INTERNATIONAL ISO/IEC
STANDARD 23009-5

First edition
2017-02

Information technology —Dynamic
adaptive streaming over HTTP
(DASH) —

Part 5:
Server and network assisted DASH
(SAND)

Technologies de 'information — Diffusion en flux adaptalt
dynamique sur HTTP (DASH) —

Partie 5: DASH assisté par serveur et réseau (SAND)

if

~

Reference number
ISO/IEC 23009-5:2017(E)

© ISO/IEC 2017


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009-5:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009-5:2017(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 1
3 Terms, definitions, symbols and abbreviated terms................ i, 1
3.1 Terms and definitions
32 Abbreviated-terms—
3.3 Conventions....
OVEIVICW ..ot e
SAND reference architecture and interfaces ...t 3
SAND messages
6.1 (073 11=) -
6.2 Common Envelope for SAND messages
6.3 Metrics MEeSSAZES ...
6.3. 1 GENETAL ..o N e
6.3.2  TCPCONNECHIONS. ....ooooioreiierreieeeessieeeeeeeeseeee i T e seeees e
6.3.3 HTTPRequestResponseTransactions..
6.3.4  RepresentationSwitchEvents........¢
6.3.5  BufferLevel
6.3.6  PlayList......
6.4 Status Messages ...
6.4.1  AnticipatedREQUESES. ... 80 e
6.4.2  SharedResoUrceAllOCAtION ...
6.4.3  AcceptedAlternatives
6.4.4  AbSOIUteDeadling G . oo
6.4.5  MaAXRTT ..o et
6.4.6  NextAlternatiges....
6.4.7  ClientCapabilities .....
6.5 PER Messages. -5
6.5.1 ResoureeStatus........
6.5.2  DaneResourceStatus
6.5.3 (SharedResoUrceASSIZNMENT . ...
6.5.4 ( OMPDValidity ENATIME. ...
6.5:5" Throughput. ...
65:6  AvailabilityTimeOffset
6.5.7  QoSInformation....
6.5.8  DeliveredAlternative..
6.5.9 DaneCapabilities...........
6-6 PEBMessages
7 SAND message representation fOIMIAL ...
8 Transport Protocol to carry SAND MESSAZES ... e
8.1 LT3 1<) -
8.2 Protocol to carry metrics and status messages ....
821 GEINETAL e
8.2.2  Sending a message directly to Metrics server or DANE ..., 26
8.2.3  Attaching a message to requests for Media ..., 26
8.3 Protocol to carry PER messages
8.3.1  General...,
8.3.2  Assistance.....
8.3.3  Enforcement.
8.314  EITOT CASE ..ottt

© ISO/IEC 2017 - All rights reserved iii


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009-5:2017(E)

9 Signalling of SAND communication channel....
9.1 013 1T) -
9.2 XML schema for sand:Channel element
10 Optional transport protocols to carry SAND MeSSAZES ...........corrriirieisses e, 30
TO. T GOIIETAL oo
T10.2  WEDSOCKET PIOTOCOL ...t
10.2.1  General...e
10.2.2 Signalling via the MPD
10.2.3 WebSocket messages..........c......
11 Reporting of metrics via SAND ProtoCOIS ... 32
Annex A (ndrmative) XML Schema for SAND MeESSAZES ..........cocuorieriirmieriesieesieessieeesmeesseeesseeesseneesseeess e 33
Annex B (ndrmative) SharedResourceAllocation allocation strategies...............cmddn o 41
Annex C (nojrmative) MIME type registration for SAND MeSSage..............ccorrrrssco e 45
BIDIIOGTAPIY - ... Nt 47
iv © ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009

Foreword

-5:2017(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.

The
desc

edito

Atten

of patent rights. ISO and IEC shall not be held responsible for identifyihg any or all
rights

Intro

Any t
const

For 4
exprq
Worl
URL:

:Tibed in the ISO/IEC Directives, Part 1.
the djfferent types of document should be noted. This document was drafted in accorda

rocedures used to develop this document and those intended for its further mair
In particular the different approval criteri

ial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

tion is drawn to the possibility that some of the elements of this do€iment may b¢

Details of any patent rights identified during the development of the document v
duction and/or on the ISO list of patent declarations received (Seewww.iso.org/paten

D«

itenance are
h needed for
nce with the

e the subject
such patent
vill be in the
ts).

rade name used in this document is information given for.the convenience of users
itute an endorsement.

n explanation on the voluntary nature of standards, the meaning of ISO specifi
ssions related to conformity assessment, as well/as information about ISO’s adhe
I Trade Organization (WTO) principles in the.Technical Barriers to Trade (TBT) see t
www.iso.org/iso/foreword.html.

The ¢
SC 29

Alist

ommittee responsible for this document'is ISO/IEC JTC 1, Information technology, St
, Coding of audio, picture, multimedia and hypermedia information.

of all parts in the ISO/IEC 23009 series can be found on the ISO website.

hind does not

r terms and
rence to the
he following

bcommittee

© ISO/IEC 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009-5:2017(E)

Introduction

In order to enhance the delivery of DASH content, this document introduces messages between DASH
clients and network elements or between various network elements for the purpose of improving the
efficiency of streaming sessions by providing information about real-time operational characteristics
of networks, servers, proxies, caches, CDNs, as well as DASH client’s performance and status.
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Information technology — Dynamic adaptive streaming
over HTTP (DASH) —

Part 5:
Server and network assisted DASH (SAND)

1 Scope
This flocument defines the following:

he functional SAND architecture which identifies the SAND network elements and the nature of
AND messages exchanged among them;

(Vo Mms

— the semantics of SAND messages exchanged between the network elements present|in the SAND

architecture;
— an encoding scheme for the SAND messages;

— the SAND message delivery protocol.

2 Normative references

their content
applies. For
nts) applies.

tion of dates

P (DASH) —

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 23009-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

© ISO/IEC 2017 - All rights reserved 1


http://www.electropedia.org/
http://www.iso.org.obp/
https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009-5:2017(E)

3.1.1

DASH Aware Network Element

DANE

network element which has at least minimum intelligence about DASH; for instance, it may be aware
that the delivered objects are DASH-formatted objects such as the MPD or DASH segments, and may
prioritize, parse or even modify such objects

3.1.2

SAND messages

messages exchanged between DASH clients, DASH aware Network Elements or Metrics Server in order
to either enhance reception (PER) or delivery (PED) of DASH service, or to report status or metrics from

: PRSI . W.Walk & Al 111 - W S Q
the DASH Cll U LU UAOJSIT awdI'T INCUWUIL' K LICTIIICTIILS U VICLUTLICS OCI VI

3.2 Abbr¢viated terms

DANE DASH aware network element
DASH Dynamic Adaptive Streaming over HTTP
DM DASH Metrics

HTTP Hypertext Transfer Protocol

MPD Mpdia Presentation Description
PED pqrameters enhancing delivery
PER pdrameters enhancing reception
RNE regular network element

SAND sgrver and network assisted DASH

TLS transport layer security

URI Uniform Resource Identifier
URL Uniform Resource Locator
URN Uniform Resource Name

UTC Cgordinated Universal Time
UTF unjicode transformation format
UuID unpiversally unique identifier

XML Extensible Mark-Up Language

3.3 Conventions
The following naming conventions apply in this document.

— Elements in an XML document are identified by an upper-case first letter and in bold face as
Element. To express that an element Elementl is contained in another element Element2, we
may write Element2.Elementl. If an element’s name consists of two or more combined words,
camel-casing is typically used, e.g. ImportantElement. Elements may be present either exactly
once, or the minimum and maximum occurrence is defined by <minOccurs> ... <maxOccurs>.

— Attributes in an XML document are identified by a lower-case first letter, as well as they are
preceded by a ‘@-sign, e.g. @attribute. To point to a specific attribute Gattribute contained

2 © ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

4

In re
HTTH

ISO/IEC 23009

-5:2017(E)

in an element Element, one may write Element@attribute. If an attribute’s name consists
of two or more combined words, camel-casing is typically used after the first word, e.g. @

veryImportantAttribute. Attributes may have assigned a status in the XML as ma
optional (0), optional with default value (OD) and conditionally mandatory (CM).

ndatory (M),

Namespace qualification of elements and attributes is used as per XML standards, in the form of
namespace:Element or @namespace:attribute. The fully qualified namespace will be
provided in the schema fragment associated with the declaration. External specifications extending
the namespace of DASH are expected to document the element name in the semantic table with an

extension namespace prefix.

Variables defined in the context of this document are Cpnr‘iﬁ'r:&”y high]ighfnﬂ JALLE

IhternalVariable.

Structures that are defined as part of the hierarchical data model are identifiéd by a
flrst letter, e.g. Period, Adaptation Set, Representation, Segment, etc.

The term “this clause” refers to the entire clause included within the same first head
he term “this subclause” refers to all text contained in the subclause©with the lowg
heading.

—

Overview

Cent years, the Internet has become an important channel for the delivery of multi
as its primary protocol. In 2014, ISO/IEC published&he second edition of MPEG Dynai

italics, e.g.

N upper-case

ling number.
st hierarchy

media using
mic Adaptive

Streaming over HTTP (DASH) as an International Standard that specified formats for the media
presgntation description (MPD), as well as [SO-BMEFand MPEG-2 TS based segments. DA
define a system or protocol, but is considered as.an enabler for efficient and high-qualit
multimedia content over the Internet.

In or

ler to enhance the delivery of DASH content, this document introduces messages be

clienfs and network elements or betwéén various network elements for the purpose (
efficipncy of streaming sessions by providing information about real-time operational ch

of nef

works, servers, proxies, caches,;"CDNs as well as DASH client’s performance and statu

The Jerver and network assisted DASH (SAND) addresses the following:

5

unidirectional/bidirectional, point-to-point/multipoint communication with and wit
(management) between servers/CDNs and DASH clients;

mechanisms_feor providing content-awareness and service-awareness towards thg
drotocol stdck including server and/or network assistance;

various-impacts on elements of the existing Internet infrastructure such as servers, pr

1\SH does not
y delivery of

tween DASH
f improving
aracteristics
S.

hout session

underlying

bxies, caches

nd-CDNs;
105 and QoE support for DASH-based services,
scalability in general and specifically for logging interfaces;

analytics and monitoring of DASH-based services.

SAND reference architecture and interfaces

The SAND reference architecture is based on the following four broad categories of elements.

a)

DASH clients.

