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	First Change


1 Quality of Experience
General
An HSD client supporting Quality of Experience (QoE) shall report QoE metrics according to the QoE configuration. The activation and configuration of QoE reporting framework can be accomplished in the MPD as specified in Section 7.3, or by a corresponding OMA-DM Managed Object as specified in Section 9.x. In both cases the reporting of metrics shall be done over HTTP according to Section 9.x. 
A 3GP-DASH (3GP-PD) client supporting the QoE reporting feature shall report QoE metrics as configured by the OMA DRM QoE MO . Different sets of QoE metrics are defined for HTTP-based progressive download, i.e., 3GP-PD, and HTTP-based adaptive streaming, i.e., 3GP-DASH. 

The general QoE metric definitions and measurement framework are described in Section 9.2, based on the observation points as depicted in the figure below. The recommendations on the set of QoE metrics to be used for 3G-PD and 3GP-DASH services are provided in Section 9.x.  
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QoE Metric Definitions and Measurement Framework

Introduction

This section provides the general QoE metric definitions and measurement framework. The mentioned timestamp values contain both the client clock time and the global content time, so that the metrics can be evaluated both from the end-user and the content provider perspective.
MPD Fetch Event
This metric is used to report a list of MPD fetch events that took place during the measurement interval. The metric name is “MPDFetchEvent”. For each MPD fetch event, the following parameters shall be reported: 

The MPD fetch time indicates the timestamp corresponding to the position in the media at which the MPD request was made either at the beginning or during the content consumption, e.g., with an HTTP GET request. The MPD fetch time is represented by the parameter “MPDFetchTime”  expressed in milliseconds as an integer value. The observation point for this parameter is OP1.

The MPD fetch duration indicates the total time that was used to fetch the MPD either at the beginning or during content consumption. More specifically, the MPD fetch duration is measured as the time that it takes from the requesting for the MPD, e.g., by sending an HTTP GET request, until the time of reception of the last byte of the MPD. The MPD fetch duration is represented by the parameter “MPDFetchDuration” expressed in milliseconds as an integer value. The observation point for this parameter is OP1.

The MPD fetch event metric shall not be reported in case the MPD is delivered to the client by mechanisms other than HTTP.
Initialisation Segment Fetch Event
This metric is used to report a list of initialisation segment fetch events that took place during the measurement interval. The metric name is “InitSegmentFetchEvent”. For each initialization segment fetch event, the following parameters shall be reported: 

The initialisation segment fetch time indicates the timestamp corresponding to the position in the media at which an initialisation segment request was made with an HTTP GET message either at the beginning or during the content consumption. The initialisation segment fetch time is represented by the parameter “InitSegmentFetchTime” expressed in milliseconds as an integer value. The observation point for this parameter is OP1.

The initialisation segment fetch duration is used to report the total time that is used to fetch an initialisation segment either at the beginning or during content consumption. More specifically, the initialisation segment fetch duration is measured as the time that it takes from the transmission of the HTTP GET request for the initialisation segment until the time of reception of the last byte of the initialisation segment. The initialisation segment fetch duration is represented by the parameter "InitSegmentFetchDuration" expressed in milliseconds as an integer value. The observation point for this parameter is OP1.

This metric is not relevant when the accessed representation does not contain an initialisation segment or each media segment in the representation is self-initialising. 
Representation Switch Event

This metric is used to report a list of representation switch events that took place during the measurement interval. The metric name is "RepresentationSwitchEvent". A representation switch event signals the client’s decision to perform a representation switch from a switch-from representation to a switch-to representation. For each representation switch event, the following parameters shall be reported: 

The representation switch time is the timestamp corresponding to the position within the media content at which the client initiated the representation switch by sending the first HTTP GET request for data from the switch-to representation. The representation switch time is given by the parameter “RepSwitchTime” expressed in milliseconds as an integer value. The observation point for this parameter is OP1.
This representation switch duration indicates the time that elapses from deciding to perform a representation switch by sending the first HTTP GET request for data from the switch-to representation until the playback of the first media sample from the switch-to representation. The representation switch duration is given by the parameter “RepSwitchDuration” and metric unit is expressed in milliseconds as an integer value. The observation points for this parameter include OP1 for measuring the time of representation switch and one or more of OP2, OP3 and OP4 for determining the time of the playback of the first media sample from the switch-to representation.

