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	First Change


10.2
QoE Metric Definitions 

10.2.1
Introduction

This section provides the general QoE metric definitions and measurement framework. 
The semantics are defined using an abstract syntax. Section 10.6 provides a mapping to an XML schema. Items in this abstract syntax have one of the following primitive types (Integer, Real, Boolean, Enum, String) or one of the following compound types:

- 
Objects: an unordered sequence of (key, value) pairs, where the key always has string type and is unique within the sequence.

- 
List: a ordered list of items.

- 
Set: an unordered set of items.

Additionally, there are two kinds of timestamp defined,  i.e. real time (wall-clock time) and media time.
10.2.2
HTTP Request/Response Transactions

Table 25 contains the metric defining the List of HTTP Request/Response Transactions.

Table 25: List of HTTP Request/Response Transactions
	Key
	Type
	Description

	HttpList
	List
	List of HTTP request/response transactions

	
	Entry
	Object
	An entry for a single HTTP request/response

	
	
	tcpid
	Integer
	Identifier of the TCP connection on which the HTTP request was sent.

	
	
	type
	Enum
	This is an optional parameter and should not be included in HTTP request/response transactions for progressive download.

The type of the request:

- MPD

- MPD delta file

- XLink expansion

- Initialization Segment

- Index Segment

- Media Segment

	
	
	url
	String
	The original URL (before any redirects or failures)

	
	
	actualurl
	String
	The actual URL requested, if different from above

	
	
	range
	String
	The contents of the byte-range-spec part of the HTTP Range header.

	
	
	trequest
	Real Time
	The real time at which the request was sent.

	
	
	tresponse
	Real Time
	The real time at which the first byte of the response was received.

	
	
	responsecode
	Integer
	The HTTP response code.

	
	
	interval
	Integer
	The duration of the throughput trace intervals (ms), for successful requests only.

	
	
	Trace
	List
	Throughput trace, for successful requests only.

	
	
	
	Entry
	Object
	A single throughput measurement entry.

	
	
	
	
	s
	Real Time
	Measurement period start.

	
	
	
	
	d
	Integer
	Measurement period duration (ms).

	
	
	
	
	b
	List
	List of integers counting the bytes received in each trace interval within the measurement period.


NOTE: 

1) 
Information additional to that specified in the type may be returned, for example if a client makes a request for a initialization information from a self-initializing Media Segment then index information may also be received.

2) 
All entries for a given object will have the same url and range and so can easily be correlated. If there were redirects or failures there will be one entry for each redirect/failure. The redirect-to URL or alternative URL (where multiple have been provided in the MPD) will appear as the actualurl of the next entry with the same url value.

3) 
The periods reported in Entry should be those periods where the client was actively reading from the TCP connections (i.e. they should not include periods where the TCP connection is idle due to zero receive window).

The end of the last measurement period reported in the Trace shall be the time at which the last byte of the response was received.

The interval and Trace shall be absent for redirect and failure records.

The key HttpList(n,type) where n is a positive integer is defined for an HttpList with an interval of n ms and type is one of MPD, MPDDeltaFile, XLinkExpansion, InitialisationSegment, MediaSegment, or IndexSegment. If type is not present, all HTTP transactions are requested to be collected. If type is present, it specifies that the HTTP transactions concerning a resource equal to type are requested to be collected. Multiple keys HttpList(n,type) with different values of n and type may be present for a single @metrics attribute value. 

An HTTP transaction that is not finished within a QoE metric collection period shall not be included in the reported metrics.
10.2.3
Representation Switch Events

Table 26 defines the metric to report a list of representation switch events.

Table 26: List of Representation Switch Events

	Key
	Type
	Description

	RepSwitchList
	List
	List of representation switch events (a switch event is the time at which the first HTTP request for a new representation, that is later presented, is sent)

	
	Entry
	Object
	A representation switch event.

	
	
	t
	Real Time
	Time of the switch event.

	
	
	mt
	Media Time
	The media time of the earliest media sample (out of all media components) played out from the “to” representation.

	
	
	to
	String
	Value of Representation@id identifying the switch-to representation.

	
	
	Lto
	Integer
	If present, value of SubRepresentation@level within Representation identifying the switch-to level of the Representation


10.2.4
Average Throughput

This metric in Table 27 indicates the average throughput that is observed by the client during the measurement interval.

Table 27: Average Throughput 

	Key
	Type
	Description

	AvgThroughput
	Object
	Average throughput that is observed by the client during the measurement interval

	
	numbytes
	Integer
	The total number of the content bytes, i.e. the total number of bytes in the body of the HTTP responses, received during the measurement interval. 

	
	activitytime
	Integer
	The activity time during the measurement interval in milliseconds. The activity time during the measurement interval is the time during which at least one GET request is still not completed (i.e. excluding inactivity time during the measurement interval).

	
	t
	Real Time
	The real time of the start of the measurement interval

	
	duration
	Integer
	The time in milliseconds of the measurement interval 

	
	accessbearer
	String
	Access bearer for the TCP connection for which the average throughput is reported

	
	inactivitytype
	Enum
	Type of the inactivity, if known and consistent throughout the reporting period:

User request (e.g. pause)

Client measure to control the buffer

Error case


If the client requests the media segments from the server separately over multiple non-competing parallel TCP connections established over separate access network bearers named as accessbearer, then the average throughput values should be reported as a list of events with average throughput for each access network and associated access network bearer information reported separately, following the same guidelines as described above.

10.2.5 
Initial Playout Delay

This metric in Table 28 signals the initial playout delay at the start of the streaming of the presentation. 

Table 28: Initial Playout Delay

	Key
	Type
	Description

	InitialPlayoutDelay
	Integer
	The initial playout delay is measured as the time in milliseconds from the fetch of the first media segment (or sub-segment) and the time at which media is retrieved from the client buffer.


