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1 Introduction
The discussion paper in Tdoc S4-180079 [1] summarizes the functionalities to be supported regarding the measurement and reporting of service interactivity usage as specified in the SerInter work item, and which were based on the outcome of the Rel-14 FS_IS3 study item as documented in TR 26.953 [2]. That DP also outlined potential solutions for such reporting of interactivity-related usage, by the UE to a network-based report server, for a DASH-formatted service containing service interactivity features. This document describes the proposed solution for Option 1, for which the DASH client directly reports interactivity usage information to the network server, and whereby the existing metric definitions, quality reporting scheme, and quality reporting protocol as specified in TS 26.247 are extended to include interactivity usage metrics and to support the associated interactivity usage reporting functionality.
2 Solution Description and Proposal
2.1
Overview
The proposed solution as described in this document involves modification by extension of the existing DASH QoE metric definition and associated reporting scheme and protocol as defined in clause 10 of TS 26.247. Although not further discussed in this document, this mechanism is expected to also enable reuse of the existing scheme as defined in TS 26.346 of MBMS, clause 9.4.8, of reception reporting of DASH QoE metrics via MBMS reception reporting, in case the DASH client wishes to rely on the MBMS client to perform the interactivity usage reporting, to a network server, as opposed to doing so by itself.
2.2
Extension of QoE Reporting Framework

In this method, the overall DASH QoE reporting framework is modified by extension to include the definition and signaling of interactivity usage metric, reporting criteria and reporting scheme, and the subsequent reporting of such measurement information, received by the DASH client from the application, to a network server. Such server could be the same as, or different from, the entity that receives QoE reports from DASH clients. Presently, as indicative from the title of that section in TS 26.247, the information reported by the DASH client to the network are solely QoE metrics. The DASH QoE reporting framework is modified to additionally support the reporting of application-layer service interactivity usage information, as follows:
· Update of clause 10.2 in TS 26.247 by changing the clause title to “QoE and Interactivity Usage Metric Definitions” and expand all occurrences of general wording on QoE metrics (only) to also include interactivity usage metrics.

· Additions in clause 10.2 of TS 26.247 of the interactivity usage metrics IntySummary and IntyEventList. IntySummary contains summary information for one or more types of interactivity usage measurement to be reported by the DASH client to a network server, in accordance to reporting and targeting criteria present under this parameter. IntyEventList denotes a time-ordered list of individual interactivity events and consumption-related information associated with interactivity usage by the user during each of those events. It corresponds to the description of the Interactivity Usage Event List in Sec. 2.2 of S4-180079 [1]. The data structures of the above interactivity metrics are described below in Sec. 2.3 and 2.4. The above two parameters may appear in the MPD in addition to one or more QoE-related metrics as expressed by the MPD.Metrics@metrics attribute (i.e., RepSwitchList, AvgThroughput, InitialPlayoutDelay, BufferLevel, PlayList, MPDInformation, PlayoutDelayforMediaStartup, and DeviceInformationList).
· Modification of MPD.Metrics in clause 10.4 of TS 26.247 by expanding the semantics of this element to cover interactivity functionality, as shown below in Sec. 2.5.
· Modification of clause 10.5 (quality reporting scheme) of TS 26.247 by changing the clause title to “Quality and Interactivity Usage Reporting Scheme for DASH”, and any occurrences of general wording on QoE reporting (only) to become QoE and interactivity usage reporting. Also, metadata regarding interactivity usage reporting are added to the existing metadata pertaining to QoE metrics reporting. These changes are as shown below in Sec. 2.6.
2.3
Interactivity Summary
The IntySummary element summarizes the measurements of interactivity usage according to different metrics such as user consumption of interactivity content, or engagement with user interface (UI) functionality such as viewing, clicking on or selection of hyperlinks, radio buttons, check boxes and other forms of UI displays or controls. Occurrences of opportunities for such user input may be pre-scheduled or unplanned during the playout of a main program. Examples of interactivity content include advertisements and auxiliary content accessible under user control during the occurrence of an interactivity event during a main program. Other interactivity usage metrics may have explicit monetary significance, by their linkage to transactions such as online purchasing or betting.
Table 1: Interactivity Summary 
	Key
	Type
	Description