For each representation switch event, information about the switch-from and the switch-to representations, position in the content timeline at which the switch was perceived by the client, i.e. the timestamp of the first rendered media unit from the switch-to representation, buffer status before and after the switch may also be reported.
Client State
This metric is used to report information about a change of client state. The metric name is "ClientState", and can take the following values:

- Buffering:




Client will start to play when enough data is in the buffer
- PlayingAndBuffering: 
Client is playing but has not yet fetched all future media data.
- Playing: 





Client is playing and has fetched all future media data.
- Paused: 





Client has been paused by user.
- Stopped: 





Client has been stopped by user or due to end of media session.
The observation points for this metric include one or more of OP2, OP3 and OP4.

Average Throughput

This metric indicates the average throughput that is observed by the client during the measurement interval. It is defined as the total number of streamed content bits received during the reporting period divided by the activity time during the reporting period. The activity time during the period is the time during which at least one GET request is still not completed (i.e. excluding inactivity time during the reporting period). The metric name is "AvgThroughput” and metric unit is expressed in bits per second and represented as an integer value. The observation point for this metric is OP1. 
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. 
Average Segment Fetch Duration
This metric indicates the average segment fetch duration that is observed by the client during a measurement interval. It is defined as the average time difference between the time when the client requests a media segment (or sub-segment) by sending an HTTP GET message to the server and the time of receiving the last byte of the corresponding segment (averaged over all segments received during the measurement interval). The metric name is "AvgSegmentFetchDuration” and metric unit is expressed as in milliseconds as an integer value. The observation points for this metric include OP1 for measuring the time of the HTTP GET request and one or more of OP1, OP2 and OP3 for determining the time at which all bytes corresponding to the requested media segment have been received. 
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 segment fetch duration values should be reported as a list of events with average segment fetch duration for each access network and associated access network bearer information reported separately, following the same guidelines as described above. 
Download Jitter

This metric indicates the average download jitter that is observed by the client during a measurement interval. It is defined as the variation of segment download latency across media segments quantifying the deviation around the average segment fetch duration, where the segment download latency for a given segment is given by the time difference between the time when the client requests the media segment by sending an HTTP GET message to the server and the time of receiving the last byte of the corresponding segment (variation averaged over all segments received during the measurement interval). The metric name is "DownloadJitter” and metric unit is expressed as in milliseconds as an integer value. The observation points for this metric include OP1 for measuring the time of the HTTP GET request and one or more of OP1, OP2 and OP3 for determining the time at which all bytes corresponding to the requested media segment have been received. 
Inactivity Time

This metric is used to report a list of inactivity time events that took place during the measurement interval. An inactivity time event corresponds to a time period during which no pending (not yet completed) HTTP GET requests exist at the client. The metric name is “InactivityTime”. For each inactivity time event, the following parameters shall be reported: 
The duration of any inactivity time event occurring during a measurement interval shall be reported. A given inactivity time event duration corresponds to the time between the reception of the last byte from the previous request and the time of transmission of the next HTTP GET request. Note that in case HTTP request pipelining is used, the values may be negative and these values shall not be reported. Hence, only the durations corresponding to time intervals for which no unfulfilled HTTP requests are outstanding shall be reported. The name of this parameter is “InactivityTimeEventDuration” expressed in milliseconds as an integer value. The observation point for this metric is OP1. Additionally, the type of the inactivity may also be indicated by a parameter named as “InactivityType”, if known and consistent throughout the reporting period. The inactivity may be due to a user request (e.g. Pause), a client measure to control the buffer, or due to an error case.
Resource Not Accessible 

This metric is used to report a list of events to capture errors on when the client is unable to fetch a specific media resource. The metric name is “ResourceNotAccessible”. For any resource not accessible error event, the following parameters shall be reported:

The metric value contains the media resource URL named as “ResourceNotAccessibleURL”, the type of the media resource, named as “ResourceNotAccessibleResourceType”, the requested byte range, named as “ResourceNotAccessibleByteRange”, the UTC time at which the fetch operation was unsuccessful, named as “ResourceNotAccessibleUTC”, and the resulting HTTP status code, named as “ResourceNotAccessibleStatusCode”. The observation point for this metric is OP1.
Initial Playout Delay
This metric is used to report the total time that elapses from the time client requested to the MPD with an HTTP GET message to the time of the playout of the first media sample. The metric name is "InitPlayoutDelay". The metric unit is expressed in milliseconds as an integer value. The observation points for this metric include OP1 for measuring MPD Fetch Time, and OP4 for determining the time of rendering for the first media sample.
Buffer Level