10.2.6
Buffer Level

Table 29 defines the metric to report a list of buffer level status events.

Table 29: List of Buffer Level

	Key
	Type
	Description

	BufferLevel
	List
	List of buffer occupancy level measurements during playout at normal speed.

	
	Entry
	Object
	One buffer level measurement. 

	
	
	t
	Real Time
	Time of the measurement of the buffer level.

	
	
	level
	Integer
	Level of the buffer in milliseconds. Indicates the playout duration for which media data of all active media components is available starting from the current playout time.


The key is BufferLevel(n), where n is a positive integer is defined to refer to the metric in which the buffer level is recorded every n ms.

10.2.7
Play List

Decoded samples are generally rendered in presentation time sequence, each at or close to its specified presentation time. A compact representation of the information flow can thus be constructed from a list of time periods during which samples of a single representation were continuously rendered, such that each was presented at its specified presentation time to some specific level of accuracy (e.g. +/-10 ms).

Such a sequence of periods of continuous delivery is started by a user action that requests playout to begin at a specified media time (this could be a “play”, “seek” or “resume” action) and continues until playout stops either due to a user action, the end of the content, or a permanent failure.

Table 30 defines the play list event metric.

Table 30: Play List

	Key
	Type
	Description

	PlayList
	List
	A list of playback periods. A playback period is the time interval between a user action and whichever occurs soonest of the next user action, the end of playback or a failure that stops playback.

	
	Entry
	Object
	A record of a single playback period.

	
	
	start
	Real Time
	Timestamp of the user action that starts the playback period.

	
	
	mstart
	Media Time
	The presentation time at which playout was requested by the user action.

	
	
	starttype
	Enum
	Type of user action which triggered playout

- New playout request (e.g. initial playout or seeking)

- Resume from pause

- Other user request (e.g. user-requested quality change)

- Start of a metrics collection period (hence earlier entries in the play list not collected)

	
	
	Trace
	List
	List of periods of continuous rendering of decoded samples.

	
	
	
	Traceentry
	Objects
	Single entry in the list.

	
	
	
	
	representationid
	String
	The value of Representation@id from which the samples were taken.

This is an optional parameter and should not be reported in case of progressive download.

	
	
	
	
	subreplevel
	Integer
	If not present, this metric concerns the Representation as a whole. If present, subreplevel indicates the greatest value of any SubRepresentation@level being rendered.
This is an optional parameter and should not be reported in case of progressive download.

	
	
	
	
	start
	Real Time
	The time at which the first sample was rendered.

	
	
	
	
	sstart
	Media Time
	The presentation time of the first sample rendered.

	
	
	
	
	duration
	Integer
	The duration of the continuously presented samples (which is the same in real time and media time). “Continuously presented” means that the media clock continued to advance at the playout speed throughout the interval.

	
	
	
	
	playbackspeed
	Real
	The playback speed relative to normal playback speed (i.e.normal forward playback speed is 1.0).

	
	
	
	
	stopreason
	Enum
	The reason why continuous presentation of this representation was stopped. Either:

- representation switch (not relevant in case of progressive download)

- rebuffering

- user request

- end of period

- end of content

- end of a metrics collection period

- failure


NOTE: 
The trace may include entries for different representations that overlap in time, because multiple representations are being rendered simultaneously, for example one audio and one video representation.

10.2.8 
MPD Information

This metric can be used to report Representation information from the MPD, so that reporting servers without direct access to the MPD can understand the used media characteristics. 

The metric is reported whenever the client sends any other quality metrics report containing references to a Representation which MPD information has still not been reported. 
Table 31 defines the MPD information for quality reporting.

Table 31: MPD Information for Quality Reporting

	Key
	Type
	Description

	MPDInformation
	Object
	

	
	representationid
	String
	Value of Representation@id for the representation addressed by the QoE metrics report 

	
	subreplevel
	Integer
	If present, value of SubRepresentation@level for the subrepresentation addressed by the QoE metrics report. If not present, the QoE metrics report concerns the representation as a whole.

	
	Mpdinfo
	RepresentationType
	Provides the MPD information for the representation or subrepresentation identified by representationid and subreplevel, if present. The following attributes and elements shall be present within mpdinfo if they are present for the identified representation or subrepresentation and their values shall be identical to those presented in the MPD: @bandwidth, @qualityRanking, @width, @height, @mimeType, and @codecs.


	Second Change


10.4
Quality Metrics for DASH

The following metrics shall be supported by 3GP-DASH clients supporting the QoE reporting feature: 

- 
List of HTTP Request/Response Transactions (Section 10.2.2), 

- 
List of of Representation Switch Events (Section 10.2.3), 

- 
Average Throughput (Section 10.2.4), 

-
Initial Playout Delay (Section 10.2.5), 

- 
Buffer Level (Section 10.2.6), 

- 
Play List (Section 10.2.7), and 

- 
MPD Information (Section 10.2.8).

The @metrics attribute contains a list of quality metric keys listing all metrics that the DASH shall collect and report.

The semantics of the attributes within the Metrics element are provided in Table 32. The XML-syntax of a Metrics element is provided in Table 33. 

Table 32: Semantics of Metrics element

	Element or Attribute Name
	Use
	Description

	
	Metrics
	
	DASH metric element

	
	
	@metrics
	M
	This attribute lists all quality metrics (as a list of quality metric keys as defined in section 10.2, separated by a whitespace) that the client shall report. 

Certain keys allow specifying a measurement interval or period over which a single value of the metric is derived and potentially also other parameters controlling the collection of the metrics. The parameters, if any, are included in parenthesis after the key and their semantics are specified in clause 10.2 with the metric definition itself.

	
	
	Range
	0..N
	When specified, it indicates the time period during which quality metric collection is requested. When not present, quality metric collection is requested for the whole duration of the content.