© ISO/IEC 2017 - All rights reserved
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b)

d)

Regular network elements (RNE), which are DASH unaware and treat DASH delivery objects as any
other object, but are present on the path between origin server and DASH clients, e.g. transparent
caches. Note that such regular network elements are not in the scope of this document.

DASH aware network elements (DANE), which have at least minimum intelligence about DASH; for
instance, they may be aware that the delivered objects are DASH-formatted objects such as the
MPD or DASH segments, and may prioritize, parse or even modify such objects. More details on
typical DANE functionalities are provided.

Metrics server, which are DASH aware and are in charge of gathering metrics from DASH clients.

Based on these elements, the SAND reference architecture is defined as shown in Figure 2. Within this

architecture
exchanged:

Parameters Enhancing Delivery (PED) messages that are exchanged between DANES;
Parameters Enhancing Reception (PER) messages that are sent from DANEs to DASH clients;
status njessages that are sent from DASH clients to DANEs;

metrics nessages that are sent from DASH clients to Metrics servers.

DANE |e

PER messages ->

<- PED messages ->

DANE [€

<- Status messages

the following four categories of messages, called SAND messages as shown in Figure |1, are

Metrics
server

A

PER messages ->

<- Status messages

DASH
client

metrics messages ->

Figure 1 — SAND messages

© ISO/IEC 2017 - All rights reserved
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<- PED messages ->

A
PER messages -> T

<- Status messages

PER messages ->

<- Status messages

Figure 2 — SAND reference architecture

s context, a media origin that serves:\DASH content may also receive status messa
s, send PED parameters to other DANESs, and is therefore also considered as a DANE ¢

PER mnessages to the clients is considered as a DANE element. Note that the third-party se

neces
unde
deliv

ADA
mess
howe
Wher
time
the s¢

sarily be on the mediadelivery path and it may not see the DASH segments. HoweV
'stand the SAND status messages or produce SAND PER messages to DASH clients, e.
b1y efficiency, it is nevertheless considered as a DANE element.

bH client may sénd two types of messages: metric messages carrying metric informatic
hges carrying\operational information. The metrics and status messages have a simil
ver, it is important to distinguish them since these messages carry information of diff
eas status message provide real-time feedback from the client to DANEs in order to s
pperations, Metrics are provided as a summary of the session or at least longer time
ps$ion and are not considered provided in real-time.

ISO/IEC 23009-5:2017(E)
PED messages -> J pane Le PER messages -> Metrics
<- Status messages Sserver
7'}
PED messages ->
v
DANE DANE
Segments Segments
— < —> DASH
client | mettics i essages ->

(Media origin) (CDN)

pes from the
lement.

hrly, a third-party server that may receive SAND status messages from DASH clients or send SAND

"ver may not
er, as it may
o to improve

n and status
hr structure;
brent nature.
upport real-
intervals of

Based on this terminology, the following interfaces are considered:

Client-to-Metrics-server Interface: Carries metrics messages;
Client-to-DANE Interface: Carries status messages;
DANE-to-DANE Interface: Carries PED messages;

DANE-to-Client Interface: Carries PER messages.

The implementation of the SAND architecture is neither mandatory nor necessary for successful DASH-
based streaming operation. One may choose to implement a subset of the interfaces and messages
defined in the SAND reference architecture.

© ISO/IEC 2017 - All rights reserved
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ISO/IEC 23009-1 gives also an overview of a possible deployment architecture for DASH. In light of the
SAND reference architecture above, Figure 3 suggests a possible extension to it for a SAND-augmented
DASH architecture.

= -
' mpp | :

MPD I
' delivery ecscscccepeccce- -
I ' function ! [ I I
_ _ ___ | I | |
I I |
|
I- - J- il | | I -
, | DASH | |
DASH | 1 segment | I
I media |€ L delivery | Segments N
! preparation | (HTTP | I
| server) | | .
| | DASH client
e N petpph Ay
Sand
function e SAND messagesa 5
(DANE)

Key
a PER, met

In ISO/IEC 2
the Applicat
receiving thg
as stated in

the DASH ad
DANEs are
Client model

Fics and status messages.
Figure 3-— SAND-augmented DASH architecture

3009-1, the DASH client model consists of the DASH access engine, the Media engin

e MPD andthe segments, even though the delivery of the MPD is out-of-scope of MPEG

SO/IEC23009-1:2014, 5.2.1. To support the interfaces in the SAND reference archite

cesgengine becomes also responsible for the communication with the DANEs sing

etwork elements providing DASH-related information. Figure 4 extends the original
m O 00O aith tha 11 AND hannao a mmund a with
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6 S

6.1

This
mess
type
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Addit

SANI]
entit)

6.2
All §4

Event+ Hmir}g 2

»| Application

Figure 4 — SAND-augmented DASH Client model

AND messages

General

clause defines the SAND messages and their attributes. The format representat
hges is XML and is defined in Clause 7. SAND meSsages are XML documents for whi
s defined in Annex C.

on of SAND
th the MIME

implementations may choose to support allor only a subset of the SAND messages dlefined here.

ionally, implementations may create their'own messages by using their own XML nan

elements (DANEs and DASH clients)*are expected to not send SAND messages whe
F in the network for using them.

Common Envelope for SAND messages

AND messages shall use the common envelope of Table 1.

etter efficiency, the 'common envelope for SAND messages allows SAND messages
the same envelope. The envelope is the unit of data that is provided to the transp

hespace.

h there is no

aggregation
ort layer for

value for all
hessages. All
'h individual

message definitions.

he following

Within this document, the date-time type indicated in the tables shall be represented as specified by

[SO 8601.
Table 1 — SAND message common envelope
Parameter Type | Cardinality Description
CommonEnvelope
token 0..1 If present, this is a unique identifier of the message sender. It
senderld . . : . >
is up to the sender to provide such a unique identifier.
enerationTime date- 0.1 If present, this indicates the UTC time (format as specified
& time by ISO 8601) at which the message was generated.

© ISO/IEC 2017 - All rights reserved
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Table 1 (continued)

Parameter Type | Cardinality Description
SandMessage 1.N
messageld int 0.1 This field allows receivers of SAND messages to discrimi-
nate between several messages sent from the same sender.
Identification of the sender may be done thanks to the
senderld information or other transport layer information if
senderld is not present. Among messages with same sender
and same messageType, message with highest messageld
value shall take precedence over the others in case of any
conflicthetuweenthe informationthev canveuy The mavi-
mum value for messageld is decided by senders and shelll be
high enough for receivers to easily identify which-message
shall take precedence even when messageld values’have
looped back to 0.
validityTime date- 0.1 If present, this indicates the UTC time aftet-which the vhlidi-
time ty of the message is not guaranteed anyniore. If not pregent,
validity of messages lasts until nextmessage carrying don-
flicting information with same sefider, same messageTylpe
and higher messageld is receivéd.
Table 2 — messageType values
messageType Message description
0 reserved
1 TCPConnections (6.3.2)
2 HTTPRequestResponseéTransactions (6.3.3)
3 RepresentationSwit¢HEvents (6.3.4)
4 BufferLevel (6.315)
5 PlayList (6.3:6)
6 AnticipatedRequests (6.4.1)
7 SharedResourceAllocation (6.4.2)
8 AcceptedAlternatives (6.4.3)
9 AbsoluteDeadline (6.4.4)
10 MaxRTT (6.4.5)
11 NextAlternatives (6.4.6)
12 ClientCapabilities (6.4.7)
13 ResourceStatus (6.5.1)
14 DaneResourceStatus (6.5.2)
15 SharedResourceAssignment (0)
16 MPDValidityEndTime (6.5.4)
17 Throughput (6.5.5)
18 AvailabilityTimeOffset (6.5.6)
19 QoSInformation (6.5.7)
20 DeliveredAlternative (6.5.8)
21 DaneCapabilities (6.5.9)
22.127 reserved for future ISO use
128..255 reserved for private use

The type of SAND messages is uniquely identified thanks to a messageType value. Allowed values for this
field are described in Table 2. When using XML representation format, this field shall be represented by

© ISO/IEC 2017 - All rights reserved
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the tag name of the message element. When using the HTTP header transport of 8.2.3, this field shall be
represented as the header name.

6.3

6.3.1

Metrics messages

General

This subclause defines the XML format of the DASH metrics defined in ISO/IEC 23009-1:2014, Annex D.
This enables the reporting of the DASH metrics over the SAND framework.

TCDC ok ionc

6.3.2

6.3.2
This

6.3.2

Typs
Sen

Recd

6.3.2
See T

6.3.3

6.3.3
This

6.3.3

Typs
Sen

Recq

6.3.3

ral 4
TULl UWUIIIICCRIVITO

1 Motivation

metric collects information at the TCP level about HTTP request/response-transactiol
2 Source and destination

3 : Metrics
ler : DASH client
biver : DANE

3 Datarepresentation

CP connections in ISO/IEC 23009-1:2014, D.4.2-for the semantics.
HTTPRequestResponseTransactions

1 Motivation

metric collects information about HTTP request/response transactions.

2 Source and destination

b : Metrics
ler : DASH &lient
biver : (RANE

3 (Datarepresentation

1S.

See

6.3.4

6.3.4

TTEP rpqnncf/rncpnncp transactionsin IQﬂI/IF‘(' 23009-1:2014. D43 for the semantics

RepresentationSwitchEvents

.1 Motivation

This metric collects information describing Representation switch events.

© ISO/IEC 2017 - All rights reserved
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6.3.4.2 Source and destination

Type : Metrics
Sender : DASH client
Receiver : DANE

6.3.4.3 Datarepresentation

See Representation switch events in ISO/IEC 23009-1:2014, D.4.4 for the semantics.

6.3.5 BufflerLevel

6.3.5.1 Mg¢tivation

This metric yeflects the Buffer level at a given point in time.
6.3.5.2 Sopurce and destination

Type : Mgtrics
Sender :|DASH client

Receiver|: DANE

6.3.5.3 Data representation

See Buffer lgvel in ISO/IEC 23009-1:2014, D.4.5 for the sémantics.
6.3.6 PlaylList

6.3.6.1 Mpgtivation

This metric ¢ollects information about playback periods.
6.3.6.2 Soprce and destination

Type : Mé¢trics
Sender :|DASH client
Receiver|: DANE

6.3.6.3 Datarepresentation

See Play list in ISO/IEC 23009-1:2014, D.4.6 for the semantics.

10 © ISO/IEC 2017 - All rights reserved
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Status Messages

AnticipatedRequests

6.4.1.1 Motivation

This message allows a DASH client to announce to a DANE which specific set of segments it is interested
in. The intent is to signal the set of segments in representations that the DASH client is likely to select
and request soon.

