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=====  CHANGE  =====
13.1 	DASH Media Player – APIs and Functions
13.1.1 	Overview
In the following, it is assumed that the Media Player (in this case a DASH client) adheres to a basic set of functionalities as shown in Figure 13.1-1. The DASH client downloads, processes and presents a DASH Media Presentation by instruction of a 5GMSd-Aaware Aapplication. 
The 5GMSd-Aaware Aapplication can, in addition, configure the presentation of the media, can receive notifications on events, or can query the internal status of the DASH Player and Access Client. Different functions are provided in the DASH Access client that are typically necessary to process a DASH Media Presentation. Other functions may be available as well.
Different information in DASH Media Presentations are of use for different components of the client. The key functionalities of each of the functions are provided as follows: 
· 5GMSd-Aaware Application: Application that makes use of the DASH/Media Player to playback a DASH Media Presentation using the APIs defined in this clause.
· Media Player: A complete player for the playback of a Media Presentation, including media decoders as defined in TS26.511.
· Access Client: A part of the DASH Player accesses and downloads of the resources and provides the downloaded resources to the Media Playback Platform and Content Decryption for the playback of DASH content.
· Management: Controls all internal processes and the communication with the 5GMSd-aware application.
· MPD Processing:  parses and processes the MPD and extracts the relevant information
· Adaptation Set Selection: selects the Adaptation Set based on user, application and/or device capability information
· ABR Controller and Dynamic Switching: runs adaptive bitrate logic and triggers adaptive switching of Representations 
· Throughput Estimation: estimates the throughput from the 5GMSd Application Server
· Metrics Collection: collects the relevant metrics and provides those to the metrics reporting function in the MSH
· Media Playback Management and Protection Controller: manages the media playback by moving downloaded information into media playback platform and also addresses handling of protection and DRM related information. 
· [bookmark: _Hlk43206279]Media Playback Platform and Content Decryption: Plays back CMAF-based media content according to the playback requirements in TS26.511.
· Event Processing: Processes DASH events and provides information to application.


Figure 13.1.1-1 DASH Client Architecture
This clause focuses on Media Player related communication through M7d. In particular, the following aspects of M7d are defined:
1) Methods to interact with the Media Player are defined in clause 13.1.3
2) Notification and Error Events are defined in clause 13.1.4
3) Configuration and Settings APIs are defined in clause 13.1.5
4) Status Information API is defined in clause 13.1.6
Editor's NOTE: The IDL definition is in Annex X.
The communication to the media playback platform is defined through the details in TS 26.511 [12].
A 5GMSd client shall support the APIs defined in this clause 13.

Editor's NOTE: It would be good to define in TS26.511 an entry point for the API communication.
13.1.2 Media Player mModel
13.1.2.1 State Model
Figure 13.1.2.1-1 provides an informative client state model in order to appropriately describe the messages on the Media streaming service API. Six different states are defined. 
State changes may happen based on: 
-	Calls from application
-	Information provided in the Media Presentation Description (MPD)
[image: ] [image: ]
[bookmark: FIGURE_SD_STATE_DIAGRAM]Figure 13.1.2.1-1: State Diagram for Media Player
Table 13.1.2-1-1 defines states for the Media Player. Detailed descriptions are provided in the following subclauses.
[bookmark: TABLE_SD_STATES]Table 13.1.2-1: States of Media Player 
	States and Parameters
	Definition

	IDLE
	In this state, tThe Media Player is not associated with any application.

	INITIALIZED
	In this state, tThe Media Player is associated with the application and the API communication is established.

	READY
	In this state, tThe Media Player has loaded an MPD and is able to playback the media in this Media Presentation. It would also updates the MPD according to the MPD update mechanism.

	PRELOADED
	In this state, tThe Media Player has pre-loaded all media information in order to start playback instantaneously. It also updates the MPD according to the MPD update mechanism.

	PLAYING
	In this state, Tthe Media Player playings the Mmedia Presentation. It also updates the MPD according to the MPD update mechanism.