	
	
	
	@starttime
	O
	When specified, it indicates the start time of the quality metric collection operation. When not present, quality metric collection is requested from the beginning of content consumption. For services with MPD@type “Live”, the start time of quality metric collection can be obtained in wallclock time by adding the value of this attribute indicated in media time to the value of the MPD@availabilityStartTime attribute. For services with MPD@type “OnDemand” , the start time is indicated in media time and is relative to the PeriodStart time of the first period in this MPD.

	
	
	
	@duration
	O
	When specified, it indicates the duration of the quality metric collection interval. The value of this attribute is expressed in media time.

	
	
	Reporting
	1...N
	Descriptor that provides information about the requested Quality Reporting method and formats. See clause 10.6 for the 3GP-DASH quality reporting schemes.

	Legend: 

For attributes: M=Mandatory, O=Optional, OD=Optional with Default Value, CM=Conditionally Mandatory.

For elements: <minOccurs>...<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.


Table 33: XML-Syntax of Metrics element

	    <!-- QoE Collection and Reporting -->
    <xs:complexType name="MetricsType">
        <xs:sequence>
            <xs:element name="Reporting" type="DescriptorType" maxOccurs="unbounded"/>
            <xs:element name="Range" type="RangeType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="metrics" type="xs:string" use="required"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <xs:complexType name="RangeType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="startTime" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="duration" type="xs:duration" use="required"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>


	Third Change


10.6.2
Report Format

The QoE report is formatted as an XML document that complies with the following XML schema:

	<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"
    targetNamespace="urn:3gpp:metadata:2011:HSD:receptionreport"
    xmlns="urn:3gpp:metadata:2011:HSD:receptionreport" elementFormDefault="qualified">

    <xs:element name="ReceptionReport" type="ReceptionReportType"/>

    <xs:complexType name="ReceptionReportType">
        <xs:choice>
            <xs:element name="QoeReport" type="QoeReportType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="skip" minOccurs="0" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:attribute name="contentURI" type="xs:anyURI" use="required"/>
        <xs:attribute name="clientID" type="xs:string" use="optional"/>
    </xs:complexType>

    <xs:complexType name="QoeReportType">
        <xs:sequence>
            <xs:element name="QoeMetric" type="QoeMetricType" minOccurs="1" maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="skip" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="periodID" type="xs:string" use="required"/>
        <xs:attribute name="reportTime" type="xs:dateTime" use="required"/>
        <xs:attribute name="reportPeriod" type="xs:unsignedInt" use="required"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>
    <xs:complexType name="QoeMetricType">
        <xs:choice>
            <xs:element name="HttpList" type="HttpListType"/>
            <xs:element name="RepSwitchList" type="RepSwitchListType"/>
            <xs:element name="AvgThroughput" type="AvgThroughputType" maxOccurs="unbounded"/>
            <xs:element name="InitialPlayoutDelay" type="xs:unsignedInt"/>
            <xs:element name="BufferLevel" type="BufferLevelType"/>
            <xs:element name="PlayList" type="PlayListType"/>
            <xs:element name="MPDInformation" type="MpdInformationType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="HttpListType">
        <xs:choice>
            <xs:element name="HttpListEntry" type="HttpListEntryType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="HttpListEntryType">
        <xs:choice>
            <xs:element name="Trace" type="HttpThroughputTraceType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:attribute name="tcpid" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="type" type="ExtensibleHttpEntryResourceType" use="optional"/>
        <xs:attribute name="url" type="xs:string" use="required"/>
        <xs:attribute name="actualUrl" type="xs:string" use="optional"/>
        <xs:attribute name="range" type="xs:string" use="optional"/>
        <xs:attribute name="trequest" type="xs:dateTime" use="required"/>
        <xs:attribute name="tresponse" type="xs:dateTime" use="required"/>
        <xs:attribute name="responsecode" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="interval" type="xs:unsignedInt" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:simpleType name="HttpEntryResourceType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="MPD"/>
            <xs:enumeration value="MPDDeltaFile"/>
            <xs:enumeration value="XLinkExpansion"/>
            <xs:enumeration value="InitialisationSegment"/>
            <xs:enumeration value="IndexSegment"/>
            <xs:enumeration value="MediaSegment"/>
        </xs:restriction>
    </xs:simpleType>

    <xs:simpleType name="StringPatternType">
        <xs:restriction base="xs:string">
            <xs:pattern value="x:\S.*"/>
        </xs:restriction>
    </xs:simpleType>

    <xs:simpleType name="ExtensibleHttpEntryResourceType">
        <xs:union memberTypes="HttpEntryResourceType StringPatternType"/>
    </xs:simpleType>

    <xs:complexType name="HttpThroughputTraceType">
        <xs:attribute name="s" type="xs:dateTime" use="required"/>
        <xs:attribute name="d" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="b" type="xs:unsignedInt" use="required"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="RepSwitchListType">
        <xs:choice>
            <xs:element name="RepSwitchEvent" type="RepSwitchEventType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="RepSwitchEventType">
        <xs:attribute name="to" type="xs:string" use="required"/>
        <xs:attribute name="lto" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="mt" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="t" type="xs:dateTime" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="AvgThroughputType">
        <xs:attribute name="numBytes" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="activityTime" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="t" type="xs:dateTime" use="required"/>
        <xs:attribute name="duration" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="accessbearer" type="xs:string" use="optional"/>
        <xs:attribute name="inactivityType" type="InactivityType" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:simpleType name="InactivityType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="Pause"/>
            <xs:enumeration value="BufferControl"/>
            <xs:enumeration value="Error"/>
        </xs:restriction>
    </xs:simpleType>
    <xs:complexType name="BufferLevelType">
        <xs:choice>
            <xs:element name="BufferLevelEntry" type="BufferLevelEntryType" maxOccurs="unbounded"/>
        </xs:choice>