	IntySummary
	Object
	Summarized information on interactivity usage associated with the set of interactivity event occurrences covered by an interactivity usage report

	
	Parameters
	List
	Collection of one or more parameters pertaining to interactivity usage

	
	
	consumptionDuration
	Integer
	Total measured time duration in milliseconds of user consumption of rendered interactivity content (e.g., video or audio)

	
	
	engagementInterval
	Integer
	Total measured time duration in milliseconds of user engagement with interactivity content via UI controls

	
	
	clickthrough
	Integer
	Number of click-throughs associated with user access of interactivity-related resources offered by UI controls

	
	
	groupId
	String
	Alias for the summarized profile or preference information associated with the user of the reporting device

	
	
	ResourceUri
	List
	List of URIs corresponding to sites visited or resources acquired by the user/device during the interactivity event(s) associated with the report

	
	
	Demographics
	List
	List of one or more parameters pertaining to user demographics information (age, race, sex, education, income, residential community type, etc.) according to a well-known and standardized classification scheme

	
	
	Monetary
	List
	Information on user engagement during interactivity events which has explicit monetary significance

	
	
	
	PurchaseRelated
	List
	Information on user purchasing activity during interactivity events

	
	
	
	
	pNumber
	Integer
	Total number of user purchasing transactions conducted during the interactivity events

	
	
	
	
	pValue
	String
	Total monetary value of the user purchases conducted during the interactivity events, if known

	
	
	
	BetRelated
	List
	Information on user betting activity during interactivity events

	
	
	
	
	bNumber
	Integer
	Total number of user betting transactions conducted during the interactivity events, if known

	
	
	
	
	bValue
	String
	Total monetary value of the user betting transactions conducted during the interactivity events

	
	
	PrivateExt
	List
	Container for proprietary or application-specific extensions on parameters to be included in the interactivity usage report 


2.4
Interactivity Event List
The IntyEventList element contains a time-ordered list of interactivity usage events and the details of the measured interactivity usage information during each event.
Table 2: Interactivity Event List
	IntyEventList
	List
	A time-ordered list of interactivity events occurring during the playout of the main program, each containing detailed information on the incidences of interactivity usage during that event, as covered by an instance of the interactivity usage report.

	
	Entry
	Object
	A record of a single interactivity event

	
	
	mStart
	Media Time
	The media presentation time of the start of the interactivity event

	
	
	mStop
	Media Time
	The media presentation time of the end of the interactivity event

	
	
	groupId
	String
	Alias for the summarized profile or preference information associated with the user of the reporting device

	
	
	Demographics
	String
	List of one or more parameters pertaining to user demographics information (age, race, sex, education, income, residential community type, etc.) according to a well-known and standardized classification scheme

	
	
	Consumption
	List
	A list of time durations within the interactivity event duration during which the user consumed the rendered interactivity content (e.g., video or audio)

	
	
	
	cStart
	Media Time
	The media presentation time of the start of the interactivity content consumption

	
	
	
	cStop
	Media Time
	The media presentation time of the end of the interactivity content consumption

	
	
	Engagement
	List
	A list of time durations within the interactivity event duration during which the user engaged with the interactivity content via UI controls

	
	
	
	eStart
	Media Time
	The media presentation time of the start of user engagement with interactivity content

	
	
	
	eStop
	Media Time
	The media presentation time of the end of user engagement with interactivity content

	
	
	Clickthrough
	List
	A list of click-through actions performed by the user to access interactivity-related resources, as presented via UI controls, during the interactivity event 

	
	
	
	clickStart
	Media Time
	The media presentation time at which user performed a click/selection

	
	
	
	resourceUri
	String
	URI of the site visited, or resource acquired by the user/device in association with the click/selection action

	
	
	PurchasingAction
	List
	A list of user purchasing activities during the interactivity event

	
	
	
	pStart
	Media Time
	The media presentation time of the start of purchasing activity

	
	
	
	pStop
	Media Time
	The media presentation time of the end of purchasing activity

	
	
	
	pValue
	String
	Total monetary value of the purchase, if known

	
	
	
	pCompletion
	Boolean
	Indication of whether the purchase activity resulted in successful/completed monetary transaction

