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This contribution proposes removal of the @resolution attribute from the QualityMetrics element in the MPD and amendments to the Quality Metrics annex of the DIS Study (v13) based on discussion at the co-located 3GPP SA4/MPEG DASH ad hocs. It is hoped that both MPEG and 3GPP might adopt these metrics.
5.7.3
Quality Metrics

5.7.3.1 Overview

The service provider may trigger Quality Metric collection and reporting at the clients using the QualityMetrics element in the MPD.  The element is given in the MPD and contains the list of Quality Metrics for which the measurements are desired, the time interval and the granularity for the measurements, as well as the scheme according to which the quality reporting is desired.

The semantics of the QualityReporting element as well as the XML syntax are provided in the following sections. 

5.7.3.2 
Semantics

Table 0\IF >= 1 "A." 
X — Attributes and Elements of the QualityMetrics element
	Element or Attribute Name
	Use
	Description

	
	
	QualityMetrics
	O
	Element

	
	
	
	@metrics
	M
	This attribute lists all quality metrics (as a list of QM keys as defined in Annex E, separated by a comma) that the client is desired to report.  

	
	
	
	
	
	

	
	
	
	Range
	O
	When specified, it indicates the time period during which QM collection is requested.  When not present, QM reporting is requested for the whole duration of the content.

	
	
	
	   @starttime
	O
	When specified, it indicates the start time of the QM collection operation. When not present, QM collection is requested from the beginning of content consumption. For Live sessions, the start time is indicated in wallclock time. For OnDemand sessions, the start time is indicated in media time.

	
	
	
	   @duration
	O
	When specified, it indicates the duration of the QM collection interval. For Live sessions, the duration is indicated in wallclock time. For OnDemand session, the range is indicated in media time. When present, @duration shall be greater than @resolution.

	    
	
	
	QualityReporting
	M
	Content Descriptor that provides information about the requested Quality Reporting method and formats.


5.7.3.3
XML Syntax

	<!—QM Collection and Reporting -->
<xs:complexType name="QualityMetricsType">


<xs:sequence>


<xs:element name="QualityReporting" type="ContentDescriptorType" minOccurs="1"/>
        <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:unsignedInteger " use="optional"/>


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


<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>


Annex E
(normative)

DASH Quality Metrics

1.1 
Introduction

This annex defines the ISO/IEC 23001-6 quality metrics (DASH-QM).

1.2 
DASH-QM client reference model

The DASH-QM client reference model is depicted in highlighting so-called observation points (OPs) as defined in 1.3. 
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Figure E.1 — DASH-QM client reference model

The DASH access client as defined in Error! Reference source not found. in this part of ISO/IEC 23001, issues HTTP requests (for DASH data structures), and receives HTTP request responses (containing DASH data structures). Data structures may typically be PDs, segments or partial segments. This input/output interface from the network towards the DASH client is referred to as observation point 1 (OP1).

Furthermore, the DASH client delivers encoded media samples to the DASH-enabled application for further processing and may receive also commands from it. This input/output interface of the DASH client towards the DASH-enabled application is referred to as observation point 2 (OP2).

EXAMPLE
Further processing may include de-multiplexing (of audio/video) and/or decoding potentially involving several buffers.

Finally, the DASH-enabled application delivers decoded media samples to the media output, which displays the media to the user. This output interface towards the user is referred to as observation point 3 (OP3).

1.3 
Definition of observation points

1.3.1 Introduction

This Clause defines the observation points as depicted in Figure E.1.

1.3.2 Observation point 1

The observation point 1 (OP1) is defined as:

· a set of TCP connections each defined by its destination IP address, initiation, connect and close times;

· a sequence of transmitted HTTP requests, each defined by its transmission time, contents, and the TCP connection on which it is sent; and

· for each HTTP response, the reception time and contents of the response header and the reception time of each byte of the response body.

NOTE
The contents of the response body is fully defined by the contents of the request and response headers. 

1.3.3 Observation point 2

The observation point 2 (OP2) consists of encoded media samples. Each encoded media sample is defined as:

· media type;

· decoding time;

· presentation time;

· the @id of the Representation from which the sample is taken; and

· the delivery time.

1.3.4 Observation point 3

The observation point 3 (OP3) consists of decoded media samples. Each decoded media sample is defined as:

· the media type;

· the presentation timestamp of the sample (media time);

· the actual presentation time of the sample (real time); and

· the @id of the Representation from which the sample is taken (the highest dependency level if the sample was constructed from multiple Representations).