	PAUSED
	In this state, tThe playback of the media Media Presentation is paused. It also updates the MPD according to the MPD update mechanism.



It is assumed that the player is associated with the playback of a single track for each media type, namely video, audio and subtitles as defined in TS 26.511 [12].
[bookmark: _Hlk41040732]13.1.2.2 Player iInternal Variablesproperties
The Media Player client maintains internal parameters properties as defined Table 13.1.2.2-1. Note that the parameters are conceptual and internal and only serve for the purpose to describe message generation on the API calls. However, at the same time it is expected that the parameters can be configured and accessed from outside through the APIs defined in clause 13.1.4 and 13.1.6. 
[bookmark: Table_FD_PARA_MBMS_CLIENT]Table 13.1.2.2-1: Parameters of Media Player internal properties
	States and Parameters
	Definition

	_configuration
	See clause 13.1.4, Table 13.1.4-1.

	
	
	_mpdLocation
	The location of the MPD

	
	
	_mpd
	The latest MPD

	
	
	_operationPointParameters[]
	The currently applied operation point parameters

	_status[]
	The media player client maintains a status recordSee clause 13.1.6, Table 13.1.6-1.

	
	_averageThroughput
	average throughput computed in the ABR logic in bit/s.

	
	_bufferLength[]
	The length of the buffer for each media type, in seconds

	
	_mediaTime
	Current media playback time from media playback platform. The media time is in seconds and is relative to the start of the playback and provides the media that is actually rendered.

	
	_liveLatency
	Current live stream latency in seconds based on the latency measurement.

	
	_playbackRate
	The current rate of playback. For a video that is
playing twice as fast as the default playback, the
playbackRate value should be 2.00

	_operationPoints[]
	The available operation points

	_mediaSetting[]
	media settings for each media type based on the CMAF Header and the MPD information based on the selected Adaptation Set for this media type.

	_selectableMedia[]
	provides the selectable media (what the player is capable to playback) by providing on CMAF Header and Adaptation Set information.

	_metrics[]
	A data blob of metrics for each defined metrics collecting scheme


13.1.2.3 Media Player Internal Operations
Media Player internal operations are not defined.
13.1.3 Methods
13.1.3.1	General
Based on the procedures in clause 13.1.2 this clause introduces relevant APIs.
Table 13.1.3.1-1 provides an overview over the methods defined for the DASH-based streaming API. 
[bookmark: TABLE_SD_METHODS]Table 13.1.3.1-1: Methods defined for DASH Streaming API 
	Method
	State after sSuccess
	Brief dDescription
	SectionClause

	initialize()
	INITIALIZED
	The Media Player is created
	13.1.3.2

	attach(MPD)
	READY
	sets a source URL to an MPD file or a previously downloaded and parsed MPD
	13.1.3.3

	preload(MPD)
	PRELOADED
	Streaming the media is initiated
	13.1.3.4

	play(MPD)
	PLAYING
	Playback of the media is initiated
	13.1.3.5

	pause()
	PAUSED
	Playback of the media is paused.
	13.1.3.6

	seek(MPD,time)
	PLAYING
	The playback time of the media is altered
	13.1.3.7

	reset()
	INITIALIZED
	All media related information is reset.
	13.1.3.8

	destroy()
	IDLE
	All media player related information is reset and API communication is stopped
	13.1.3.9



13.1.3.2	Initialize
This clause defines the initialize() method.
The Media Player is created by initializing using the initialize() method. The following functions are initialized:
· Media Playback Management in order to enable API-based communication through M7d. 
· In particular, the M7d Notifications and Errors API (see clause 13.1.4) and the Status Query (see clause 13.1.5) are established.
· The Request Scheduling and Download functions are established.
13.1.3.3	Attach
This clause defines the attach() method.
The following pre-conditions apply:
· The MediaPlayer must be in INITIALIZED state
An 5GMSd- Aware Application calls attachMPD() to set a source URL to an MPD file or a previously downloaded and parsed MPD.
The parameters of the method are defined in Table 13.1.3.3-1.
Table 13.1.3.32-1 Parameters for attachMPD()
	Name
	Type
	Description

	urlOrMPD
	string | Object
	A URL to a valid MPD or a valid MPD as defined in ISO/IEC 23009-1 [13] or TS 26.247 [4]..
The URL may be augmented by MPD Anchors as defined in ISO/IEC 23009-1 [13X], Annex C.4.



