.2

Infor
22 od

P recognised by checKing those rour DILS.

3 Network time is not mission-critical to the routing of AV flows, so there is no_requir
network to use a single reference and no need for a “handover” protocol. Each unjt.advertis
hetwork time, and neighbouring units can choose to use it or not, depending on how'it compa
bs and with their requirements (e.g. for media synchronisation).

4  The system is intended to be able to distribute “real time” accurately~enough to alloy

d to within the limits specified in AES11 (5 % of a sample time, whieh would be 130 ns af
1 ps at 48 kHz).

Signalling messages

mation regarding network time is exchanged using Syhe¢lnfo messages. The fixed par
tets, of which the first (the subtype) is coded as:

it 7 (most significant): coded as 1 (code point Q\is'used for frame alignment, see 7.6.3);

its 6-2: reserved, code as all-zero if not ptherwise specified elsewhere;

its 1-0:  message subtype: 1 = current source, 2 = new source, others reserved.

econd is a serial number; the sender can choose whether or not serial numbers for the
nfo message (frame alignment and network time) come from the same number space

hird to thirteenth octets\describe the timing source in the same way as in fram

clock
was

ther
local

The

hges, except that the “uncertainty” value shall be coded as a single 16-bit field contair
lement of the maximum difference between network time as reported and the ref
it was derived, imhanoseconds. An all-zero coding in this field shall indicate that the
ing is either unknown or worse than +65,534 us. The most significant bit of the thir
") octet shall'be set to zero if the sender, or a unit upstream of it, is using a local refg
ynchronised with the reference indicated by the rest of the field but has since lost
ference.. The uncertainty value should be adjusted periodically to reflect the potentig
eference.

ement for the
es the source
res with rival

v audio to be
384 kHz and

t is a total of

two kinds of

e alignment
ing the ones
erence from
e accuracy of
d (“source of
rence which
contact with
11 drift of the

ext’5 octets shall hold the “seconds” part of the time, as distributed by the indicated 3

ource, when

the message was constructed. For audio synchronised to network time, this is the value that is coded in
d47-8 of the “long string” specified in IEC 62379-5-2:2014, 7.3.2.

NOTE

The exact network time can be assembled from this value and the value in the timing field of frames
on physical links.

The last 4 octets shall contain the sender's network time relative to the time in frames received from
the link partner; if the two units are exactly synchronised as regards network time, the value will be
the same as the offset that is added to the time in incoming frames to allow for latency on the link. The
value shall be in nanoseconds, coded as a 32-bit unsigned integer, or all-ones if the information is not
available.
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cols

As with frame alignment messages, links can be classified as upstream, downstream, or off-tree, but
these classifications have less effect on the protocol; in particular, the same messages are sent on an
upstream link as on the other types. The links over which network time is distributed do not need to
form a spanning tree; however, a unit shall not choose a source which might form a loop.

NOTE 1

A unit which loses its upstream link needs to wait long enough for the information to propagate around

any loops before selecting an alternative source of timing that has the same reference and a larger uncertainty.

Before a unit makes a discontinuous change to its network time, it should notify all its link partners

using a “new_source” message reporting the proposed new timing. A unit receiving a “new source”

message shg
before acknd

As soon as p
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its upstrearn
and taking 3

neighbours @ising a “current source” message.

NOTE2 Th
being sent, ndg
likely to prop

9 Manag
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Unit manage
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The messagsg

1 bit:

3 bits:
4 bits:

1 octet:

uld take appropriate action (for instance, switching temporarily to an internal refer
wledging it.

pssible after a unit changes the source of its network time (other than a temporary s
bl reference that has been synchronised with the previous source), it shall notify
s using a “current source” message. If a unit receives a “current sodrce” message

neighbour containing different data from the previous one (ignoring the serial nu
ccount of any expected increase in the time reported) it shall notify all its downsf]

ere is no maximum time specified between the change occurring'and the “current source” mg
r for how long a “temporary” reference can be used before it\needs to be reported. Messag
hgate down the tree significantly more slowly than the change in timing.

