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1 Introduction

The exception sheet for HTTP-based Streaming and Download Services (HTTP_SDS) in S4-110354 explicitly mentions the addressing of Timing and Live Services.
This document attempts to provide clarification on any open issues for Timing and Live Services. No changes in the normative text are provided per se, but clarification along the understanding in section 2 is provided as a Draft CR.

This document is identical to S4-110432 except for this sentence.
2 Background: Timing Information in DASH

2.1 Overview
This section provides some insight into different timing aspects of DASH. An MPD provides information that is partly related to the wall-clock time and partly related to the media time for service. The MPD or the sequence of MPDs that are updated describe, among others:

1. the HTTP-URL and possibly the byte range for each Segment,

2. the time instant at which each Segment is first available at the resource referred to by the HTTP-URL. This time instant is provided in wall-clock time and is referred to as segment availability start time TS,av
3. the time instant at which each Segment is last available at the resource referred to by the HTTP-URL. This time instant is provided in wall-clock time and is referred to as segment availability end time, TE,av.
4. the approximate media start time and duration of a Media Segment in the media presentation timeline in media-time.

5. and in case of live services when the MPD is updated, 

a. the latest availability time of a new MPD in wall-clock time

b. the validity time of the current MPD, expressed in media presentation time. 

2.2 MPD Information

The above information on timing is described in the MPD. In this section we focus on timing issues, so we concentrate on the values 2-5 described in the above list. 
The following parameters are of relevance

· MPD@availabilityStartTime

· MPD@availabilityEndTime

· MPD@minBufferTime
· MPD@minimumUpdatePeriodMPD

· MPD@timeShiftBufferDepth

· PeriodStart derived from Period@start and/or Period@duration. PeriodStart is in media presentation time. 
· Representation@SegmentInfo@duration
· GetTimeMin being the first time at which a client may fetch the current MPD from server and GetTimeMax being the last time at which a client may fetch the MPD. "Getting" refers to the time when the server sends the MPD together with a 200 OK. GetTime is in wall-clock time.
2.3 On-Demand Services
For On-demand services, the MPD is not updated during the consumption of the media as the whole Media Presentation is described in the MPD. Therefore, 
If the MPD@type is OnDemand, then by providing the MPD, the content authoring shall promise the following
· all Segments (Initialisation and Media) are available at  MPD@availabilityStartTime and no Segment is available any longer after MPD@availabilityEndTime.

· the approximate media start time of a media segment with index i in a Media Presentation is the sum of PeriodStart and (i-1)*Representation@SegmentInfo@duration
· the approximate media duration of a media segment is the value of Representation@SegmentInfo@duration unless for the last Segment in a Period for which it is the remaining duration from the start of the last segment until the PeriodStart of the next Period or the end of the Media Presentation.
2.4 Live Services 

2.4.1 Introduction
For Live services, the MPD may be updated at the server as long as the attribute MPD@mediaPresentationDuration is not present in the MPD. The update occurs to enable the announcement of new media segments, or new Periods or additional information such as new Groups or Representations.

Assume that an MPD of MPD@type being Live is offered. By offering such an MPD, the content provider promises several aspects, namely

· Segment URL validity as described in section 2.4.2.

· Segment Availability as described in section 2.4.3.

· Approximate Media Presentation Time as described in section 2.4.4.

· Validity of MPD as described in section 2.4.5.

· Future In-time Availability of segments as described in section 2.4.6.

2.4.2 Valid Segment URLs 

Assume that the server responds to the request of the MPD with 200 OK with a specific instance of the MPD. Assume that this instance of time is referred to as GetTime. When responding like this the author of the Media Presentation promises that the URLs specified in the MPD are valid and the referenced resources will get available at segment availability start time TS,av as defined in section 2.4.3.

The second issue is to determine the valid URLs for different cases. In the specification this is covered in  If a list of segments is provided, then obviously only at most the segments that are listed are valid. If templates are used and the @endIndex is provided, then this end index also restricts the list. In both cases, the list may be additionally constraint if MPD@minimumUpdatePeriodMPD attribute is provided, namely that based on this MPD any URL of Media Segments with segment availability start time TS,av less than or equal to GetTime + MPD@minimumUpdatePeriodMPD is valid. If templates without end index restrictions are provided, then the only constraint on valid Segment URL is provided by the restriction of the MPD@minimumUpdatePeriodMPD attribute.

This means that:

· in case the URLs up to this  GetTime + MPD@minimumUpdatePeriodMPD are not specified because the list is restricted or the @endIndex is provided, then less Media Segments are actually accessible to the client than may have been promised by the time window.

· in case the URLs beyond of this  GetTime + MPD@minimumUpdatePeriodMPD are provided either in a list or by a high @endIndex or by a non-provided @endIndex, then not all of these Media Segments are actually promised to be available. The GetTime + MPD@minimumUpdatePeriodMPD always overrides such promises. Therefore, it is not useful to specify both, restricted lists and MPD@minimumUpdatePeriodMPD.

