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1) The

INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMON CONTROL INTERFACE FOR NETWORKED
DIGITAL AUDIO AND VIDEO PRODUCTS -

Part 5-2: Transmission over networks —
Signalling

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co

all national electrotechnical committees (IEC National Committees). The object of IEC lis to

inter
this

hational co-operation on all questions concerning standardization in the electrical and electronic fi

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter/referred to

Publ

in tHe subject dealt with may participate in this preparatory work. Internationaly governmental a
govgrnmental organizations liaising with the IEC also participate in this preparation. IEC collaborateg closely

with
agre

2) The

ement between the two organizations.

ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte

consensus of opinion on the relevant subjects since each technicalncommittee has representation

inter|

3) IEC
Com|
Publ
misi

4) In o

bsted IEC National Committees.

Publications have the form of recommendations for intepnational use and are accepted by IEC
cations is accurate, IEC cannot be held responsiblefor the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC Natienal Committees undertake to apply IEC Pub

nprising
promote
elds. To

end and in addition to other activities, IEC publishes International Standards, Techriical Specif|cations,

hs “IEC

cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested

hd non-

the International Organization for Standardization (ISO) in accordance “with conditions determined by

national
from all

National

mittees in that sense. While all reasonable efforts are. made to ensure that the technical contenft of IEC

for any

ications

trangparently to the maximum extent possible in“their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly ind

the |
5) IEC

htter.

cated in

tself does not provide any attestation_of conformity. Independent certification bodies provide cgnformity

asselssment services and, in some areas,-access to IEC marks of conformity. IEC is not responsible| for any

serv
6) Allu
7) No |

ces carried out by independent cetrtification bodies.
pers should ensure that they/have the latest edition of this publication.

ability shall attach to IEC or its directors, employees, servants or agents including individual exp

members of its technical committees and IEC National Committees for any personal injury, property da

othe

erts and
mage or

damage of any nattre whatsoever, whether direct or indirect, or for costs (including legal fdes) and

expgnses arising out (of *the publication, use of, or reliance upon, this IEC Publication or any other IEC

Publ
8) Atte

cations.

tion is drawn to the Normative references cited in this publication. Use of the referenced public

indispensable for'the correct application of this publication.

9) Atte
pate

Intern

ht rights. |EC shall not be held responsible for identifying any or all such patent rights.

htions is

tion istdrawn to the possibility that some of the elements of this IEC Publication may be the subject of

a1l
A>3

i L4 <l aXs) L 2 | | P N + o + l A | Py |
uvlial vudiiudiru 1i- UaoJT Jo4 Tido UTTIT PpIopydaliTtu Uy oulrirearl arca 5. hyitdl

ystem

interfaces and protocols of IEC technical committee 100: Audio, video and multimedia
systems and equipment.

The text of this standard is based on the following documents:

CDV Report on voting
100/2050/CDV 100/2158/RVC

Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

A list of all parts in the IEC 62379 series, published under the general titte Common control
interface for networked digital audio and video products, can be found on the IEC website.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
*+ amended.

A bllln ta
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INTRODUCTION

IEC 62379 specifies the Common Control Interface, a protocol for managing networked

audiovisual equipment. The following parts exist or are planned:

1 General

2 Audio

3 Video

4 Data

5 Transmission over networks

6 Pacgket transfer service

7 Mepsurement

IEC 62379-1:2007 specifies aspects which are common to all equipment, andvit incluges an
introduction to the Common Control Interface.

IEC 62379-2:2008, IEC 62379-3 (under consideration) and IEC 6237934 (under considgration)
specify control of internal functions specific to equipment carryin@ particular types [of live
media.| IEC 62379-4 refers to time-critical data such as commands to automation equipment,
but nof to packet data such as the control messages themselyés:

IEC 62379-5 specifies control of transmission of these-media over each individual network
technojogy. It includes network specific management)interfaces along with network gpecific
controll elements that integrate into the control framework.

IEC 62379-5-1 specifies management of .aspects which are common to all network
technojogies. IEC 62379-5-3 onwards specify\management of aspects which are partiqular to
individpal networking technologies.

IEC 62379-5-2 (this standard) specifies protocols which can be used between networking
equipment to enable the setting™up of calls which are routed across different networking

technojogies.

IEC 62[379-6 specifies carriage of control and status messages and non-audiovisual da
transports that do not(support audio and video, such as RS232 serial links, with
IEC 62379-5) a separate subpart for each technology.

IEC 62379-7 spécifies aspects that are specific to the measurement of the g
experignced. by-audio and video streams and in particular to the requirements of EBU
IPM Megasurements Group.

a over
as for

service
ECN-
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COMMON CONTROL INTERFACE FOR NETWORKED
DIGITAL AUDIO AND VIDEO PRODUCTS -

Part 5-2: Transmission over networks —
Signalling

1 Scope

This pJart of IEC 62379 specifies protocols which can be used between networking equlpment

to ena

It also

2 Nogrmative references

The fo

are ind

amend

IEC 60958 (all parts), Digital audio interface

IEC 62365:2009, Digital audio — Digital input-output interfacing — Transmission of

audio

IEC 62379 (all parts), Common control interface for networked digital audio and|
produdts

IEC 62
Part 1:

IEC 62
produg

IEC 62
Part 54

ITU-T |

signalling system No. 1 an.d thé signalling system No.7 ISDN used part

ble the setting up of calls which are routed across different networking technologi

specifies encapsulation of digital media within those calls.

lowing documents, in whole or in part, are normatively referenced in this documg

Iments) applies.

bver asynchronous transfer mode (ATM) networks

379-1, Common control~interface for networked digital audio and video prod
General

379-2:2008, Common control interface for networked digital audio and
ts — Part 2: Audio

379-5-1C ) Common control interface for networked digital audio and video prod
1: Transmission over networks — General 1

eS.

nt and

ispensable for its application. For dated references, anly+the edition cited appli¢s. For
undatgd references, the Ilatest edition of the referenced document (includin

g any

digital

video

ucts —

video

ucts —

biscriber

AES53, AES standard for digital audio — Digital input-output interfacing — Sample-accurate

timing

in AES47 (Audio Engineering Society, New York, NY, USA)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62379-1 and the
following apply.

1 Tob

e published.
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3.1

adjacent
<of two network elements> such that data can be sent from one to the other without passing

through any other network element

3.2

asynchronous flow

flow consisting of data units for which the time of arrival at the destination is less important

3.3

asynchronous service

best-e

3.4
call id
first 12

Note 1t

3.5
conne

3.6
data u
sequer

3.7
end ed

3.8
extend

EUI-64
hlobally unique identifiér, the first 24 or 36 bits of which are an organizationally
identifier (OUI) administered by the Institute of Electrical and Electronics Engineers (IEH

64-bit

Note 1t

3.9
flow
sequer

nit

3.10

fort noint-to-naoint sarvice carrvina-asvnchronous flows
o R—p-oHH=to=-PoH+ A H PR G—aSHRGRHOREUS—HOW
entifier

octets of a flow identifier

b entry: See 4.3.

ctionless data unit
data unit which is not part of a flow

ce of one or more octets which is conveyed acress the network as a single unit

uipment
equipment that is connected to the networkiand produces or consumes data units

ed unique identifier

b entry: The extended unique identifier contains 64 bit.

ce of«data units

unique
FE)

information element

IE

element of a message, in tag-length-value format

3.11
link

means by which data units are conveyed between adjacent network elements

3.12

network delay

time from submission of a data unit to the network by the sender to its delivery to the recipient
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network element
piece of equipment which takes part in the process of conveying data and conforms to this
Standard

EXAMPLES: Switches, gateways, and interfaces, but not equipment internal to legacy networks.

3.14
path

sequence of links

3.15

route
path fr

3.16

route {dentifier

bm source to destination of a flow

first 13 octets of a flow identifier (see 4.3), excluding the least significantybit of the 13th|octet
3.17
synchfonous flow
flow fof which the network delay experienced by data units isréquired to be within specified
limits
Note 1 tp entry: The size of the units, and also the rate at whichtunits are transmitted, may be fixed or[ may be
variable|with a defined upper limit.
3.18
synchfonous service
one-toymany service carrying synchronous flows
4 Identification
41 Byte order
All multiple-octet quantities shall be coded with the most significant octet first.
4.2  Unit identification
Each gwitch or endiequipment unit shall have assigned to it a globally unique EUI-64.
NOTE [The EUI=64 can be derived from the MAC address of one of the unit’s interfaces by concatenating|the first
three ocfets of the MAC address, hexadecimal FFFE, and the last three octets of the MAC address.
4.3 How-identifiers
Each flow shall be identified by a 16-octet value formatted as shown in Figure 1.

4 octets

owner -

call reference
route reference D flow reference

IEC

Figure 1 — Structure of flow identifier

L L
0916/14
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The first 8 octets shall contain an EUI-64 identifying the unit which created the flow identifier.
This unit is referred to in this standard as the “owner” of the flow identifier.

The next 4 octets shall contain a nonzero reference number, chosen by the owner, identifying
the call of which the flow is a part. Call references should be chosen in a way that maximises
the time from when a call ceases to exist until its reference is re-used for a new call.

The next octet shall contain, in its most significant seven bits, a nonzero reference number,
chosen by the owner and unique within the call, selecting the route followed by the flow; and,
in its least significant bit, a “direction” indicator which shall be 0 for a flow in the direction

away f

The rgmaining 3 octets shall contain a nonzero reference number, chosen by the

rom the owner and 1 for a flow in the direction towards it.

pwner,

identifying the flow uniquely within the call. Where a pair of flows in opposite\dirgctions
carries| a two-way protocol such as TCP, the same flow reference value shall be-used fqr each

of then.

NOTE 1
over se
distingu
single ¢

NOTE 2

eral different routes (for instance, to give resilience in the event of failure) and the route r
[shes between them. The flow reference distinguishes between different flows/within a call; for ins

The flow reference is orthogonal to the route reference, so flows-earrying the same content over

The call reference distinguishes between different calls with the same ownef.\A“call may be cdnnected

tference
tance, a

Bll may carry video, programme audio, and talkback, and each of these streams will have its qwn flow
reference.

different

routes Have the same flow reference, and flows carrying different content have different flow referenceq even if

they do

might or|ly carry the most important flows, or different kinds of flow-may have different backup routes.

not follow the same route. Different routes may carry different sets of flows, for instance a back

Lp route

Zero in the route reference field shall indicate all.routes for the call. Except where specified

otherwi

se (e.g. in 5.6.3), zero in the "direction"-bit and the flow reference field shall ipdicate

all flows for the route(s), and zero in the flow.réference with 1 in the "direction” bit is regerved.

NOTE 3
values f

differenf] reference on every link, and a switch)can use the same call reference for different calls as long

are on d

In the
owner
by mo

tempofary call identifief (Which it owns) until the identifier of the multicast (which may n
be created by the sender) has been discovered.

4.4

An address shall be represented as an octet string formatted as specified below.

NOTE

These identifiers are the same at all paints in the system and there is just one set of call r
br each owner. This contrasts with call~references in ITU-T Recommendation Q.2931 where a c4

fferent links. See also Clause A.4.

case of a unicast call/the owner shall be the caller. In the case of a multica
shall be the sender or, in the case where for resilience the same content is trans
e than one unit, ene of the senders. A caller wishing to join a multicast shall

Addressformat

tference
Il has a
as they

st, the
mitted
use a
eed to

tis thus a valid TAddress value (unless it is more than 255 o long).