The following Media Player Actions are expected:
· The Request Scheduling and Download functions are established.
· If the input is a URL, the Media Player requests the MPD at the corresponding URL through M4d.
· The MPD Processing function is established and the MPD parsed. 
· If the MPD is not valid, an error ERROR_MPD_NOT_VALID is returned and the process is terminated.
· If the DASH Player does not support the profiles as indicated in the MPD, an error ERROR_PROFILE_NOT_SUPPORTED is returned and the process is terminated.
· Depending on the type of the MPD, possibly present anchors as well as the wall-clock time, the Media Player selects the Period in the content that is expected to be played next. 
· The Media Playback Management and Protection Controller is established.
· The Adaptation Set Selection is established. By using capability mechanisms defined in TS26.511 as well as using other information (language settings, output capabilities, accessibility settings), the Media Player selects Adaptation Sets that are played. If no Adaptation Sets are capable to be played, an error ERROR_MEDIA_NOT_SUPPORTED is returned and the process is terminated.
· The Media Playback Platform and Content Decryption is established using the methods defined in TS 26.511..
· The selected Adaptation Sets are initialized by downloading the relevant CMAF Headers through M4d in the Media Playback Platform as in TS26.511. 
· Depending on the MPD information and/or M7d configuration, one or more of the following functions may be established
· Metrics Collection
· Event Processing
· Client Metadata handling
· The Media Player is left in the READY state
An application may use this method to load an MPD and in order to prepare playback. In case of errors notifications, it is up to the application to initiated appropriate actions.
13.1.3.4	Pre-load
This clause defines the preload() method.
The following pre-conditions apply:
· The MediaPlayer must be in INITIALIZED or READY state
An 5GMSd-Aware ApplicationAA calls preload() to cause the player to begin streaming the media as set by the  attach() method in preparation for playing.
The parameters of the method are defined in Table 13.1.3.3-1.
Table 13.1.3.2-1 Parameters for attachSource()
	Name
	Type
	Description

	urlOrMPD
	string | Object
	A URL to a valid MPD or a valid MPD as defined in ISO/IEC 23009-1 [13] or TS 26.247 [4].
The URL may be augmented by MPD Anchors as defined in ISO/IEC 23009-1 [13], Annex C.4.A URL to a valid MPD or a valid MPD.
The URL may be augmented by MPD Anchors as defined in ISO/IEC 23009-1 [X], Annex C.4.



The following Media Player Actions are expected:
· If in INITIALIZED state, the attachMPD() method is carried invokedout.
· Depending on the type of the MPD, possibly present anchors as well as the wall-clock time, and other MPD information, the earliest media time span for pre-loading is identified.
· The access client schedules and generates requests for the relevant media segments based on the ABR Controller information, as well as the throughput estimation and downloads this media. 
· The media is downloaded from the corresponding URL through M4d earliest at the segment availability start time of the media segment.
· The media is appropriately appended to the Media Playback Platform and Content Decryption APIs, following the description in TS26.511 for playback requirements.
· In case of a dynamic services, the content is continuously loaded to remain at the live edge. Content not at the live edge is removed. For static services, the content is loaded up to a suitable buffer duration and then downloading is stopped.
· Appropriate notifications and error messages are generated. For details refer to clause 13.1.54.
· Appropriate Status Information is generated. For details refer to clause 13.1.65.
· The Media Player is in PRELOADED state.
An application may use this method to preload media into the player in order minimize the start-up time. 
13.1.3.5	PlayLAY
This clause defines the play() method.
The following pre-conditions apply:
· The MediaPlayer must be in INITIALIZED or READY or PRELOAD or PAUSE state.
An 5GMSd-Aware ApplicationGAA calls play() to cause the player to begin streaming the media as set by the  attachMPD() method.
The parameters of the method are defined in Table 13.1.3.53-1.
Table 13.1.3.52-1 Parameters for attachSourceplay()
	Name
	Type
	Description