NOTE

The validity duration of this message is given by the validityTime parameter in the message envelope

(see i
6.4.1

Typs
Sen
Recd

6.4.1
Table

pble 1).
2 Source and destination

b : Status

jler : DASH client
biver : DANE

3 Datarepresentation

3 shows the AnticipatedRequest parameters.

Table 3 — AnticipatedRequests parameters

Parameter Type Cardinality Description
AntidipatedRequests object 1
reqquest array 1.N List of anticipated requests
sourceUrl url 1 URL for a segment of a given representation.
range string 0.1 This is the byte range specification when the segment is
only a part of the content referred to by soyrceUrl.
targetTime date-time," |0..1 Time at which the DASH client expects to request the
resource identified by sourceUrl.
6.4.2] SharedResourceAllocation
6.4.2{11 Motivation

This

intenf to share network resources (for example, access link bandwidth in a home network)

message.groups all information allowing a DASH client to indicate to one or severa

NOT

(see Table 1).

6.4.2

.2 Source and destination

Type: : Status
Sender : DASH client

Receiver : DANE

6.4.2

.3 Datarepresentation

Table 4 shows the SharedResourceAllocation parameters.

© ISO/IEC 2017 - All rights reserved
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Table 4 — SharedResourceAllocation parameters

Par

ameter

Type

Cardinality

Description

SharedResourceAllocation

object

1

operationPoints

array

1.N

List of suitable operation points for current play time.

bandwidth

integer

1

A bandwidth value expressed in a number of bits/s.
This value should be computed from the MPD by sum-
ming bandwidths of all components the client would
use for working at this operation point. If playback
rate is not 1, this bandwidth value shall be modified
accordingly.

qualityj

integer

0.1

An optional value describing the quality of the etirfent
operation point.

NOTE Quality’s scale is left to implementation.

minBu

ferTime integer

0.1

An optional value in milliseconds extractéd from the
MPD regarding a minimal buffer tinie'of the current
operation point.

weight

integer

0.1

A user allocated optional value which indicates a
weight of the request in theé présent message for the
resource allocation process?The exact use of this yalue
depends on the allocation strategy indicated by alloca-
tionStrategy.

allocation

Strategy urn

0.1

An optional identifier to indicate the resource allo
cation strategy preferred by the client for resource
sharing. See\Annex B.

If absentjthe value urn:mpeg:dash:sand:
allogation:basic:2016 is assumed.

mpdUrl

url

0.1

If present, the MPD’s URL corresponding to the prgsent
message.

6.4.3 Acc¢ptedAlternatives

6.4.3.1 Mg¢tivation

This messag
DANESs) whe
alternatives
able to play {

NOTE Th
(see Table 1).

hem.

6.4.3.2 Sopurce and destination

e allows DASH clients, to inform DANEs on the media delivery path (typically caching
n they request a givent DASH segment that they are willing to accept other DASH seginents
A client should-not include alternative segments unless it is ready to receive them apd be

e validity-dtration of this message is given by the validityTime parameter in the message enyelope

Type:
Sender

Receiver

Status

DASH client
DANE

6.4.3.3 Datarepresentation

Table 5 shows the AcceptedAlternatives parameters.

12
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Parameter Type Cardinality Description
AcceptedAlternatives array 1..N The ordered list of acceptable alternatives.
Preferred alternatives are listed first.
alternative object Specification of one acceptable alternative.
sourceUrl url This is the URL of the alternative, as deduced
from the MPD@sourceUrl for requesting the
(sub)segment of the acceptable representa-
tion. If no protocol is present at the beginning
of the URL, then it is a relative URL with
regards to the UKL of the segment request to
which this message is attached.
range string 0.1 This is the byte range specifieation when the
segment is only a part of-the cont¢nt referred
to by sourceUrl. It hasthe same syntax as the
@range attribute ef.an URLType gs specified
in ISO/IEC 23009-1-
bandwidth integer |0..1 Optional bandwidth in bits/s thatlis consid-
ered as necessary by the client to receive the
alternative’in good conditions.
deliveryScope integer |0..1 Optiowral parameter that indicateg the number
of caching DANEs that may be reached before
temoving this alternative from the list when
forwarding the request.
NOTE DANESs are expected to de¢rement this
counter when forwarding the reqpest and
remove the alternative from the list when
counter reaches 0.
6.4.4) AbsoluteDeadline
6.4.441 Motivation
This message allows DASH clients indicating the DANE the absolute deadline in wall-clock time by when
the r¢quested segment needs to be completely received.
AbsoluteDeadline message shall not be sent using the HTTP POST method.
NOTH The validity duration of this message is given by the validityTime parameter in the mespage envelope
(see Table 1).
6.4.4\2 (Source and destination
Typ StatTs
Sender DASH client
Receiver DANE

6.4.4.3 Datarepresentation

Table 6 shows the AbsoluteDeadline parameters.

© ISO/IEC 2017 - All rights reserved
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Table 6 — AbsoluteDeadline parameters

Parameter Type | Cardinality Description
AbsoluteDeadline object |1
deadline date- 1 Absolute deadline for the segment to be availa-
time ble in the receiver.

6.4.5 MaxRTT

6.4.5.1 Motivation

This message allows DASH clients indicating the DANE the maximum round trip time of the’re

1

quest

from the time when the request was issued until the request needs to be completely available at the
DASH client.|The time is expressed in milliseconds.
If MaxRTT message is sent with HTTP POST method, it shall be intended for every.segment reguest
during validjty time.
NOTE THe validity duration of this message is given by the validityTime parameter in the message enyelope
(see Table 1).
6.4.5.2 Soprce and destination
Type: tatus
Sender DASH client
Receiver DANE
6.4.5.3 Ddtarepresentation
Table 7 shows the MaxRTT parameters.
Table 7— MaxRTT parameters
Parameter Type | Cardinality Description
MaxRTT object
maxRTT int Maximum RTT from the request until the Seg-
ments is available in milliseconds.
6.4.6 NextAlternatives
6.4.6.1 Motiyation
This messageattows DASHchents toimformma DANE about whithattermatives they are withimgtoaccept

for the request of the next segment.

In response to this message, a DANE on the media delivery path (typically caching DANE) may provide
an assistance PER message through the notification mechanism of 8.3.2. A DANE supporting this feature
should notify in the response headers a URL which corresponds to a DaneResourceStatus message with
relevant information.

NOTE
(see Table 1).

14
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6.4.6.2 Source and destination

Type: Status
Sender
Receiver DANE

DASH client

6.4.6.3 Datarepresentation

Table 8 shows the NextAlternatives parameters.

ISO/IEC 23009

-5:2017(E)

Table 8 — NextAlternatives parameters

Parameter

Type

Cardinality

Description

Next

Alternatives

array

1..N

The ordered list of alternatives th|

willing to accept for-the next segment. Pre-
ferred alternativesare listed first,

e client is

al

fernative

object

Specification dfjone acceptable alf

ernative.

sourceUrl

url

This is the'URL of the alternative,
from the-MPD @sourceUr] for req
(sub)segment of the acceptable re

hs deduced
esting the
bresentation.

range

string

0.1

This-is the byte range specificatio
segment is only a part of the contg
to by sourceUrl. It has the same sy
@range attribute of an URLType 3
in ISO/IEC 23009-1.

n when the
nt referred
ntax as the
s specified

bandwidth

integer

0.1

Optional bandwidth in bits/s that
ered as necessary by the client to
alternative in good conditions.

is consid-
receive the

deliveryScope

integer

0.1

Optional parameter that indicates
of caching DANEs that may be rea|
removing this alternative from th
forwarding the request.

NOTE DANEs are expected to de
counter when forwarding the req
remove the alternative from the |
counter reaches 0.

the number
ched before
e list when

rrement this
hest and
st when

6.4.7

6.4.7
This

1 Motivation

Qo O _racalvzay o

ClientCapabilities

A arnitias) ey licdi

+ha M

accaga s

méssage allows a DASH client to announce to a DANE which specific SAND message

(con Toahla 2 of S11 caan

A

5 it supports

(botH

a5 o TCCCTveT ot CITIIteCT )~ Uy ISttt Crac— Mo SSagCTy pC—(oCC—TaonrC—=7j— O attr Sup

orted SAND

messages. In addition, a message set URN that regroups several SAND messages together may also be
used to signal additional support of a group of SAND messages.

NOTE The validity duration of this message is given by the validityTime parameter in the message

envelope (see Table 1).

6.4.7.2 Source and destination

Type Status
Sender
Receiver DANE

DASH client

© ISO/IEC 2017 - All rights reserved
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6.4.7.3 Da

ta representation

Table 9 shows the ClientCapabilities parameters.

Table 9 — ClientCapabilities parameters

Parameter Type Cardinality Description
ClientCapabilities object |1 Provides the list of SAND messages supported by the
DASH client. A profile may also be used.
supportedMessage array |0.N Provides the list of SAND messages supported by the
DASH client.
messageType int 1 MessageType of one supported SAND message (see
Table 2).
messageSptUri urn 0..1 URN of a message set that regroups several SAND megsag-
es together.
The only message set URN defined in the present specification is urn:mpgg:dash:spnd:
messageset:all:2016. DASH clients which supports this message set actually support all SAND
messages defines in present specification.
6.5 PER Messages
6.5.1 Res@urceStatus
6.5.1.1 Mpgtivation
This message allows for a DANE to inform a DASH client, typically in advance, about knowledge of
segment avdilability including the caching status of-the segment(s) in the DANE. The status mpy be

different for
of content dé
being delivel
the decision

The messagsd
assume that
the message

6.5.1.2 So

Type PH
Sender

Receiver

urce and destination

pendent on the network delivering/t: This may be, for example, because the segmen
'ed over a certain network and are\expected to be selected by the DASH client regardl
of the rate adaptation algorithim)

expresses the status of the'segment availability at the current time. The DASH client s
this status persists untilit is informed about a change of the status or the validityTi
is passed (see Tabledl).