For the content provider this means that providing an MPD instance that is served at GetTime and using the MPD@minimumUpdatePeriodMPD attribute restriction, that at the earliest time it can for example add a new Period boundary in the MPD is at the greatest segment end time of any segment that has segment availability start time TS,av within the time window that falls into GetTime + MPD@minimumUpdatePeriodMPD. 

An alternative, possibly simpler rule may be to reconsider the following condition:

· To determine the duration of the last Media Segment of any Representation in a Period, the MPD shall include sufficient information to determine the duration of the containing Period. For example, the MPD@mediaPresentationDuration, or add Period@duration, or next Period@start may be present.

This above rule implies that the any segment that is declared and there is no boundary condition by a Period end time, does have full duration. Alternatively, the above may be changed in a sense that at the earliest time it can for example add a new Period boundary in the MPD is at GetTime + MPD@minimumUpdatePeriodMPD. This means that even if the segment is announced to start in the above availability, its duration is not yet defined. The sufficient change in the rule above may be to add:

· To determine the duration of the last Media Segment of any Representation in a Period, the MPD shall include sufficient information to determine the duration of the containing Period. For example, the MPD@mediaPresentationDuration, or add Period@duration, or next Period@start may be present. If the MPD@minimumUpdatePeriodMPD is provided, then the duration of the media segment of the last announced URL is at least as long as such that the end of the Period can not occur before GetTime + MPD@minimumUpdatePeriodMPD.
2.4.3 Segment Availability

The following promises are provided by a content provider in terms of segment availability when offering an MPD for live services:
· Initialisation Segments are available latest at MPD@availabilityStartTime + PeriodStart of the containing Period.
· Media Segments are available latest at MPD@availabilityStartTime + PeriodStart + (i-1)*Representation@SegmentInfo@duration of the containing Period. We refer to this time as segment availability start time TS,av.

· Media Segments get unavailable earliest at MPD@availabilityStartTime + PeriodStart + i*Representation@SegmentInfo@duration + MPD@timeShiftBufferDepth of the containing Period. We refer to this time as segment availability end time, TE,av.
· Initialisation Segments get unavailable earliest at the unavailability time of the latest Media Segment that relies on this Initialisation Segment.

2.4.4 Approximate Media Presentation Time

The following promises are provided by a content provider in terms of approximate media presentation timeline mapping to segments when offering an MPD for live services:
· the approximate media start time of a media segment with index i in a Media Presentation is PeriodStart + (i-1)*Representation@SegmentInfo@duration
· the approximate media duration of a media segment is the value of Representation@SegmentInfo@duration unless for the last Segment in a Period for which it is the remaining duration from the start of the last segment until the PeriodStart of the next Period or the end of the media presentation.
This information can for example be used by the client for simple seeking purposes to find the segment hat contains the appropriate media time.

2.4.5 MPD validity

The author of the media presentation also promises that any MPD that can be fetched can be used by a client as long as it only accesses available Segments, i.e. Segments for which the segment availability start time TS,av is at least the actual wall-clock time and segment availability end time TE,av is at most the actual wall-clock time.
2.4.6 Future In-time Availability for Segments 

Finally, it is also essential that a client once it starts to consume media in segments, it can rely that segments get available in time such that it can schedule downloading and playout and still has sufficient buffer. 

This promise is best described based on a hypothetical client that has instantaneous full access to Segments that are available on the server, i.e. there is no transfer or processing delay. A real client must take into account any such issues, for example the @bandwidth and @minBufferTime attribute, round-trip times, etc.
Assume that such a hypothetical client starts to consume a live service based on an MPD. The client access the representation at a representation access point (RAP) that is signalled in MPD or Segment Index, and has a media presentation time TRAP. As long as the client starts rendering (in wall-clock-time) of this representation access point not before PeriodStart +TRAP and not after PeriodStart +TRAP + @timeShiftBufferDepth, and it accesses any future Media Segment exactly at the time of the first presentation time of the new media segment then this hypothetical client is guaranteed to always have access to Media Segments to be able to provide continuous presentation of the media stream.

3 Mapping to TS 26.247

3.1 General
Once there is agreement on the principle, the next question is whether this information from section 2 is sufficiently described in TS26.247. 

3.2 Statements in TS26.247

3.2.1 Section 8.4.1 Hierarchical Data Model: General

Table 0\IF >= 1 "A." 

SEQ Table 
1
: Semantics of MPD element
	Element or Attribute Name
	Use
	Description

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

	
	@profile
	O
	A space delimited list of Media Presentation profiles.

	
	@type
	OD

default: OnDemand
	“OnDemand” or “Live”.

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

	
	@availabilityStartTime
	CM

Must be present for type=”Live”
	Gives the earliest availability time (in UTC) for any Segment in the Media Presentation.

For @type=“Live” this attribute shall be present. In this case it gives the anchor for the computation of the earliest availability time (in UTC) for any Segment in the Media Presentation.

For @type=“OnDemand” all Segments described in the MPD shall be available. If not present, all Segments described in the MPD shall be available. (COVERS ON DEMAND AVAILABILITY)


	
	@availabilityEndTime
	O
	Gives the earliest availability end time (in UTC). After this time, the Media Presentation described in this MPD is no longer guaranteed to be available. When not present, the value is unknown.
(COVERS ON DEMAND and LIVE AVAILABILITY)

	
	@mediaPresentationDuration
	O


	Specifies the duration of the entire Media Presentation. If the attribute is not present, the duration of the Media Presentation is unknown.