This metric signals the existing amount of buffered media time at the client at the end of the measurement interval. The metric name is “BufferLevel” and the metric unit is expressed in milliseconds as an integer number. In case of a buffer underflow event at the time of reporting, the buffer level is reported as zero. The observation point for this metric is OP2.
Rebuffering Event
This metric is used to report a list of rebuffering events that took place during the measurement interval. The metric name is "RebufferingEvent". A given rebuffering event starts when the playback is stopped due to non-availability of media data in the buffer for playback, due to several potential reasons such as a buffer underflow or the use of a trick mode operation such as seeking. The rebuffering event is considered terminated when the buffer level reaches the indicated minimum buffering time again. This metric reports all rebuffering events that have been terminated during the current reporting period.  For each rebuffering event, the following parameters shall be reported: 
The rebuffering time indicates the time of a buffer underflow event that led to rebuffering. Its value is derived based on the timestamp corresponding to the position in the media at which the buffer underflow occurred . The rebuffering time is expressed by the parameter “RebufferingTime” expressed in milliseconds as an integer number. The observation point for this parameter is OP2. 

The rebuffering duration signals the duration between the time of the start of a rebuffering event and the time when the playout begins again (i.e., the rebuffering event is terminated). It is represented by the parameter “RebufferingDuration” expressed in milliseconds as an integer number. The observation points for this parameter include OP2 for measuring the time of the start of a rebuffering event and one or more of OP2, OP3 and OP4 for determining the time when the playout begins again.

Audio Metrics
This metric is used to report a list of events describing the set of media parameters that characterizes the audio consumed during the measurement period, and also indicates any audio codec change events that took place during the measurement interval. The audio metrics shall be reported whenever the codec is changed, but also at the end of each measurement interval. The metric name is “AudioMetrics”. For each audio codec change event, the following parameters shall be reported: 
· Audio Start: This parameter indicates the timestamp when a change of audio codec was done. It is named as “AudioStart” and is expressed in milliseconds as an integer number.
· Audio Codec: This parameter indicates codec-relevant information for the codec used before the change and is named as “AudioCodec”. The audio codec used at the time of reporting is indicated by its mime type, including profile and level, as included in the MPD.
· Audio Framerate: This metric indicates the average audio frame rate used since the last audio codec change (or since the start of the measurement interval). It is named as “AudioFramerate” and is reported in units of frames per second with fractions allowed.

· Audio Bitrate: This metric indicates the average audio bitrate used since the last audio codec change (or since the start of the measurement interval). It is named as “AudioBitrate” and is reported as an integer number in kilobits per second.
The observation points for the audio metrics include OP3 and OP4. 
Video Metrics

This metric is used to report a list of events describing the set of media parameters that characterizes the video consumed during the measurement period, and also indicates any video codec change events that took place during the measurement interval. The video parameters shall be reported whenever the codec is changed, but also at the end of each measurement interval. The metric name is “VideoMetrics”. For each video codec change event, the following parameters shall be reported: 
· Video Start: This parameter indicates the timestamp when a change of video codec was done. It is named as “VideoStart” and is expressed in milliseconds as an integer number.

· Video Codec: This parameter indicates codec-relevant information for the codec used before the change and is named as “VideoCodec”. The video codec used at the time of reporting is indicated by its mime type, including profile and level, as included in the MPD.
· Video Framerate: This metric indicates the average video frame rate used since the last video codec change (or since the start of the measurement interval). It is named as “VideoFramerate” and is reported in units of frames per second with fractions allowed.

· Video Bitrate: This metric indicates the average video bitrate used since the last video codec change (or since the start of the measurement interval). It is named as “VideoBitrate” and is reported as an integer number in kilobits per second.

· Video Width: This metric indicates the video width in pixels used before the change of codec and is named "VideoWidth".

· Video Height: This metric indicates the video height in pixels used before the change of codec and is named "VideoHeight".
The observation points for the audio metrics include OP3 and OP4. 