The Thomain value identifying an address in the form specified in this subclause shall be

{ iso(1) standard(0) iec62379 network(5) signalling(2) address_format(2) }

The first octet of the address shall contain a “type” code; the format and interpretation of the
remainder shall depend on the type and on the length of the octet string, as specified in
Table 1.
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Table 1 — Address type codes

Type Remainder of octet string

0 second octet contains n, third to (n+2)th inclusive are an address (which shall not be of type 0) which
acts as the locator, remainder is another address (the “local” address, which may be of type 0), which
is to be interpreted at the specified location 2

1 second octet contains n, third to (n+2)th inclusive are an OID, remainder is a value ? ¢ d
2 second octet contains n, third to (n+2)th inclusive are an OID, remainder is a value © ¢ ©
3

second octet contains n, third to £n+2)th inclusive are a TDomain value (which is an OID), remainder
is an address within that domain - f

IPv4 address if 4 octets, subnet address followed by subnet mask if 8 o

EUI-64 identifier

IPv6 address

URL

(N[O |0 | >

1 o containing a protocol identifier (as in IP headers, e.g. 6 for TCP and 17 for-UDP) followed by a
port number for the indicated protocol coded in 2 0 as a 16-bit unsigned integer

9 IEC 62379 block identifier

10 service name coded as a UTF8 string
11 NetBIOS unique name

12 NetBIOS group name

13 NSAP address (20 o) or prefix

14 E.164 address

15-255 reserved

@ In the case of type 0, the locator may be the addféss of a gateway, or some other identificatign of a
subnetwork (such as an NSAP prefix or an IPv4 'subnetwork address). It may also identify end equipment.
The locator is not allowed to be a type 0 address so that the sequence of locations will be “flat” rathgr than
nested.

b Thg OID in types 1-3 is coded in the,s@me way as in ASN.1 Basic Encoding Rules (BER), includ{ng the
compressed form for the first two arcs, but omitting the tag and length. These address types should ¢nly be
used for address formats that cannot'be supported by any of the other types. An IPv4 address, for in$tance,
shpuld use type 4 although it-could also be expressed as a type 3 address or, if the target unifs MIB
indludes its IP address, as a type 1. An IPv4 address with a port number should be type 0, with a|type 4
lodator and a type 8 local address.

¢ Thg value which follows_the OID in types 1-2 is coded using ASN.1 Basic Encoding Rules (BER), in¢luding
thg tag and length.

4 Tyge 1 identifie§)a‘unit in whose MIB the object identified by the OID (such as unitName or unitLocatign) has
thg specified"value. In the case of scalar objects, the OID may omit the final zero arc. Units are not rgquired
to |support_ali~objects in their MIBs that could be used in this context, and switches are not requjired to
rerhember ‘any but the most obviously useful for the units connected to them. Objects in IEC 62379 [should
be|used-in preference to those in other MIBs, for instance unitLocation (1.0.62379.1.1.1.2) rathg¢r than
sygLocdtion (1.3.6.1.2.1.1.5).

¢  Type 2 identifies a port or other resource within a unit, by searching the unit’s MIB, usually for a columnar
object such as aPortName to select an audio port. The OID omits the index arcs. As with type 1, units are
not required to support all objects in their MIBs that could be used in this context, so a management
terminal which has discovered the port name (e.g. from a status broadcast) should use type 9 instead.

For types 3 onwards, the remainder of the value is an octet string containing the address in the appropriate
format. Some codes are only valid in certain contexts, for instance an IEC 62379 block identifier would not
be valid on a subnetwork and a NetBIOS name would only be valid within a subnetwork that supported
NetBIOS protocols.

5 Message format

5.1 General

All signalling messages shall consist of an octet string with the format shown in Figure 2.
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header fixed part variable part

IEC 0917/14

NOTE The header is specified in 5.2 and the variable part in 5.3. The format of the fixed part depends on the
message type, and is specified in 5.5.

Figure 2 — Signalling message format

Encapsulation of the octet string for transmission on a link (see 6.1) depends on the
technology used for the link, and is not specified in this standard. It should not place a
limitation on the maximum length of a message.

5.2

The hsg

The m
next tw
bits sh

NOTE
“original

The se

Header

ader of a signalling message shall consist of two octets formatted as shown in F

Al C type length

I I
IEC(,~0918/14

Figure 3 — Signalling message header

pst significant bit of the first octet shall be 1 for anjacknowledgement, 0 otherwis
o bits shall code the message class as specified”/in Table 2. The least significg
bl code the message type as specified in Table 3.

For the significance of the “acknowledgement’.and “message class” fields, see also the defin
" and “reply”, see 6.1.

cond octet shall contain the numbersof octets in the fixed part.

Table 2 — Message class

Code Message class
0 request
1 response
2 confirmation
3 completion

gure 3.

e. The
nt five

tions of
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Table 3 — Message type

Code Message type
0-7 reserved for link management messages 2
8 FindRoute
9 ClearDown
10 AddFlow
11 NetworkData
12 EndToEndData
13 AsyncSetup
14-15 reserved
16-19 reserved for link-specific resource management messages 2
20-29 reserved
30-31 extended message types: see 5.5.6

a8 Message types 0-7 and 16-19 may be used for carrying messages' that are
specific to a particular networking technology, on links that use that.technology.
Use of such message types should be negotiated when the link.is established.
Message types 14-15 and 20-29 may be specified in future) versions of this
standard, or in related standards, including for exchanging network topology
information, and should not be used for other purposes!

5.3 Variable part
5.3.1 General

The vdriable part of a signalling message shall consist of zero or more information el¢gments
(IEs), as specified in 5.3.2, which are referred to in this standard as being directly contained
or its Variable part in the message. The\first IE shall begin in the octet immediately following
the fixgd part of the message, and.gach subsequent IE shall begin in the octet immddiately
following the IE that precedes it.

If the ¢ncapsulation of the message does not specify the number of octets it occupies,| or the
number of octets is greater than the length of the message, then the octet immediately
following the last IE (orthe fixed part if there are no IEs) shall contain zero and any [further
octets ghall be ignored by the recipient of the message.

NOTE A zero in thedEtype field is therefore interpreted as "end of message".

5.3.2 Inféormation element format

Each IE shall begin with a 3-octet header with the format shown in Figure 4.
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Figure 4 — Information element header

The most significant bit of the first octet shall be 1 if the IE includes a variable part,
0 otherwise.

The least significant seven bits of the first octet shall contain the IE type, coded as specified
in 5.6.1

The ngxt two octets shall contain the number of further octets in the IE.

t.

—

In the ¢ase of an IE with no variable part, the remaining octets shall contain the'fixed pa

In the gase of an IE with a variable part, the fourth octet shall contain the number of ogtets in
the fixed part. If this number is nonzero, the fixed part shall begin-in,the fifth octet and the
variable part shall begin in the octet immediately following the fixed part, as shown in Flgure 5.
Otherwise, the variable part shall begin in the fifth octet.

header fixed part variable part

IEC  0920/14

NOTE 1| The format of the fixed part (in either case) depends-on the type, and is specified in 5.6.

NOTE 2| If there is a variable part, the fixed part cannot'be longer than 255 o, whereas if there is no variable part
the formfat allows the fixed part to be up to 65 535 o.

—

Rigure 5 — Information element with a nonempty fixed part and a variable par

The vdriable part of an IE (if present) shall consist of zero or more IEs, which are refefred to
in this| standard as being “directly contained” in the IE. The first directly contained or its
variable part IE shall begin, in the octet immediately following the fixed part, and each
subsequent IE shall begin:in the octet immediately following the IE that precedes it.

The lepgth signalled. in"the IE header shall be exactly equal to the sum of the lengths| of the
fixed part and all/the contained IEs.

5.3.3 Order of occurrence of information elements

An IE [is\*Contained” in an IE or message if it is either directly contained in it or directly
contained in another IE which is, in turn, contained in it.

An IE is “indirectly contained” in an IE or message if it is contained, but not directly contained,
in it.

IEs of the same type that are directly contained within the same variable part shall be grouped
together, i.e. there shall not be any directly contained IEs of a different type occurring
between any two of them.

NOTE 1 This provision allows the recipient of a message to build a table showing the location of each IE type in
the message or in the variable part of an IE, to simplify processing of the message or IE.

NOTE 2 There is no other restriction on the order of occurrence, except where specified in 5.6.23.
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5.4 Data formats

Within the fixed part (of a message or an IE), the following conventions as to how various
values will be represented shall apply unless the specification explicitly states otherwise.

e OID: coded in the same way as in ASN.1 Basic Encoding Rules (BER),
including the compressed form for the first two arcs, but omitting the tag
and length.

e RELATIVE OID: coded in the same way as in ASN.1 Basic Encoding Rules (BER),
omitting the tag and length.

e integer: most significant octet first; description shows length and whether signed
i
or-thstgred:
e octagt string: verbatim.
o UTHS8 string: octet string; terminating NUL is not required and should not lbe in¢luded.
e address: octet string, as specified in 4.4.

NOTE [The length of a value is fixed by the context; often it will be in an unsigned intéger’immediately preceding
the valug, or deduced from the length of the fixed part.

5.5 [Lontents of fixed and variable parts
5.5.1 FindRoute messages

The fided part of a FindRoute message shall consist of 13 0 containing the route identifier for
the royte, with the least significant bit of the 13th octet\coded as zero.

In megsages that are not acknowledgements, thé variable part shall contain IEs as specified
in 6.2 for each message class.

In an acknowledgement message, the variable part shall contain a copy of each McastRoute
or IntefimOffer |IE that was in the original message. There should be no other IEs.

5.5.2 ClearDown messages

The fixed part of a ClearDown request message shall consist of 3 o containing al serial
number chosen by the sender. The recipient shall not attribute any significance to thg serial
numbelr. The variable part'shall contain IEs as specified in 6.3 for each message class.

The fided part of theracknowledgement to a ClearDown request message shall consisff of 3 o
containing the serial number that was in the original message. The variable part shquld be
empty.

NOTE [The only purpose served by the serial number is to show which message is being acknowledged. The
recipientcannot for instance assume thata gap inserial numher values means that g message has heen lost.

Other classes (i.e. response, confirmation, and completion) shall not be used with the
ClearDown message type.

5.5.3 AddFlow messages
The fixed part of an AddFlow message shall consist of 13 o containing the route identifier for

the route, with the least significant bit of the 13th octet coded as zero. The variable part shall
contain IEs as specified in 6.4.

5.5.4 NetworkData and EndToEndData messages

The fixed part of a NetworkData or EndToEndData message shall consist of 13 o containing
the route identifier for the route, with the least significant bit of the 13th octet coded as zero.
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In messages that are not acknowledgements, the variable part shall contain IEs as specified

in 6.5.

In an acknowledgement message, the variable part shall contain a copy of each McastRoute
or InterimOffer |[E that was in the original message. There should be no other IEs.

5.5.5

AsyncSetup messages

The fixed part of an AsyncSetup request message shall consist of 13 o containing the route
identifier for the route, with the least significant bit of the 13th octet coded as zero. The
variable part shall contain IEs as specified in 6.6.

Other
Async§

5.5.6

Where
format
messa

Where
rooted
protoc
same

NOTE 1
messag

NOTE 2
NOTE 3
OID it s

owner o
other.

5.6
5.6.1

The co
Table 4

classes (i.e. response, confirmation, and completion) shall not be used \w
betup message type.

Extended message types

the message type field is coded as 31, the fixed part shall begin'with an OID, ¢
of the remainder of the fixed part, and the semantics and protocols associated W
pe, shall be specified by the owner of the OID.

the message type field is coded as 30, the fixed part shall’begin with a RELATI\
at 1.3.6.1.4.1, and the format of the remainder of thecfixed part, and the semanti
bls associated with the message, shall be the sanie as for a type 31 message W
DID.

This allows proprietary and experimental proto¢olss and message types to be carried in
es and ensures that they are uniquely identified.