1.4 
Semantics of the quality metrics

1.4.1 Introduction

This Clause defines the semantics of the quality metrics at each observation point. The semantics are defined using an abstract syntax, which can be easily mapped to the concrete syntax depending on the application-specific needs (e.g., XML, JSON, Common Log format). 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,  real time (wall-clock time) and media time.
Where lists are defined the name ‘entry’ is used to define the format of each entry, but since lists contain unnamed entries this name would not appear in any concrete syntax.
Each metric is defined as a named list of entries that logically contains the metric information for the entire session. Reporting of these lists, whether done at the end of the session or incrementally during the session is out of scope of this specification. 
1.4.2 Observation point 1 (OP1)

1.4.2.1 General metrics


	Key
	Type
	Description

	TcpList
	List
	List of TCP connections used by the session

	
	entry
	Object
	An entry for a single TCP connection

	
	
	dest
	String
	IP Address of the destination.

	
	
	topen
	Real Time
	The time at which the connection was opened (sending time of the initial SYN).

	
	
	tclose
	Real Time
	The time at which the connection was closed (sending or reception time of FIN or RST).

	
	
	tconnect
	Integer
	Connect time in ms (time from sending the initial SYN to receiving the ACK).

	
	
	id
	Integer
	An identifier for the connection which is unique during the lifetime of the connection.



	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
	The type of the request:

· MPD

· 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.


NOTEs: 

· 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.
· 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.

· 
· The periods reported in tpentry 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) where n is a positive integer is defined for an HttpList with an interval of n ms.


The following entry describes the representation switch events within a session:
	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 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
	Representation id identifying the switch-to representation.

	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


1.4.2.2 Derived metrics

Furthermore, the following DASH QM-related metrics may be derived from the information described in 1.4.2.1:

	Key
	Type
	Description

	atdtrace
	List
	Arrival time deviation trace.

	
	entry
	Objects
	A single arrival time deviation measurement entry.

	
	
	t
	Real Time
	Measurement time.

	
	
	rep
	String
	Representation id at measurement time.

	
	
	id
	Integer
	Segment id at measurement time.

	
	
	byte
	Integer
	Byte offset of byte chosen for this measurement entry

	
	
	m
	Float
	The time (i.e., delta) between the data arrival time required for maintaining constant buffer size at the client and the actual arrival time of a byte which is denoted as atd_m and defined in Equation ( 1 ). tresi corresponds to the arrival time of the ith byte, and tx describes the presentation time of the sample containing byte x.
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NOTE 1
This metric can be calculated for any byte to the granularity of interval from trace of an entry in HttpList. The value may be reported, for example, for the first byte of each HTTP request.
NOTE 2
It can be considered something like the network jitter (or delay variation) but at the level of the DASH layer.

	
	
	

	tpvartrace
	List
	Throughput variation trace.

	
	count
	Integer
	The throughput measurement interval in units of interval from trace of an entry in HttpList

	
	entry
	Objects
	A single throughput variation measurement entry.

	
	
	s
	Real Time
	Measurement period start.

	
	
	d
	Integer
	Measurement period duration (ms).

	
	
	a
	Float
	The average throughput during the measurement period in bits/s.

	
	
	v
	Float
	The variance of the throughput values for every contiguous group of count measurement intervals in (bits/s)


1.4.3 Observation point 2 (OP2)

Encoded Samples are typically stored in a media buffer to compensate jitter in the delivery variable bitrate coding, and composition offsets. Underruns in the encoded sample buffer typically result in display problems. Suitable reporting at OP2 describes each event for which data is written in the encoded sample buffer.

	Key
	Type
	Description

	BufferWriteList
	List
	The list of buffer write events for the session

	
	entry
	Object
	 A single buffer write event

	
	
	start
	Real Time
	Timestamp of the action.

	
	
	periodid
	Integer
	The id of the period from which the bytes are taken.

	
	
	representationid
	Integer
	The id of the representation from which the bytes are taken.

	
	
	segmentindex
	Integer
	The index of the segment from which the bytes are taken.

	
	
	byteindex
	Integer
	Index for the first requested byte in the segment.

	
	
	size
	Integer
	Size of continuous bytes written for this action.

	
	
	buffersize
	Integer
	The number of bytes in the buffer after the new bytes were written.


In addition, the following events are collected based on the media buffer status:

	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.
1.4.4 Observation point 3 (OP3)

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 at OP3 can thus be constructed from a list of time periods during which samples of a single representation were continuously delivered, such that each was presented at its specified presentation time to some specific level of accuracy (e.g., +/-10ms).

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.

	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 payback 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)

	
	
	
	
	
· 
· 
· 

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

	
	
	
	traceentry
	Objects
	Single entry in the list.

	
	
	
	
	representationid
	String
	The id of the representation from which the samples were taken.

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

	
	
	
	
	mstart
	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

· rebuffering

· user request

· end of content

· 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.
�These bullets are normative IMO, but NOTE implied that they are informative. Hence, they are moved out of the bullet list of the NOTE.
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