	
	@minimumUpdatePeriodMPD
	O
	Provides the minimum period the containing MPD document is updated. If not present the minimum update period is assumed to be infinite.

	
	@minBufferTime
	O


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

	
	@timeShiftBufferDepth
	O


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


3.2.2 Section 8.4.2 Hierarchical Data Model: Period

For live services, the sum of the PeriodStart value of the Period and the value of the attribute MPD@availabilityStartTime specifies the availability start time of the Period in UTC, in particular the first Media Segment of each Representation in this Period. It also serves as an anchor for the deriving the availability start time of any other Segment in the Period.
Each Period extends until the PeriodStart of the next Period, or until the end of the Media Presentation in the case of the last Period.

PeriodStart times reflect the actual time that should elapse after playing the media of all prior Periods in this Media Presentation.  
3.2.3 Section 8.4.4.3.1 

The Segment Information is described in a SegmentInfo element (or in an derived structure after application of the rules in 8.4.2) and provides the following information:

· the presence or absence of Initialisation Segment information

· the HTTP-URL and byte range for each accessible Segment in each Representation, 

· for live services, the segment availability start time and segment availability end time of each Segment relative to the PeriodStart time,

· the approximated media start time of a Media Segment in the media presentation timeline within the Period,

3.2.4 Section 8.4.4.3.3 

Each Representation has assigned a list of consecutive Media Segments. Each entry in the list of a media segment has assigned the following parameters:

· Media Segment URL, possibly restricted by a byte range

· index of the Media Segment in the Representation

· approximate start time of the Media Segment in the Representation

· approximate duration of the Media Segment 

The following information in the SegmentInfo element determines these parameters: UrlTemplate, Url and SegmentList elements as well as @duration and @startIndex attribute. The example segment list generation process as specified in Fehler! Verweisquelle konnte nicht gefunden werden. generates a list of Media Segments based on this information.
The list of Media Segments shall contain at least one entry. Therefore, the derived SegmentInfo element shall contain exactly one of the following choices to determine the Media Segment URL and the Index of the Media Segment:

· one UrlTemplate element: In this case the Template-based Segment URL construction in xxx shall be applied with the Index of the Media Segment in the media segment list. The first index in the list is determined by the value of the SegmentInfo@startIndex attribute, if present, or is 1 in case this attribute is not present. The last index in the list is determined by the value of the UrlTemplate@endIndex attribute, if present, or is infinite in case this attribute is not present.

· one or more Url elements: In this case the Url is directly assigned to the Media Segment URL. The first index in the list is determined by the value of the SegmentInfo@startIndex attribute, if present, or is 1 in case this attribute is not present. The last index is the sum of the first index and the number of list entries.

· one or more SegmentList elements that itself contains a list of Url elements for a consecutive list of  Media Segment URLs. The first index in the list is determined by the value of the SegmentList@startIndex attribute, if present, or is identical to SegmentInfo@startIndex in case this attribute is not present. The sequence of multiple SegmentList elements within a Representation shall result in Media Segment List with consecutive indices.
· none of the above: In this case the same procedure shall be followed as for a single Url element containing an empty @sourceURL attribute.
For the derivation of the approximate start time and duration of each Media Segment in the list of media segments, the index of the media segment the following information is used. 

· If @duration attribute is not present, then the Representation shall contain exactly one Media Segment. The start time is 0 and the duration is obtained as it would be the last Media Segment in the Representation (see below for more details).

· If @duration attribute is present, then the approximate start time of the Media Segment is determined as (Index-1) times the value of the duration of the attribute @duration. The duration of the Media Segment is determined as the value of the attribute @duration except for the duration of the last Media Segment  (see below for more details).

· To determine the duration of the last Media Segment of any Representation in a Period, the MPD shall include sufficient information to determine the duration of the containing Period. For example, the MPD@mediaPresentationDuration, or add Period@duration, or next Period@start may be present.

The start time is relative to the start of the Representation provided by the MPD. The start time is approximate and does not reflect the exact media time. However, the start time shall be drift-free between the time indicated in the MPD and internal clock of the Media Segments, i.e. the accuracy of the start time documented in the MPD relative to the internal clock does not depend on the position of the Segment in the Representation.

For live services, the segment availability start time of a Media Segment is the sum of the PeriodStart time and the start time of the Media Segment in the Representation. The availability end time of a Media Segment is the sum of the PeriodStart time, the start time of the Media Segment in the Representation, the durations of the Media Segment and the value of the attribute MPD@timeShiftBufferDepth. 

3.2.5 Section 8.5 

For any time instant when the MPD is available on the server, the server maintains the MPD validity in a sense that an example client using the segment list generation process as provided in section A.3 would be able to access any available Segment in the Segment list for any Representation.

The server may update the MPD during the Media Presentation. 

When the MPD is updated any Representation with the same id and within the same Period as a Representation appearing in the previous MPD shall be the identical to the previous one in a sense that all Representation attributes are identical and all segments with the same indexes within one Representation are identical.