Type 30 provides a more efficient coding for,OlDs descended from the “enterprises” node.

There is no explicit specification of the\length of the OID. The recipient of a message can mat
ipports against the start of the fixed part' of the message. The only way this could be ambiguous
an OID has allocated two messagextypes, both descended from that OID, such that one is a subs

nformation element types
Coding of “typeX\field

ding of the least/significant seven bits of the first octet of an IE shall be as spec
L.

Table 4 — Information element types
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et of the

fied in

Code IE type Refer to

0 reserved for “end of variable part” indication 5.3.1
1,2 reserved for address registration Remark
3 CalledAddress 5.6.2

4 FlowDescriptor 5.6.3

5 DataType (format or protocol) 5.6.4

6 StartTime 5.6.5

7 EndTime 5.6.6

8 Importance 5.6.7

9 ServiceName (includes programme name) 5.6.8
10 SourceName 5.6.9
11 DestinationName 5.6.10
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Code IE type Refer to
12 PrivilegeLevel 5.6.11
13 Password 5.6.12
14 Charge (for call) 5.6.13
15 CallingAddress 5.6.14
16 RouteMetric 5.6.15
17 SyncParams (service parameters) 5.6.16
18 AsyncParams (service parameters) 5.6.17
19 SyncAlloc (link-specific resource allocation) 5.6.18
20 AsyncAlloc (link-specific resource allocation) 5.6.18
21 Delay 5.6.19
22 McastRoute (route identifier of multicast) 5.6.20
23 Cause 5.6.21
24 Route 5\6:22
25 Alternatives 5.6.23
26 Group 5.6.24
27 InterimOffer 5.6.25
28 PathMTU 5.6.26
29 DestCount (number of destinations) 5.6.27
30 DestSelect (destination selection) 5.6.28
31 UserData 5.6.29
32 to 63 reserved
64 to 71 reserved for link-specific\resource management 5.6.18
72 to 125 reserved
126 ExtendRel (extended IE types with relative OID) 5.6.30
127 ExtendAbs (extended IE types with absolute OID) 5.6.30

REMARK IE types {1 and 2 are intended for use with messages (not specified in
this standard) which allow end systems to inform the network of identifiers by which
they can be addressed. See also table-footnote 2 to Table 3.

ding and semantics of the fixed and (if present) variable parts are specified beloy

Called address

specified in 4.4. There shall be no variable part.

5.6.3

Flow descriptor

e form

S

reserved D flow reference

Figure 6 — Fixed part of FlowDescriptor IE

0921/14

The fixed part of a FlowDescriptor |IE shall consist of four octets as illustrated in Figure 6. The
most significant bit of the first octet shall be 1 for a synchronous flow and 0 for an
asynchronous flow. The least significant bit of the first octet shall be 1 for a flow in the
direction towards the owner and 0 for a flow in the direction away from the owner. The
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remaining bits in the first octet shall be coded as zero by the sender and ignored by the

recipie

nt.

The other three octets shall contain a flow reference as specified in 4.3, except that zero shall
indicate that the flow reference is unspecified.

NOTE Unlike the case where zero indicates “all flows”, the “direction” flag is still valid when the flow reference is
coded as zero.

There may be a variable part which may contain IE types 5-13 and 17-21, either directly or
contained (directly or in Group IEs) in one or more Alternatives IEs.

The di
in the
and thd

5.6.4

The fiX
route,

EXAMPI
from an

message, to form the flow identifier for the flow to which the IEs in the variabl
e flag in the most significant bit of the first octet, apply.

Data format or protocol

ed part of a DataType IE shall consist of an OID representing’a‘property of th
br flow to which it applies. There shall be no variable part.

E The FlowDescriptor IE for a flow carrying audio data may carry aDataType IE with an OID de
audioSignalFormat (specified in IEC 62379-2) to describe the audio signal, and another DataType

describgs the encapsulation on the network.

5.6.5

Start time

ection and flow reference shall be combined with a route identifier specified elsgwhere

part,

e call,

scended
E which

The fied part of a StartTime IE shall consist of 9,0.coded with a DateTime value (as specified

in IEC
There

5.6.6
The fi

specifi
for the

5.6.7

62379-1) showing the UTC date and time by which the route or flow is to be coni
shall be no variable part.

End time
ed part of an EndTime IE 'shall consist of 9 o coded with a DateTime val

bd in IEC 62379-1) which isithe UTC date and time after which the resources re|
route or flow may be released. There shall be no variable part.

Call importance

The fi>1ed part of an Importance IE shall consist of 1 o coded with the importance follo

10co

Import

ed with thewreconnection priority. There shall be no variable part.

hnce and-reconnection priority shall be as specified in [IEC 62379-5-1.

5.6.8

ected.

ue (as
served

wved by

Service (or programme) name

The fixed part of a ServiceName IE shall consist of the service (or programme) name coded
as a UTF8 string. There shall be no variable part.

Service name shall be as specified in IEC 62379-5-1.

5.6.9

Source name

The fixed part of a SourceName IE shall consist of the source name coded as a UTF8 string.
There shall be no variable part.

Source name shall be as specified in IEC 62379-5-1.
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Destination name

The fixed part of a DestinationName IE shall consist of the destination name coded as a UTF8

string.

There shall be no variable part.

Destination name shall be as specified in IEC 62379-5-1.

5.6.11

Privilege level

The fixed part of a PrivilegeLevel IE shall consist of 1 o coded with the privilege level. There
shall be no variable part.

PriviIere level shall be as specified in IEC 62379-1.

5.6.12

The fix

NOTE
further ¢

5.6.13

The fir
at the
remain

The m
maxim

originator of the IE wishes to levy, or 10 if the\E indicates a charge which the originato

IE accs

NOTE

The re
messa

EXAMPI
In this
messag

EXAMPI
owner)

5.6.14

Password

Format of the password is as required by the called party. Standard formatscand’ security measure
tudy.

Charge for call

second octet shall be an OID which identifies{the syntax and semantics
der of the IE.

pst significant two bits of the first octet shall be coded as 00 if the IE indicat
Lm the originator of the IE is willing topay, 01 if the IE indicates a charge wh

bpts and will pay. The code point 11is reserved and shall not be used.

These codings were chosen to match(the message class; see 6.2.2, 6.2.3.3, and 6.2.4.3.

mainder of the first octetiis_reserved and should be coded as zero by the sendej
pe and ignored by the recipient.

E 1 An OID might be defined which indicates a charge which is to be paid by the caller to the cal
ase the |IE would-be/ originated by the caller (and removed by the ISP) in request and conf
s, and originated by the ISP in response messages.

E 2 An OID“might be defined which indicates that the charge is to be paid to the called party (as
y a rights’'management organisation identified by an “extended type” IE in the variable part.

Calling address

ed part of a Password IE shall contain a password. There shall be no_ variable part.

5 are for

5t octet of the fixed part of a Charge IE shall contain flags as detailed below. Beginning

of the

es the
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The fix
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e form

specified in 4.4. There may be a variable part containing one or more IEs which provide a
measure of the trustworthiness of the address or of the calling party. The coding of these IEs
is for further study.

5.6.15

Route metric

The most significant two bits of the first octet of the fixed part of a RouteMetric IE shall
contain its status, coded as specified below. The remainder of the first octet, together with the
second octet, shall be coded with a 14-bit unsigned integer which is the number of links over
which the route passes.

NOTE The coding of the remainder of the IE, including a measure of the proportion of available space required on
each link or on the smallest-capacity or most congested link, is for further study.
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Inclusion of information beyond the first two octets shall be optional. Equipment designed
before the coding of this additional information is defined may continue to send two-octet
RouteMetric IEs and should ignore anything beyond the first two octets in incoming IEs.

A status value of 0 shall indicate that the value for the direction in which the message passes
is being accumulated, and the value coded is the accumulated value up to and including the
link over which the message is transmitted.

A status value of 1 shall indicate the same as status value 0 and additionally that the end-to-
end value should be reported back to the originator of the message.

A statysvatueof 2shatt-indicate thatthevatuefor thedirectiomopposite tothratmwhjch the
messafe passes is being accumulated, and the value coded is the accumulated value’gtarting
with the link over which the message is transmitted.

A statdis value of 3 shall indicate that the IE reports the end-to-end valué-for the opposite
directign.

5.6.16 Synchronous service parameters

The fied part of a SyncParams IE shall consist of eight octets £ontaining two 32-bit unjsigned
integens. The first integer shall be coded with the maximum number of payload octefs in a
data unit and the other with the maximum number of data, units per second. There shall| be no
variable part.

NOTE 1| These are the “package size” and “package rate” parameters reported in the list of sources sp¢gcified in
IEC 623f9-5-1.

NOTE 2| These parameters refer to the data units that thie;application will transmit on a flow. The maximum size of
data unif supported by the route is reported in the PathMTU IE.

Furthel details of the traffic contract implied by a SyncParams IE shall be link-specif|c, and
are nof specified in this standard.

NOTE 3| Different technologies will allocate resource with different granularity, and may have different fules for
traffic shhaping and policing. For instance, to transmit stereo audio, a data unit size of 8 o and a rate of 44|100 per
second [an average of one every 22,67us) might be requested. One kind of link may require data units to| be sent
at 22,67Jus intervals, similar to,at\ATM CBR traffic contract. Another kind may provide an 8 kHz clock and require
no more|than 6 data units to/be,'sent in each 125 ps clock period.

The vdlue for the maximum number of data units per second shall be the maximum thaf could
be reqtired, including an allowance for inaccuracy of the source frequency.

EXAMPLE Awudio'sampled at 48 kHz with a relative tolerance of £0,000 1 % requires 47 999,52 to 48 000,48 data
units pef secend (assuming one data unit per sample) so it is necessary to request 48 001. The network will then
round thjs\Up/to a capacity that it can allocate, which may be different on different links traversed by the royte.

5.6.17 Asynchronous service parameters

The fixed part of an AsyncParams IE shall consist of four, eight, twelve, or sixteen octets
containing one to four unsigned 32-bit integers. The first integer shall be the mean number of
data units to be transmitted per second. The second shall be the mean size of the data units,
in octets. The third shall be the burst size specified as follows: assuming a model where data
units are written to a buffer pool at the offered rate and transmitted on from that buffer pool at
the specified average rate, the burst size shall be the maximum number of data units in the
buffer pool. The fourth shall be an estimate of the total number of data units to be transmitted.

In each case zero shall indicate “unspecified” and FFFFFFFF g shall indicate “more than
FFFFFFFE ". Where there are less than four integers, the remaining values shall be
interpreted to be unspecified.

There shall be no variable part.
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NOTE The asynchronous service parameters are intended to give an estimate of the load that the flow will place
on the network and on the recipient, but (unlike the synchronous case) not form a basis for QoS guarantees. The
parameters for the direction towards the sender of a message indicate the maximum load expected from incoming
traffic.

5.6.18 Link-specific resource allocations

The format and interpretation of SyncAlloc and AsyncAlloc IEs shall be specific to the
networking technology used on the link over which the message passes.

NOTE These IE types are intended for information related to the low-level allocation of resources on the link,
including flow labels (or virtual circuit numbers), port numbers, multicast addresses, etc, to a flow. The format and
interpretation are therefore not specified in this standard.

5.6.19| End-to-end delay

A Deldy IE shall code the upper and lower bounds to the delay which will be experienced by
data upits transmitted on the flow if it is (directly or indirectly) inside a FlowDeéscriptor|IE, on
any syphchronous flows along the route otherwise. In the latter case, the reparted figure [should
cover all possible synchronous flows, not just flows that exist or are being connected| at the
time thle delay is reported.