        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="BufferLevelEntryType">
        <xs:attribute name="t" type="xs:dateTime" use="required"/>
        <xs:attribute name="level" type="xs:unsignedInt" use="required"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="PlayListType">
        <xs:choice>
            <xs:element name="Trace" type="PlayListEntryType" maxOccurs="unbounded"/>
        </xs:choice>

        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="PlayListEntryType">
        <xs:choice>
            <xs:element name="TraceEntry" type="PlayListTraceEntryType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:attribute name="start" type="xs:dateTime" use="required"/>
        <xs:attribute name="mstart" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="startType" type="StartType" use="required"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="PlayListTraceEntryType">
        <xs:attribute name="representationId" type="xs:string" use="optional"/>
        <xs:attribute name="subrepLevel" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="start" type="xs:dateTime" use="required"/>
        <xs:attribute name="mstart" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="duration" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="playbackSpeed" type="xs:double" use="optional"/>
        <xs:attribute name="stopReason" type="StopReasonType" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:simpleType name="StartType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="NewPlayoutRequst"/>
            <xs:enumeration value="Resume"/>
            <xs:enumeration value="OtherUserRequest"/>
            <xs:enumeration value="StartOfMetricsCollectionPeriod"/>
        </xs:restriction>
    </xs:simpleType>
    <xs:simpleType name="StopReasonType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="RepresentationSwitch"/>
            <xs:enumeration value="Rebuffering"/>
            <xs:enumeration value="UserRequest"/>
            <xs:enumeration value="EndOfPeriod"/>
            <xs:enumeration value="EndOfContent"/>
            <xs:enumeration value="EndOfMetricsCollectionPeriod"/>
            <xs:enumeration value="Failure"/>
        </xs:restriction>
    </xs:simpleType>

    <xs:complexType name="MpdInformationType">
        <xs:choice>
            <xs:element name="Mpdinfo" type="RepresentationType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:attribute name="representationId" type="xs:string" use="required"/>
        <xs:attribute name="subrepLevel" type="xs:unsignedInt" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:complexType name="RepresentationType">
        <xs:attribute name="codecs" type="xs:string" use="required"/>
        <xs:attribute name="bandwidth" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="qualityRanking" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="frameRate" type="xs:double" use="optional"/>
        <xs:attribute name="width" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="height" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="mimeType" type="xs:string" use="required"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:simpleType name="DoubleVectorType">
        <xs:list itemType="xs:double"/>
    </xs:simpleType>

    <xs:simpleType name="StringVectorType">
        <xs:list itemType="xs:string"/>
    </xs:simpleType>

</xs:schema>
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8.4
Hierarchical Data Model

8.4.1
General

A Media Presentation is described in the MPD element that is contained in an MPD document formatted as defined in clause 8.2.

A Media Presentation consists of: 

- 
A sequence of one or more Periods described in 8.4.2.

- 
Each Period contains one or more Groups described in 8.4.3.1.

- 
Each Group contains one or more Adaptation Sets as defined in 8.4.3.3. 

- 
Each Adaptation Sets contains one or more Representations as described in 8.4.3.4.

-  
Each Representation consists of one or more Segments. Segment Information is introduced in 8.4.4. Segments contain media data and/or metadata to access, decode and present the included media content.

This MPD element provides descriptive information that enables a client to choose Representations. For doing so, it provides descriptions of the Representations that may also be deduced by inspecting this Representation if available partially or in its entirety to the client. However, actual playback of the Representations is not controlled by the MPD information. Playback is controlled by the media engine operating on the media data in the usual way.

The Media Presentation timeline is defined by the concatenation of the timeline of each Period.

NOTE
The playout procedure of the media may need to be adjusted at the end of the preceding Period to match the start time of the new Period as there may be small overlaps or gaps with a Representation at the end of the preceding Period.

The timeline in each Period is common to all Representations.

The summary of the semantics of the attributes and elements within an MPD element are provided in Table 2. The XML-syntax of the MPD element is provided in Table 3.

Table 2: Semantics of MPD element

	Element or Attribute Name
	Use
	Description

	MPD
	1
	The root element that carries the Media Presentation Description for a Media Presentation. 

	
	@profile
	O
	specifies a space delimited list specifying the Media Presentation profiles.

	
	@type
	OD

default: OnDemand
	“OnDemand” or “Live”.

specifies the type of the Media Presentation. Currently, on-demand and live types are defined. 

	
	@availabilityStartTime
	CM

Must be present for type=”Live”
	For @type=“Live” this attribute shall be present. In this case it specifies the anchor for the computation of the segment availability start time for any Segment in the Media Presentation.

For @type=“OnDemand” , if present, it specifies the segment availability start time for all Segments referred to in this MPD. If not present, all Segments described in the MPD shall be available.

	
	@availabilityEndTime
	O
	specifies the latest segment availability end time for any segment in the Media Presentation. When not present, the value is unknown.

	
	@mediaPresentationDuration
	O


	If present, it specifies the duration of the entire Media Presentation. In this case the attribute MPD@minimumUpdatePeriodMPD shall not be present.

If the attribute is not present, the duration of the Media Presentation is unknown. In this case the attribute MPD@minimumUpdatePeriodMPD shall be present.

	
	@minimumUpdatePeriodMPD
	O
	If this attribute is present, updates to the MPD are expected. The use of the value of this attribute is specified in clause 8.5. In this case the attribute MPD@mediaPresentationDuration shall not be present.

If not present the minimum update period is assumed to be infinite and the attribute MPD@mediaPresentationDuration shall be present. 

	
	@minBufferTime
	O


	specifies the minimum amount of initially buffered media that is needed to ensure smooth playout provided that each Representation is continuously delivered at or above the value of its @bandwidth attribute. 