Furthermore, if the MPD is updated, then the updates to the MPD shall be such that the updated MPD is compatible with the previous MPD in the following sense: An example client using the segment list generation process as provided in section A.3 would generate an identically functional Segment List from the updated MPD for any time up to the CheckTime as defined in section A.3.4 of the previous MPD as it would have done from the previous MPD. 

The requirement ensures that 

1. clients may immediately begin using the new MPD without synchronisation with the old MPD, since it is compatible with the old MPD before the update time; and 
2. the update time needs not be synchronised with the time at which the actual change to the MPD takes place: i.e. changes to the MPD may be advertised in advance.
4 Potential Problems and Issues

The following problems are identified
1. Not all of the promises and rules are clearly specified. Updates are necessary
2. Part of the description is in the Annex by using an example client. This may cause some confusion. A clear specification description may be helpful with a BTW that the client in the Annex behaves correctly.
3. Availability Time of Initialisation Segment is coupled to the availability time of the first media segment. Document S4-110438 addresses this issue.
4. Frequent Polling for the MPD may be necessary if the content provisioning wants to enable fast insertion of new content as new periods. Document S4-110437 addresses this issue.
Problems 1 and 2 are addressed in this contribution. 
5 Proposal

Based on the discussion in section 2-4 it is proposed to agree on the below Draft CR for integration in an update version of TS26.247.
	CR-Form-v9

	PSEUDO CHANGE REQUEST

	

	(

	TS 26.247
	(

rev
	-
	(

Current version:
	1.3.0
	(


	

	

	Title:
(

	Draft CR TS 26.247: Timing and Live Services

	
	

	Source:
(

	Qualcomm Incorporated

	
	

	Date: 
	(

	05/04/11

	
	
	
	
	

	Reason for change:
(

	see above


	
	

	Summary of change:
(

	Add new paragraph on timing

	Other comments:
(

	


	Change 0


3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [7] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [7].

continuous media: media with an inherent notion of time. In the present document speech, audio, video, and timed text.
HTTP-URL: a URI with a fixed scheme of “http://” or https://.
media component: A media component is an encoded version of one individual media type such as audio, video or timed text.
media content: A set of media components, (e.g. audio, video, timed text) that have a common timeline as well as relationships one how they may be presented for example individually, jointly, or mutually exclusive. An example for a media content is a program or a movie.
media time: a continuous timeline inherent to the media that describes decoding and presentation timestamps of media samples. 
media presentation: a structured collection of data that is accessible to the HTTP-Streaming Client.

media presentation description (MPD): contains information required by the HTTP-Streaming Client to construct appropriate URLs to access Segments and to provide the streaming service to the user.
Period: A period is a timely subset of the media presentation. The sequence of periods constitutes the media presentation. Periods are consecutive and non-overlapping.
representation access point (RAP): position in a media segment that is identified as being a position for which it is possible to start playback using only the information contained in the media segment from that position onwards (preceded by initialising with the initialisation segment, if any). It consists of a byte index, IRAP, and a presentation time, TRAP, related as follows

· TRAP is the earliest presentation time such that all access units with presentation time greater than or equal to TRAP can be correctly decoded using stream data starting at IRAP and no stream data before IRAP.

· IRAP is the greatest byte index in the stream such that all access units with presentation time greater than or equal to TRAP can be correctly decoded using stream data starting at IRAP and no stream data before IRAP.
Representation access points may coincide with random access points in certain media streams..
Representation: A structured collection of data which contains one or more media components with specific attributes, e.g. bandwidth, language, resolution etc.
Segment: a unit of media that can be referenced by an HTTP-URL, possibly restricted by a byte range, included in the MPD.
segment availability: the time period during which a Segment is promised to be accessible at its assigned HTTP-URL, i.e. the request with an HTTP GET results in a reply of the Segment and a 200 OK status code.
segment availability end time: the time instant in wall-clock time until which a Segment is promised to be available at the resource referred to by its HTTP-URL.
segment availability start time: the time instant in wall-clock time from which on a Segment is promised to be available at the resource referred to by its HTTP-URL.
valid segment URL: an HTTP-URL that is promised to reference a segment during its segment availability.
wall-clock time: the time measured on a real world clock.
	End of Change 0


	Change 1


8.4.1
General

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

A Media Presentation consists of 

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

· Each Period contains one or more Groups described in 8.4.3.3.

· Each Group contains one or more Representations from the same media content. Representations are described in 8.4.3.4.

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

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

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

The timeline in each Period is common to all Representations.
The summary of the semantics of the attributes and elements within an MPD element are provided in Table 1. The XML-syntax of the MPD element is provided in Table 3.
Table 0\IF >= 1 "A." 

SEQ Table 
2
: Semantics of MPD element
	Element or Attribute Name
	Use
	Description

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

	
	@profile
	O
	A space delimited list of Media Presentation profiles.

	
	@type
	OD

default: OnDemand
	“OnDemand” or “Live”.

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

	
	@availabilityStartTime
	CM

Must be present for type=”Live”
	Gives the earliest segment availability start time (in UTC) for any Segment in the Media Presentation.