NOTE [Synchronous and asynchronous flows will usually experience differept amounts of delay; in particular,
asynchrpnous flows can be expected to experience much larger queuing delays than synchronous flows. Where the
delay for a route is requested, the figure for synchronous flows will in most\cases be more useful than|that for
asynchrpnous flows.

The fixed part of a type 21 IE shall consist of eitherdour or eight octets. There maly be a
variable part containing one or more IEs which providé a measure of the accuracy|of the
information in the fixed part. The coding of these IEsuis for further study.

The mest significant two bits of the first octetofthe fixed part shall contain the status,|coded
in the $game way as for a RouteMetric IE (see 5.6.15).

The remainder of the first four octets.shall be coded with a 30-bit unsigned integer which is
the lower bound to the delay, in sixtéenths of a microsecond.

If the flxed part is four octets, (this shall indicate that there is no upper bound to the delqy.

If the fjxed part is eight-ectets, the second four shall be coded with a 32-bit unsigned |nteger
which (s the upper bound‘to the delay.

5.6.20| Route identifier of multicast

14 octets
12 octets !

route identifier reserved Al l

IEC  0922/14

Figure 7 — Fixed part of multicast route identifier IE

The fixed part of a McastRoute |IE shall consist of 14 o as illustrated in Figure 7. The first 12 o
and the most significant seven bits of the 13th octet shall contain the route identifier assigned
by the source. The least significant bit of the 13th octet and the most significant six bits of the
14th octet shall be coded as zero by the sender and ignored by the recipient.

The least significant two bits of the 14th octet shall contain an “openness” value coded as: 00
if the source of the multicast does not wish to be informed when destinations are added or
removed; 01 if the source requires to be informed of the total number of destinations; or 11 if
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addition of a new destination requires the approval of the source. The code point 10 is
reserved and shall not be used.

NOTE In Figure 7, “I” indicates that the source is to be informed and “A” that its approval is required.

There shall be no variable part.

5.6.21 Cause

If the fixed part of a Cause IE is one octet in length or is empty, this shall indicate normal call
clearing by the remote party and there should be no variable part. The fixed part, if nonempty,
should be coded as zero.

If the flxed part is more than one octet long, it shall contain either an OID or a RELATIVE OID
indicatjng the reason for disconnection or refusal to connect, beginning at the §geond octet.
The mpst significant bit of the first octet shall be coded as 1 if the conneCtion should be
retried|by another route, 0 otherwise. The least significant two bits of the first octet shall be
coded [as 00 for an OID, 10 for a RELATIVE OID rooted at 1.0.62379.5;2.4, and 11 for a
RELATIVE OID rooted at 1.0.62379.5.2.5 (see Clause 8). The coding“01 is reserved and
should[not be used. The remainder of the first octet is reserved and'should be coded gs zero
by the|sender of the message and ignored by the recipient. The variable part may ¢ontain
additiopal information relevant to the condition indicated by theOID.

During| call set-up, the first bit should be coded as 1 if the“destination could not be r¢ached
but might be reachable by another route, as 0 if it was\located and refused the call{When
clearing down a route, it should be coded as 1 if<the cause was a broken link of other
equipment failure, 0 if the remote party disconnected:

5.6.22| Route and flow selection

The fiYed part of a Route IE shall consistof 13 o containing a route identifier, with thg least
signifigant bit of the 13th octet coded as\zero. There may be a variable part containing|one or
more HlowDescriptor IEs.

A Route |IE with a variable part shall select the flows indicated by the FlowDescriptor IEs
contained in it, but not the route’ itself, even if it does not carry any other flows.

A Roufe IE with no variable part shall select the route and all flows carried on it.

5.6.23| Alternatives

number of(IEs of one type, which may be any of those with codes 3 to 14 inclusive (see

Table 4),<0r SyncParams or AsyncParams or Group.

The fi1ed partof an Alternatives IE shall be of zero length. The variable part may contain any

An Alternatives IE shall indicate alternatives for the information in the IEs in its variable part,
which shall occur in decreasing order of preference.

5.6.24 Group

The fixed part of a Group IE shall be of zero length. The variable part may contain |IEs whose
type is any of those with codes 3 to 14 inclusive (see Table 4) and/or SyncParams or
AsyncParams. The Group IE shall only occur inside an alternatives IE. It shall indicate that
the IEs contained in it form a single alternative.

EXAMPLE A call requesting a high-quality video signal but prepared to accept a more heavily-compressed format
might include an Alternatives IE containing two group IEs, one for each format, each containing a DataType IE
describing the format and a SyncParams IE showing the throughput required to convey it. See A.1.6 for more
details.
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5.6.25 Interim offer

The fixed part of an InterimOffer IE shall consist of 10 o of which the first eight shall contain
an EUI-64 identifying a switch and the remaining two shall contain a serial number, chosen by
the switch identified by the first eight octets, which identifies an “offer” uniquely within the
context of the switch and the call for which the offer is made. There shall be no variable part.

A FindRoute response message shall be an ‘“interim offer” if it contains at least one
InterimOffer IE, a “final offer” if it does not contain any InterimOffer IEs.

5.6.26 Path MTU

The fifed part of a PathMTU IE shall consist of either one or two “packet size reconds” as
specified in this subclause. There shall be no variable part.

If therg is just one packet size record, it shall apply to data units on all flows.'If,there gre two
packet| size records, the first shall apply to synchronous flows andDthe second to
asynchronous flows.

A pacHet size record shall consist of twelve octets containing threg 32-bit unsigned integers
as follgws:

a) thd first integer shall be the maximum number of octetsxin"a data unit, such that [a data
unit larger than indicated will be either fragmented or discarded;

b) the second shall be the minimum number of octetsyin/a nonempty data unit, such that any
data unit with fewer octets will have padding added; and

c) theg third shall be the number of overhead octets for a minimum-sized data unit, i.e. the
difference between the second number and’the number of octets required to trarjsmit a
dafa unit of that size.

In the ¢ase of a single link, the values shall reflect the technology used for that link.

EXAMPIE 1 Sending a n-octet UDP datagram over Ethernet using tagged packets with Ethertype 080044
requires| 12 o inter-packet gap, 8 o preamble, 18 o Ethernet header, 20 o IP header, 8 o UDP header, n o data, and
4 o FCY. The first number is 1 500 (20 + 8) = 1 472, the second is 64 — (18 + 20 + 8 + 4) = 14, and th¢ third is
12+8 +H18+20+8 +4 =70.

EXAMPLE 2 When sending-packet data over ATM using AALS5, in which a whole number of cells each |with 5 o
header and 48 o payload is used, the last 8 o of the last cell of a packet being taken up with the AALS5 trgiler, the
first number is 65 535, the.second is 48 — 8 = 40, and the third is 5 + 8 = 13. The segmentation and reassembly
process|is not considered to be fragmentation, partly because it is invisible to the destination application [but also
becausq it would bedunhelpful to set the maximum size of a data unit as low as 40 o.

EXAMPLE 3 FRena technology in which the packet header varies from 1 o for a data unit of size 0 o to 15/o to 3 o
for a dafa unit of*size 256 o to 4 095 o, and there is no inter-packet gap, the first number is 4 095, the second is 1,
and the fhitd'is™1.

In the case of a route which traverses multiple links, the values shall be derived from the
records for all the links, the first number being the smallest of the first numbers, the second
being the largest of the second numbers, and the third being the largest of the third numbers.

EXAMPLE 4 For a route that traverses all three of the technologies in Examples 1 to 3, the first number would be
1472 (the smallest of 1 472, 65 535, and 4 095), the second 40 (the largest of 14, 40, and 1), and the third 70 (the
largest of 70, 13, and 1).

NOTE 1 The first number shows the largest data unit size supported by the route.

NOTE 2 The second and third numbers provide an indication of the smallest data unit size that can be transmitted
efficiently. Together with the information in the Delay IE, they allow an application to choose an appropriate packet
size for a live media flow, balancing the increase in efficiency when sending larger packets against the increase in
latency waiting for enough data to fill the larger packet.

NOTE 3 The specification of the third number allows for cases, as in Examples 2 and 3, where the number of
overhead o is different for different data unit sizes. The record does not attempt to model details of the encoding,
so it does not show that in Example 2 the next smallest size above 40 o is 88 o, nor that in example 4 the second
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and third numbers do not refer to the same technology. It also does not report the overhead for a zero-length
packet, because it might not be a good indication of the overhead incurred by small nonempty packets.

A PathMTU IE contained in a FindRoute request message shall apply to the route up to and
including the link on which it is transmitted. A PathMTU IE contained in a FindRoute response
message shall apply to the whole route. A PathMTU IE contained in any other message shall
be treated as invalid.

NOTE 4 It is assumed that the parameters reported by this IE are the same in both directions on any link.
5.6.27 Number of destinations

The fixed part of a DestCount |E shall consist of a single unsigned integer. There shall be no
variable part.

NOTE [The length is not specified, and there is no requirement to use the minimum number of octets. [In many
cases one or two octets will be enough, but for some applications (live broadcast of a sports event, for insfance) a
larger number will be needed, and the sender may choose to always use four octets. There.may be applications
(for instance, distributing global information in ubiquitous sensor networks) in which even four octets is not pnough.

5.6.28| Selector for an individual destination

A DesfSelect IE selects a destination of a multicast and is in the context of a network element
on the|route of that multicast. The context may be the destination, or any network eJement
through which the route passes on its way to the destination.

The fided part shall be coded with a “selector” as specified below. There shall be no vpariable
part.

An “ar¢” shall be coded as one octet containing, n, followed by n o containing a valuel which
identifies a network element adjacent to the nétwork element which is its context. The [coding
of this|identification is private to the network element which is its context, but shall femain
valid long as the link between the two’network elements is operational, even if th¢ route
has bejen cleared down.

In the ¢ontext of the destination, the selector shall be of zero length.

In the|context of a network element through which the route passes on its way [to the
destination, the selectorSshall consist of an arc which identifies the next network element
through which the route_passes on its way to the destination, followed by the selector in the
context of that network-element.

5.6.29( User data

The fixed-part of a UserData IE shall contain a data unit. There shall be no variable parf.

NOTE Because there is no variable part, this format supports data units up to 65 535 o long.
5.6.30 Extended IE types

The fixed part of an ExtendRel IE shall begin with a RELATIVE OID rooted at 1.3.6.1.4.1. The
fixed part of an ExtendAbs IE shall begin with an OID. In either case, the format of the
remainder of the fixed part, and the semantics and protocols associated with the message,
shall be specified by the owner of the OID.

NOTE 1 This is intended to allow proprietary and experimental |IE types to be carried in standard messages and to
be uniquely identified.

NOTE 2 ExtendRel IEs provide a more efficient coding in the case of OIDs descended from the "enterprises" node.

NOTE 3 There is no explicit specification of the length of the OID. The recipient of a message containing an
Extend IE can match each OID it supports against the start of the fixed part of the IE. The only way this could be
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ambiguous is if the owner of an OID has allocated two message types, both descended from that OID, such that
one is a subset of the other.

ExtendRel IEs for the same RELATIVE OID that are directly contained within the same
message or |E shall be adjacent.

ExtendAbs IEs for the same OID that are directly contained within the same message or IE
shall be adjacent.

6 Protocols

6.1 Gemerat

The ur]it transmitting a signalling message is referred to in this standard as the “sendef”. The
messape shall be sent to a specific other unit which is referred to as the “recipient”.|In the
case Cf a message transmitted on a point-to-point link, the recipient shall be ithe unit| at the
opposite end of the link from the sender. Otherwise, the recipient shall be a specific unit
connegted to the same link and selected by an address, channel numbet,€tc., as apprppriate
for the[technology used on the link.

NOTE 1| A signalling message arriving at a network interface is always processed locally. In a switched network it
is never|forwarded to another interface by the routing fabric.