LR
DANE
DASH client

different baseUrl or different Representation ID (repld) used, allowing to signal availability

s are
ess of

hould
me of

6.5.1.3 Data representation

Table 10 shows the ResourceStatus (with baseUrl) parameters while Table 11 shows ResourceStatus

(with repres

16

entataion ID) parameters.
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Parameter Type | Cardinality Description
ResourceStatus object |1 Resource Status Information for resources identified from a
base URL.
resourcelnfo array |[1..N List of Resource Status Information.
baseUrl url Provides the base URL for the associated resources, i.e. the sta-
tus holds for all resources referenced by this base URL.
status enum |1 Provides the status of all associated resource to the base URL.
The defined types are documented in Table 12.
TTASOII STI iug 01 Providessomretextuatimformmatiomrof the T Tas0IT, ©]8. ‘you arein
broadcast mode’.
Table 11 — ResourceStatus (with representation ID) parameters
Harameter Type | Cardinality Description
ResopirceStatus object |1 Resource Status Information for segments identified from a rep-
resentation ID.
rgsourcelnfo array |1.N List of Resource Status Information.
repld string |1 Provides the value for therepresentation ID, i.e. statys holds for
all resources associated-tp a Representation with the[value of the
parameter.
status enum |1 Provides the status of all associated resource to the Representa-
tion. The defined types are documented in Table 12.
reason string [0..1 Provides senie textual information of the reason, e.g.[‘you are in
broadcast'mode”.
Table 12 — Allowed values for status parameter
Status Semantics
availpble Resource is available in DANE and request is expected to be responded with a 2xx code.
unavhilable Resource is ndt-available in the DANE and request is expected to be responded with a
4xx code.
cach¢d Resourcewill be available in the DANE at the time announced in the Media Presentation.
6.5.2] DaneResourceStatus
6.5.2|1 Motivation
This [parameter allows DANEs to signal the available and possibly anticipated to be ayailable data
structures-to the DASH client and also signal which data structures are unavailable. Thiis method is

complententary to the resource status mentioned above as it allows to express the availalle segments
at the time of the status message. The resources are either explicitly listed or provided as a list, or they
are provided by some abbreviated message format.

The message expresses the status of the segment availability at the current time. The DASH client should
assume that this status persists until it is informed about a change of the status or the validityTime of
the message is passed (see Table 1).

6.5.2.2 Source and destination

Type PER
Sender

Receiver

caching DANE
DASH client

© ISO/IEC 2017 - All rights reserved
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6.5.2.3 Datarepresentation

Table 13 shows the DaneResourceStatus parameters.

Table 13 — DaneResourceStatus parameters

Parameter Type Cardinality Description
DaneResourceStatus 1 Provides the status of the resources listed below.
status enum 1 Specifies the resources that can be assigned to this
type. The define types are documented in Table 14.
resourge anvlIRI 0 N Provides a resource for which the status npp]i S
bytles string 0..1 If present, qualifies that the status only appliefs

to the byte range provided in this attribute. The
string shall conform to the byte-range-set accprd-
ing to RFC 7233:2014, 2.1.

If not present, the status applies'to the full resqurce.

resourfeGroup string 0..N Provides a group of resourgesfor which the stptus
applies. In order to express different types of fise
cases and to compress’the'message size, some|sim-
plified regular expression patterns are permifted.
The regular expression pattern follows the PQSIX
standard and, only’a subset of the meta characfer
(see Table 15)'shall be used such that the regullar
expressiah can only be used to define a finite lum-
ber of segments. DANEs shall make sure that 4l
segnients identified by the resourceGroup regular
expression have indeed the status conveyed ir} the
message.

Table 14 — Allowed values for status parameter

Statys Semantics
cached Resource is already cached in the DANE.
unavailable Resource is not avdilable in the DANE and request is expected to be responded with a
4xx code.
promised Resource will be available in the DANE at the time announced in the Media Presentgtion.

Fable 15 — Allowed meta character for resourceGroup regular expresion

Meta Chafacter Description

[] A bracket expression. Matches a single character that is contained within the brackets.
For example, [abc] matches “a”, “b”, or “c”. [a-z] specifies a range which matches any

“_ n “«_n o« »

lowercase letter from “a” to “z”. These forms can be mixed: [abcx-z] matches “a”, “bf, “c”,

‘' " or“z” asdoes [a-cx-7]
—Y— y T 1

0) Defines a marked subexpression. The string matched within the parentheses can be
recalled later (see the next entry, \n). A marked subexpression is also called a block or
capturing group.

\n Matches what the nth marked subexpression matched, where n is a digit from 1 to 9.

{m,n} Matches the preceding element at least m and not more than n times. For exam-

” o«

le, a{3,5} matches only “aaa”, “aaaa”, and “aaaaa”.
) ) y
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This message allows the DANE to send to DASH clients competing for bandwidth over the same network
information about how much bandwidth they should use in order to stay in a fair sharing of the total

bandwidth.

This message is usually sent to DASH clients as a response to a SharedResourceAllocation message and
is usually sent by a DANE who acts as a resource allocation entity:.

cagalc gluan

NOT The-v
(see Table 1).

6.5.3]2 Source and destination
Type PER
Sendler DANE

Rec¢iver DASH client

6.5.3{3 Data representation

Table

16 shows the SharedResourceAssignment parameters.

Table 16 — SharedResourcéAssignment parameters

TV ooty T i C-poatr o cteT i trrcHres

sage envelope

Parameter Type

Cardinality

Description

Shar¢dResourceAssignment object

1

Response message from the coordinat
indicates the results of the bandwidth
operation.

r that
sharing

cljentld token

The clientld identifies the target receivier of this
message. This field shall use the same yalue as the
senderld of the SharedResourceAllocafion message

sent by the client.

rgsourcePrice double

0..N

A price for the bandwidth resource to be used by the
receiver in its utility to price trade-off to determine

an optimal operation point. The operat
selected will maximize the utility to pr

on point
ce ratio.

bandwidth int

0.1

This field contains the assigned bandwjidth to the

identified client. The unit is defined in
field may be omitted if and only if reso
information is present.

bits/s. This
ircePrice

The LvalidityTime attribute in the

shall be

ht for the

SAND message

envelope prese

SharedResourceAssignment message as it allows the DASH client to discover for how long the resource

assignment is available.
6.5.4 MPDValidityEndTime

6.5.4.1 Motivation

This message provides the ability to signal to the client that a given MPD, whose @type is set to
‘dynamic’ and @minimumUpdatePeriod is present, can only be used up to at a certain wall-clock time.

© ISO/IEC 2017 - All rights reserved 19
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Sending the message may be motivated by operational considerations such that DASH clients may fetch
a new version of the MPD faster than they were planning to.

NOTE The validity duration of this message is given by the validityTime parameter in the message envelope
(see Table 1).

6.5.4.2 Source and destination

Type : PER
Sender : DANE

Receiver[: DASH Client

6.5.4.3 Data representation

Table 17 shows the MPDValidityEndTime parameters.

Table 17 — MPDValidityEndTime parameters

Parameter Type | Cardinality Description
MPDValidityEndTime object |1
mpdld string (0..1 The @id attribute of the:carresponding MPD.
publishTie date- |0..1 publish time attributeof the corresponding MPD with the
time same MPD@id.

validityEndTime ?il‘?l; -1 Wall-clock time{at which the MPD will no more be valid

mpdUrl url 0..1 The recominiended URL to use when fetching the next
MPD update.

mpd string |0..1 The\full updated MPD encoded in a string using base64
encoding.

mpdUrl and| mpd parameters are mutually) exclusive and one of the two shall be present in any
MPDValidity[EndTime message.

6.5.5 Throughput

6.5.5.1 Mg¢tivation

This message allows a-DASH client to have, in advance, knowledge of the throughput characterjistics
and the guafrantees along with this from the DANE to the DASH client. The status may be different
for different baseUxl“or different Representation IDs (repld) used, allowing to signal throughput
characteristjcs,dependent on the network delivering it. This may, for example, be used in case somg QoS
is provided ¢n.the access link between the DANE and the DASH client or if the data is cached in ajlocal
device. This message may apply in case the DANE is Tocated in a different device from the DASH client,
and communicate with the DASH client via a network, e.g. a mobile network.

The message expresses the throughput status of the network at the current time and for the duration in
which the message is valid (see Table 1).

6.5.5.2 Source and destination

Type : PER
Sender : caching DANE

Receiver : DASH client

20 © ISO/IEC 2017 - All rights reserved
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Table 18 shows the throughput (with baseUrl) parameters while Table 19 shows the throughput (with
representation ID) parameters.

Table 18 — Throughput (with baseUrl) parameters

Parameter

Type

Cardinality

Description

Throughput

object

1

ba

seUrl

string

Provides the base URL for the associated resources,
i.e. the throughput holds for all resources referenced

by this base URL.

gy

aranteedThroughput

unsigned int

Specifies a guaranteed throughputin“bif

s/s. Pro-

vides the guarantee for the throtighput in a sense

that the download time of a résource of
and from receiving the firstbyte to rece
byte is at most $*8 divided-by the value
ute. This guarantee is provided with th¢
of the percentage of certainty and holds
from the DASH client without any other
HTTP requests:

size S bytes
iving the last
bf the attrib-
below value
for a request
concurrent

pe

rcentage

unsigned int

0.1

Specifies the-eertainty of the above guar
certainty‘ofthe guarantee is expressed
age frem+0 to 100. If not present, the def]
100/Values higher than 100 are conside

antee. The
hs a percent-
hult value is
red as 100.

Table 19 — Throughput (with:representation ID) parameters

Parameter

Type

Cardinality

Description

Thro

ighput

object

1

re

pld

string

1

Provides the value for the representatio
throughput holds for all resources assoc
Representation with the value of the par

hID, i.e.
atedtoa
ameter.

gy

aranteedThroughput

unsignediint

Specifies a guaranteed throughput in bit
the guarantee for the throughputin a se
download time of a resource of size S by
receiving the first byte to receiving the |

s. Provides
hse that the
es and from
ast byte is at
ibute. This

most S*8 divided by the value of the attrj

percentage of certainty and holds forar

quest from

guarantee is provided with the below V}ue of the

the DASH client without any other conc
requests.

rrent HTTP

pe

rcentage

unsigned int

0.1

Specifies the certainty of the above guarj

certainty of the guarantee is expressed §

antee. The
s a percent-

age from 0 to 100. If not present, the def;

hult value is

100. Values higher than 100 are considered as 100.

6.5.6 AvailabilityTimeOffset

6.5.6.1 Motivation

This message allows a DASH client to have, in advance, knowledge of the availability time offset from the
DANE to the DASH client. The status may be different for different baseUrl or different Representation
IDs (repld) used, allowing to signal availability time offset dependent on the network delivering it.
This is typically the result of the different paths and processing operations that the Segments of the
Representation that is sent over a one network undergo compared to the segments of Representations
that are delivered over another network. The intention is to adjust the segment availability start times
to the new path and bring the DASH client to a correct operation point by taking into account the
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delay caused by the transport of the resources over different networks. This availability offset may be
positive or negative and should be taken into account by the DASH client to avoid buffer underflows
when switching between Representations and also to avoid 404 messages as much as possible.

