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1 Introduction
DASH robustness is one of the relevant work topics for MI-EMO. Only recently certain tools came together in order to address robustness. This information is made available through MPEG and DASH-IF. 

· ISO/IEC 23009-1:2014 Cor.1

· ISO/IEC 23009-1:2014 Amd.1

· MPEG Technology under Considerations (TuC)
· DASH-IF Live Service Guidelines
All this information is collected in this document. The most relevant tools are collected in a draft CR attached to this document.
2 DASH-IF background

2.1 Typical Problems in Live Distribution

2.1.1 Introduction

This section summarizes relevant MBMS related problems summarized from the DASH-IF Implementation Guidelines for Live Services v0.9 as available here: http://dashif.org/w/2014/08/DASH-IF-live-v0.9.pdf
2.1.2 Client Server Synchronization Issues

In order to access the DASH segments at the proper time as announced by the segment availability times in the MPD, client and server need to operate in the same time source, in general a globally accurate wall-clock, for example provided by NTP or GPS. There are different reasons why the DASH client and the media generation source may not have identical time source, such as
· DASH client is off because it does not have any protocol access to accurate timing. This may for example be the case for DASH clients that are running in the browser or on top of a general-purpose HTTP stack according to RFC 2616.
· DASH client clock drifts against the system clock and the DASH client is not synchronizing frequently enough against the time-source.
· The segmenter synchronized against a different time source than DASH client.
· There may be unknown delay on the ingest to the server/cache whether the segment is accessible. This is specifically relevant if MBMS is used as the contribution link resulting in transport delay.
· It may also be that the MPD provides the availability times at the segmenter, but the actual availability should be the one on the origin server. 
· There may be a delay from segmenter to the origin server which is known by edge/origin, but there may not be sufficient ways to signal this delay.
2.1.3 Synchronization Loss of Segmenter 
The segmenter as depicted in Figure 1 may lose synchronization against the input timeline for reasons such as power-outage, cord cuts, CRC losses in the incoming signals, etc. In this case:
· Loss of synchronization may result that the amount of lost media data cannot be predicted which makes the generation of continuous segments difficult. 

· The Segmenter cannot predict and correct the segment timeline based on media presentation timestamps, since the presentation timeline may contain a discontinuity due to the synchronization loss

· a loss of sync (e.g. CRC failure on the input stream)

· a power glitch on the source

· someone pulling a cable

· There are cases where no media segments are available, but the MPD author knows this and just wants to communicate this to the receiver.
2.1.4 Encoder Clock Drift
In certain cases, the MBR encoder is slaved to the incoming MPEG-2 TS, i.e. it reuses the media time stamps also for the ISO BMFF.
· What may occur that the encoder clock drifts between the sender and the receivers (longer term issue) , e.g. due to encoder clock tolerance

· Example: Encoder produces frame every 39.97ms instead of 40ms

· Tolerance in MPEG-2 TS: 1 frame every 18 minutes

· This may create issues in particular when an existing stream like for satellite is transcoded and segmented into DASH representations. 

· Annex A.8 of ISO 23009-1 handles drift control of the media timeline, but the impact on the segment availability time (i.e. MPD updates) is not considered or suggested. 

· In particular when the segment fetching engine of the client is only working with the segment availability timeline (so is not parsing the presentation timeline out of the segments), the segment fetching engine will not fetch the segments with the correct interval, leading to buffer underruns or increased e2e delay.
· There is practical evidence that this is a problem in actual deployments, may result in drifts of minutes over hours.
2.1.5 Segment Unavailability
When a server cannot serve a requested segment it gives an HTTP 404 response. If the segment URL is calculated according to the information given in the MPD, the client can often interpret the 404 response as a possible synchronization issue, i.e. its time is not synchronized to the time offered in the MPD.