	
	
	BetAction
	List
	A list of user betting activities during the interactivity event

	
	
	
	bStart
	Media Time
	The media presentation time of the start of betting activity

	
	
	
	bStop
	Media Time
	The media presentation time of the end of betting activity

	
	
	
	bValue
	String
	Total monetary value of the betting activity, if known

	
	
	
	bCompletion
	Binary
	Indication of whether the betting activity resulted in successful/completed monetary transaction

	
	
	PrivateExt
	List
	Container for proprietary or application-specific extensions on parameters to be included in this interactivity event entry


2.5
Modification of MPD.Metrics
As previously described in Sec. 2.2, the MPD.Metrics element as defined in clause 10.4 of TS 26.247 will be modified to additionally convey semantics regarding interactivity usage metrics. The proposed modifications of Table 32 in TS 26.237 are shown via change marks in Table 3 below.
Table 3: (Modified) Semantics of Metrics element

	Element or Attribute Name
	Use
	Description

	
	Metrics
	
	DASH QoE and Interactivity Usage metrics element

	
	
	@metrics
	M
	This attribute lists all quality and interactivity usage metrics (as a list of 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 and/or interactivity usage metric collection is requested. When not present, metric collection is requested for the whole duration of the content.

	
	
	
	@starttime
	O
	When specified, it indicates the start time of the quality and/or interactivity usage metric collection operation. When not present, such metric collection is requested from the beginning of content consumption. For services with MPD@type “Live”, the start time of 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 and/or interactivity usage metric collection period. The value of this attribute is expressed in media time.

	
	
	LocationFilter
	0..1
	When present, this element indicates the geographic area(s) or location(s) where quality and/or interactivity usage metric collection is requested. When not present, metric collection is requested regardless of the device’s location. The LocationFilter element comprises one or more instances of any combination of targeted cell-IDs, polygons and circular areas. Each cell-ID entry in LocationFilter is announced in cellList, and each polygon and circular area entry is announced in the polygonList or and circularAreaList elements, respectively.

	
	
	   cellList
	0..N
	This element specifies a list of cell identified by E-UTRAN-CGI or CGI.

	
	
	   shape
	
	Geographic area comprising one or more instances of polygonList and/or circularAreaList elements.

	
	
	      polygonList
	0..N
	This element, when present, comprises a list of ‘Polygon’ shapes as defined by OMA MLP[51].

	
	
	         @confLevel
	O
	This attribute indicates the probability in percent that the DASH client is located in the corresponding polygon area. It is defined as ‘lev_conf’ by OMA MLP. If not present, it has default value of 60.

	
	
	      circularAreaList
	0..N
	This element, when present, comprises a list of ‘CircularArea’ shapes as defined by OMA MLP[51].

	
	
	         @confLevel
	O
	This attribute indicates the probability in percent that the DASH client is located in the corresponding circular area. It is defined as ‘lev_conf’ by OMA MLP. If not present, it has default value of 60.

	
	
	StreamingSourceFilter
	1..N
	The streaming source filter controls the streaming sources for which QoE metrics are collected and reported. The filter is defined as a URL pattern. If any streaming source filters are present, and the MPD URL of a media presentation does not match any of the filter values, then reporting is disabled, and the DASH client shall not report the requested QoE metrics for that media presentation. If no filter is present, then reporting is enabled for any streaming source.

The filter is only intended to be used when reporting is activated by the QMC functionality as specified in Annex L.

	
	
	   @streamingsource
	M
	Streaming source filter pattern represented by a POSIX regular expression as specified by IEEE Std 1003.1-2008 [52].

	
	
	Reporting
	1...N
	Descriptor that provides information about the requested Quality and/or Interactivity Usage Reporting method and formats. See clause 10.5 for the 3GP-DASH quality and interactivity usage reporting scheme.

	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 @.


2.6
Modification of 3GP-DASH Quality Reporting Scheme to include Interactivity Usage Reporting

The following modifications, as shown by change marks relative to existing spec text, are proposed to clause 10.5 of TS 26.247.