	
	@timeShiftBufferDepth
	O


	specifies the duration of the time shifting buffer that is guaranteed to be available for a Media Presentation with type 'Live'. When not present, the value is unknown. This value of the attribute is undefined if the @type attribute is equal to ‘OnDemand’.

	
	@suggestedPresentationDelay
	O
	specifies a fixed delay offset in time from the segment availability start times of each media segment that is suggested to be used by clients to enable synchronouous presentation of the media presentation with clients that also use this attribute. This value of the attribute is undefined if the @type attribute is equal to ‘OnDemand’

	
	ProgramInformation
	0…1
	specifies descriptive information about the program. For more details refer to the description in clause 8.6.2.

	
	DeltaSupport
	0…N
	If present, this element specifies that MPD delta files are supported by the server. For more details refer to the description in clause 8.5.2.

	
	Location
	0…N
	specifies an absolute URL where the MPD is available.

	
	BaseURL
	0…N
	specifies a Base URL that can be used for reference resolution and alternative URL selection. For more details refer to the description in clauses 8.2.3 and 8.2.4.

	
	Metrics
	0..1
	specifies information about the requested QoE reporting. For more details refer to clause 10.3.

At most one Metrics element shall be present in the MPD.

NOTE: 
The schema allows more than one Metrics elements for potential future extensions.

	
	Period
	1…N
	specifies a Period. For more details refer to the description in clause 8.4.2.

	Legend:
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Table 3: Syntax of MPD element

	    <!-- MPD Type -->
    <xs:complexType name="MPDtype">
        <xs:sequence>
            <xs:element name="ProgramInformation" type="ProgramInformationType" minOccurs="0"/>
            <xs:element name="DeltaSupport" type="DeltaSupportType" minOccurs="0"/>
            <xs:element name="Location" type="MpdUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="BaseURL" type="BaseUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="Metrics" type="MetricsType" minOccurs="0"
                maxOccurs="unbounded"/>
            <xs:element name="Period" type="PeriodType" maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="profiles" type="UriVectorType"/>
        <xs:attribute name="type" type="PresentationType" default="OnDemand"/>
        <xs:attribute name="availabilityStartTime" type="xs:dateTime"/>
        <xs:attribute name="availabilityEndTime" type="xs:dateTime"/>
        <xs:attribute name="mediaPresentationDuration" type="xs:duration"/>
        <xs:attribute name="minimumUpdatePeriodMPD" type="xs:duration"/>
        <xs:attribute name="minBufferTime" type="xs:duration"/>
        <xs:attribute name="timeShiftBufferDepth" type="xs:duration"/>
        <xs:attribute name="suggestedPresentationDelay" type="xs:duration"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- Type for space delimited list of URIs -->
    <xs:simpleType name="UriVectorType">
        <xs:list itemType="xs:anyURI"/>
    </xs:simpleType>

    <!-- Type of presentation - live or on-demand -->
    <xs:simpleType name="PresentationType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="OnDemand"/>
            <xs:enumeration value="Live"/>
        </xs:restriction>
    </xs:simpleType>

    <!-- Supplementary URL to the one given as attribute -->
    <xs:complexType name="BaseUrlType">
        <xs:simpleContent>
            <xs:extension base="xs:anyURI">
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:simpleContent>
    </xs:complexType>


    <xs:complexType name="MpdUrlType">
        <xs:simpleContent>
            <xs:extension base="xs:anyURI">
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:simpleContent>
    </xs:complexType>
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8.6.3
Descriptors

8.6.3.1
General

The MPD may contain descriptors that are all in the same format as defined in this clause. The description elements are all structured in the same way, namely they contain a @schemeIdUri attribute to identify the scheme and an optional attribute @value attribute. The @schemeIdUri provides a URI to identify the scheme. The definition of this element is specific to the scheme employed. The scheme may be a URN or a URL.
One set of descriptors are content descriptors. In this case, each Representation or per default each Adaptation Set may have assigned certain content description elements. Content Descriptions on Adaptation Sets should be applied such that the information is sufficient to judge whether at least one Representation contained in this Adaptation Set can be accessed. In this version of the specification, specific elements for content description are defined for:
- 
ContentProtection: content protection scheme element, see clause 8.6.3.2.
- 
Role: role annotation scheme element, see clause 8.6.3.3.
- 
Rating: content rating scheme element, see clause 8.6.3.4.
- 
Viewpoint: content viewpoint scheme element, see clause 8.6.3.5.
Other descriptors defined in this specification are
- 
Reporting: quality reporting scheme, see clause 10.6.
The MPD does not provide any specific information on how to use these elements. It is up to the application that employs DASH formats to instantiate the descriptors with appropriate scheme information. This specification defines descriptor schemes in Annex C. 

The Descriptor element provides a flexible mechanism for DASH content authors to annotate and extend the Adaptation Set and Representation elements for the purposes of content protection, role, ratings and viewpoint support.

DASH applications that may define one of these elements must first define a Scheme Identifier in the form of a URI and must then define the value space for the element when that Scheme Identifier is used. The Scheme Identifier appears in the @schemeIdUri attribute. 

In the case that a simple set of enumerated values are required, a text string may be defined for each value and this string must be included in the @value attribute. If structured data is required then the any element/attribute extensibility in a separate namespace can be used and then may contain the required elements and attributes to provide information specific to the scheme.

DASH applications defining a Scheme Identifier may define (i) a text string to be included in the @value attribute, or (ii) a structured extension of the element or (iii) both.

Two elements of type DescriptorType are equivalent, if the element name, the @schemeIdUri and the @value are equivalent. If the @schemeIdUri is a URN, then equivalence refers to lexical equivalence as defined in clause 5 of RFC 2141. If the @schemeIdUri is a URI, then equivalence refers to equality on a character-for-character basis as defined in clause 6.2.1 of RFC 3986 [17]. For the @value XML-string matching shall be used for determining equivalence. If the @value attribute is not present, equivalence is determined by the equivalence for @schemeIdUri only. 