The refipient of a valid signalling message in which the most'significant bit of the first gctet is
0 (hergin referred to as the “original” message) shall send either an “acknowledgement” or a
“reply”|or both to the sender of the original message. Anvacknowledgement should be sent if a
reply will not be sent in time to prevent the original message being repeated.

An acknowledgement has the same messagg’ class and message type as the o¢riginal
messape and the most significant bit of its first octet is 1. Its fixed and variable parts shall be
as spegified in 5.5.

NOTE 2| The specifications in 5.5 are intended to convey the minimum information necessary to ideptify the
original message.

A “normal” reply has the same miessage type as the original message and the most significant
bit of ifs first octet is a 0. Its message class is coded with a value 1 more than the mgssage
class qf the original message. A reply shall not be sent unless a reply message is specffied in
the appropriate message. type subclause of this Clause 6.

A CledrDown reguest message may also act as a reply to a message which refers [to any
route gr flow that'it clears down.

The s¢gnder-of the original message shall treat the acknowledgement or reply as an indication
that the_nie
case of an acknowledgement) processed A un|t shaII not send an acknowledgement if it is
possible that the message could be lost (for instance, through lack of buffer space) while
awaiting processing in the protocol stack unless such a loss would be accompanied by a reset
of the unit.

NOTE 3 The sender of an acknowledgement therefore takes responsibility for further processing of the
transaction of which the message is a part.

The sender of a signalling message for which no acknowledgement or reply is received after a
timeout shall repeat the message. After a longer timeout, or after a specified number of
repetitions, the sender shall abandon the attempt to send the message and take appropriate
action. The length of the timeout(s), number of repetitions, and action to be taken on
abandoning the attempt to send the message depend on the technology used for the link and
are therefore not specified in this standard.
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NOTE 4 “Appropriate action” for a FindRoute will usually be to proceed as if a ClearDown had been received.
“Appropriate action” for a ClearDown will usually be to complete the disconnection of the route or flow unilaterally.
The failure to receive a reply might be treated as an indication that the link, or the intended recipient unit, has
failed, but it is also possible that an error in the message, or in the other unit’s interpretation of it, could cause it to
be ignored.

The recipient of an invalid signalling message shall silently ignore it.

The recipient of a signalling message where the context indicates that the message is a
repetition (and thus has already been processed) should reply with an acknowledgement but
otherwise ignore the message.

EXAMPLE 1 An incoming FindRoute request for a route of which the unit already has a record can be assumed to
be a repetition if it comes from the same sender as the original FindRoute request. If it comes from a different
sender if is not a repetition but indicates either that two different paths from the caller have converged\at|the unit
or (if thg hop count in the RouteMetric IE is significantly larger) that the request has gone around a loop.

EXAMPLE 2 An incoming ClearDown for a set of routes and/or flows that do not exist may be) assumed| to be a
repetition. The routes, etc. having been cleared down when the original was received.

EXAMPLE 3 If an incoming FindRoute request is a repetition of one to which a FindRoute response wasg sent in
reply, am acknowledgement is sent. Although the repetition suggests the response message may have bgen lost,
the resppnse is not repeated at this stage. It is left to the normal timeout mechanism_to repeat the responsg later if
no acknpwledgment or reply is received for it.

6.2 [Establishing a route
6.2.1 Connection of flows

The priocedures specified in this subclause 6.2 may\be used to establish a route on| which
there Ire no flows (it may still carry EndToEndData messages, and may have flows|added
later, as specified in 6.4), or flows may be conhected at the same time as the route is
established. In the latter case, synchronous flows shall be connected by messages pasfsing in
the same direction as the flow, while asynchronous flows shall be connected by messages
passing in the opposite direction. A SyncAlloc or AsyncAlloc IE shall be present|in the
variable part of the FlowDescriptor IE“that describes a flow if, and only if, the flow is
connegted by the message.

NOTE 1| The specifications for the two.kinds of flow are different because synchronous flows require infprmation
(such aqd a layer 2 multicast address, and traffic parameters) from the source whereas asynchronous flowq require
informatjon (such as a layer 2 unicast address) from the destination. In each case, if information is requifed from
the oppqgsite end this can be provided in the preceding message in the sequence.

NOTE 2| A SyncAlloc or AsyncAlloc IE of zero length can be used if the technology used on the link does not
require any of the information the IE would carry.

A routg¢ may be.established using FindRoute request and response messages, or mgy also
requirg a confirmation message. Flows may be connected by any of these messages, ¢r by a
complgtion.message.

NOTE 3 Synchronous flows away from the caller and asynchronous flows towards the caller can be connected by
the request message, but it will often be more efficient for them to be connected by the confirmation message as
this avoids setting up flows on branches of the path that do not reach the destination. Synchronous flows towards
the caller and asynchronous flows away from the caller can be connected by the response message but in some
circumstances (for instance to avoid sending paid-for media to the caller before the confirmation message has
been received) will be connected by a completion message.

The process of connecting or disconnecting a flow is specific to the technology used for each
link, and is additional to the actions specified in this standard.

6.2.2 Request message

To establish a route, an end unit, which is referred to here as the “caller”, shall send one or
more FindRoute requests. If more than one is sent, they shall all be sent to different recipients.
The route is then “pending” until further action is taken, as specified in 6.2.4.3.
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The message shall include sufficient information to identify the called party.

NOTE 1 This will usually be a CalledAddress IE but can, for instance, also be a ServiceName or SourceName IE.

The message may include a CallingAddress IE.

NOTE 2 In the case of a point-to-point bidirectional call, a server can simply send replies on the call on which the
request was received, without needing to know the client's address. The server might restrict the access it provides
to anonymous callers, or reject all such calls. A destination can join a multicast without the source needing to know
its address; again, the source can choose to prevent anonymous destinations joining the call (see 6.2.3.1).

The message shall include a FlowDescriptor IE for each flow that is to be connected on the
route, except where the existence of the flow is implied by other parts of the message and the
caller has nothing to say about it, for instance where the call is to “take” a source in wHatever
format|the called party chooses to transmit. The FlowDescriptor IE may be directly"contained
in the message or contained in an Alternatives IE, as specified later in this subclause 62.2.

The flqw reference may be zero, to indicate that it shall be chosen by the called party, lunless
the called party requires explicit flow reference values.

The IEs permitted or required inside a FlowDescriptor |IE depend oncthe flags in its fixed part.
For a| synchronous flow, SyncParams may be included. ,Eor an asynchronoug flow,
AsynclParams may be included. For flows towards the caller (Which is also the owner| of the
route identifier) SyncParams and AsyncParams specify the-maximum values it can sppport;
for floys in the opposite direction they specify parametérs~of the data stream it intgnds to
transmfit, and if AsyncParams is absent for an asynchrofious flow a network-dependent default
shall bp assumed. Inclusion of SyncAlloc and AsyncAHloc is specified in 6.2.1.

NOTE 3|The following paragraphs specify other |IE types that are permitted inside a FlowDescriptor IE.

One ol more DataType |IEs may be directly contained in the message and/or contained|in any
of the FlowDescriptor |IEs. A DataType IE>shall apply to the route if it is directly contajned in
the m¢ssage, to the flow otherwise. Where there are multiple DataType IEs, each shall
specify a different aspect of the data format, encapsulation, protocol, etc. Although this
standayd does not require any DataType IEs to be included, the called party may refyse the
call if {he message does not adequately specify information (such as the data format)|that is
conveyed by DataType IEs.

One SiartTime IE may (be directly contained in the message, where it applies to all flgws, or
some ¢r all of the FlowDescriptor IEs may each contain one StartTime |IE which applieq to the
individpal flow. If jptesent, then (provided the network supports delayed set-up) the [flow(s)
should[not be set/up in the switching fabric until shortly before the indicated time.

NOTE 4| This"enables to reserve capacity ahead of time for scheduled events such as live outside broadcgsts.

One EpdTime |IE may be directly contained in the message, where it applies to all flgws, or
some or all of the FlowDescriptor IEs may each contain one EndTime |E which applies to the
individual flow. If present, it indicates that after the indicated time the flow may be cleared
down if any of the resources it uses are required for other calls, and if all flows have been
cleared down the route may be cleared down also.

NOTE 5 This can enable a flow to use resources which have been reserved for a flow that is scheduled to be
connected later.

IE types 8 to 13 inclusive may be included both directly contained in the message, where they
apply to the route, and in FlowDescriptor IEs, where they apply to the flow.

One or more Charge IEs may be directly contained in the message, showing the maximum the
caller is willing to pay.
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One RouteMetric IE with status 0 or 1, and/or one with status 2, may be directly contained in
the message.

One PathMTU IE should be directly contained in the message.

One DestSelect IE should be directly contained in the message if, and only if, the call is to
join a multicast for which the approval of the source is, or might be, required.

NOTE 6 The DestSelect IE, if included, will be empty (see 5.6.28).

Where the caller can accept several alternatives for the value conveyed by an IE of a
particu i i ity | i idth to
suppoft a higher quality signal, it may replace the IE with an Alternatives IE which{eontains
several |IEs of the relevant type, one for each alternative. In the case of a value eenvelyed by
more than one IE (for instance, multiple DataType IEs specifying different aspects|of the
format|plus a SyncParams IE specifying the resources required to carry that format), the IEs
specifying each alternative may be collected together in a Group IE, and the Grolup IEs
collected into an Alternatives IE. There may be more than one Alternatives IE, in which case
they afe separate sets of alternatives to be applied orthogonally (for-instance, one for the
called [address and another for the data format and flow descriptors).»When the mesgage is
passed on (see 6.2.3), any alternatives that cannot be supported-(for instance, needing more
capacity than is available on the link) shall be omitted.

6.2.3 Action on receiving a FindRoute request
6.2.3.1 Joining an existing multicast in a switch

A swit¢h receiving a FindRoute request for a multicast which already passes through jt shall
take a¢tion depending on the “openness” of the multicast (see 5.6.20).

If the 4ddition of a new destination requires the approval of the source, the switch shalll pass
the request (modified as required, e.g-\Wwith RouteMetric and DestSelect IEs updated) on to
the next network element in the direction towards the source, except that if the requegt does
not comntain a DestSelect IE the switch shall not forward it but shall instead send a ClegrDown
in reply, as specified in 6.3.

Otherwise, the switch shallvact as the responder as specified in 6.2.3.3.

If the dource requires\to be informed of the total number of destinations, the switch shall also
send g NetworkData"request containing a DestCount IE (see 6.5.2) to the source, n¢ more
than five seconds™after the flow is connected. There should be an interval of at legst two
seconds between any two such messages for the same route.

NOTE |Jt\WilF usually not be appropriate to send the message to the source until the FindRoute confirmation
message—arrivres—Fhe—twe—s re—rtervaltmits—the—amount—oftoad—when—multiple—changes w—for—the same
multicast within a short space of time.

6.2.3.2 Other cases in a switch

A switch receiving a FindRoute request which is not for a multicast that already passes
though it shall store any information that will be needed for processing subsequent messages,
and pass on a copy (modified as required, e.g. with RouteMetric, Delay, and PathMTU IEs
updated, and with an extra arc added to the DestSelect IE, if present) to one or more
recipients, except that if there are no suitable recipients it shall send a ClearDown in reply, as
specified in 6.3.

NOTE 1 An acknowledgement might need to be sent as specified in 6.1, except in the case where a ClearDown
request is sent immediately.
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NOTE 2 The information needing to be stored will include the sender of the incoming message, the recipient(s) of
the outgoing message(s), and in each case the class of the most recent message (at this stage a request) and in
the case of a response whether the offer was interim or final (see 5.6.25).