==============

10.5
Quality and Interactivity Usage Reporting Scheme for DASH

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

The quality and interactivity usage reporting scheme is signaled using the Reporting element in the Metrics element. The URN to be used for the Reporting@schemeIdUri shall be "urn:3GPP:ns:PSS:DASH:QM+IU15". 

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

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

Table 34: Semantics of Quality and Interactivity Usage Reporting Scheme Information
	Element or Attribute Name
	Use
	Description

	
	@apnQoE
	O
	This attribute gives the access point that should be used for sending the QoE reports, if different from that for sending the interactivity usage reports. Absence of @apnIntyUsage in the reporting scheme information implies that the same access point shall be used for sending of both QoE and interactivity usage reports,

	
	@apnIntyUsage
	O
	This attribute gives the access point that should be used for sending the interactivity usage reports, and which is expected to be different from the access point for sending 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.

	
	@samplepercentageInty
	O
	Percentage of the clients that should report interactivity usage. The client should use 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 QoE reports will be sent. Interactivity usage reports may also be sent to this server.

	
	@reportingServerInty
	O
	The reporting server URL to which the interactivity usage reports will be sent, and which is expected to be different from the server to which QoE reports are sent. Absence of this attribute implies that interactivity usage reports shall be sent to the same server as the QoE reports.

	
	@intyReportingTime
	O
	Indication of the media presentation time that the first interactivity usage report should be sent by the client.

	
	@reportingInterval
	O
	Indicates the time interval between successive transmissions of QoE reports. 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 QoE metrics information has become available since the previous report.

	
	@reportingIntervalInty
	O
	Indicates the time interval between successive transmissions of interactivity usage reports. If not present, then the client should send a report after the streaming session has ended. If present, @reportingIntervalInty=m indicates that the client should send a report every m-th second provided that new interactivity usage metrics information has become available since the previous report.

	
	GroupID
	0..N
	A set of one or more identifiers, representing aliases associated with and known to the client devices, used to identify that/those device(s) which should perform interactivity usage reporting. Presence of this element and @samplePercentageInty should be mutually exclusive

	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 35: Syntax of Quality and Interactivity Usage Reporting Scheme Information

	<?xml version="1.0"?>
<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 and Interactivity Usage Reporting</xs:appinfo>
        <xs:documentation xml:lang="en">
            This Schema defines the quality and interactivity reporting scheme information for 3GPP DASH.
        </xs:documentation>
    </xs:annotation>

    
    <xs:element name="ThreeGPQualityAndIntyUsageReporting" type="SimpleQualityAndIntyReportingType"/>
    
    <xs:complexType name="SimpleQualityAndIntyReportingType">
        <xs:sequence>

            <xs:element name="GroupID" type="xs:string" minOccurs="0" maxOccurs="unbounded"/>

            <xs:any namespace="##other" processContents="skip" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute name="apnQoE" type="xs:string" use="optional"/>
        <xs:attribute name="apnIntyUsage" 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="samplePercentageInty" type="xs:double" use="optional"/>
        <xs:attribute name="reportingServer" type="xs:anyURI" use="required"/>
        <xs:attribute name="reportingServerInty" type="xs:anyURI" use="optional"/>
        <xs:attribute name="intyUsageReportingServer" type="xs:anyURI" use="optional"/>
        <xs:attribute name="intyReportingTime" type="xs:duration" use="optional"/>
        <xs:attribute name="reportingInterval" type="xs:unsignedInt" use="optional"/>
        <xs:attribute name="reportingIntervalInty" type="xs:unsignedInt" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </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>


2.6
Modification of Quality Reporting Protocol to include Interactivity Usage Reporting

The following modifications, as shown by change marks relative to existing spec text, are proposed to clause 10.5 of TS 26.247.

==============
10.6
Quality and Interactivity Usage Reporting Protocol

10.6.1
General

The quality and interactivity usage reporting protocol consists of:

-
The XML-based report format defined in section 10.6.2

- 
The reporting protocol defined in section 10.6.3

The MIME type of an XML-formatted QoE report shall be “application/3gpdash-qoe+iu-report+xml” as defined in Annex J.