QoE Metrics and OP Summary
The figure below provides the summary of the QoE metrics to be reported and their observation points for DASH:
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	End of First Change


	Second Change


9.X.X 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="RepresentationID" type="xs:string" use="required"/>


<xs:attribute name="ReportTime" type="xs:dateTime" use="required"/>


<xs:attribute name="ReportPeriod" type="xs:unsignedInteger" use="required"/>


<xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:complexType name="qoeMetricType">


<xs:choice>



<xs:element name="MPDFetchEvent" type="fetchEventType" maxOccurs="unbounded"/>



<xs:element name="InitSegmentFetchEvent" type="fetchEventType" maxOccurs="unbounded"/>



<xs:element name="RepresentationSwitchEvent" type="repSwitchEventType" maxOccurs="unbounded"/>



<xs:element name="ClientState" type="clientStateType"  maxOccurs="unbounded"/>



<xs:element name="AvgThroughput" type="throughputType"/>



<xs:element name="AvgSegmentFetchDuration" type="xs:segmentFetchDurationType"/>



<xs:element name="DownloadJitter" type="xs:double"/>



<xs:element name="InactivityTime" type="xs:inactivityEventType" maxOccurs="unbounded"/>



<xs:element name="ResourceNotAccessible" type="resourceNotAccessibleType" maxOccurs="unbounded"/>



<xs:element name="InitialPlayoutDelay" type="xs:double"/>



<xs:element name="BufferLevel" type="xs:double"/>




<xs:element name="RebufferingEvent" type="xs:rebufferingEventType" maxOccurs="unbounded"/>



<xs:attribute name="AudioMetrics" type="xs:mediaStatType" maxOccurs="unbounded"/>



<xs:attribute name="VideoMetrics" type="xs:mediaStatType" maxOccurs="unbounded"/>


</xs:choice>

    <xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:complexType name="fetchEventType">


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


<xs:attribute name="FetchDuration" type="xs:unsignedInt" use="required"/>


<xs:attribute name="MediaTime" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="ClockTime" type="xs:dateTime" use="optional"/>


<xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:complexType name="repSwitchEventType">


<xs:attribute name="OldRepId" type="xs:string" use="optional"/>


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


<xs:attribute name="RepSwitchDuration" type="xs:unsignedInt" use="required"/>


<xs:attribute name="OldBufferDepth" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="NewBufferDepth" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="MediaTime" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="ClockTime" type="xs:dateTime" use="optional"/>


<xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:complexType name="clientStateType">


<xs:attribute name="State" type="xs:clientStatesType" use="required"/>


<xs:attribute name="BufferDepth" type="xs:unsignedInt" use="required"/>


<xs:attribute name="MediaTime" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="ClockTime" type="xs:dateTime" use="optional"/>

    <xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:simpleType name="clientStatesType">   


<xs:restriction base="xs:string">



<xs:enumeration value="Buffering" />



<xs:enumeration value="PlayingAndBuffering" />



<xs:enumeration value="Playing" />



<xs:enumeration value="Paused" />



<xs:enumeration value="Stopped" />


</xs:restriction>

</xs:simpleType>       
<xs:complexType name="resourceNotAccessibleType" >


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


<xs:attribute name="Range" type="xs:string" use="optional" />


<xs:attribute name="StatusCode" type="xs:integer" use="required" />

    <xs:attribute name="Resource" type="resourceType" use="required" />


<xs:attribute name="MediaTime" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="ClockTime" type="xs:dateTime" use="optional"/>

</xs:complexType>        

<xs:simpleType name="resourceType">   



<xs:restriction base="xs:string">




<xs:enumeration value="MPD" />




<xs:enumeration value="InitSegment" />




<xs:enumeration value="MediaSegment" />

        </xs:restriction>

</xs:simpleType>
<xs:complexType name="rebufferingEventType">


<xs:attribute name="RebufferingDuration" type="xs:unsignedInt" use="required"/>


<xs:attribute name="MediaTime" type="xs:unsignedInt" use="required"/>


<xs:attribute name="ClockTime" type="xs:dateTime" use="required"/>


<xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:complexType name="inactivityEventType">


<xs:attribute name="InactivityTimeEventDuration" type="xs:unsignedInt" use="required"/>

   <xs:attribute name="InactivityType" type="xs: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="mediaStatType">