The semantics of the attributes within a Generic Descriptor element are provided in Table 23. The XML-syntax of a Generic Descriptor element is provided in Table 24. The specific descriptors follow these syntax and semantics.

Table 23: Semantics of generic Descriptor element

	Element or Attribute Name
	Use
	Description

	
	
	
	Descriptor
	
	This element provides information about the use of description.

	
	
	
	
	@schemeIdUri
	M
	Provides a URI to identify the scheme. The definition of this element is specific to the scheme employed for content description. The URI may be a URN or a URL. The @schemeIdUri may be a URN or URL. When a URL is used, it should also contain a month-date in the form mmyyyy; the assignment of the URL must have been authorized by the owner of the domain name in that URL on or very close to that date, to avoid problems when domain names change ownership

	
	
	
	
	@value
	O
	This attribute provides the value for the descriptor element. The value space and semantics must be defined by the owners of the scheme identified in the @schemeIdUri attribute.

	Legend: 
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Table 24: XML-Syntax of generic Descriptor element

	    <!-- Generic named descriptive information -->
    <xs:complexType name="DescriptorType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="schemeIdUri" type="xs:anyURI" use="required"/>
        <xs:attribute name="value" type="xs:string" use="optional"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>
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10.1
General

A progressive download or 3GP-DASH client supporting Quality of Experience (QoE) shall report QoE metrics according to the QoE configuration. QoE reporting is optional, but if a 3GP-DASH client reports DASH metrics, it shall report all requested metrics.

The quality metrics are defined in subclause 10.2.

The quality metrics applicable for progressive download are specified in section 10.3. In this case the activation and configuration of QoE reporting framework is achieved by a corresponding OMA DM QoE Management Object as specified in Annex F.

The quality metrics for DASH are specified in section 10.4. In this case, QoE reporting may be triggered using the MPD ( i.e. when the Metrics element is present in the MPD) or using OMA DM QoE Management Object as specified in Annex F. When QoE reporting is triggered via the MPD or OMA DM QoE Management Object, the 3GP-DASH client is expected to collect quality metrics according to the QoE configuration. When using the MPD, the Quality Reporting scheme as defined in section 10.5 may be used. 

The quality metric reporting protocol is defined in subclause 10.6. This protocol shall be used when QoE reporting is triggered via the MPD or OMA DM QoE Management Object.
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10.5 
Quality Reporting Scheme for DASH

This section specifies a 3GP-DASH quality reporting scheme. 

The quality reporting scheme is signaled using in the Reporting element in the Metrics element. The URN to be used for the Reporting@schemeIdUri shall be "urn:3GPP:ns:PSS:DASH:QM10". 

The reporting scheme shall use the quality reporting protocol defined in section 10.6.

The semantics and XML syntax of the scheme information for the 3GP-DASH quality reporting scheme are specified in Table 34 and Table 35, respectively. 

Table 34: Semantics of Quality Reporting Scheme Information

	Element or Attribute Name
	Use
	Description

	
	@apn 
	O
	This attribute gives the access point that should be used for sending the QoE reports.

	
	@format
	O
	This field gives the requested format for the reports. Possible formats are: “uncompressed” and “gzip”.

	
	@samplepercentage
	O
	Percentage of the clients that should report QoE. The client uses a random number generator with the given percentage to find out if the client should report or not.

	
	@reportingserver
	M
	The reporting server URL to which the reports will be sent.

	
	@reportinginterval
	O
	Indicates the time(s) reports should be sent. If not present, then the client should send a report after the streaming session has ended. If present, @reportingInterval=n indicates that the client should send a report every n-th second provided that new metrics information has become available since the previous report.
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Table 35: Syntax of Quality Reporting Scheme Information

	<?xml version="1.0" encoding="UTF-8"?>
<xs:schema targetNamespace="urn:3GPP:ns:PSS:AdaptiveHTTPStreaming:2009:qm" 
    attributeFormDefault="unqualified" 
    elementFormDefault="qualified"  
    xmlns:xs="http://www.w3.org/2001/XMLSchema"
    xmlns:xlink="http://www.w3.org/1999/xlink"
    xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreaming:2009:qm">
    
    <xs:annotation>
        <xs:appinfo>3GPP DASH Quality Reporting</xs:appinfo>
        <xs:documentation xml:lang="en">
            This Schema defines the quality reporting scheme information for 3GPP DASH.
        </xs:documentation>
    </xs:annotation>

    
    <xs:element name="ThreeGPQualityReporting" type="SimpleQualityReportingType"/>
    
    <xs:complexType name="SimpleQualityReportingType">
        <xs:attribute name="apn" type="xs:string" use="optional"/>
        <xs:attribute name="format" type="FormatType" use="optional"/>
        <xs:attribute name="samplePercentage" type="xs:double" use="optional"/>
        <xs:attribute name="reportingServer" type="xs:anyURI" use="required"/>
        <xs:attribute name="reportingInterval" type="xs:unsignedInt" use="optional"/>
    </xs:complexType>
    
    <xs:simpleType name="FormatType">   
        <xs:restriction base="xs:string">
            <xs:enumeration value="uncompressed" />
            <xs:enumeration value="gzip" />
        </xs:restriction>
    </xs:simpleType>
    
</xs:schema>
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Annex B (normative): 
Media Presentation Description Schema

	<?xml version="1.0" encoding="UTF-8"?>
<xs:schema targetNamespace="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009"
    attributeFormDefault="unqualified" elementFormDefault="qualified"
    xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:xlink="http://www.w3.org/1999/xlink"
    xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">
    <xs:annotation>
        <xs:appinfo>Media Presentation Description</xs:appinfo>
        <xs:documentation xml:lang="en"> This defines 3GPP Media Presentation Description!
        </xs:documentation>
    </xs:annotation>