10.6.2
Report Format

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

	<?xml version="1.0"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"
    targetNamespace="urn:3gpp:metadata:2011:HSD:receptionreport"
xmlns:sup="urn:3gpp:metadata:2018:PSS:SupplementQoE+IuMetric"
xmlns:sv="urn:3gpp:metadata:2016:PSS:schemaVersion"
    xmlns="urn:3gpp:metadata:2011:HSD:receptionreport" elementFormDefault="qualified">    


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

    <xs:complexType name="ReceptionReportType">
        <xs:choice>
            <xs:element name="Qoe+IuReport" type="Qoe+IuReportType" 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="Qoe+IuReportType">
        <xs:sequence>
            <xs:element name="Qoe+IuMetric" type="Qoe+IuMetricType" minOccurs="1" maxOccurs="unbounded"/>
            <xs:element ref="sup:supplementQoEMetric" minOccurs="0" maxOccurs="1"/>

            <xs:element ref="sv:delimiter”/>
            <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="Qoe+IuMetricType">
        <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:element name="PlayoutDelayforMediaStartup" type="xs:unsignedInt"/>
            <xs:element name="IntySummary" type="xs:IntySummaryType"/>
            <xs:element name="IntyEventList" type="xs:IntyEventListType"/>
        </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="InitializationSegment"/>
            <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="UnsignedIntVectorType" 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="mt" type="xs:duration" use="optional"/>
        <xs:attribute name="t" type="xs:dateTime" use="optional"/>
        <xs:attribute name="lto" type="xs:unsignedInt" 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:duration" 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="sstart" type="xs:duration" 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:attribute name="stopReasonOther" type="xs:string" use="optional"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>

    <xs:simpleType name="StartType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="NewPlayoutRequest"/>
            <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:enumeration value="Other"/>
        </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:element name="IntySummary">


<xs:complexType>



<xs:sequence>




<xs:element name="Parameters">





<xs:complexType>






<xs:sequence>







<xs:element name="ResourceUri" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="uriEntry" type="xs:anyURI" use="required"/>








</xs:complexType>







</xs:element>







<xs:element name="Demographics" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="demoEntry" type="xs:string" use="required"/>








</xs:complexType>







</xs:element>







<xs:element name="Monetary" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:sequence>










<xs:element name="PurchaseRelated" minOccurs="0" maxOccurs="unbounded">











<xs:complexType>












<xs:attribute name="pNumber" type="xs:unsignedInt"/>












<xs:attribute name="pValue" type="xs:string"/>











</xs:complexType>










</xs:element>










<xs:element name="BetRelated" minOccurs="0" maxOccurs="unbounded">











<xs:complexType>












<xs:attribute name="bNumber" type="xs:unsignedInt"/>












<xs:attribute name="bValue" type="xs:string"/>











</xs:complexType>










</xs:element>









</xs:sequence>








</xs:complexType>







</xs:element>







<xs:element ref="PrivateExt" minOccurs="0"/>







<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>






</xs:sequence>






<xs:attribute name="consumptionDuration" type="xs:unsignedInt"/>






<xs:attribute name="engagementInterval" type="xs:unsignedInt"/>






<xs:attribute name="clickthough" type="xs:unsignedInt"/>






<xs:attribute name="groupId" type="xs:string"/>






<xs:anyAttribute processContents="skip"/>





</xs:complexType>




</xs:element>



</xs:sequence>


</xs:complexType>

</xs:element>

<xs:element name="PrivateExt"/>

<xs:element name="IntyEventList">


<xs:complexType>



<xs:sequence>




<xs:element name="Entry" maxOccurs="unbounded">





<xs:complexType>






<xs:sequence>







<xs:element name="Demographics" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="demoEntry" type="xs:string" use="required"/>








</xs:complexType>







</xs:element>







<xs:element name="Consumption" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="cStart" type="xs:duration" use="required"/>









<xs:attribute name="cStop" type="xs:duration" use="required"/>








</xs:complexType>







</xs:element>







<xs:element name="Engagement" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="eStart" type="xs:duration" use="required"/>









<xs:attribute name="eStop" type="xs:duration" use="required"/>








</xs:complexType>







</xs:element>







<xs:element name="Clickthrough" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="clickStart" type="xs:duration" use="required"/>