ement of network elements

)ge format and protocol

ment messages shall be sent on a bidirectional call; the caller is a “management st:
d party is the “managed unit”.

s shall begin with a 2-octet header formatted (big-endianly) as follows:

0 =request, 1 = responSe;

message type (0 =Get, 1 = GetNext, 2 = Status (see “Status reporting” below), 3
4 = non-volatile Set, 5-6 reserved, 7 = console data (see below);

for request:see below for GetNext, reserved (code as 0) for the others; for resp
status (se€ below);

sequence number (chosen by the sender).

ence)

witch
1l its
from
mber,
ream

ssage
Ps are

ition”

= Set,

pnse:

For types 0-

— value (li

L the remainder of the message shall consist of:

OID (coded according to ASN.1 BER, as in SNMPv1);

kewise; may be absent if not required, see below);

— further {OID, value} pairs as above if reply to GetNext.

Status values in responses shall be as follows:

0
1
2

14

normal reply;
message has been truncated;

no object corresponding to the requested OID;

© ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=ce336def9a8da6fe41e5101c01343869

ISO/IEC 21559-1:2022(E)

3 value is of the wrong type for the object, or otherwise illegal;
4 object is read-only;
5 other (unspecified) error, including message type not recognised;
6 non-volatile Set not supported for this object;
7 resource not available, e.g. can't create a new record because the table is full;
8-13 reserved;
i3 temporarily unable to access the requested object;
15 last Status Response message of cycle.
NOTH1 codes0to5 are the same as in SNMP.

Except as described under “status reporting” below, the sequence numbeér shall have no
other than as a handle on the request to associate a reply with it. The recipient of a request
copy [the sequence number to the response message, without making any assumptions ab
number values; in particular, it shall not ignore or reject a message“which appears to it
sequgnce.

The
be orn
respq

DID and the value shall form an SNMPv1 VarBind exgcept that the enclosing SEQ

nse which cannot include a correct value, in which ¢ase no further OIDs shall follow.

NOTH2  The OID tag is not omitted, so the third octetwill always have the value 6.

Set (including non-volatile Set) asks to change.tlie value of the object indicated by the OID
in the message. If the object cannot have the-requested value, it should be set to the nea
valug; e.g. if it can take values 0, 10, 20, ...100 and the request is to set it to 37 then it should

Non-yolatile Set shall be processed in the same way as Set, but also written to non-volat
commands in the non-volatile memory shall be processed on start-up. The value written to
shall be the value in the requestj-not the one in the reply, and shall replace any command
OID that is already in the memory; if a non-zero status code is returned, nothing shall be W
mempry. Status code 6 shall indicate that the command has been processed as a normal (v
non-yolatile Set with an\@1D but no value shall delete any command for that OID in the flas
retunned shall be 0 if a'command was deleted, 2 if none was found, otherwise 5 or 6.

A response message shall have the same message type and sequence number as in the cg
requgst. For Gef*and Set the OID shall also be the same as in the corresponding request, a
shall be the-eurrent value of the object with that OID if possible, otherwise the value sha
(so the message ends at the end of the OID, or possibly earlier). Status code 1 (the SNMP “t

significance
shall simply
ut sequence
to be out of

JENCE shall

hitted. The value should be omitted in the Get and_GetNext requests; it shall be onpitted in any

to the value
rest possible
be set to 40.

ile memory;
the memory
for the same
ritten to the
latile) Set. A
h; the status

rresponding
nd the value
1 be omitted
ooBig” code)

shall findicate that the response has been truncated at the maximum message size; the Va

'Bind should

be truncated rather than being omitted altogether.

The response to a Set shall show the value of the object immediately after the change is made, e.g. in the
example above the value will be 40 (though SNMP requires it to be 37, which is not helpful). If the value
in the request is of the wrong type for the object (status code 3) or the object is read-only (status code
4), the response shall show its current value in the same way as a Get response.

If the OID in a request message is corrupt, or the message type is not recognised, a response should be
returned which has status code 5 and is a copy of the message up to and including the point where the
error occurs (but always at least 2 octets), e.g. 2 octets long if the message type is not recognised, 3 if
the 3rd octet is not the OID tag.