In the MBMS case, a 404 response is also likely to be caused by non-reparable transport errors. This is even more likely if it has been possible to fetch segments according to the MPD information earlier. Although the client M/W, which is normally located in the same device as the DASH player, knows what segments have been delivered via broadcast and which ones are missing in a sequence, it cannot indicate this to the DASH client using standard HTTP responses to requests for media segments.

2.1.6 Swapping across Redundant Tools

In case of failures, redundant tools kick in. If the state is not fully maintained across redundant tools, the service may not be perceived continuous by DASH client. Problems that may happen at the encoder, that redundant encoders do not share the same timeline or the timeline is interrupted. Depending on the swap strategy ("hot" or "warm"), the interruptions are more or less obvious to the client. Similar issues may happen if segmenters fail, for example the state for segment numbering is lost.

2.2 Availability Time Synchronization between Client and Server

2.2.1 Background

According to ISO/IEC 23009-1 [1] and section 4, in order to properly access MPDs and Segments that are available on origin servers or get available over time, DASH servers and clients should synchronize their clocks to a globally accurate time standard. 

Specifically Segment Availability Times are expected to be wall-clock accurately announced in the MPD and the client needs to have access to the same time base as the MPD generation in order to enable a proper service. In order to ensure this, this section provides server and client requirements to ensure proper operation of a live service.

2.2.2 Service Provider Requirements and Guidelines

If the Media Presentation is dynamic or if the MPD@availabilityStartTime is present then the service shall provide a Media Presentation as follows:

· The segment availability times announced in the MPD should be generated from a device that is synchronized to a globally accurate timing source, preferably using NTP.

· The MPD should contain at least one UTCTiming element with @schemeIdURI set to one of the following:

· urn:mpeg:dash:utc:ntp:2014
· urn:mpeg:dash:utc:http-head:2014
· urn:mpeg:dash:utc:http-xsdate:2014
· urn:mpeg:dash:utc:http-iso:2014
· urn:mpeg:dash:utc:http-ntp:2014
· If the MPD does not contain any element UTCTiming then the segments shall be available latest at the announced segment availability time using a globally accurate timing source.

· If the MPD contains an element UTCTiming then 

· the announced timing information in the UTCTiming shall be accessible to the DASH client, and

· the segments shall be available latest at the announced segment availability time in the MPD for any device that uses one of announced time synchronization methods at the same time.

If  urn:mpeg:dash:utc:http-head:2014 is used, then the server specified in the  @value attribute of the UTCTiming element should be the server hosting the DASH segments such that with each request the Date general-header field in the HTTP header (see RFC2616 [18], section 14.18) can be used by the client to maintain synchronization.

Note that in practical deployments segment availability may be an issue due to failures, losses, outages and so on. In this case the Server should use methods as defined in section 8 to inform DASH clients about potential issues on making segments available. 

A leap second is added to UTC every 18 months on average. A service provider should take into account the considerations here http://tools.ietf.org/id/draft-ietf-avtcore-leap-second-07.txt.
2.2.3 Client Requirements and Guidelines

If the Media Presentation is dynamic or if the MPD@availabilityStartTime is present then client should do the following:

· If the MPD does not contain any element UTCTiming it should acquire an accurate wall-clock time from its system. The anticipated inaccuracy of the timing source should be taken into account when requesting segments close to their segment availability time boundaries. 

· If the MPD contains one or several elements UTCTiming then the client should at least use one of the announced timing information in the UTCTiming to synchronize its clock. The client must not request segments prior to the segment availability start time with reference to any of the chosen UTCTiming methods. The client may take into account the accuracy of the timing source as well as any transmission delays if it makes segment requests.

· Clients shall observe any difference between their timezone and the one identified in the MPD, as MPDs may indicate a time which is not in the same timezone as the client.

· If the client observes that segments are not available at their segment availability start time, the client should use the recovery methods defined in section 8. 