NOTE 3 Charge IEs may be added or removed, as appropriate, for instance an IE referring to a charge paid by a
user to an ISP will be removed when the ISP passes the message on. The ISP may also add a Charge IE referring
to peering charges, etc.

NOTE 4 The mechanism for deciding whether to pass the message on, and if so to which recipient(s), is not
specified by this standard. It might use network-specific legacy protocols such as DNS, SIP, ARP, or PNNI. A new
standard for exchanging network topology information might be developed using some of the message types which
are shown as “reserved” in Table 3.

6.2.3.3 Action by end equipment

If an gnd unit receiving a FindRoute request can accept the call, it shall send a FingRoute
response in reply. The unit is then referred to as the “responder”. Otherwise it shall gend a
ClearDown in reply, as specified in 6.3.

The FihdRoute response message shall contain the same IEs as in the request (though they
may be in a different order), with the following exceptions.

a) Any Alternatives IE, shall be replaced by one of the IEs directly contained in it, excgpt that
if the chosen IE is a Group IE, the Alternatives IE shall be(replaced by the IEs directly
co:rtained in the Group IE. In general, any tentative data.(e.g. flow references cofled as
zelo) shall be replaced with actual data.

EXAMPLE If there is an Alternatives IE containing two or more Group IEs each containing a DataType I|E and a
SyncPaifams IE, the Alternatives IE is replaced by a DataType JEnand a SyncParams IE, both coming from the
same Gfoup IE. If there are other DataType IEs directly contained\in the request message, the chosen DatgType IE
will need to be adjacent to them in the response message, evenmif that is not where the Alternatives |IE was

b) Chprge IEs from the request message shall be removed. Charge IEs shall be added to
show the actual charge that will be levied,when the confirmation is received. Chargg IEs in
theg response do not need to correspond.to Charge IEs in the request message.

c) Any RouteMetric or Delay IE with status 0 or 2 shall be removed. Any RouteMatric or
Delay IE with status 1 shall have its status changed to 3. Any of the following IEs may be
addled (but not more than one of each): RouteMetric with status 0 or 1; Delay with status 0
or [I; RouteMetric with status 2;*Delay with status 2.

d) Any FlowDescriptor |IE that.connected its flow shall be removed. Within a FlowDegcriptor
IE,|]a SyncParams or AsyncParams |E shall indicate the actual values to be used]| these
maly differ from the~values in the request message. A SyncAlloc (for synchronqus) or
AsyncAlloc (for asynchronous) IE shall be added if, and only if, the flow is to be connected
by [the responseimeéssage.

NOTE 1| In the casevof a synchronous flow that is connected by the response message, the requirement fo add a
SyncAllgc IE applies even if the flow is already being transmitted on the link traversed by the message.

e) Adgitional FlowDescriptor IEs may be included, for instance for a flow which is implied by
a DataType or ServiceName or SourceName IE but for which no FlowDescriptor |[E was
included in the request message.

f) If the call was to "take" a multicast, an McastRoute IE shall be added, showing the path
identifier and openness assigned to the multicast by its source. There is no correlation
between the path selectors in the two identifiers, but the flow reference values shall
correspond. If necessary, the flow reference values in FlowDescriptor IEs shall be
changed to those used in the call indicated by the McastRoute IE. (For instance, it may be
clear from embedded DataType |IEs which flow is which, or there may only be one flow.)
However, the “direction” flag in the low bit of the first octet of the FlowDescriptor IE shall
still be coded as appropriate for the path in the fixed part of the message (e.g. set to 1 for
a flow towards the caller).

g) Any DestSelect IE in the request shall be omitted, except where the responder is the
source of a multicast that requires approval.

NOTE 2 Where the responder is the source of a multicast that requires approval, switches on the part of the route
that is already carrying the multicast can use the DestSelect IE to route the response message and therefore do
not need to remember the caller's route identifier.
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h) Any IEs of type 3, 5-13, or 15 directly contained in the message that are unchanged from
the request message should be omitted, likewise IEs of type 5-13 inside FlowDescriptor
IEs.

NOTE 3 It is assumed that anything that requires the information from these IEs will have collected it from the
request message.

6.2.4 Action on receiving on a FindRoute response
6.2.4.1 Messages including a DestSelect IE

When a unit other than the caller receives a valid FindRoute response message which
includes a DestSelect IE, if the first arc identifies a network element to which the multicast
identified 1n the McasiRouie IS already being transmiited, It shall remove the first,afc from
the DektSelect IE and pass the message on to that network element, modifying it as. specified
in 6.2.4.2.

NOTE Removing the first arc changes the context to the recipient.

Otherwise it shall remove the DestSelect IE and process the message as\specified in 6.2.4.2.

6.2.4.2 Messages not including a DestSelect IE

When p unit other than the caller receives a valid FindRoute ‘response message which does
not indlude a DestSelect IE, if the unit has no record of therroute, or has already sent|a final
offer (g FindRoute response message without an IntérimOffer IE) for the route, pr has
received a FindRoute confirmation message for the route, it shall send a ClearDown regquest
in reply.

Otherwise, it shall pass the message on towards’the caller, modified as specified below

If the message is an interim offer, or there~are other recipients of the request message from
which fa final offer (or a ClearDown request) has not yet been received, and at least one
interim| offer for the route has already been sent towards the caller, the unit may store the
messape for a limited time (the limit"not being specified in this standard) in the expegtation
that other offers will be received{.and, at any time before the expiry of the time limit, ¢hoose
one offer from all those that haye been received, passing that offer on towards the caller and
replying with a ClearDownsequest to the others.

NOTE 1| Passing on the first-offer towards the caller without delay minimises the time to make the conngction in
the casq where the caller will accept the first offer it receives. Delaying the other offers can reduce the nymber of
messages required.

The messagenthat is passed on shall be modified as follows.

a) If fherequest was passed to more than one recipient, and either the responsqg is an
intlc'm offer or there is at least one other recipient from which a final offer has nhot yet

been received, an InterimOffer IE shall be added containing the unit's EUI-64 and a serial
number from which the unit can identify the sender of the response message. Otherwise,
no InterimOffer |E shall be added and the unit shall remember the sender as the sender of
the final offer.

NOTE 2 This information might be required when the confirmation message arrives, see 6.2.5.

b) IEs such as RouteMetric and Delay (except where the status is 3) shall be updated to add
the values for the link over which the message is to be sent.

c) Charge IEs referring to charges to be paid to the operator of the unit may be added.
Charge IEs referring to charges to be paid by the operator of the unit should be removed.

d) Link-specific IEs such as SyncAlloc and AsyncAlloc may need to be modified to apply to
the link over which the message is sent.
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6.2.4.3 Action of the caller

When a unit receives a valid FindRoute response message for a route for which it is the caller
it shall proceed as follows.

If the route is no longer pending, or for any reason the offer is unacceptable, it shall reject
the offer by replying with a ClearDown request.

NOTE 1 Reasons for rejecting an offer could include unacceptable parameters such as a data format which the
unit cannot process, or an offer which is in some sense “better” (e.g. shorter route) having already been received.

NOTE 2| Such actions would include link-specific actions required to connect a flow,

Otherwise, if the message is an interim offer, or there are other recipients of the request
message from which a final offer (or a ClearDown request) has not yet been received, the

erwise, if the message does not contain any Charge IEs, nor any flows that are not
corlnected by the response message, nor a RouteMetric or Delay |IE with status’ 1, and no
previous interim offers have been received, then establishment of the route.is complete,
the| route is no longer pending, and no further action is required otherthan sending an
acknowledgement and any actions specified outside this standard.

Otlerwise, a FindRoute confirmation as specified below shall be sent in reply, ppssibly
after awaiting the user’s agreement that the offer is acceptable:

NOTE 3| User confirmation is particularly relevant in the case where the message contains a Charge|lE. The

mechanism for requesting user confirmation is application-specific and’outside the scope of this standard.

A storegd interim offer may be processed at any time, €ither to reject it (for instance becpuse a
better pffer has been received) or to send a confirmmation. When a confirmation of an pffer is

sent, all other offers awaiting processing should be'rejected.

When @ confirmation of an offer has been sent; the route is no longer pending.

The FindRoute confirmation message._shall contain the same |IEs as in the response (fhough

they miay be in a different order), with:the following exceptions.

a)

Alll IEs other than FlowDescriptor, Charge, RouteMetric, Delay, McastRoute, and
InterimOffer shall be removed.

Any RouteMetric or Delay IE with status 0, 2, or 3 shall be removed. Any RouteMetric or
Delay IE with status.1 shall have its status changed to 3. Any of the following IEs may be
addled (but not more than one of each): RouteMetric with status 0 or 1; Delay with status 0

Any FlowDescriptor IE for a flow that was connected by the response message shall be

IEs of types 5-13 that are unchanged from the regponse

A ; ; c (for
asynchronous) IE shall be added if, and only if, the flow is in the correct direction to be
connected by this message.

NOTE 4 Whereas the responder can choose whether to connect a flow by the response message or wait until it
sends the completion message, the caller has no discretion in the case of the confirmation message, because it is
the last opportunity to connect the flow.

e)

Additional FlowDescriptor IEs may be included, for instance for a flow which it would be
inappropriate to connect before the route has been chosen. SyncAlloc and Delay IEs (for
synchronous) or an AsyncAlloc IE (for asynchronous) shall be included if, and only if, the
flow is in the correct direction to be connected by this message.

If there is a Charge IE in the response message, there shall be an identical Charge IE in
the confirmation message, showing that the caller accepts the indicated charge.
Otherwise no charge shall be levied. If there is no Charge IE in the response message,
there shall be no Charge IE in the confirmation message.
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6.2.5 Passing on a FindRoute confirmation

When a unit other than the responder receives a valid FindRoute confirmation message, it
shall proceed as follows.
e If the unit has no record of the route, it shall send a ClearDown request in reply.

e Otherwise, it shall pass the message on towards the responder, as specified below.

If the request was passed to exactly one recipient, the response shall be passed to that same
recipient. The response should not contain an InterimOffer IE with the unit’'s EUI-64.

NOTE In this case it is expected that the unit will not have added an InterimOffer IE to the response message. It
may chgck for an InterimOffer IE with its own EUI-64 in the response message, and take appropriate actign if one
is found| or it may simply pass the message on without checking it.

If the request was passed to more than one recipient, then if the confirmation mg¢ssage
contains an InterimOffer IE with the unit’s EUI-64, the |IE shall be removed from the me¢ssage
and used to identify the recipient to which the message is passed. If this précess fails it shall
clear the route down as specified in 6.3. Otherwise the message shalbbe passed|to the
sendell of the response message that was passed on as a final offer.’In ‘either case, the unit
shall send a ClearDown request to each of the other recipients of the’FindRoute request for
the rodte that has not already been sent a ClearDown.

In eithpr case, any Charge IEs that correspond to Charge~lEs which the unit added|to the
response message shall be removed, and Charge IEs cortesponding to any Charge IEq which
the unJ: removed from the response message shall be_added. Also, if the unit added a Charge
IE to the response message but no Charge IE corresponding to it is found in the confirmation
messape, then no charge shall be levied for the.call and the unit may abort the gall by
sending ClearDown request messages towards both the responder and the requester.