In the case of a GetNext, the second half of the first octet of the request shall be coded with 1 less than
the maximum number of objects to be included in the response, or 15 to indicate “as many as will fit in
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the maximum MTU size”. The first object in the response shall be the “lexicographical successor” (as in
SNMP) of the OID in the request, and each of the others shall be the “lexicographical successor” of its

predecessor.

NOTE 3

This is similar to SNMP GetNext when the second half of the first octet is zero, GetBulk otherwise.

If there are no further objects in the MIB, the OID shall be coded as a single octet with value 127 (so that
it is greater than any legitimate OID), and the value shall be omitted.

NOTE 4

value “endOfMibView”.

This is different to the SNMP response which shows the requested (or preceding) OID and the special

If there is m|
object other
can return t
not be regar

NOTE5 Th

9.2 Status

The manage
by sending 34

Oore than one UID 1N the reply, the status shall be U; If an error OCCUrs when accessi
than the first, the reply shall end with the preceding object, so that a subsequent)Ge
he error code in a reply that does not include any other objects. The “end of MIB*0ID
Hed as an error, even if it is the only OID in the reply

us, unlike SNMP, GetNext will not return the noSuchName status value.

5 reporting

type 2 request which is only two octets long. The response_shall also be two octets

with the sa

The manag
include one

The nth me;s
missing out

NOTE Th
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exist since th
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and do not fq

9.3 Consc

Messages of

e sequence number as in the request.

ent unit shall report its state in messages which-are coded as a Status Respons
r more (OID, value) pairs, up to the maximum MTU size.

sage of a cycle shall have sequence numbern; if n reaches 255, it shall then wrap
D and 1. These messages are referred to asin-cycle” messages.

ey never have sequence number 0 and only the first of a cycle has sequence number 1. TH
fycle can be just 2 bytes long; this will pceur if all the objects it would have reported have cea
e previous in-cycle message was sent,

rm part of the cycle.

le data

type 7 shall carry-data from the user at the management station in one direction, an

for display on the managément station's screen (or incorporation in a log file) in the other directi

each case th

The respons

e remaindér-of the message (from the third octet onwards) shall consist of UTF-8 text

e shalkaet as an acknowledgement; status values shall be as follows:

hg an
INext
shall

ent station may request to be kept informed of changes in the'state of the managed unit

long,

b and

to 2,

e last
sed to

'h have changed shall be reported in “change” messages which have sequence numper 0

] text
bn. In

0

extTeceived and passed on to the relevant process;

1
2-15

text received but could not be passed on;

reserved.

The managed unit should send console output on the management connection on which a type 7
message was most recently received; when there is no such connection, data should be saved up in a
buffer (discarding the oldest when the buffer is full) and output when the next type 7 is received.

9.4 MIB for call management

Objects used for call management shall be as specified in [EC 62379-5-1.

16
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Annex A
(normative)

Links implemented over 1Gb/s Ethernet physical layer

A.1 FN physical links

A.1.1 Frame format

Eachlframe as transmitted over the MII shall be formatted as follows:

7 octets: Ethernet preamble (hexadecimal 5555);

1 octet: Ethernet SFD (start-of-frame delimiter, hexadecimal D5);
1| octet: AES51 type-and-format byte (see A.1.2);

4 octets: timing field;

7744 octets: 121 slots for AV packets;

40 octets: trailing octets;

4 octets: FCS: longitudinal parity.

NOTH1 See 5.2 for specifications that are not'dependent on the physical layer.
The gize of a word shall be one octet.

NOTH2  With a single-octet word siZe;there is no wasted space and thus no significant benefit in providing an
explidit indication of an empty slot, S0 the “null packet” coding is used for empty slots.

NOTH3  The preamble is shorter than in standard Ethernet, but is believed to be sufficient in all dircumstances
for pqint-to-point links. Frames are longer than standard Ethernet frames, but within the limits for “jumbo”
framds.