<xs:attribute name="resourceUri" type="xs:anyURI" use="required"/>








</xs:complexType>







</xs:element>







<xs:element name="PurchaseAction" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="pStart" type="xs:duration" use="required"/>









<xs:attribute name="pStop" type="xs:duration" use="required"/>
                                <xs:attribute name="pValue" type="xs:string"/>









<xs:attribute name="pCompletion" type="xs:boolean" default="true"/>








</xs:complexType>







</xs:element>







<xs:element name="BetAction" minOccurs="0" maxOccurs="unbounded">








<xs:complexType>









<xs:attribute name="bStart" type="xs:duration" use="required"/>









<xs:attribute name="bStop" type="xs:duration" use="required"/>
                                <xs:attribute name="bValue" type="xs:string"/>









<xs:attribute name="bCompletion" type="xs:boolean" default="true"/>








</xs:complexType>







</xs:element>







<xs:element ref="PrivateExt" minOccurs="0"/>







<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>






</xs:sequence>






<xs:attribute name="mStart" type="xs:duration" use="required"/>






<xs:attribute name="mStop" type="xs:duration" use="required"/>






<xs:attribute name="groupId" type="xs:string"/>





</xs:complexType>




</xs:element>



</xs:sequence>


</xs:complexType>

</xs:element>

<xs:element name="PrivateExt"/>

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

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


    <xs:simpleType name="UnsignedIntVectorType">
        <xs:list itemType="xs:unsignedInt"/>
    </xs:simpleType>

</xs:schema>

	


The following schema is an extension to allow additional QoE metrics.

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

<xs:schema 


xmlns="urn:3gpp:metadata:2016:PSS:SupplementQoEMetric" 


xmlns:xs="http://www.w3.org/2001/XMLSchema" 


targetNamespace="urn:3gpp:metadata:2016:PSS:SupplementQoEMetric" 


elementFormDefault="qualified">

<xs:element name="supplementQoEMetric" type="SupplementQoEMetricType"/>

<xs:complexType name="SupplementQoEMetricType">


<xs:sequence>




<xs:element name="deviceinformation" type="DeviceInformationType" minOccurs="0"/>




<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>


</xs:sequence>
    </xs:complexType>
    <xs:complexType name="DeviceInformationType">
        <xs:choice>
            <xs:element name="Entry" type="DeviceInformationEntryType" maxOccurs="unbounded"/>
        </xs:choice>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>
    <xs:complexType name="DeviceInformationEntryType">
        <xs:attribute name="start" type="xs:dateTime" use="required"/>
        <xs:attribute name="mstart" type="xs:duration" use="required"/>
        <xs:attribute name="videoWidth" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="videoHeight" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="screenWidth" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="screenHeight" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="pixelWidth" type="xs:double" use="required"/>
        <xs:attribute name="pixelHeight" type="xs:double" use="required"/>
        <xs:attribute name="fieldOfView" type="xs:double" use="required"/>
        <xs:anyAttribute processContents="skip"/>
    </xs:complexType>
</xs:schema>
<?xml version="1.0" encoding="UTF-8"?>

<xs:schema 
xmlns="urn:3gpp:metadata:2016:PSS:schemaVersion" 

  


xmlns:xs="http://www.w3.org/2001/XMLSchema"

  


targetNamespace="urn:3gpp:metadata:2016:PSS:schemaVersion"

  


elementFormDefault="qualified">


<xs:element name="schemaVersion" type="xs:unsignedInt"/>


<xs:element name="delimiter" type="xs:byte"/>


</xs:schema>
Note: If a supplementQoEMetric needs to be sent when no ordinar QoEMetric are due, a dummy MPDInformation metric shall be sent with codecs="none", bandwidth=0, mimeType="none", representationId="none".
3 Proposal
The mechanisms as described in Sec. 2 pertain to the Option 1 solution for direct reporting of interactivity usage information by the DASH client. Extensions of the existing QoE metrics definition, reporting scheme and reporting protocol enable the integration of interactivity usage metrics reporting with the existing QoE reporting mechanisms. This proposal should be compared to the Option 2 solution as described in S4-180081 [3] in reaching MBS group decision on a preference and potential way forward on the normative solution. Upon reaching such decision, normative solution proposals via CRs can then be submitted.
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