6.2.6 Action of the responder on receiving a FindRoute confirmation

When g unit receives a valid FindRoute' confirmation message for a route for which if is the
responder, if the message does mot contain any flows that are not connected py the
confirmation message, nor a RouteMetric or Delay IE with status 1, no further adtion is
requirdd other than sendingan--acknowledgement and any actions specified outsige this
standafd. Otherwise, it shall~send in reply a FindRoute completion message which shall
contain the same IEs as in\the confirmation (though they may be in a different order), with the
followipg exceptions.

a) All[IEs directlytcontained in the message except FlowDescriptor, RouteMetric, [Delay,
MchstRoute,cand InterimOffer shall be removed.

b) Any RouteMetric or Delay IE with status 0, 2 or 3 shall be removed. Any RouteMegtric or
Delay |E with status 1 shall have its status changed to 3.

c) Any‘ElewDescriptor IE for a flow that was connected by the confirmation message shall be
removed.

d) Within a FlowDescriptor IE, IEs of type 5-13 that are unchanged from the confirmation
message should be removed. A SyncAlloc (for synchronous) or AsyncAlloc (for
asynchronous) IE shall be added.

NOTE We assume the flow is in the correct direction to be connected by this message, because any flows in the
other direction will be connected by the confirmation message as specified in 6.2.4.3.

e) Additional FlowDescriptor IEs may be included, but only for flows that are connected by
this message. A SyncAlloc (for synchronous) or AsyncAlloc (for asynchronous) IE shall
therefore be included.

6.2.7 FindRoute completion message

When a unit other than the caller receives a valid FindRoute completion message, it shall
proceed as follows.
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e If the unit has no record of the route, it shall send a ClearDown request in reply.
e Otherwise, it shall pass the message on towards the caller, modified as follows.

a) IEs such as RouteMetric and Delay shall be updated to add the values for the link over
which the message is to be sent.

b) Link-specific IEs such as SyncAlloc and AsyncAlloc may need to be modified to apply
to the link over which the message is sent.

When the caller receives a valid FindRoute completion message, it shall take no action other
than sending an acknowledgement and any actions specified outside this standard.

NOTE Such actions include link-specific actions required to connect a flow.

6.3 Disconnection of routes and flows
6.3.1 General

Whereps the protocol for setting up a route involves messages passing -along the|whole
length| of the path between the caller and the responder, disConnection propceeds
independently on each link. This makes the process more robust, simplifies clearing down a
route ffom the middle (for instance, when a link breaks), and allows switches to rerouﬁe calls
around a broken link without tearing down and rebuilding the wholejroute. It also simplifijes the
situatign where a branch of a multicast is being pruned bacK from a destination thlat has
ceased to receive it at the same time as another destination in.the same part of the netyork is
joining|it.

When ja route is cleared down, all flows that follow, the route are also cleared down,) Other
routes |for the same call are not affected; to clearydown a call, each route shall be ¢leared
down geparately.

Alterngtively, an individual flow may be cleared down along a route, leaving other flows in
place. |Again, to remove a flow from a call that has several routes the flow shall be ¢leared
down geparately for each route.

Clearing down of a flow or routemay be initiated by any of the units through which it pagses.

NOTE A single message can réquest clearing down of multiple flows and/or routes. This is useful in the eyent of a
broken I|nk.

6.3.2 ClearDown request message

A unit ghall requgst clearing down of one or more flows and/or routes across a link by sending
a CleafDown request message.

The vqriable part of a ClearDown request message shall contain one or more Route IHs, and
shall request clearing down of the selected route and/or TTOwsS.

NOTE A Route IE with a variable part requests removal of the selected flow(s), leaving the route in place even if
all its flows have been removed.

In the case of a multicast for which a FindRoute response has been received by the sender of
the ClearDown, the Route IE shall show the source's route identifier, not the caller's.

Between sending a FindRoute response and receiving the reply, a unit shall be prepared to
receive a ClearDown with either identifier and shall interpret the “direction” bit in a
FlowDescriptor IE in the context of the identifier in the Route IE in which it is contained.

The message may contain one or more Cause IEs. A Cause IE directly contained in the
message applies to all flows and/or routes in the message. A Cause IE directly contained in a
Route IE applies to all flows selected by it, also to the route if it selects the route (i.e. if it has
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no variable part). A Cause IE contained in a FlowDescriptor IE applies to that flow. If there is
no Cause IE applying to a route or flow, the cause shall be assumed to be “normal call
clearing”.

The message should not contain any other IEs.

6.3.3 Action on receiving a ClearDown request message

A unit receiving a ClearDown request message shall send an acknowledgement in reply, and
shall take whatever action is necessary to remove flows and clear down routes as specified in
the message, including issuing a ClearDown request for other links traversed by the route as
appropriate

NOTE 1| This action is specific to the technology used for the network and the link.

NOTE 2| If part of a unicast route has been cleared down, or if, when part of a multicast has been cleardd down,
the rempining part has no source, or no destinations, it will usually be appropriate to clear the roufe down
completely. A similar consideration applies to individual flows. However, in some circumstances, or fpr some
applicatjons, a different action may be preferable, for instance when the cause is asbroken link to at{empt to
reroute around the break instead of clearing the whole route down.

The regipient of the message shall ignore any IE which specifies ,a flew or route which |t does
not believe is present on the link, or which it is already in the process of removing.

NOTE 3| This covers the case where the message is a repetition. It also @voids problems in the event that|clearing
down of|a route is requested from both ends at the same time.

6.4 Adding new flows to an existing route

The prpcedure for adding flows to an existing route shall be as specified in 6.2 except that the
messape type shall be AddFlow instead of FindRoute, the route identifier in the fixed [part of
the mgssages shall identify an existing route,“and the parts of the procedure concerngd with
establishing the route shall be omitted.

IEs whlich are used only for establishing the route, such as CalledAddress and CallingAddress,
should| be omitted; if present, they-shall match the existing endpoints, though they gre not
requirgd to be the same as the-addresses used in the original FindRoute.

6.5 nformation messages related to a route
6.5.1 General

NetwotkData and/EndToEndData messages shall be used to convey along a route information
that is jnot part\of a flow.

A unit [reeceiving an EndToEndData message shall send an acknowledgement for it (sTe 6.1)

pu | £o01l
and alse proceet—as—Torows:

a) If the unit has no record of the route, it shall send a ClearDown request for the route in
reply (in addition to the acknowledgement).

b) Otherwise, if the unit is an endpoint of the route it shall process the IEs it contains and
may send a reply.

c) Otherwise, it shall pass the message on to the next unit along the route.

A unit receiving a NetworkData message shall proceed as for an EndToEndData message
except that in case c) it shall take any action specified elsewhere in this subclause 6.5, and
also make appropriate changes to any RouteMetric, Delay, PathMTU, or DestSelect IEs
present, before passing the message on.
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6.5.2 Notification of the number of destinations

A switch shall generate a NetworkData request message containing a single DestCount IE to
inform the source of a change in the number of destinations as specified in 6.2.3.1.

Before passing on a NetworkData request message containing a DestCount IE a switch shall
update its own record of the number of destinations and add to the number in the IE the
number of destinations reached via neighbours other than the one from which the message
was received.

The message shall not be passed on until two seconds have elapsed since the previous
NetworkData request message (if any) was sent for the same route. If further such messages
for the[same route are received during that time, only one shall be passed on.

6.5.3 Changing service parameters

Procedures for “cross-layer” communication between network elements and)end equipment,
for puposes such as adjusting service parameters (and corresponding“media compiession
parameters) as appropriate, for changing network conditions, are for further study.

6.5.4 Out-of-band data

An application may use an EndToEndData message to send*along a route information|that is
not paft of any flow. The message shall include a UserData IE holding the data unif to be
conveyed, and may include one or more DataType dEs which indicate how it should be
interpreted.

A mess$age from the source of a multicast may include a DestSelect IE, in which case |it shall
be delivered only to the destination selected; otherwise it shall be delivered to all destipations.

An ap;rlication shall not send an EndToEndData request message if less than two s¢conds
have elapsed since a previous EndToEndData request message was sent for the same foute.

NOTE EndToEndData is intended foro€casional protocol messages between application entities in the erdpoints.
It is not jntended to be used instead of connecting an asynchronous flow. See also 6.6.

6.6 Quasi-connectionléss service
6.6.1 General

The qyasi-connectionless asynchronous service conveys “packets” which are asynchfonous
data units with(additional encapsulation as described in A.4.3.

This sybclause specifies a message to support connection of a new uplink flow. Other gspects
of the [service, including the syntax and semantics of the encapsulation. are not specified in
this standard.

6.6.2 Request message

An AsyncSetup request message shall contain a UserData IE containing the packet and one
or more |Es to identify the destination.

NOTE The latter will often be a CalledAddress IE, but can, for instance, also be a ServiceName IE.

Other IEs, such as a DataType IE, should not be used because the information they contain
will be lost if the message is forwarded on an existing uplink path. There may be provisions
for carriage of such information in the encapsulation of a set-up packet, in which case it is
inside the UserData IE.
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6.6.3 Action on receiving request

If the recipient of an AsyncSetup request message is its destination, it shall connect the flow
and process the packet as if it had been received on an existing uplink flow.

If a switch receiving an AsyncSetup request message has an existing uplink flow connected to
the required destination, it shall forward the packet on that flow. Otherwise, it shall forward
the message to one or more adjacent network elements, or, if there is no route towards the
destination, send a ClearDown request in reply.

NOTE 1 As with a FindRoute request (see 6.2.3.2), this standard does not specify the mechanism for deciding to
which adjacent network element(s) to forward it.

NOTE 2| It is expected that the recipient will also take other actions specified outside this standard, including link-
specific |actions to connect the uplink flow and a downlink flow to the caller, both towards thecsendegr of the
messag¢ and towards network elements to which the message is forwarded. If there is more than ©ne’of the latter,
packets |on the uplink flow would need to be multicast. If the switching technology does not support that, pnly one
copy of fhe message can be forwarded.

NOTE 3| AsyncSetup messages are acknowledged as required by 6.1, but there is nofother form of dirgct reply
apart frdgm the ClearDown.

7 Media formats

7.1 dentification

Encapsulation formats specified in this clause shall be identified by object identifiers ropted at
the following location in the MIB tree:

medliaEncapsulation OBJECT IDENTIFIERY:= { iso(l) standard(0)
iec62379 network(5).sdgnalling(2) encapsulation(3) |}

Where| definitions make reference to pafameters, these parameters shall be interpreted as
positive integer values which shall be appended to the object identifiers as additional grcs, in
the order in which the parameters are‘listed.

NOTE [These OIDs are appropriate/foruse in type 5 IEs to describe how the encoded media is encapsu|ated for
transport across the network. OIDs for describing the coding of the media are specified in 4.1.2 of
IEC 623[9-2:2008 in the case oftaudio, and in IEC 62379-3 in the case of video.

7.2 Packet data
7.21 General-packet data

The obhjject identifiers specified in this subclause may be used to identify a flow that cpnsists
of a stFeam of packets without specifying anything other than the size and frequency|of the

packets.

fixedPackage OBJECT IDENTIFIER::=
{ mediaEncapsulation fixed(1l) }

variablePackage OBJECT IDENTIFIER::=
{ mediaEncapsulation variable (2) }

A stream of fixed-size packets transmitted at regular intervals may be identified by an object
identifier consisting of fixedPackage with two parameters, of which the first is the number of
data octets in each packet and the second is the number of packets per second.

A stream of variable-size packets transmitted at regular intervals may be identified by an
object identifier consisting of variablePackage with two parameters, of which the first is the
maximum number of data octets in each packet and the second is the number of packets per
second.
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Packets that are not transmitted at regular intervals may be identified by an object identifier

as abo

7.2.2

ve but omitting the second parameter.

Other packet formats

Formats defined in other standards should be identified by OIDs related to those standards,
for example, formats defined in IEC 61883 should be identified by OIDs rooted at 1.0.61883.

7.3 Pulse-code modulated audio

7.3.1

Rationale

The format specified in this subclause 7.3, which is developed from the format spec
IEC 62365, is appropriate for carrying uncompressed audio over networks whe
overhelads per data unit are small and low latency can be guaranteed. In these circumstances
it can support applications that need latencies lower than can be achieved with’legacy
networks.