	urlOrMPD
	string | Object
	A URL to a valid MPD or a valid MPD as defined in ISO/IEC 23009-1 [13] or TS 26.247 [4].
The URL may be augmented by MPD Anchors as defined in ISO/IEC 23009-1 [13], Annex C.4.A URL to a valid MPD or a valid MPD.
The URL may be augmented by MPD Anchors as defined in ISO/IEC 23009-1 [X], Annex C.4.



The following Media Player Actions are expected:
· If in INITIALIZED state, the attach() method is carried outinvoked.
· [bookmark: _Hlk40878158]If in PAUSE state, the earliest media time is MEDIA_TIME, else, depending on the type of the MPD, possibly present anchors as well as the wall-clock time, and other MPD information, the earliest media time for start-up is identified.
· The access client checks the available buffer state of media in the Media Playback Platform. Based on this, the access client schedules and generates requests for the relevant media segments based on the ABR Controller information, as well as the throughput estimation and downloads this media. 
· The media is downloaded from the corresponding URL through M4d earliest at the segment availability start time of the media.
· The media is appropriately appended to the Media Playback Platform and Content Decryption APIs, following the description in TS26.511 for playback requirements.
· Once a threshold for sufficient buffering is reached, the Media Playback platform is initiated to be started, i.e. a play is initiated, following the description in TS26.511 for playback requirements.
· The content is continuously and played back.
· Appropriate notifications and error messages are generated. For details refer to clause 13.1.4.
· Appropriate Status Information is generated. For details refer to clause 13.1.5.
· The Media Player is in PLAYING state.
An application may use this method to initiate playback of media. 
13.1.3.6	PauseAUSE
This clause defines pause() method.
The following pre-conditions apply:
· The Media Player must be in PLAYING state.
An 5GMSd-Aware ApplicationAA calls pause() to cause the media Playback Platform to pause playback.
No parameters are attached.
The following Media Player Actions are expected:
· The playback on the playback platform is paused and the media time is maintained as MEDIA_TIME.
· The access client checks the available buffer state of media in the Media Playback Platform. Based on this, the access client schedules and generates requests for the relevant media segments based on the ABR Controller information, as well as the throughput estimation and downloads this media. 
· The media is downloaded from the corresponding URL through M4d earliest at the segment availability start time of the media.
· The media is appropriately appended to the Media Playback Platform and Content Decryption APIs, following the description in TS26.511 for playback requirements.
· Once the buffers are sufficiently filled, the client stops downloading
· Appropriate notifications and error messages are generated. For details refer to clause 13.1.4.
· Appropriate Status Information is generated. For details refer to clause 13.1.5.
· The Media Player is in PAUSE state.
An application may use this method to playback media. 
13.1.3.7	SeekEEK
This clause defines seek() method.
The following pre-conditions apply:
· The MediaPlayer must be in INITIALIZED or , READY,  or PRELOADED or PAUSED state.
An 5GMSd-Aware Application AA calls seek() to cause the player to go a specific media time.
The parameters of the method are defined in Table 13.1.3.3-1.
Table 13.1.3.3-1 Parameters for seek()
	Name
	Type
	Description

	urlOrMPD
	string | Object
	A URL to a valid MPD or a valid MPD.
The URL may be augmented by MPD Anchors as defined in ISO/IEC 23009-1 [X], Annex C.4.

	mediaTime
	Unsigned integer
	The media time in milliseconds for playback.