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

For @type=“OnDemand” , if present, it gives the latest segment availability start time for any Segment referred to by an HTTP-URL in this MPD. . If not present, all Segments described in the MPD shall be available.


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

	
	@mediaPresentationDuration
	O


	Specifies the duration of the entire Media Presentation. If the attribute is not present, the duration of the Media Presentation is unknown.

	
	@minimumUpdatePeriodMPD
	O
	Provides the minimum period the containing MPD document is updated. Specifically, the provider of the Media Presentation promises that any segment, for which segment availability start time is at most the sum of the time when this MPD is available, referred to as get-time, and the value of @minimumUpdatePeriodMPD attribute will get available at the specified HTTP-URL at its segment availability start time. It also promises that each Representation provides media segments of sufficient duration to present the Representation up to the sum of get-time and the value of @minimumUpdatePeriodMPD,
If not present the minimum update period is assumed to be infinite.

	
	@minBufferTime
	O


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

	
	@timeShiftBufferDepth
	O


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


	End of Change 1


	Change 2


8.4.2
Period

A Media Presentation consists of one or more Periods. A Period is defined by Period element in the MPD element. 
The attributes and elements contained in the Period element are provided in XXX along with their semantics. The XML syntax or the Period element is provided in XXX.
For live services, the @start attribute of the first Period shall be present. For on-demand services the @start attribute of the first Period, if present, shall be zero. If not present a default value of zero is assumed.

Each Period has a conceptual start time PeriodStart in the Media Presentation that is relative to the start of the first Period. Period elements shall be physically ordered in the MPD file in increasing order of their PeriodStart time. 

The PeriodStart time is determined as follows:

· If the attribute @start is present in the Period, then PeriodStart is identical to the value of this attribute and it overrides any possibly present prior @duration attribute information. 

· If the @start attribute is absent, the previous Period element shall contain the @duration attribute. Then the start time of the new Period PeriodStart is determined as the sum of the start time of the previous Period PeriodStart and the value of the attribute @duration of the previous Period.


Each Period extends until the PeriodStart of the next Period, or until the end of the Media Presentation in the case of the last Period.

PeriodStart times reflect the actual time that should elapse after playing the media of all prior Periods in this Media Presentation.  

	End of Change 2


	Change 3


8.4.4.3
Segment Information based on Derived SegmentInfo element

8.4.4.3.1
Overview

The Segment Information is described in a SegmentInfo element (or in an derived structure after application of the rules in XXX) and provides the following information:

· the presence or absence of Initialisation Segment information

· the HTTP-URL and byte range for each accessible Segment in each Representation, 

· all valid segment URLs declared by the containing MPD
· for live services, the segment availability start time and segment availability end time of each Segment relative to the PeriodStart time,

· the approximated media start time of a Media Segment in the media presentation timeline within the Period,

Any Segment URL, regardless whether provided explicitly or for example derived through Template-based Segment URL construction as defined in XXX may be relative or absolute. The resulting URLs shall be resolved with respect to a derived SegmentInfo.BaseURL element as defined in XXX. Furthermore, if a derived SegmentInfo.BaseURL element is present, then alternative base URL selection as defined in XXX shall be applied.
The derivation of Initialisation and Media Segment Information is provided in subsection 8.4.4.3.2 and 8.4.4.3.3, respectively. 

8.4.4.3.2
Initialisation Segment Information

Each Representation has assigned at most one Initialisation Segment. The Initialisation Segment is typically processed to initialise the media engines for enabling play-out of Media Segments of the containing Representation. 

The presence of an Initialisation Segment is indicated either 

· by the presence of the InitialisationSegmentURL element that contains the URL to the Initialisation Segment, possibly restricted by a byte range, 

· or, by the presence of UrlTemplate@sourceURL. In this case the Template-based Segment URL construction in XXX shall be applied with Index set to 0 to obtain the URL to the Initialisation Segment.

If no Initialisation Segment URL is present for a Representation then each Media Segment within the Representation shall be self-initialising.
Any Initialisation Segment URL shall be valid.
For live services, the segment availability start time of the Initialisation Segment is the PeriodStart time and the segment availability end time of the Initialisation Segment is the largest segment availability end time of any Media Segment in this Representation. For segment availability for media segments refer to section 8.4.4.3.3.
8.4.4.3.3
Media Segment Information

Each Representation has assigned a list of consecutive Media Segments. Each entry in the list of a media segment has assigned the following parameters:

· A valid Media Segment URL, possibly restricted by a byte range

· the index of the Media Segment in the Representation

· the approximate presentation start time of the Media Segment in the Representation

· approximate presentation duration of the Media Segment 

The following information in the SegmentInfo element determines these parameters: UrlTemplate, Url and SegmentList elements as well as @duration and @startIndex attribute. 
The list of Media Segments shall contain at least one entry. Therefore, the derived SegmentInfo element shall contain exactly one of the following choices to determine the Media Segment URL and the Index of the Media Segment:

1. one UrlTemplate element: In this case the Template-based Segment URL construction in XXX shall be applied with the Index of the Media Segment in the media segment list. The first index in the list is determined by the value of the SegmentInfo@startIndex attribute, if present, or is 1 in case this attribute is not present. The last index in the list is determined by the smallest value of the following three:

a. the value of the UrlTemplate@endIndex attribute, if present, 
b. the largest index for which the segment availability start time is less than the end of the containing Period.
c. the largest index for which the segment availability start time less than or equal to GetTime + MPD@minimumUpdatePeriodMPD, with GetTime the time at which the MPD is accessible at the referenced resource, i.e. for in case of delivery over HTTP when the server responds to the request of the MPD with 200 OK with this specific instance of the MPD. 
2. one or more Url elements: In this case the Url is directly assigned to the Media Segment URL. The first index in the list is determined by the value of the SegmentInfo@startIndex attribute, if present, or is 1 in case this attribute is not present. The last index is determined by the smallest value of the following three:

a. the sum of the first index and the number of list entries.
b. the same condition as specified in 1b) above

c. the same condition as specified in 1c) above
3. one or more SegmentList elements that itself contains a list of Url elements for a consecutive list of  Media Segment URLs. The first index in the list is determined by the value of the SegmentList@startIndex attribute, if present, or is identical to SegmentInfo@startIndex in case this attribute is not present. The sequence of multiple SegmentList elements within a Representation shall result in Media Segment List with consecutive indices. The last index is determined in the same way as for 2 above. 
4. none of the above: In this case the same procedure shall be followed as for a single Url element containing an empty @sourceURL attribute. In this case the first and last segment index are identical and 1.
The MPD shall be authored such that the Segment List Generation process as specified in Annex A.3 generates the list of Media Segments for this MPD based on the information provided above.

For the derivation of the approximate start time and duration of each Media Segment in the list of media segments, the index of the media segment the following information is used. 

· If @duration attribute is not present, then the Representation shall contain exactly one Media Segment. The start time is 0 and the duration is obtained as it would be the last Media Segment in the Representation (see below for more details).

· If @duration attribute is present, then the approximate start time of the Media Segment is determined as (Index-1) times the value of the duration of the attribute @duration. The duration of the Media Segment is determined as the value of the attribute @duration except for the duration of the last Media Segment  (see below for more details).

· To determine the duration of the last Media Segment of any Representation in a Period, the MPD shall include sufficient information to determine the duration of the containing Period. For example, the MPD@mediaPresentationDuration, or add Period@duration, or next Period@start may be present. If the MPD@minimumUpdatePeriodMPD is provided, then the duration of the media segment of the last announced URL is at least as long as such that the end of the Period can not occur before GetTime + MPD@minimumUpdatePeriodMPD
The start time is relative to the start of the Representation provided by the MPD. The start time is approximate and does not reflect the exact media time. However, the start time shall be drift-free between the time indicated in the MPD and internal clock of the Media Segments, i.e. the accuracy of the start time documented in the MPD relative to the internal clock does not depend on the position of the Segment in the Representation.

For live services, the segment availability start time of a Media Segment is the sum of the PeriodStart time and the start time of the Media Segment in the Representation. The segment availability end time of a Media Segment is the sum of the segment availability start time, the duration of the Media Segment and the value of the attribute MPD@timeShiftBufferDepth. 

	End of Change 3
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8.5
MPD Timing and Updates
8.5.1
General
Generally, the author of the media presentation shall promise that any MPD that ever made available can be used by a client as long as it only accesses available Segments, i.e. Segments for which the segment availability start time is at least the actual time measured in wall-clock time and segment availability end time is at most the actual time.
The content provider may update the MPD during the Media Presentation and make it accessible at the same location as the initial MPD, typically at the same HTTP-URL. 


When the MPD is updated then 
· any Representation with the same @id and within the same Period as a Representation appearing in the previous MPD shall be the functionally identical to the previous one in a sense that all Representation attributes and elements are functionally identical and all segments with the same indices within one Representation are functionally identical.
· the updates to the MPD shall be such that the updated MPD is compatible with the previous MPD in a sense that both MPD generate the functionally same segment list for all Representations present in the previous MPD up to the MPD get-time of the previous MPD. 
Note: The example client using the segment list generation process as provided in section A.3 would generate an identically functional Segment List from the updated MPD for any time up to the CheckTime as defined in section A.3.4 of the previous MPD as it would have done from the previous MPD. 


1. 
For live services once a client starts to consume and present the media presentation at a Representation Access Point (RAP) with media presentation time TRAP based on an MPD, it must rely on 
· the availability of segments such that the live presentation can be continued smoothly, and 
· on an update of the MPD from the same location in case in it runs out of valid segment URLs. 
Based on any MPD available on the initial location, as long as a client without any access and processing delay
· starts rendering (in wall-clock-time) of this RAP not before PeriodStart +TRAP and not after PeriodStart +TRAP + @timeShiftBufferDepth, 
· requests a new MPD when the presentation buffer is exactly the value of @minBufferTime
· requests any future Media Segment whenever the presentation buffer is exactly the value of @minBufferTime 
this client shall be able to continuously present the Media Presentation until the end of the Media Presentation. A real client must take into account any such issues, for example the @bandwidth attribute or the segment duration, round-trip times, etc. For more details to example client behaviour refer to Annex A. 
	End of Change 4
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Annex A
Client Behaviour

Editor's Note: Formatting still necessary
A.1
Introduction

The information on client behaviour is purely informative and does not imply any normative procedures on client implementations.