· Clients should not access the UTCTiming server more frequently than necessary.
2.3 Tools for Robust Operations

2.3.1 Introduction

This document provides an overview on robust tools.
2.3.2 General Robustness

General Guidelines in ISO/IEC 23009-1 [1] DASH spec in A.7:

· The DASH access client provides a streaming service to the user by issuing HTTP requests for Segments at appropriate times. The DASH access client may also update the MPD by using HTTP requests. In regular operation mode, the server typically responds to such requests with status code 200 OK (for regular GET) or status code 206 Partial Content (for partial GET) and the entity corresponding to the requested resource. Other Successful 2xx or Redirection 3xx status codes may be returned.

· HTTP requests may result in a Client Error 4xx or Server Error 5xx status code. Some guidelines are provided in this subclause as to how an HTTP client may react to such error codes.

· If the DASH access client receives an HTTP client or server error (i.e. messages with 4xx or 5xx error code), the client should respond appropriately (e.g. as indicated in RFC 2616) to the error code. In particular, clients should handle redirections (such as 301 and 307) as these may be used as part of normal operation.

· If the DASH access client receives a repeated HTTP error for the request of an MPD, the appropriate response may involve terminating the streaming service.

· If the DASH access client receives an HTTP client error (i.e. messages with 4xx error code) for the request of an Initialization Segment, the Period containing the Initialization Segment may not be available anymore or may not be available yet. 

· Similarly, if the DASH access client receives an HTTP client error (i.e. messages with 4xx error code) for the request of a Media Segment, the requested Media Segment may not be available anymore or may not be available yet. In both these case the client should check if the precision of the time synchronization to a globally accurate time standard is sufficiently accurate. If the clock is believed accurate, or the error re-occurs after any correction, the client should check for an update of the MPD.

· Upon receiving server errors (i.e. messages with 5xx error code), the client should check for an update of the MPD. If multiple BaseURL elements are available, the client may also check for alternative instances of the same content that are hosted on a different server.

2.3.3 Client Server Synchronization Issues

Based on the above discussions, the Time Synchronization API using the UTCTiming descriptor, and specifically the segment server to provide the Date response should be used. The details are provided in section 2.2.

2.3.4 Synchronization Loss of Segmenter 
In order to address synchronization loss issues at the segmenter, the following options from the DASH standard should be considered with preference according to the order below:

· The server is required to always offer a conforming media stream. In case the input stream or encoder is lost, the content author may always add dummy content. This may be done using a separate Period structure and is possible without any modifications of the standard.

· Short Periods as included Cor.1 of the second edition of ISO/IEC 23009-1. Short Periods may be added that contain both Period@start and Period@duration. This expresses that for this Period no media is present at least for the time as expressed by the @duration attribute. Such Periods should only be used if Media Presentation author is experiencing issues in generating media, e.g. due to failures of a live feed.  The MPD is updated using the @minimumUpdatePeriod, i.e. the timeline is progressing. This permits server to signal that there is an outage of media generation, but that the service is continuing. It is then up to the client to take appropriate actions. 

NOTE: This text was slightly changed in Cor.1 to early terminated periods.
2.3.5 Encoder Clock Drift
In order to support robust offering even under encoder drift circumstances, the segmenter should avoid being synced to the encoder clock. In order to improve robustness, in the case of an MPD-based offering Periods should be added in a period continuous manner. In the case of MPD and segment-based control, the producer reference box should be added to media streams in order for the media pipeline to be aware of such drifts. In this case the client should parse the segment to obtain this information.
2.3.6 Segment Unavailability
To address signalling of segment unavailability between the client and server and to indicate the reason for this, it is recommended to use regular 404s with the Date-Header specifying the time of the server. The DASH client, when receiving a 404, knows that if its time is matching the Date Header, then the loss is due to a segment loss.

2.3.7 Swapping across Redundant Tools

To enable swapping across redundant tools doing hot and warm swaps, the following should be considered 

· the content author is offering the service redundant to the client (for example using multiple BaseURLs) and the client determines the availability of one or the other. This may be possible under certain circumstances

· Periods may be inserted at a swap instance in order to provide the new information after swap. If possible, the offering may be continuous, but the offering may also be non-continuous from a media time perspective.