    <xs:import namespace="http://www.w3.org/1999/xlink" schemaLocation="xlink.xsd"/>

    <!-- MPD: main element -->
    <xs:element name="MPD" type="MPDtype"/>

    <!-- MPD Type -->
    <xs:complexType name="MPDtype">
        <xs:sequence>
            <xs:element name="ProgramInformation" type="ProgramInformationType" minOccurs="0"/>
            <xs:element name="DeltaSupport" type="DeltaSupportType" minOccurs="0"/>
            <xs:element name="Location" type="MpdUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="BaseURL" type="BaseUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="Metrics" type="MetricsType" minOccurs="0"
                maxOccurs="unbounded"/>
            <xs:element name="Period" type="PeriodType" maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="profiles" type="UriVectorType"/>
        <xs:attribute name="type" type="PresentationType" default="OnDemand"/>
        <xs:attribute name="availabilityStartTime" type="xs:dateTime"/>
        <xs:attribute name="availabilityEndTime" type="xs:dateTime"/>
        <xs:attribute name="mediaPresentationDuration" type="xs:duration"/>
        <xs:attribute name="minimumUpdatePeriodMPD" type="xs:duration"/>
        <xs:attribute name="minBufferTime" type="xs:duration"/>
        <xs:attribute name="timeShiftBufferDepth" type="xs:duration"/>
        <xs:attribute name="suggestedPresentationDelay" type="xs:duration"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- Type for space delimited list of URIs -->
    <xs:simpleType name="UriVectorType">
        <xs:list itemType="xs:anyURI"/>
    </xs:simpleType>

    <!-- Type of presentation - live or on-demand -->
    <xs:simpleType name="PresentationType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="OnDemand"/>
            <xs:enumeration value="Live"/>
        </xs:restriction>
    </xs:simpleType>

    <!-- Supplementary URL to the one given as attribute -->
    <xs:complexType name="BaseUrlType">
        <xs:simpleContent>
            <xs:extension base="xs:anyURI">
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:simpleContent>
    </xs:complexType>
    <xs:complexType name="MpdUrlType">
        <xs:simpleContent>
            <xs:extension base="xs:anyURI">
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:simpleContent>
    </xs:complexType>
    
    <!-- Program information for a presentation -->
    <xs:complexType name="ProgramInformationType">
        <xs:sequence>
            <xs:element name="Title" type="xs:string" minOccurs="0"/>
            <xs:element name="Source" type="xs:string" minOccurs="0"/>
            <xs:element name="Copyright" type="xs:string" minOccurs="0"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="moreInformationURL" type="xs:anyURI"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!--DeltaSupport for the MPD -->
    <xs:complexType name="DeltaSupportType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="sourceURL" type="xs:anyURI" use="required"/>
        <xs:attribute name="availabilityDuration" type="xs:duration"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- QoE Collection and Reporting -->
    <xs:complexType name="MetricsType">
        <xs:sequence>
            <xs:element name="Reporting" type="DescriptorType" maxOccurs="unbounded"/>
            <xs:element name="Range" type="RangeType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="metrics" type="xs:string" use="required"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <xs:complexType name="RangeType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="startTime" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="duration" type="xs:duration" use="required"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- Period of a presentation -->
    <xs:complexType name="PeriodType">
        <xs:sequence>
            <xs:element name="SegmentInfoDefault" type="SegmentInfoDefaultType" minOccurs="0"/>
            <xs:element name="Representation" type="RepresentationType" minOccurs="0"
                maxOccurs="unbounded"/>
            <xs:element name="AdaptationSet" type="AdaptationSetType" minOccurs="0"
                maxOccurs="unbounded"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute ref="xlink:href"/>
        <xs:attribute ref="xlink:actuate" default="onRequest"/>
        <xs:attribute name="id" type="xs:string"/>
        <xs:attribute name="start" type="xs:duration"/>
        <xs:attribute name="duration" type="xs:duration"/>
        <xs:attribute name="segmentAlignmentFlag" type="xs:boolean" default="false"/>
        <xs:attribute name="bitStreamSwitchingFlag" type="xs:boolean" default="false"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- Default Segment access information -->
    <xs:complexType name="SegmentInfoDefaultType">
        <xs:sequence>
            <xs:element name="BaseURL" type="BaseUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="InitialisationSegmentURL" type="UrlType" minOccurs="0"/>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attributeGroup ref="SegmentInfoAttrGroup"/>
        <xs:attribute name="sourceURLTemplate" type="xs:string"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- grouping attributes common to SegmentInfo and SegmentInfoDefault -->
    <xs:attributeGroup name="SegmentInfoAttrGroup">
        <xs:attribute name="duration" type="xs:duration"/>
        <xs:attribute name="startIndex" type="xs:unsignedInt" default="1"/>
    </xs:attributeGroup>

    <!-- RepresentationBase type; extended by other Representation-related types -->
    <xs:complexType name="RepresentationBaseType" abstract="true">
        <xs:choice minOccurs="0" maxOccurs="unbounded">
            <xs:element name="ContentProtection" type="DescriptorType" minOccurs="0"
                maxOccurs="unbounded"/>
            <xs:element name="Role" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="Rating" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="Viewpoint" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:attribute name="width" type="xs:unsignedInt"/>
        <xs:attribute name="height" type="xs:unsignedInt"/>
        <xs:attribute name="frameRate" type="xs:double"/>
        <xs:attribute name="lang" type="LangVectorType"/>
        <xs:attribute name="mimeType" type="xs:string"/>
        <xs:attribute name="codecs" type="xs:string"/>
        <xs:attribute name="group" type="xs:unsignedInt"/>
        <xs:attribute name="startWithRAP" type="xs:boolean"/>
        <xs:attribute name="maxPlayoutRate" type="xs:double"/>
        <xs:attribute name="codingDependency" type="xs:boolean"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- Type for space delimited list of language codes -->
    <xs:simpleType name="LangVectorType">
        <xs:list itemType="xs:language"/>
    </xs:simpleType>