The message expresses the status of the network at the current time. The DANE should avoid
significantly changing the parameters for one resource as it may result in scheduling/playback
problems in the DASH client.

The segments’availability times shall be accurately signalled in the MPD. This message is not intended
to be used as a general practice, but only on the exceptional occasions when the availability time of
the segments is changed due to unforeseen conditions during the streaming session and after the

publication efthe MPD
NOTE The validity duration of this message is given by the validityTime parameter in the message‘enyelope
(see Table 1).
6.5.6.2 Soprce and destination
Type PER
Sender caching DANE
Receiver DASH client
6.5.6.3 Data representation
Table 20 shows the AvailabilityTimeOffset (with baseUrl)Sparameters while Table 21 showg the
AvailabilityTlimeOffset (with representation ID) parameters.
Table 20 — AvailabilityTimeOffset(with baseUrl) parameters
Parammeter Type | Cardinality Description
AvailabilityTjmeOffset object |1
baseUrl url Provides the base URL for the associated resources, i.¢. the
offset holds for all resources referenced by this base YRL.
offset int 1 Specifies the offset in milliseconds that needs to be applied
to the segment availability start time of the resources
accessible through the indicated location or representjation
identifier.
Table 21 —=-AvailabilityTimeOffset (with representation ID) parameters
Parameter Type | Cardinality Description
AvailabilityTjmeQffset object |1
repld string |1 Provides the value for the representation ID, i.e. offsef]
holds for all resources associated to a Representation with
the value of the parameter.
offset int 1 Specifies the offset in milliseconds that needs to be applied

to the segment availability start time of the resources
accessible through the indicated location or representation
identifier.

6.5.7 QoSInformation

6.5.7.1 Motivation

A DASH client can take the available network QoS information into consideration when requesting
segments such that the consumed content bandwidth remains within the limits established by the

22
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signalled QoS information. As such, there is a value in enabling signalling of QoS parameters to the
DASH client in order to be used for adaptation purposes.

NOTE

6.5.7.

Type

Sender

The validity duration of this message is given by the validityTime parameter in the message envelope
(see Table 1).

2 Source and Destination

PER
DANE

Rec(

6.5.7
Table

E1ver DASH client

3 Data Representation

22 shows the QoSInformation parameters.

Table 22 — QoSInformation parameters

Parameter Type | Cardinality Déscription
QoSIpformation  |object |1
ghr int 0.1 Guaranteed bit rate inskbps between the DANE and DASH client,
denoting the end-to-énd guaranteed bit rate at the [P|layer bearer
that the service provider delivers to the DASH client.
nibr int 0.1 Maximum bit-ate in kbps between the DANE and DASH client, lim-
iting end te_end bit rate that the service provider delivlers the DASH
client and'denoting the end to end maximum bit rate at the IP layer
bearer that the service provider delivers to the DASH flient.
delay int 0..1 Packet layer budget in milliseconds (ms) denoting thg maximum
packet delay encountered at the IP layer with a confidence level of
98 percent.
p int 0.1 Packet loss parameter, where packet loss rate equals [L0*(-PL/10).
At legst one of the above parameteérs shall exist in the message.
6.5.8| DeliveredAlternative
6.5.8|1 Motivatioh

As a

response<toran AcceptedAlternatives message sent by a DASH client, a DANE ma

alternative ségment rather than the requested segment. If so, the DANE shall send a Delivere

mess
requg

hge to the DASH client to inform him that the response contains a segment alternativ
sted-segment. The HTTP response shall prevent wrong additional caching from an i

y deliver an
dAlternative
b and not the
ntermediate

RNE,

r

thus it shall include the fn]lmming headers

AWarning header with value ‘214 Transformation Applied.

epresentation.

that may be already present.

A Content-Location header which value is the @sourceUrl of the selected segment

A Vary header containing the value ‘SAND-AcceptedAlternatives’, in addition to other values

A DANE may also add no-caching directives into the response to prevent RNEs from caching the

HTTP object.

NOTE The validity duration of this message is given by the validityTime parameter in the message envelope
(see Table 1).
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6.5.8.2 Source and Destination

Type
Sender

Receiver

PER

DANE
DASH client

6.5.8.3 Data Representation

Table 23 shows the Delivered Alternative parameters.

Table 23 — DeliveredAlternative parameters

Paranpeter Type | Cardinality Description
Delivered Altprnative object |1 Description of what is delivered when a DANE Sénds a ref-
sponse containing an alternative representation.
initialUr] url 0.1 This is the URL of the initially requested'segment.
NOTE Within a request/response.exchiange in HTTP, the
requested URL is implicitly knowin the response becayise
thereisa 1 to 1 association between them. So it does not
need to be repeated explicitly.
contentLpcation url 1 This is the URL of the actual’delivered content.
6.5.9 DangCapabilities

6.5.9.1 Mg¢tivation

This messag
(both as a1
messages. 1
used to sign

NOTE Th
(see Table 1).

e allows a DANE to announce to a DASH ¢client which specific SAND messages it sup
receiver and emitter) by listing the MéssageType (see Table 2) of all supported

addition, a message set URN that regroups several SAND messages together may al
1 additional support of a group of SAND messages.

e validity duration of this megssage is given by the validityTime parameter in the message eny

ports
SAND
so be

relope

6.5.9.2 Soprce and destination
Type PER
Sender DANE
Receiver DASH“client
6.5.9.3 Datarépresentation
Table 24 shows the DaneCapabilities parameters.
Table 24 — DaneCapabilities parameters
Parameter Type | Cardinality Description
DaneCapabilities object |1 Provides the list of SAND messages supported by the
DANE. A profile may also be used.
supportedMessage array |0..N Provides the list of SAND messages supported by the DANE.
messageType int 1 MessageType of one supported SAND message (see Table 2).
messageSetUri urn 0.1 URN of a message set that regroups several SAND messages
together.
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The only message set URN defined in the present specification is urn:mpeg:dash:sand:
messageset:all:2016. DANEs which support this message set actually support all SAND messages
defines in present specification.

6.6

PED Messages

This document does not include any PED message.

7 SAND message representation format

This
netw|
SANI

The X

8 1

8.1
This

enabled elements. It does not preclude that other additiohal transport protocols (as

Claus

1 Lol NZAAL n ) £ L C AN dad ada £, 4

IdUST UCTIIIITS AIVIL dS5 UIT 1ULIlIdU 1TUL OoAIND ulcooasco udtla lClJl CoTIILAatluUll 1UTI I11aL.
brk elements may implement additional data representation formats, they shall,at\l
messages in XML format and HTTP header extension format (see 8.2.3).

ML schema for SAND messages is defined in Annex A.

‘'ransport Protocol to carry SAND messages

General

Clause defines HTTP as the minimum transport protocolthiat shall be at least suppor

e 10) could also be implemented.

Deliv|
a) n
b)
c) H
Depe

varie
elemg

ery of the following messages shall be supportedaising HTTP protocol:
netrics messages (from DASH client to DANE);

tatus messages (from DASH client to DANE);

ER messages (from DANE to DASH.elient).

hding on the nature of SAND«<messages, the use of HTTP protocol by SAND netwc
5. Table 25 summarizes which HTTP usages shall be supported (in bold in the table
ent or may be optional depending on the nature of the SAND message.

Table 25:— Mandatory usages of HTTP for carrying SAND messages

While SAND
bast support

ted by SAND
Hescribed in

rk elements
) by a SAND

Metrics messages HTTP POST (8.2.2)
HTTP headers (8.2.3) may be used for small metrics messages.

Status\messages HTTP headers (8.2.3)
HTTP POST (8.2.2) may be used when client knows DANE URL or |P
address.

PER messages HTTP GET (8.3)

A network element may implement other transport protocols in addition to HTTP or use HTTPS.

8.2

8.2.1

Protocol to carry metrics and status messages

General

Depending on how the destination DANE or Metrics server can be identified, two cases are defined.
When the DANE URL or IP address is known by the DASH client, the client send messages as the body
of HTTP requests directly sent to the DANE. When the target DANE(s) is (are) located on the media
delivery path and not directly addressable as above, messages are attached to HTTP requests for media.
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8.2.2 Sending a message directly to Metrics server or DANE

The DASH client uses the HTTP POST method to send a metrics (or status) message to the Metrics server
(or the DANE). The URL for the request is the @endpoint URL announced by the channel signalling
defined in Clause 9.

The Content-Type shall be application/sand+xml, as defined in Annex C.
The message document itself shall be included as the body part of the HTTP request.

For example, with @endpoint=http://some_dane.my domain.com/path/to/messages the HTTP request
is as follows.

POST /path/
Host: some |
Content-Typ
Content-Len)

[...]

to/messages HTTP/1.1

dane.my domain.com

e: application/sand+xml;charset="utf-8"
gth: 248

<?xml versi
<Anticipatg¢

on="1.0" encoding="UTF-8"7?>
[dRequests messageld="1234"

8.2.3 Attaching a message to requests for media

The DANE tp which a message is sent may not be the origin server.but any intermediate netfwork

equipment @
sending of S
DASH client

The DASH ¢
an HTTP he
Multiple hea

For SAND m
sandmessag
replaced wit

The header v

sand-messagq
sand-object
sand-attr-9
sand-list
sand-attrib
sand-attril
sand-value
/ TOKEN / 1|
/ integer-1
integer-1lig

n the media delivery path that is able to understand the-HTTP request. In this cas
AND messages makes use of existing requests for DASHymedia, MPD or segments, fro
fo the DANE.

ient may attach metrics or status messages to‘Such requests by inserting in the re

p:2016), the namespace shall be present in the SAND message name with colon chara
h hyphens. For instance: SAND-urh-my-example-com-MyMessage.

ralue provides the message data. The header value shall conform to the following ABN
e-value = sand-object

= sand-attr-or-list *( sand-attr-or-list
r-list sand-at&ridbute / sand-list
"[" sand-objedty*( ";" sand-object )
ute sand-atfrnibute-name "=" sand-value
lute—-name STRING
= QUOTEDSTBRING / QUOTEDURI
NT / BYFERANGE / DATETIME

ist
t =[N INT *(

)

won
’

"] "

u, " INT )

ll} "

sand-attun

0, the
m the

quest

der with name SAND-XXX where XXX is the'name of the message as defined in Clayise 6.
ders may appear in a single request.

bssages defined in another namespace\thian the MPEG namespace (urn:mpeg:dash:schema:

cters

F.

fined

iMite-name shall he strings which contain the name of message parameters,_ as dd

in this document.

sand-value shall contain a value that is allowed for the message parameter it is associated to, as
defined in this document.

integer-1ist shall be used only for supportedMessage parameter of DaneCapabilities and
ClientCapabilities messages.