If thefre is no reference to which to align the frame structure, the inter-frame gap (during yhich “valid”
is fal§e) shall be’14 octets. Otherwise it shall be in the range 12 octets to 16 octets inclusive and should
be infthe range)l'3 octets to 15 octets inclusive.

NOTH4 , \The inter-frame gap, as received, can be different from the gap, as transmitted, because|gap bytes can
be indexted and deleted where the byte stream crosses clock domains in the PHYs.

The FCS calculation shall begin with a 32-bit value which is three all-ones octets followed by the ones-
complement of the AES51 type-and-format byte. This shall then be exclusive-or’d with each subsequent
set of four octets. The result shall appear bit-reversed in the FCS field. The FCS on received frames
should be checked and, if incorrect, logged as a transmission error, but processing of incoming frames
shall not be delayed until the FCS has been received and FCS errors shall not cause “searching” state to
be entered.

NOTES5 AV and IT packet headers have their own protection. Waiting until the FCS has been checked before
processing the frame would delay AV flows unnecessarily, and potentially result in discarding a whole frame
when there is a single bit error.
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NOTE 6  The FCS value is very unlikely to be a valid Ethernet FCS, so frames will not be seen as valid Ethernet
packets and an Ethernet switch receiving them (e.g. from a device which sends Flexilink frames as soon as the
link comes up) will not attempt to process them. The calculation requires less logic than an Ethernet FCS, but can
still be adequate for detecting that bit errors are occurring on a link.

NOTE 7  Entering “searching” state on an FCS error would be inappropriate because unless the error is near
the end of the frame, parsing of the IT packet stream will have recovered by the time the error is detected.

A.1.2 Allocation and timing periods

A timing period shall consist of 16384 frames, numbered sequentially from 0 to 16383.

In the type-fand-Tormat byte, the most significant 3 bits shall be U10, the next bit shall be 1 |f the
frame numbr is a multiple of 512, otherwise 0, and the least significant 4 bits shall contain‘the|least
significant 4{bits of the frame number.

NOTE1  Thus the hexadecimal value in the type-and-format byte will always be in the range-40 to 50 inclusive.

NOTE2 Timing periods are only used locally within a network element, so the formatidoes not signpl the
frame's position within the timing period.

The number)n, of frames in an allocation period shall be a power of 2, and the fframe number of th¢ first
frame in each period shall be a multiple of n.

NOTE 3  Thusthe longestallocation period supported by this format is 54 2frames, nominally 31,98976 ms, and
a frame with [type-and-format value hexadecimal 50 will always be the first in a period. If an allocation period
of 16 frames {s used, the position of each frame in the period is showh/by the type-and-format value. For longer

allocation petfiods, the position can be established by counting fraines, using the frames with code hexadgcimal
70 as a referepce.

A.1.3 IT dpta stream

An IT packef header shall be formatted as:

13 bits: | total length of packet (octets) »1;

3 bits: [ CRC (see below) covering the payload length;
13 bits: | flow label;

3 bits: | CRC (see below)(covering the flow label.

Each CRC fi¢ld shall contain the 1’s complement of the remainder of the division (modulo 2) by the
generator pdlynomial €3+ x + 1 of the product x3 multiplied by the preceding 13 bits.

NOTE1 This is tliesame calculation as the protection for sequence numbers and audio samples in IEC 62365.

The payload|shall be any number of octets in the range 1 to 2000 (inclusive).

NOTE 2  The value in the first octet of a valid header is therefore in the range 0 to 62 inclusive.

An “idle” word shall be coded with the hexadecimal value FF.

A.1.4 Negotiation packet addressing

A Link Request packet requesting a physical link should be sent to destination address 01-80-C2-00-00-
01.

NOTE1 Thisisintended to ensure the packet is only seen by the link partner, so the link will be a direct point-
to-point link that does not pass through any other equipment. The specified address is used for "pause"” frames
and does not pass through IEEE 802 switches. Pause frames have Ethertype 8808 so the request packet should
not cause any confusion to a switch. A link through a hub will be half-duplex, so will be recognised as unable to
support an FN physical link.
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