The sdquencing octet (see 7.3.2) provides, in only 8 bit, detection ofi-missing or dup

data u
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its and a sample-accurate timestamp which allows different streams to be aligne

Lbframe format includes two optional four-bit fieldsi ©One, specified in 4,
365:2009, allows IEC 60958 audio to be carried transparently, and the other, sp
L of IEC 62365:2009, provides data protection appropriate to PCM audio.

Sequencing octet

bt, formatted as shown in Figure 8, should ‘accompany the audio sample data fg
ng instant.
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Figure 8 — Sequencing octet
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e b is bit m of the "short" string specified below.

Starting at the most significant end of the sequencing octet, the first bit shall contain a, the
second shall contain b, the third shall be such that there are an odd number of ones in the
first three bits, the fourth shall be such that the total number of ones in the octet is odd, and
the remaining four shall code the value of m.
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Figure 9 — “Short” bit string value
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The "short" string shall consist of 16 bit numbered from 0 to 15 as shown in Figure 9. Bits 1 to
8 inclusive shall carry the most significant 8 bit of n (bit 8 being the most significant bit). Bit 0
shall be coded as 1 if bits 1 to 8 are all zero, 0 otherwise. Bits 9 to15 are reserved and should
be coded as zero on sending and ignored on reception.

NOTE 1 It follows from the above definitions that b = 1 and m = 0 if, and only if, n = 0.
63 56 55 48 47 } 8 7 1 0
reserved count time % time reserved 5
IEC  0925/14
Figure 10 — “Long” bit string value
The "Igng" string shall consist of 64 bits numbered from 0 to 63 as shown in“Figure 10, and
shall be updated at the same time that n changes from 3 071 to 0. Additionally, bit 0 shall be

set to

NOTE 2

Using the description below, the value is not defined until the first update, and not fully define

0 whenever n changes to a nonzero multiple of 64. The value{Owhen transmission
commences, shall be the same as if transmission had been continuing for the precedi
seconds.

ng two

i until a

further ypdate at which the number of seconds is incremented. The above provision ensures that the sequencing

octets s

joined a

een by the recipient of a new multicast are well-defined and are,'the same as in the case whe
multicast which other units were already receiving.

e it has

The v3glue assigned when the string is updated shall be as follows. In the description, the

nnewn

value is the value assigned and the “old” value is the value immediately befare the

update. The new value for bits 8 to 47 inclusiveishall be the number of seconds thdt have
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NOTE 3
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NOTE 4

than the

NOTE 5
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7.3.3

ue, interpreted as an integer with\bit 55 the most significant bit. If the new value
is not the same as the old, the,new value in bit 0 shall be 1 and the new value
5 inclusive shall be zero. Bits™ to 7 and bits 56 to 63 shall be reserved and shq
as zero on sending and ignored on reception.

Bit 0 indicates "new second"; the first sample of a new second always has a = 1 and n = 0
Cing" octet is coded as"OXEO0. This value in the sequencing octet does not occur at any other time.

Assuming a sampling rate of more than 3 072 Hz, the new value in bits 8 to 47 when bitOisa 1
old value. The value in bits 48 to 55 will not wrap round unless the sampling rate is more than 780

AES53 specifies that the number of seconds increments immediately before a sample whose nunj
of 3 072550 the value in bits 8 to 47 always corresponds to the number of seconds as specified by
in Glause A.3 of AES53, the number of samples in any one “second” will always be to a multiple q
png-term average will be equal to the sampling rate.

d since the sample-numbering epoch.specified in AES53 (bit 47 being the most
signifigant). If the new value in bits 8 to 47 is‘the same as the old, the new value in bit

0 shall

b and the new value in bits 48 to 55-inclusive shall be one more (modulo 256) than the
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Subframe format

The subframe format shall be as specified in 4.1 of IEC 62365:2009, except that

a) if the sequencing octet specified in 7.3.2 is present and the protocol overhead specified in
4.1.4 of IEC 62365:2009 is included in the subframe, then the sequencing bit in the
protocol overhead shall be replaced by a flag which is 1 if the subframe is valid, 0 if it
should be ignored; and

b) the subframe is not required to be a whole number of octets.

7.3.4
A fram

a) as

Frame format
e shall consist of either

equencing octet followed by zero or more subframes, all of the same format, or
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b) one or more subframes, all of the same format.

Frames with a sequencing octet and no subframes may be used to convey synchronisation
information.

For each flow, the number of subframes, the format of the subframes, and whether the
sequencing octet is included shall be the same in every frame.

There should be one subframe per audio channel, carrying samples taken at the same instant,

with th

NOTE 1

e cth subframe in a frame carrying the sample for channel number c.

ln_some circumstances there will _not _be a one-to-one relationshin between audic_chan
.

Is and

subfram

Option

NOTE 2
The seq
data uni
octet sp
number

7.3.5

bs, see 7.3.6.5 and 7.3.6.6.

a) above should be used in preference to option b).

Inclusion of sequencing information makes synchronisation of different signals easier and more
encing word specified in 4.1.4.1 of IEC 62365:2009 requires at least 8, and preferably 12, subfra|
t, whereas on a network that supports smaller data units there may be only ohe or two. The sed
pcified in 7.3.2 carries more information than the IEC 62365 sequencing word,)and is independe
bf subframes per data unit, so provides a convenient way of conveying endsto<end sequencing info

Transport

Each data unit shall contain one or more frames. Each frame shall be contained w

single

NOTE 1
overhea
flow, so

NOTE 2
such tha
each gr
using th
multiple

EXAMPI
1 Gbit/s
standard
more th
10010
each grd
not be p|

7.3.6
7.3.6.1

data unit.

The number of frames is chosen by the applicationy The maximum and minimum data unit s
H per data unit are reported in the PathMTU IE to aid)its decision. The size of a frame is fixed
the number of frames in a data unit can be deduced from the size of the data unit.

Splitting a frame across several data units, isuspecifically excluded. If the number of audio ch4g
t a frame would be larger than the maximum~data unit size, the channels can be divided into gro
up being transmitted in a separate flow,'and the groups being resynchronised by the receiving ap
e information in the sequencing octet.“i each flow has a different route identifier, the network
links where the total bandwidth required exceeds the capacity of an individual link.

E A bundle of 500 audio channels, sampled at 96 kHz with 32 bit per subframe, is to be sen|
Ethernet network. The framegsize is thus 2 001 o (including the sequencing octet), which is more

Ethernet packet size, and ‘the total bandwidth required (excluding overheads) is 1 536 Mbit/s,
in can be carried by a single link. Splitting the channels into two groups of 250 reduces the fram
and allows the networkito route the two groups over separate links. However, the bandwidth req
up is 768 Mbit/s, so\if less than 77 % of the capacity of a link can be allocated to synchronous flo
pssible to use groups$ of this size, and at least three will be needed.

Signalling of format

General

Encap

Ealation of pulse-code modulated audio as specified in 7.3 shall be identified

reliable.
mes per
uencing
ht of the
mation.

ithin a

ize and
or each

nnels is
lups with
plication
can use

t over a
than the
Which is
b size to
lired for
vs it will

by an

object

identifier consisting of pcmAudioEncap with the five parameters specified in 7.3

7.3.6.6 inclusive.

pcm

7.3.6.2

AudioEncap OBJECT IDENTIFIER::= { mediaEncapsulation pcm(3) }

Synchronisation information

The first parameter shall be a value of the following type:

SynchronisationInfo::= INTEGER {
absent (0),
sequencingOctet (1),

i

P

ec62365 (2)
absent .. 1ec62365)

.6.2 to
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absent shall indicate that no synchronisation information is included in the data stream,

sequencingOctet shall indicate that the first octet of each frame is a sequencing octet as
specified in 7.3.2.

iec62365 shall indicate that synchronisation information is embedded in the subframes as
specified in 4.1.4.1 of IEC 62365:2009.

7.3.6.3 Non-audio fields in subframe

The second parameter shall be a value of the following type:

additionalFields::= INTEGER {
dbsent (0),
gdncillary (1),
dverhead (2),
Hoth (3)

} (labsent .. both)

absenft shall indicate that each subframe consists only of an audjo sample word.

ancilflary shall indicate that each subframe consists of an_audio sample word follojved by
four bils containing ancillary data as specified in 4.1.3 of |IEC-62365:2009.

overhpad shall indicate that each subframe consists of an audio sample word followed by
four blts containing protocol overhead, as specified in 4.1.4 of IEC 62365:2009 and as
modifi¢d by 7.3.3.

both ghall indicate that each subframe consists of an audio sample word followed by fqur bits
contaiging ancillary data as specified.ifi 4.1.3 of IEC 62365:2009 and four further bits
containing protocol overhead as specified in 4.1.4 of IEC 62365:2009, as modified by 7J3.3.

7.3.6.4 Audio sample word:length

The third parameter shall be‘the number of bits of audio sample data in each subframe.

NOTE [This number might ‘be greater than the bit depth signalled in the audio signal format, in which case
IEC 623p5 (like IEC 60958-4) requires the audio sample data to be padded with zeroes at the least significgnt end.

7.3.6.5 Subframes per frame

The folrth parameter shall be the number of subframes in each frame.

I P~ H dat +tha | [P N k.
For PCGM-audie—data—this—showldbe—+t

the audio signal format. See also 7.3.6.6.

B
i
b

Beabar f oo channala n:nv\rll d H
T o ToCT O aoUTo— CTTati o TS STy TTd e n

7.3.6.6 Frame rate

The fifth parameter shall be the nominal number of frames per second, rounded up to an
integer.

For PCM audio data, this should be the same as the sampling frequency signalled in the
audio signal format. Where a PCM audio channel is used to carry non-PCM data, as in
IEC 61937, the frame rate may be unrelated to the audio sampling frequency.

Where the audio source and destination use double sampling frequency mode in IEC 60958
or AES10, a frame rate of half the sampling frequency, and a number of subframes which is
twice the number of audio channels, may be used in order to avoid translating the channel
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status information, although this practice is to be discouraged as it prevents interworking with
equipment using conventional encoding at the higher frequency.

8 Cause codes

8.1 ITU-T standard cause codes

Cause codes specified in ITU-T Recommendation Q.850 may be identified using OIDs rooted
at the following location in the MIB tree:

ation.

but 73

should

2.2.6.4
000101,
tifier for
33.15.

to be

causeCodeItu OBJECT IDENTIFIER::= { iso(l) standard(0) iec62379
uctqu_}\\S; D_L\jualliu\j\’\) pauocltu\fx) }

The ngxt arc shall contain a 7-bit cause value defined in Q.850 or a related Recommend
NOTE |JTU-T Recommendation Q.2610 specifies additional cause values. Most are ATM-specific,
(unsuppprted combination of traffic parameters) may be more generally applicable.
Where|a cause value has diagnostics associated with it, each octet of the diagnostics
be appended as a separate arc.
EXAMPLE "Call rejected because the calling party address is not specified“.is" specified in 2.2.7.1.15 and
of ITU-T| Recommendation Q.850 as cause no. 21 with 2 o of supplementary information, the first being 10
(decimal| 133) coding “information element missing, permanent” and’ the’ second being 15, the IE iden|
“calling party address”, so the OID is 1.0.62379.5.2.4.21.133.15, coded\in the Cause IE as relative OID 21.
Diagngstic information may also be provided in the variable part of the Cause IE, either in
additiop to, or instead of the additional arcs.
8.2 Pther cause codes
The following location in the MIB tree is“reserved as the root for other cause coded
defined in future editions of this standard:

causeCode OBJECT IDENTIFIER::= { iso(l) standard(0) iec62379

network(5)" signalling(2) cause(5) }
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