QUOTEDURI is a URI (RFC 3986) enclosed between double quotes. If a double quote is part of the UR],
it shall be encoded as %22. The enclosing double quotes protect from misinterpretation of delimiters
used elsewhere in the message syntax.

DATETIME shall follow the ISO 8601 format, with a dot and not a comma for fractions of second to
avoid confusion with comma separating key=value pairs. Additionally, the DATETIME format shall be
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restricted to YYYYMMDDThhmmss.mmmZ format where the milliseconds part (mmm) is optional.
The simple “Z” at the end enforces the use of UTC (Zulu time) for time zone. The sender is assumed to
know its own time zone and be able to produce this format easily.

If attributes defined for the envelope have to be included, they shall appear first in the message, and will
be provided as key=value pairs. Note that the messageld parameter is not mandatory to be included in
the case of status messages in HTTP headers.

When attaching messages to media request, messages are meant to be received by all DANEs on the
media delivery path. Therefore, DANEs shall no strip header extensions so that other DANEs further in
the delivery path may receive the message too.

NOTH IfHTTPS is used for the media delivery, the message will only reach the final endpoint of the underlying
TLS cpnnection, and will not be seen by intermediates. Such SAND message communication camtherefore not be
used glong with TLS if it is meant to be intercepted by an intermediate DANE.

The fpllowing text shows examples of status messages sent in HTTP headers.

SANI-AnticipatedRequests: [sourceUrl=~"http://my.cdn.egom/video/sdme
_sedment.m4v~", range=0-

5000, targetTime=2015-10-11T17:53:037]

SAN[-SharedResourceAllocation: [bandwidth=300000)'quality=1;bandwidth=6000
00,quality=2;bandwi

th=1200000,quality=3],weight=50,allocation3drategy=~"urn:mpeg:dagh:sand:
alldcation:basic:2016

”

SANI-AcceptedAlternatives: [sourceUt¥=~"/video/q 4/seg 25.mp4v~",|range=0-
85333; sourceUrl=~"/vid

eo/dq 3/seg 25.mpd4v~",range=0-64000]
SAN[-AbsoluteDeadline: deadline=2015-10-11T17:53:03%
SAN-MaxRTT: maxRTT=2345
SAN-urn-my-example-com<MyMessage: foo=bar
SAN[J-ClientCapabiliti€s: [messageType=6;messageType=7]
SAN[-DaneCapabilifies: supportedMessage=[13,14,16]

8.3 |Protocolto'carry PER messages

8.3.1 General

The fpllowing scenarios are considered for exchange between the DANE and the DASH client.

— Client assistance: A scenario for which the message is provided as auxiliary information for the
client, but the service will be continued even if the client ignores the message. This is, for example,
the case when the service provider provides information on the availability of additional networks
that may be accessed by the DASH client to request the content. For examples of protocols and
methods, see 8.3.2.

— Client Enforcement: A scenario for which the DASH client requires to act, the network provides
suitable alternatives for future requests. The DANE cannot or is not willing to respond to the request
with a valid resource, but provides suitable alternatives. For examples of protocols and methods,
see 8.3.3.
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— Error Cases: A scenario for which the client is informed that the request is not valid and the network
provides the reason and possible resolutions for the problem. The DANE cannot respond to the
request with a valid resource. For examples of protocols and methods, see 8.3.4.

8.3.2 Assistance

For assistance, a suitable method is the use of a dedicated HTTP header field that indicates a notification
that the DANE has SAND messages to send to the DASH client. Upon receiving an HTTP entity that
contains the SAND header field in its entity head, the DASH client issues a GET request to the indicated
element to receive the SAND message.

The followingABNFsytaxfortheteader fietd stattbemsed————————————————————————————

SAND-header|-field = "MPEG-DASH-SAND" ":" element-address
element-address = absolute-URI

The field abpolute-URT takes the syntax from RFC 3986. The SAND header field prowides the URI to
the SAND me¢ssage that is to be fetched by the DASH client using an HTTP GET method!

8.3.3 Enfqrcement

For enforcerpent, a suitable method is the use of a 300 Multiple Choices\xesponse with the follqwing
details.

— The response includes an entity containing a SAND message. The entity format is specified Qy the
media type given in the Content-Type and shall be set tolgand+xm1, as defined in Annex Q.

— Theresponse should not include the Location field to avoid the use of the Location field value ijy the
user agent for automatic redirection.

This responge is cacheable unless indicated otherwise:

8.3.4 Errqr case

For error capes, a suitable method is the use of a suitable 4xx error code. The response may incllude a
SAND messdge from which the client can;deduce the reason for the error code and potential resolution
of the problgm.

9 Signalling of SAND communication channel

9.1 General

The signalling meehanism described in this clause is intended to provide the necessary informatijon so
as to use HT[TP,protocol for SAND messages as described in Clause 8, or to signal the use of alternative
transport protoeols (such as WebSockets, see Clause 10).

In order to signal the SAND communication channel to DASH clients, the DANE may announce the
presence of a SAND channel via the MPD using the sand:Channel element defined in the “urn:mpeg:
dash:schema:sand:2016” namespace. The namespace prefix is “sand:”. Table 26 shows the sand:
Channel element.
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Table 26 — sand:Channel element

Element or Attribute Name Use Description
Channel provides information about a SAND channel
@id O (string) |specifies an identifier for this SAND channel.
@schemeIdUri M identifies the channel scheme. The channel scheme
defines the protocol the recipient of the SAND channel
shall support.
@endpoint O (string) |provides the endpoint to the SAND channel. The end-
point conforms to the URI specification, RFC 3986.
NOTE—Fheconditions Uu}_y frotds—withott uaius ke liu}\ius ts uocd, themratattributes—are ‘optional” and
<minQccurs=0>

The dand:Channel@schemeIdUri specifies which protocol the DASH client shall'use wi

chan

hel. Table 27 lists the mandatory protocols.

Table 27 — Protocols for SAND channels

th this SAND

@scH

emeIdURI Description

urn i

mpeg:dash:sand:channel:http:2016

SAND messages are transmitted via HTTP
inside the body of the request.

In this‘case, the @endpoint ofthe sand: C

The identifier indicates that the recipient
channel shall use the protocol defined in 8.2]

bea'valid HTTP URL according to RFC 3986.

of the SAND
2. Thatis, the
POST request

hannel shall

urn g

mpeg:dash:sand:channel:header:2016

channel shall support the protocol defined
is, the SAND messages are transmitted via

In this case, the @endpoint ofthe sand: C
not be present.

The identifier indicates that the recipient

extension of HTTP requests for media segme

of the SAND
n 8.2.3. That
HTTP header
nts and MPD.

hannel shall

To al
DANH

The f]

SANDA

"," q

ow signalling of a SAND communication channel in case it is not practical to modify

bllowing ABNF syntax-defines this header field:

channel-header{figld
ptional-endpdint

"MPEG-DASH-SANDChannel" ":" "schemeIdUri=" channel-s

E may also announce it viadn'HTTP header attached to any response to a media reque

the MPD, the
st.

theme-name

optiqnal-endpoint, = "endpoint=" element-address / VOID

chanijel-schemesname = URN

elemgnt-addpes's = absolute-URI

The fjeld absolute-URI follows the syntax from RFC 3986.

A DASH client imnlementing anv SAND messaages chall csuiimnort csionalling of SAND cha
AR e Y R LRTTEARTETERo T Y YATEEE i 3 il o e = = ARETE AR

HTTP header and MPD.

9.2 XML schema for sand:Channel element

Figure 5 shows the XML schema for sand:Channel element.

© ISO/IEC 2017 - All rights reserved

Anel via both

29


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

ISO/IEC 23009-5:2017(E)

<?xml version="1.0" encoding="UTF-8"7?>

<xs:schema
targetNamespace="urn:mpeg:dash:schema:sand:2016"
attributeFormDefault="unqualified"
elementFormDefault="qualified"
xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

<xs:annotation>
<xs:appinfo>SAND elements</xs:appinfo>
<xs:documentation xml:lang="en">

xmlns="urn:mpeg:dash:schema:sand:2016">

This Schema defines the Server and network assisted DASH (SAND) XML elements for
MPEG-DASH.
</xs:{locumentacion

<!—=SAND
<xs:elej

<!—SAND
<xs:comy
<xs:af
<xs:af
<xs:af

</xs:co

</xs:sche

message: main element -> A

ent name="Channel" type="ChannelType"/> QD'
s

Channel -> ng

lexType name="ChannelType"> (g$>

tribute name="id" type="xs:string"/> (1,

tribute name="schemelIdUri" type="xs:anyURI" use="required'/

tribute name="endpoint" type="xs:anyURI" use="required!

<xs:afyAttribute namespace="##other" processContents="lax"
plexType>

a>

</xs:anfpotation>

@\\
\&

fa\

X\

P

10 Option

10.1 Genel

This clause

ral

Figure 5 — XML Schema for sand{Channel element

al transport protocols to carry SAND messages

DANE and tlhe DASH client. Table 28 defines additional schemes that are optional protocols for

channels.

Table'28 — Optional protocols for SAND channels

specifies additional transpert protocols for the exchange of SAND messages betwgen a

bAND

@schemeId(RI

Description

urn:mpeqg:

ash:sandfchannel :websocket:2016

Protocol.

The identifier indicates that the DASH client shalll use
the WebSocket Protocol as specified in 10.1 WebSpcket

In this case, the @endpoint of the sand:Cha

hnel

Socket URIs of RFC 6455.

shall' be a valid WebS>ocket URT as specified 1n 5

eb-

10.2 WebSocket protocol

10.2.1 General

This clause defines the exchange of SAND messages over the WebSocket Protocol as specified in

RFC 6455.

30
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This subclause addresses the signalling of the SAND channel setup information to the DASH clients via

the MPD of which Figure 6 presents an MPD example.

The @schemaIdUri attribute of the sand:Channnel element shall be urn:mpeg:dash:sand:
channel :websocket : 2016 while the @endpoint attribute shall contain a valid WebSoscket URI as

defined in RFC 6455, Clause 3 WebSocket URIs.