The following Media Player Actions are expected:
· If in INITIALIZED state, the attach() method is carried out.
· If the mediaTime is not accessible return an error ERROR_MEDIA_TIME_NOT_ACCESSIBLE and terminate the process.
· The earliest media time is set to the mediaTime.
· The state is set to PAUSE.
· The play() command is issued.
An application may use this method to initiate playback of media. 
13.1.3.8	RESETReset
This clause defines the reset() method.
The following pre-conditions apply:
· The MediaPlayer may be in any state.
An 5GMSd-Aware Application5GAA calls reset()resets all information related to the media and the Media Presentation described by the MPD is destroyed. 
No parameters are attached.
The following Media Player Actions are expected:
· The playback on the playback platform terminated.
· All open requests are cancelled.
· All scheduled requests are deleted.
· The current MPD is removed.
· The Media Player is left in the INITIALIZED state.
An application may use this method to terminate the playback of any media. 
13.1.3.9	DESTROYDestroy
This clause defines destroy() method.
The following pre-conditions apply:
· The MediaPlayer may be in any state.
An 5GMSd-Aware Application 5GAA calls destroy()resets all information related to the media and the network. 
No parameters are attached.
The following Media Player Actions are expected:
· The playback on the playback platform terminated.
· All open requests are cancelled.
· All scheduled requests are deleted.
· The current MPD is removed.
· All network information is history is cleared.
· The Media Player is left in the IDLE state.
An application may use this method to terminate the playback of any media clear and download related information. 
13.1.4 Configurations and settings API
Table 13.1.4-1 provides a list of configurations and setting options. 

Table 13.1.4-1 Configuration API
	Status 
	Type
	Parameter
	Definition

	
	
	
	

	source
	object
	
	The latest MPD.

	maxBufferTime
	Integer
	
	maximum buffer time in milliseconds for the service.

	clientMetadata
	Object
	
	Sets parameters for client metadata collection, see cmcd settings in dash.js

	metricsConfiguration[]
	Object
	
	Defines the setting for collecting metrics.



NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/module-MediaPlayer.html#setAutoPlay aand http://cdn.dashjs.org/latest/jsdoc/module-Settings.html
13.1.54 Notifications and eErrors eEvents
Table 13.1.54-1 provides a list of notification events.
NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/MediaPlayerEvents.html
Table 13.1.54-1 Notification eEvents 
	Status 
	Definition
	Payload

	AST_IN_FUTURE
	Triggered when playback will not start yet as the MPD's availabilityStartTime is in the future.
	Ttime before playback will start.

	BUFFER_EMPTY
	Triggered when the media playback platform's buffer state changes to stalled
	Media Type

	BUFFER_LOADED
	Triggered when the media playback platform's buffer state changes to loaded. 
	Media Type

	CAN_PLAY
	Sent when enough data is available that the media can be played
	n/a

	MANIFEST_LOADED
	Triggered when the manifest load is complete
	n/a

	MANIFEST_VALIDITY_CHANGED
	Manifest validity changed - As a result of an MPD validity expiration event.
	

	METRIC_ADDED
	Triggered every time a new metric is added.
	

	METRIC_CHANGED
	The minimum bitrate that the ABR algorithms will choose. Use NaN for no limit.
	

	METRIC_UPDATED
	Set to true if you would like dash.js to keep downloading fragments in the background when the video element is paused.
	

	METRICS_CHANGED
	Triggered anytime there is a change to the overall metrics.
	

	PLAYBACK_ENDED
	Sent when playback completes.
	

	PLAYBACK_ERROR
	Sent when an error occurs. The element's error attribute contains more information.
	Eerror attribute

	PLAYBACK_PAUSED
	Sent when playback is paused.
	

	PLAYBACK_PLAYING
	Sent when the media begins to play (either for the first time, after having been paused, or after ending and then restarting).
	

	PLAYBACK_SEEKED
	Sent when a seek operation completes.
	

	PLAYBACK_SEEKING
	Sent when a seek operation begins.
	

	PLAYBACK_STALLED
	Sent when the media playback platform reports stalled
	

	PLAYBACK_STARTED
	Sent when playback of the media starts after having been paused; that is, when playback is resumed after a prior pause event.
	