A.2
Overview

A DASH client is guided by the information provided in the MPD. It is assumed that the client has access to the MPD that it fetched at time FetchTime. FetchTime is defined at the client as the time the client has succeeded in fetching an instance of an MPD. It is considered as a successful fetching either if the client obtains an updated MPD or the client verifies that the MPD has not been updated since the previous fetching. An example client behaviour is introduced. For providing a continuous streaming service to the user: 

1. The client parses the MPD and creates a list of accessible Segments for each Representation for the actual client-local time NOW measured in wall-clock time taking into account the procedures specified in section A.3. 

2. The client selects one or multiple Representations based on the information in the Representation attributes and other information, e.g. available bandwidth and client capabilities. Representations assigned to group 0 are presented without any other Representation. Representations assigned to a non-zero group are typically presented in combination with Representations from groups other than their own, not including the group 0. For each Representation, the client acquires the Initialisation Segment, if present, and the Media Segments of the selected Representations.

3. The client accesses the content by requesting Segments or byte ranges of Segments. The client requests the Media Segment of the selected Representation by using the generated Segment list. 

4. The client, once identified a Representation Access Point (RAP),buffers media of at least @minBufferTime duration before starting the presentation. 

5. Once the presentation has started, the client continues consuming the media content by continuously requesting Media Segments or parts of Media Segments. The client may switch Representations taking into account updated MPD information and/or updated information from its environment, e.g. change of available bandwidth. With any request for a Media Segment containing a representation access point, the client may switch to a different Representation.

6. When moving forward, i.e. the NOW time advancing, the client consumes the available segments. With each advance in NOW the client possibly expands the list of available Segments for each Representation according to the procedures specified in section A.3. If 

a. the @mediaPresentationDuration attribute is not declared, or if any media described in the MPD does not reach to the end of the Media Presentation and 

b. the current playback time gets within a threshold (typically described by at least the sum of the value of the @minBufferTime attribute and the value of the @duration attribute on Representation level) of the media described in the MPD for any consuming or to be consumed Representation

then the client should fetch a new MPD, with new fetch time FetchTime. Once received the client now takes into account the possibly updated MPD and the new FetchTime in the generation of the accessible Segment Lists.

In the following a brief overview on Segment list generation, seeking, support for trick modes and switching Representations are provided. 

A.3
Segment List Generation

A.3.1 
General

Assume that the DASH client has access to an MPD. This section describes how a client may generate a Segment list for one Representation as shown in Table 3 from an MPD obtained at FetchTime at a specific client-local time NOW. In this description, the term NOW is used to refer to “the current value of the clock at the reference client when performing the construction of an MPD Instance from an MPD”.  A client that is not synchronised with a DASH server, which is in turn is expected to be synchronised to UTC, may experience issues in accessing segments as the segment availability times provided by the server and the local time NOW may not be synchronized. Therefore, DASH  are expected to synchronize their clocks to a globally accurate time standard.

Table 0\IF >= 1 "A." 

SEQ Table 
3
: Segment List
	Parameter Name
	Cardinality
	Description

	Segments
	1
	Provides the Segment URL list.

	InitialisationSegment
	0, 1
	Describes the Initialisation Segment. If not present each Media Segment is self-initialising.

	URL
	1
	The URL where to access the Initialisation Segment (the client would restrict the URL with a byte range if one is provided in the MPD).

	MediaSegment
	1 … N
	Describes the accessible Media Segments.

	startTime
	1
	The approximate start time of the Media Segment in the Period relative to the start time of Period. To obtain the start time of the Media Segment in the Media Presentation, the start time of the Period needs to be added for On-Demand services. This value can also be used to determine the segment availability start time. 

	URL
	1
	The URL where to access the Media Segment (the client would restrict the URL with a byte range if one is provided in the MPD).


From the information in the MPD based on a derived SegmentInfo element as described in section 8.4.4.1 and 8.4.4.2 may be derived. Each SegmentInfo element is used to generate a list of accessible Segments for each Representation. 

The following rules apply for SegmentInfoDefault elements or SegmentInfo elements in a MPD:

· 
· If the derived SegmentInfo element contains a URLtemplate element, then the procedures in section A.3.2 are used to generate a list of Media Segments.

· If the derived SegmentInfo element contains one or more Url elements, possibly contained in one or more SegmentList elements providing a set of explicit URL(s) for Media Segments, then the procedures in section A.3.3 are used to generate a list of Media Segments.

· If the @type attribute of the MPD is Live, then the restrictions on Media Segment Lists as provided in section A.3.4 need to be taken into account.

The client should only request Segments that are included in the Segment list at time instant NOW.

A.3.2 
Template-based Generation of Media Segment List

If the derived SegmentInfo element contains a URLtemplate element, then the procedures in this section are used to generate a list of Media Segment parameters, i.e. segment URLs and start times. No byte ranges are associated with the URLs.