The following is an MPD example of a SAND channel signalling.

<?xml version="1.0" encoding="UTF-8"?>
<MP
xfilns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" /\
="urn:mpeg:dash:schema:mpd:2011" Q\
="urn:mpeg:dash:schema:mpd:2011 DASH-MPD.xsd" (]/
"urn:mpeg:dash:schema:sand:2016" 6.
="dynamic" cb/
=TT Q
"pPT30M" (bQ
"2011-12-25T12:30:00" (]/
"PT43S" C)
="urn:mpeg:dash:profile:isoff-1ive:2011"> \@
<BaseURL>http://cdnl.example.com/</BaseURL> O\
<BaseURL>http://cdn2.example.com/</BaseURL> \%
<Period id="1"> Os\
<!-- Video --> Q
<AdaptationSet QQ
="video/mp4"
="avcl.4D401F" 0\\
="30000/1001" ‘\
="true" \QQ)
—nyns o\
<BaseURL>video/</BaseURL> $
<SegmentTemplate "90(@ "$Bandwidth%/init.mp4v"
="$Bandwidth%/$Time$ .mp4v">
<SegmentTimeline> \O
<§ t="0" d="180180" :N432"/>
</SegmentTimeline> ‘\\CJ
</SegmentTemplate> C)
<Representation ="v0" ="320" ="240" ="250000"/>
<Representation @'vl" ="640" ="480" ="500000"/>
<Representatio© ="y2" ="960" ="720" ="1000000"/>
</Adaptation5e(;)
<!-- Audio - .
<Adaptati@ "audio/mp4" "mp4a.40" "en" "o
5>
<Se QTemplate ="48000" ="audio/en/init.mp4a"
"gﬁ/en/$Time$.mp4a">
@ egmentTimeline>
\ <S "o" "96000" "432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation ="aQ" ="64000" />
</AdaptationSet>
</Period>
<sand:Channel "urn:mpeg:dash:sand:channel:websocket:2016"
"wss://cdn3.example.com">
</MPD>

Figure 6 — Example of setting up a Websocket channel as the SAND channel in the MPD
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Upon reception of the MPD, the DASH client parses the MPD. The sand:Channel element indicates
that a SAND channel is available. The @schemeIdUr1i attribute value specifies that the SAND channel
uses the WebSocket Protocol. The @endpoint attribute indicates the actual endpoint to which the
DASH client shall connect to in order to set up the SAND channel.

For the same security reasons as for the MPD delivery, it is recommended that WebSocket-based SAND
channels run over TLS. Hence the use of “wss” for the URI scheme in the @endpoint attribute in the

MPD exampl

e. See RFC 6455, 10.6 Connection confidentiality and integrity for more details.

When the connection to the WebSocket-based SAND channel is successful (see ISO/IEC 23009-1 for the
successive steps of the protocol), the DASH client starts listening for incoming PER messages and may

send metrics

connection,
opposite dir

10.2.3 Web

Data frame
UTF-8 encod

and status messages when needed. Since the WebhSocket Protocolestablishes a full-d

he DANE and the DASH client may exchange SAND messages travelling simultanedu

bctions over the channel.

Socket messages

messages of the WebSocket Protocol shall be set to the text type andythe content sh
ed as specified by the WebSocket Protocol. Each WebSocket messageshall contain a

SAND messadge compliant with the SAND message XML schema.

uplex
sly in

hll be
valid

11 Reporting of metrics via SAND protocols
ISO/IEC 230P9-1:2014, Annex D defines a list of metrics to be collected by the DASH client. SAND afllows
the MPD author to use the SAND protocol for the reporting of these metrics.
When SAND|protocol is used to report metrics, the Reporting@schemeIdUri element shall indicate
the SAND protocol that the DASH client shall use. The pgssible values are those listed in Table 2 and
Table 28. In|that case, the same rules applying to sand:Channel@endpoint attribute shall ppply
to the Reporting@value attribute. In addition, the scheme given in Table 29 shall be used fgr the
Reporting@schemeIdUri.
Table 29 =~ DASH metrics reporting
@schemeIdyRI Description
urn:mpeg:flash:sand:channel:2016 The identifier indicates that the DASH client shall use
a SAND channel to report the metrics.
In this case, the Reporting@value attribute|shall
contain the value of a sand:Channel@id attiibute
present in the MPD. Consequently, the DASH clierft will
derive the protocol to use from the attributes ¢f the
indicated sand:Channel.
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Annex A
(normative)

XML Schema for SAND messages

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema
targetNamespace="1rn-mpeg-dash-schema-sandmessage-2016"
atfgributeFormDefault="unqualified"
elgmentFormDefault="qualified"
xmlns:xs=http://www.w3.0rg/2001/XMLSchema
xmIns="urn:mpeg:dash:schema:sandmessage:2016">

<xg4:annotation>

xs:appinfo>SAND Messages</xs:appinfo>
xs:documentation xml:lang=“en">

This Schema defines the Server And Network Assisted DASH (SAND) messages fpr MPEG-
DASH
/xs:documentation>
</sjs:annotation>

<!4- SAND message: main element -->
<xd4:element name="SANDMessage" type="SANDEnvelopeType"/>

<!4- SAND common envelope Type —-->

<xgq:complexType name="SANDEnvelopeType">

xs:choice maxOccurs="unbounded">

<xs:element name="AnticipatedRequests!\.type="AnticipatedRequestsType"/>
<xs:element name="SharedResourceAllggation" type="SharedResourceAllocatiopType"/>
<xs:element name="AcceptedAlternatives" type="AcceptedAlternativesType"/>
<!-- AbsoluteDeadline is not allbowed in XML, only in HTTP headers -->
<xs:element name="MaxRTT" typez"MaxRTTType"/>

<xs:element name="NextAlternadbives" type="NextAlternativesType"/>
<xs:element name="ResourceStatus" type="ResourceStatusType"/>

<xs:element name="DaneResourceStatus" type="DaneResourceStatusType"/>
<xs:element name="SharedResourceAssignment" type="SharedResourceAssignmenfType"/>
<xs:element name="MPDValidityEndTime" type="MPDValidityEndTimeType"/>
<xs:element name="Theoughput" type="ThroughputType"/>

<xs:element names&!'AvailabilityTimeOffset" type="AvailabilityTimeOffsetType"/>
<xs:element nameé=""QoSInformation" type="QoSInformationType"/>

<!-- DeliveredAlternative is not allowed in XML, only in HTTP headers -->
<xs:element wmame="DaneCapabilities" type="DaneCapabilitiesType"/>
<!-- ISO/ESE 23009-5 Annex D DASH metrics -->

<xs:elefuent name="TcpList" type="TcpListType"/>

<xs:element name="HttpList" type="HttpListType"/>

<xgsfedPement name="RepSwitchList" type="RepSwitchListType"/>
<xsg:kelement name="BufferLevelList" type="BufferLevellistType"/>
<&g:element name="PlayList" type="PlayListType"/>

S . dlly lLdllLCDLJabcf"##UL].ICL" yLULCDDCULILClLLD*"la = llLJ‘.lLU\.L,u.LD*"U
maxOccurs="unbounded" />
</xs:choice>
<xs:attribute name="senderId" type="xs:token”/>
<xs:attribute name="generationTime" type="xs:dateTime”/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

<!-- SAND message base Type —-->
<xs:complexType name="SANDMessageType'">
<xs:attribute name="messageld" type="xs:unsignedInt" use="required"/>
<xs:attribute name="validityTime" type="xs:dateTime”/>
</xs:complexType>

<!-- AnticipatedRequests Type -->

<xs:complexType name="AnticipatedRequestsType">
<xs:complexContent>
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<xs:ext
<xSs:s

<xs
maxOccurs="
</xs:
</xs:ex
</xs:co
</xs:comp

<!-- Requ
<xs:compl
<xs:att

009-5:2017(E)

ension base="SANDMessageType">

equence>

:element name="Request" type="AnticipatedRequestType" minOccurs="1"
unbounded" />

sequence>

tension>

mplexContent>

lexType>

est Type -->
exType name="AnticipatedRequestType">
ribute name="sourceUrl" type="xs:anyURI" use="required"/>

<xs:attribute name="range" type="ByteRangeSetType"/>
<xs:attribute name="targetTime" type="xs:unsignedlong”
</xs:complexType>
<!-- SharledResourceAllocation Type -->
<xs:compllexType name="SharedResourceAllocationType">
<xs:complexContent>
<xs:extlension base="SANDMessageType">
<xs:slequence>
<xsl:element name="OperationPoint" type="OperationPointType" minOCcurs="1"
maxOccurs="funbounded" />
</xs:|sequence>
<xs:dlttribute name="weight" type="xs:unsignedInt”/>
<xs:gttribute name="allocationStrategy" type="xs:anyURI”/p
<xs:gttribute name="mpdUrl" type="xs:anyURI”/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<!-- Oper
<xs:complj
<xs:att
<xs:att]
<xs:att]
</xs:comp

<!-- Acceg
<xs:compl
<xs:com
<xs:exy
<xs:g

<xg|

</
</xs:
</xs:ex
</xs:cq

ationPoint Type -->

exType name="OperationPointType">

ribute name="bandwidth" type="xs:unsighedInt" use="required"/>
ribute name="quality" type="xs:unsigmedInt”/>

ribute name="minBufferTime" type="g§*unsignedInt”/>

lexType>

ptedAlternatives Type -->

exType name="AcceptedAlternativesType">

plexContent>

ension base="SANDMessageType">

lequence>

relement name="Alternative" minOccurs="1" maxOccurs="unbounded">

xs:complexType>

<xs:attribute name="sourceUrl" type="xs:anyURI" use="required"/>
<xs:attributg-‘name="range" type="ByteRangeSetType"/>
<xs:attribute name="bandwidth" type="xs:unsignedInt”/>
<xs:attribute name="deliveryScope" type="xs:unsignedInt”/>