	PLAYBACK_WAITING
	Sent when the media playback has stopped because of a temporary lack of data.
	

	SOURCE_INITIALIZED
	Triggered when the source is setup and ready.
	



NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/MediaPlayerEvents.html

Table 13.1.54-2 provides a list of error events.
NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/Errors.html
Table 13.1.54-2 Error eEvents 
	Status 
	Definition
	Payload

	ERROR_MEDIA_PLAYBACK
	Triggered when there is an error from the media playback platform buffer.
	

	ERROR_MPD_NOT_VALID
	The provided MPD is not valid according to the XML schema and schematron rules
	Detailed error information

	ERROR_MEDIA_TIME_NOT_ACCESSIBLE
	After seek operation, the media time is not accessible.
	

	ERROR_PROFILE_NOT_SUPPORTED
	The profile of the Media Presentation is not supported.
	



NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/Errors.html

13.1.5 Configurations and Settings API
Table 13.1.5-1 provides a list configurations and settings.
NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/module-MediaPlayer.html#setAutoPlay aand http://cdn.dashjs.org/latest/jsdoc/module-Settings.html
Table 13.1.6-1 Configuration API
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


13.1.6 Status Information
Table 13.1.6-1 provides a list status information that can be obtained from the client.
NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/module-MediaPlayer.html#getAverageThroughput
Table 13.1.6-1 Status iInformation
	Status 
	Type
	Parameter
	Definition

	ConfigurationInformation
	
	
	Parameters defined in Table 13.1.4-1. 

	AverageThroughput
	
	none
	Aaverage throughput computed in the ABR logic in bit/s.

	BufferLength
	
	MediaType
"video", "audio" and "subtitle"
	The length of the buffer for a given media type, in seconds. If no type is passed in, then the minimum of video, audio and subtitle buffer length is returned. NaN is returned if an invalid type is requested, the presentation does not contain that type, or if no arguments are passed and the presentation does not include any adaption sets of valid media type.

	liveLatency
	float
	none
	Current live stream latency in seconds based on the latency measurement.

	MediaSetting
	
	MediaType
"video", "audio" and "subtitle"
	Mmedia settings for each media type based on the CMAF Header and the MPD information based on the selected Adaptation Set for this media type.

	MediaTime
	
	None
	Current media playback time from media playback platform. The media time is in seconds and is relative to the start of the playback and provides the media that is actually rendered.

	PlaybackRate
	
	None
	The current rate of playback. For a video that is playing twice as fast as the default playback, the playbackRate value should be 2.00

	sSelectableMedia[]
	DASH Adaptation Set Parameters
	
	Pprovides the selectable media (what the player is capable to playback) by providing on CMAF Header and Adaptation Set information..

	Metrics[][]
	Metrics
	
	A data blob of metrics for each defined metrics collecting scheme



NOTE: this is aligned with dash.js APIs http://cdn.dashjs.org/latest/jsdoc/module-MediaPlayer.html#getAverageThroughput

13.1.7 Usage of M7d Information by Media Session Handler
This subject is ffs.The media session handler may use the notifications, errors and status information provided through M7d to execute relevant tasks.
13.2 Progressive Download Player – APIs and Functions
A progressive download player is significantly simpler than a DASH client. Figure 13.2.-1 provides an overview of a progressive download client.


Figure 13.2-1 Progressive Download ArchitectureClient
Details tbdDetailed client internal communication is for further study.

=====  CHANGE  =====
[bookmark: _Toc39745907][bookmark: _Toc40387746]14	Application (M8) APIs for uplink and downlink
APIs of this reference point are not specified within this release.
For DASH-based streaming M8d must be capable to provide MPD URLs to the application with a fully-qualified domain name (FQDN) such that the media session handler is initiated.
Editor's Note: This clause should document the external requirements for M8d for certain scenarios. For example, that an MPD URL needs to be passed, that you implement the APIs., etc.
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