    <!-- Group to contain information common to an adaptation set;
        extends RepresentationBaseType -->
    <xs:complexType name="AdaptationSetType">
        <xs:complexContent>
            <xs:extension base="RepresentationBaseType">
                <xs:sequence>
                    <xs:element name="SegmentInfoDefault" type="SegmentInfoDefaultType"
                        minOccurs="0"/>
                    <xs:element name="Representation" type="RepresentationType" minOccurs="0"
                        maxOccurs="unbounded"/>
                    <xs:any namespace="##other" processContents="lax" minOccurs="0"
                        maxOccurs="unbounded"/>
                </xs:sequence>
                <xs:attribute ref="xlink:href"/>
                <xs:attribute ref="xlink:actuate" default="onRequest"/>
                <xs:attribute name="id" type="xs:string"/>
                <xs:attribute name="minBandwidth" type="xs:unsignedInt"/>
                <xs:attribute name="maxBandwidth" type="xs:unsignedInt"/>
                <xs:attribute name="minWidth" type="xs:unsignedInt"/>
                <xs:attribute name="maxWidth" type="xs:unsignedInt"/>
                <xs:attribute name="minHeight" type="xs:unsignedInt"/>
                <xs:attribute name="maxHeight" type="xs:unsignedInt"/>
                <xs:attribute name="minFrameRate" type="xs:double"/>
                <xs:attribute name="maxFrameRate" type="xs:double"/>
                <xs:attribute name="segmentAlignmentFlag" type="xs:boolean"/>
                <xs:attribute name="bitStreamSwitchingFlag" type="xs:boolean"/>
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:complexContent>
    </xs:complexType>

    <!-- A Representation of the presentation content for a specific Period -->
    <xs:complexType name="RepresentationType">
        <xs:complexContent>
            <xs:extension base="RepresentationBaseType">
                <xs:sequence>
                    <xs:element name="SubRepresentation" type="SubRepresentationType" minOccurs="0"/>
                    <xs:element name="SegmentInfo" type="SegmentInfoType" minOccurs="0"/>
                    <xs:any namespace="##other" processContents="lax" minOccurs="0"
                        maxOccurs="unbounded"/>
                </xs:sequence>
                <xs:attribute name="id" type="xs:string" use="required"/>
                <xs:attribute name="bandwidth" type="xs:unsignedInt" use="required"/>
                <xs:attribute name="qualityRanking" type="xs:unsignedInt"/>
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:complexContent>
    </xs:complexType>

    <!-- SubRepresentation of the presentation content for a specific Period;
        extends RepresentationBaseType -->
    <xs:complexType name="SubRepresentationType">
        <xs:complexContent>
            <xs:extension base="RepresentationBaseType">
                <xs:attribute name="level" type="xs:unsignedInt"/>
                <xs:attribute name="dependencyLevel" type="UIntVectorType"/>
                <xs:attribute name="bandwidth" type="xs:unsignedInt"/>
                <xs:anyAttribute namespace="##other" processContents="lax"/>
            </xs:extension>
        </xs:complexContent>
    </xs:complexType>

    <!-- Type for space delimited list of strings -->
    <xs:simpleType name="UIntVectorType">
        <xs:list itemType="xs:unsignedInt"/>
    </xs:simpleType>

    <!-- Segment access information -->
    <xs:complexType name="SegmentInfoType">
        <xs:sequence>

            <xs:element name="BaseURL" type="BaseUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="InitialisationSegmentURL" type="UrlType" minOccurs="0"/>
            <xs:choice minOccurs="0">
                <xs:element name="UrlTemplate" type="UrlTemplateType" minOccurs="0"/>
                <xs:sequence>
                    <xs:element name="Url" type="UrlType" maxOccurs="unbounded"/>
                    <xs:any namespace="##other" processContents="lax" minOccurs="0"
                        maxOccurs="unbounded"/>
                </xs:sequence>
                <xs:element name="SegmentList" type="SegmentListType" minOccurs="0"/>
                <xs:any namespace="##other" processContents="lax" minOccurs="0"
                    maxOccurs="unbounded"/>
            </xs:choice>
        </xs:sequence>
        <xs:attributeGroup ref="SegmentInfoAttrGroup"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- A Segment URL  -->
    <xs:complexType name="UrlType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="sourceURL" type="xs:anyURI"/>
        <xs:attribute name="range" type="xs:string"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- A URL template  -->
    <xs:complexType name="UrlTemplateType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="sourceURL" type="xs:anyURI"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>

    <!-- SegmentList allows xlink in addition to list of URLs -->
    <xs:complexType name="SegmentListType">
        <xs:sequence>
            <xs:element name="Url" type="UrlType" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute ref="xlink:href"/>
        <xs:attribute ref="xlink:actuate" default="onRequest"/>
        <xs:attribute name="startIndex" type="xs:unsignedInt"/>
    </xs:complexType>
    
    <!-- Generic named descriptive information -->
    <xs:complexType name="DescriptorType">
        <xs:sequence>
            <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="schemeIdUri" type="xs:anyURI" use="required"/>
        <xs:attribute name="value" type="xs:string" use="optional"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>
    
</xs:schema>


Namespaces may be used to extend functionalities. As with typical XML practice, any elements or attributes not supported by the terminal shall be ignored. Therefore, all extended elements and attributes added to a Representation in particular shall be such that they can be safely ignored by 3GP-DASH clients. 

Example for valid MPDs are provided in Annex D.
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