/x5 : compXexType>

s:element>

sequehree>

tension>

mpiexContent>

</xs:com

& faal
TCXIYPT

<!-- MaxRTT Type -->

<xs:compl

exType name="MaxRTTType">

<xs:complexContent>

<xs:ext
<xs:a
</xs:ex
</xs:co
</xs:comp

<!-- Next
<xs:compl

ension base="SANDMessageType">

ttribute name="maxRTT" type="xs:unsignedInt" use="required"/>
tension>

mplexContent>

lexType>

Alternatives Type -->
exType name="NextAlternativesType">

<xs:complexContent>

<xs:ext
<xs:S
<xs

34

ension base="SANDMessageType">
equence>
:element name="Alternative"

minOccurs="1" maxOccurs="unbounded">
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<xs:complexType>
<xs:attribute name="sourceUrl" type="xs:anyURI" use="required"/>
<xs:attribute name="range" type="ByteRangeSetType"/>
<xs:attribute name="bandwidth" type="xs:unsignedInt”/>
<xs:attribute name="deliveryScope" type="xs:unsignedInt”/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<!-- ClientCapabilities Type -->
<xg:complexType name="ClientCapabilitiesType"
xs:complexContent>
xs:extension base="SANDMessageType">
<xs:sequence>
<xs:element name="SupportedMessage" minOccurs="0" maxOccurs="unpouwded"
<xs:complexType>
<xs:attribute name="messageType" type="xs:unsignedInt" usez"requirefd"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="messageSetUri" type="xs:anyURI”/>
/xs:extension>
/xs:complexContent>
</ds:complexType>

<!4- ResourceStatus Type -->
<xgq:complexType name="ResourceStatusType">
xs:complexContent>
<xs:extension base="SANDMessageType'">
<xs:choice minOccurs="1" maxOccurs="unbounded">
<xs:element name="ResourceURLInfY) type="ResourceURLInfoType" />
<xs:element name="ResourceRepresentationInfo"
typeg"ResourceRepresentationInfoType" />
</xs:choice>
</xs:extension>
/xs:complexContent>
</H#s:complexType>

<!4- ResourceURLInfo Type, >

<xg:complexType name="Res@urceURLInfoType">
xs:attribute name="baseUrl" type="xs:anyURI”/>
xs:attribute names"status" type="ResourceStatusTypeStatusType" use="requirgd"/>
xs:attribute nam@="reason" type="xs:string”/>
</Hs:complexType>

<!4- ResourceRepresentationInfo Type -->

<xgd:complexType name="ResourceRepresentationInfoType">
xs:attfibute name="repId" type="StringNoWhitespaceType"/>
xs:alft®ibute name="status" type="ResourceStatusTypeStatusType" use="requirgd"/>
xssatktribute name="reason" type="xs:string”/>

</ .\,uulylc T_yj_wc

<!-- ResourceStatus status enumeration -->
<xs:simpleType name="ResourceStatusTypeStatusType">
<xs:restriction base="xs:string">
<xs:enumeration value="available"/>
<xs:enumeration value="cached"/>
<xs:enumeration value="unavailable"/>
</xs:restriction>
</xs:simpleType>

<!-- DaneResourceStatus Type -->
<xs:complexType name="DaneResourceStatusType">
<xs:complexContent>
<xs:extension base="SANDMessageType">
<xs:sequence>
<xs:element name="resource" type="ResourceType" minOccurs="0"
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maxOccurs="

<xs:element name="resourceGroup" type="xs:string" minOccurs="0"

maxOccurs=""
</xs:

<xs:attribute name="status" type="DaneResourceStatusTypeStatusType" use="required"/>

</xs:ex
</xs:co
</xs:comp

<!-- Resour
<xs:compl

009-5:2017(E)

unbounded" />

unbounded" />
sequence>

tension>
mplexContent>
lexType>

ce Type ——>
exType name="ResourceType'">

<xs:simpleContent>

<xs:extension base="xs:anyURI">
<xssattribute name="bytes" type=" tring”
</xs:lextension>
</xs:simpleContent>
</xs:complexType>
<!-- DaneRegsourceStatus status enumeration -->
<xs:simplleType name="DaneResourceStatusTypeStatusType">

<xs:res
<xS:§
<xS:¢
<xs:§
</xs:r¢
</xs:simg

<!-- Shar
<xs:complj
<xs:comn
<xXs:§

<x9

maxOccurs="]
</xs:s¢g
<xs:4d

<xs:4d
</xs:ex
</xs:cq
</xs:comp

<!-- MPDV
<xs:compl]
<xs:com
<xs:ext
<xs:9

<xg

</
</xs:
<xs:4d

triction base="xs:string">

humeration value="cached"/>

humeration value="unavailable"/>

numeration value="promised"/>

striction>

leType>

ledResourceAssignment Type -->

exType name="SharedResourceAssignmentType">
plexContent>

xtension base="SANDMessageType">

:sequence>

unbounded" />

lquence>

ttribute name="clientId" type="xs:tQken" use="required"/>
ttribute name="bandwidth" type="x§:unsignedInt”/>
tension>

mplexContent>

lexType>

21idityEndTime Type -->

exType name="MPDValidityEndTimeType">
plexContent>

lension base="SANDMessageType">
equence>

:choice>

xs:element pame="MPDUrl" type="xs:anyURI”/>
xs:elementename="MPD" type="xs:base64Binary”/>
s:choiceX

sequende>

ttribute name="mpdId" type="xs:string”/>

xs:element name="ResourcePrice" type="xskidecimal" minOccurs="0"

<xs:dlttriblite name="publishTime" type="xs:dateTime”/>
<xs:ajtt¥ibute name="validityEndTime" type="xs:dateTime" use="required"/>
</XS Y qncrarcmnvrs:
</xs:complexContent>
</xs:complexType>

<!-- Thro
<xs:compl

ughput Type -->
exType name="ThroughputType">

<xs:complexContent>

<xs:ext
<xs:a
<xs:a
<xs:a
<xs:a
</xs:ex
</xs:co
</xs:comp

<!-- Perc

36

ension base="SANDMessageType">

ttribute name="baseUrl" type="xs:anyURI”/>

ttribute name="repId" type="StringNoWhitespaceType"/>
ttribute name="guaranteedThroughput" type="xs:unsignedInt"
ttribute name="percentage" type="PercentageType"/>
tension>

mplexContent>

lexType>

entage type -->
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<xs:simpleType name="PercentageType">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="100"/>
</xs:restriction>
</xs:simpleType>

<!-- AvailabilityTimeOffset Type -->

<xs:complexType name="AvailabilityTimeOffsetType">
<xs:complexContent>
<xs:extension base="SANDMessageType">

<xs:attribute name="baseUrl" type="xs:anyURI”/>

<xs:attribute name="repId" type="StringNoWhitespaceType"/>
s:attribute name="offgset" type="xs:unsignedTnt" use="reqguired"

/xs:extension>

/xs:complexContent>

</Hs:complexType>

<!4- QoSInformation Type -->

<xg:complexType name="QoSInformationType">
xs:complexContent>

xs:extension base="SANDMessageType">
<xs:attribute name="gbr" type="xs:unsignedInt”/>
<xs:attribute name="mbr" type="xs:unsignedInt”/>
<xs:attribute name="delay" type="xs:unsignedInt”/>
<xs:attribute name="pl" type="xs:unsignedInt”/>
/xs:extension>

/xs:complexContent>

</Hs:complexType>

<!4- DaneCapabilities Type -->
<xg:complexType name="DaneCapabilitiesType">
xs:complexContent>
<xs:extension base="SANDMessageType">
xs:choice>
<xs:sequence>
<xs:element name="SupportegdMessage" type="xs:unsignedInt" minOccurs"1"
maxOdcurs="unbounded" />
</xs:sequence>
<xs:element name="MessageSetUri" type="xs:anyURI”/>
</xs:choice>
</xs:extension>
/xs:complexContent>
</H#s:complexType>

<!4- Metrics as @defined in Annex D of ISO/IEC 23009-1 -->

<!4- NOTE the paming convention complies with the keys defined in Annex D
and withsegamelCase convention like the rest of the schema -->

<!4- TcpList Type -->

<xq:conmplexType name="TcpListType">
xS complexContent>
I&g:extension base="SANDMessageType">
O e DCL:[LAC]J\‘C
<xs:element name="TcpConnection" type="TcpConnectionType" minOccurs="1"
maxOccurs="unbounded" />
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<!-- TcpConnection Type -->
<xs:complexType name="TcpConnectionType">
<xs:attribute name="tcpid" type="xs:unsignedInt" use="required"/>
<xs:attribute name="dest" type="xs:string”/>
<xs:attribute name="topen" type="xs:dateTime”/>
<xs:attribute name="tclose" type="xs:dateTime”/>
<xs:attribute name="tconnect" type="xs:unsignedInt”/>
</xs:complexType>

© ISO/IEC 2017 - All rights reserved 37


https://iecnorm.com/api/?name=ef65d5a2746cd0d9b34c10b53fa47d4b

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms
	3.3 Conventions
	4 Overview
	5 SAND reference architecture and interfaces
	6 SAND messages
	6.1 General
	6.2 Common Envelope for SAND messages
	6.3 Metrics messages
	6.3.1 General
	6.3.2 TCPConnections
	6.3.3 HTTPRequestResponseTransactions
	6.3.4 RepresentationSwitchEvents
	6.3.5 BufferLevel
	6.3.6 PlayList
	6.4 Status Messages
	6.4.1 AnticipatedRequests
	6.4.2 SharedResourceAllocation
	6.4.3 AcceptedAlternatives
	6.4.4 AbsoluteDeadline
	6.4.5 MaxRTT
	6.4.6 NextAlternatives
	6.4.7 ClientCapabilities
	6.5 PER Messages
	6.5.1 ResourceStatus
	6.5.2 DaneResourceStatus
	6.5.3 SharedResourceAssignment
	6.5.4 MPDValidityEndTime
	6.5.5 Throughput
	6.5.6 AvailabilityTimeOffset
	6.5.7 QoSInformation
	6.5.8 DeliveredAlternative
	6.5.9 DaneCapabilities
	6.6 PED Messages
	7 SAND message representation format
	8 Transport Protocol to carry SAND messages
	8.1 General
	8.2 Protocol to carry metrics and status messages
	8.2.1 General
	8.2.2 Sending a message directly to Metrics server or DANE
	8.2.3 Attaching a message to requests for media
	8.3 Protocol to carry PER messages
	8.3.1 General
	8.3.2 Assistance
	8.3.3 Enforcement
	8.3.4 Error case
	9 Signalling of SAND communication channel
	9.1 General
	9.2 XML schema for sand:​Channel element
	10 Optional transport protocols to carry SAND messages
	10.1 General
	10.2 WebSocket protocol
	10.2.1 General
	10.2.2 Signalling via the MPD
	10.2.3 WebSocket messages
	11 Reporting of metrics via SAND protocols
	Annex A (normative)  XML Schema for SAND messages
	Annex B (normative)  SharedResourceAllocation Allocation Strategies
	Annex C (normative)  MIME type registration for SAND message
	Bibliography