Assume that the Period end time documented in the current MPD with fetch time FetchTime is defined as PeriodEndTime. For any Period in the MPD except for the last one, the PeriodEndTime is obtained as the value of the PeriodStart of the next Period. For the last Period in the MPD
· if the @mediaPresentationDuration attribute is present, then PeriodEndTime is defined as the end time of the Media Presentation.

· if the @mediaPresentationDuration attribute is not present, then PeriodEndTime is defined as FetchTime + @minimumUpdatePeriodMPD).

If the SegmentInfo Element contains a UrlTemplate element containing a @sourceURL attribute, then this UrlTemplate is used as the valid UrlTemplate for this Representation. Otherwise, the @sourceUrlTemplate attribute is present; in this case the $RepresentationID$ identifier in the @sourceUrlTemplate attribute is replaced by the value of the @id attribute on Representation level and the result string is used as the @sourceURL attribute in the UrlTemplate element that is valid for the current Representation.

Assume that Media Segments within a Representation have been assigned consecutive indices i=1,2,3…., i.e. the first Media Segment has been assigned the index i=1, the second Media Segment has been assigned the index i=2, and so on. 

A valid list of Media Segments with Segment indices i, MediaSegment.StartTime[i] and MediaSegment.URL[i], i=@startIndex, @startIndex+1, …, is obtained as follows using the @duration attribute for this Representation: 

1. Set i=@startIndex.

2. The start time of the first Media Segment is obtained as (@startIndex -1)* @duration, i.e. MediaSegment.StartTime[1] = (@startIndex-1)*@duration. If the @duration attribute is not provided, then the MediaSegment.StartTime[1] of the only provided Segment is set to 0.
3. The URL of the Media Segment i, MediaSegment.URL[i], is obtained by replacing the $Index$ identifier by i in the @sourceURL string of the valid UrlTemplate..

4. If ((PeriodStart + MediaSegment.StartTime[i] + @duration) <= PeriodEndTime) and if applicable, the index i is smaller than value of the attribute @endIndex
· then 

· A new Media Segment is added to the list, i.e. i = i + 1;

· MediaSegment.StartTime[i] = MediaSegment.StartTime[i-1] + @duration.

· Proceed with step 3.

· else

· The restrictions as specified in section A.3.4 are applied for the creation of the accessible list of Media Segments.

A.3.3 
Playlist-based Generation of Media Segment List

If the derived SegmentInfo element contains one or more Url elements, possibly contained in one or more SegmentList elements providing a set of explicit URL(s) for Media Segments, , then the procedures specified in this section apply to generate a valid list of accessible Media Segment URLs and start times described in each derived SegmentInfo element.

Assume that Media Segments within a Representation have been assigned consecutive indices i=1,2,3…., i.e. the first Media Segment has been assigned i=1, the second Media Segment has been assigned i=2, and so on. 

A valid list of Media Segments with segment indices i=@startIndex, @startIndex +1, …, MediaSegment.StartTime[i] and MediaSegment.URL[i] is obtained as follows:  

1. Set i=@startIndex.
2. The URL of the Media Segment i, MediaSegment.URL[i], is obtained as the @sourceURL attribute of the (i-@startIndex +1)-th Url element in the derived SegmentInfo element taking into account URI reference resolution, restricted to the byte range specified in the @range attribute of the same Url element, if present.

3. If the @duration attribute is provided, then the MediaSegment.StartTime[i] of Media Segment i is obtained as (i-1)*@duration. If the duration attribute is not provided, then the MediaSegment.StartTime[1] of the only provided Segment is set to 0.
4. If this is not the last Url element, a new Media Segment is added to the list, i.e. i = i + 1, and proceed with step 2; Otherwise proceed with step 5.
5. The restrictions as specified in section A.3.4 are applied for the creation of the accessible list of Media Segments.

A.3.4 
Media Segment List Restrictions 

The Media Segment List is restricted to a list of accessible Media Segments, which may be a subset of the  Media Segments of the complete Media Presentation. The construction is governed by the current value of the clock at the client NOW. 

Generally, Segments are only available for any time NOW between @availabilityStartTime and @availabilityEndTime. For times NOW outside this window, no Segments are available.

In addition, for live services, assume the variable CheckTime associated to an the MPD with FetchTime is defined as:

· If the @minimumUpdatePeriodMPD attribute in the client is provided, then the check time is defined as the sum of the fetch time of this operating MPD and the value of this attribute, i.e. CheckTime = FetchTime + @minimumUpdatePeriodMPD.
· If the @minimumUpdatePeriodMPD attribute in the client is not provided, external means are used to determine CheckTime, such as a priori knowledge, or HTTP cache headers, etc.

The CheckTime is defined on the MPD-documented media time axis; when the client’s playback time reaches CheckTime it should fetch a new MPD.
Then, the Media Segment list is further restricted by the CheckTime together with the MPD attribute @timeShiftBufferDepth such that only Media Segments for which the sum of the start time of the Media Segment and the Period start time falls in the interval [NOW-@timeShiftBufferDepth-@duration, min(CheckTime, NOW)] are included.  

	End of Change 5
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