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

<xs:attribute name="Bitrate" type="xs:unsignedInt" use="required"/>


<xs:attribute name="Framerate" type="xs:unsignedInt" use="required"/>

<xs:attribute name="Width" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="Height" type="xs:unsignedInt" use="optional"/>

<xs:attribute name="MediaTime" type="xs:unsignedInt" use="optional"/>


<xs:attribute name="ClockTime" type="xs:dateTime" use="optional"/>
    <xs:anyAttribute processContents="skip"/>

</xs:complexType>

<xs:simpleType name="throughputType">


<xs:simpleContent>



<xs:extension base="xs:unsignedInt">




<xs:attribute name="AccessBearer" type="xs:string" use="optional" />



</xs:extension>


</xs:simpleContent>

</xs:simpleType>

<xs:simpleType name="segmentFetchDurationType">


<xs:simpleContent>



<xs:extension base="xs:unsignedInt">




<xs:attribute name="AccessBearer" type="xs:string" use="optional" />



</xs:extension>


</xs:simpleContent>

</xs:simpleType>

<xs:simpleType name="doubleVectorType">

    <xs:list itemType="xs:double"/>

</xs:simpleType>

<xs:simpleType name="stringVectorType">

    <xs:list itemType="xs:string"/>

</xs:simpleType>

</xs:schema>


	End of Second Change


	Third Change


9.X.X  Metrics Feedback over HTTP

If a specific metrics server has been configured, the client may send QoE reports using the HTTP (RFC 2616) POST request carrying XML formatted metadata in its body. An example QoE reporting based on HTTP POST request signalling is shown below:
	POST http://www.exampleserver.com HTTP/1.1

Host: 192.68.1.1

User-Agent: Mozilla/4.0 (compatible; MSIE 8.0; Windows NT 6.1; Trident/4.0)

Content-Type: text/xml; charset=utf-8

Content-Length: 4408



	<?xml version="1.0" encoding="UTF-8"?>
<receptionReport ContentURI="http://www.example.com/content/content.mpd" ClientID="35848574673" xmlns="urn:3gpp:metadata:2011:HSD:receptionreport">
<qoeReport PeriodID="Period1" RepresentationID="Rep1" ReportTime="2011-02-16T09:00:00" ReportPeriod="500">
  <qoeMetric>
  <MPDFetchEvent Resource="http://www.example.com/content/content.mpd" FetchDuration="2050" MediaTime="0" ClockTime="2011-02-16T08:59:30" /> 
</qoeMetric>
    <qoeMetric>
  <InitSegmentFetchEvent Resource="http://www.example.com/content/initRep1.3gp" FetchDuration="450" MediaTime="0" ClockTime="2011-02-16T08:59:40" /> 
  <InitSegmentFetchEvent Resource="http://www.example.com/content/initRep2.3gp" FetchDuration="350" MediaTime="0" ClockTime="2011-02-16T08:59:41" /> 
  <InitSegmentFetchEvent Resource="http://www.example.com/content/initRep3.3gp" FetchDuration="650" MediaTime="0" ClockTime="2011-02-16T08:59:42" /> 
</qoeMetric>
     <qoeMetric>
   <InitialPlayoutDelay>10000</InitialPlayoutDelay> 
 </qoeMetric>
  </qoeReport>
  <qoeReport PeriodID="Period1" RepresentationID="Rep3" ReportTime="2011-02-16T09:08:20" ReportPeriod="500">
     <qoeMetric>
     <BufferLevel>84673 93874 73987 69834</BufferLevel> 
  </qoeMetric>
    <qoeMetric>
    <RepresentationSwitchEvent OldRepId="Rep1" NewRepId="Rep2" SwitchDuration="1500"  OldBufferDepth="15674" NewBufferDepth="12050" MediaTime="305000" /> 
    <RepresentationSwitchEvent OldRepId="Rep2" NewRepId="Rep3" SwitchDuration="1900" OldBufferDepth="13270" NewBufferDepth="14700" MediaTime="620000" /> 
 </qoeMetric>
   <qoeMetric>
      <AvgThroughput AccessBearer="3G HSDPA">721000</AvgThroughput> 
 </qoeMetric>
 </qoeReport>
</receptionReport>


In response, an example reply message from the server is shown below:

	HTTP/1.1 200 OK 


	Date: Fri, 31 Jan 2011 19:54:08 GMT

Server: Video Stats Server


	End of Third Change
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