· A completely new MPD is sent that removes all information that was available before any only maintains some time continuity. However, this tool is not fully supported yet in any DASH standard and not even considered. 

There is a clear preference for the bullets above in their order 1, 2 and 3 as the service continuity is expected to be smoother with higher up in the bullet list. At the same time, it may be the case that the failure and outages are severe and only the third option may be used.
3 MPEG Tools

3.1 Segment Unavailability

Segment unavailability is addressed in Cor.1 of the second amendment.
5.3.2.1 Overview

A Media Presentation consists of one or more Periods. A Period is defined by a Period element in the MPD element.
Three types of Periods are defined:

Regular Period,


Early Available Period,

Early Terminated Period.
The type of the Period, as well as the PeriodStart time of a regular Period or early terminated Period is determined as follows:


If the attribute @start is present in the Period, then the Period is a regular Period or an early terminated Period and the PeriodStart is equal to the value of this attribute.


If the @start attribute is absent, but the previous Period element contains a @duration attribute then this new Period is also a regular Period or an early terminated Period. The start time of the new Period PeriodStart is the sum of the start time of the previous Period PeriodStart and the value of the attribute @duration of the previous Period.


If (i) @start attribute is absent, and (ii) the Period element is the first in the MPD, and (iii) the MPD@type is 'static', then the PeriodStart time shall be set to zero.


If (i) @start attribute is absent, and (ii) the previous Period element does not contain a @duration attribute or the Period element is the first in the MPD, and (iii) the MPD@type is 'dynamic', then this Period is an Early Available Period (see below for details).

If (i) @duration attribute is present, and (ii) the next Period element contains a @start attribute or the @minimumUpdatePeriod is present, then this Period is an Early Terminated Period (see below for details).
For any regular Period and early terminated Period the following holds: PeriodStart reflects the actual time that should elapse after playing the media of all prior Periods in this Media Presentation relative to the PeriodStart time of the first Period in the Media Presentation. The Period extends until the PeriodStart of the next Period, or until the end of the Media Presentation in the case of the last Period. For regular Periods, the difference between the PeriodStart time of a Period and either the PeriodStart time of the following Period, if this is not the last Period, or the value of the MPD@mediaPresentationDuration if this is the last one, is the presentation duration in Media Presentation time of the media content represented by the Representations in this Period. For Early Terminated Periods, the value of the Period@duration is the presentation duration in Media Presentation time of the media content represented by the Representations in this Period.
7.2.1
Media Presentation timeline

One of the key features in DASH is that encoded versions of different media components share a common timeline. The presentation time of access unit within the media content is mapped to the global common presentation timeline for synchronization of different media components and to enable seamless switching of different coded versions of the same media components.

The presentation times within each Period are relative to the PeriodStart time of the Period minus the value of the @presentationTimeOffset, TO, of the containing Representation. This means for an access unit with a presentation time TP signalled in the media stream, the Media Presentation time relative to the PeriodStart is TM=TP - TO.

Media Segments should not contain any presentation time TP that is smaller than the value of the @presentationTimeOffset, TO. However, if this is the case, then presentation of the Media Segment is expected to only take place for presentation times greater than or equal to TO.

The MPD start times as defined in 5.3.9.5.3 shall provide an approximation of the Media Presentation time TM within the Period. Specifically, the MPD start time shall be drift-free relative to the presentation time TP signalled in the media stream, i.e. the accuracy of the offset of the MPD start time relative to the presentation time does not depend on the position of the Segment in the Representation.

NAt the start of a new Period, the playout procedure of the media content components may need to be adjusted at the end of the preceding Period to match the PeriodStart time of the new Period as there may be small overlaps or gaps with a Representation at the end of the preceding Period. Overlaps (respectively gaps) may result from Media Segments with actual presentation duration of the media stream longer (respectively shorter) than indicated by the Period duration. Also in the beginning of a Period if the earliest presentation time TP of any access unit of a Representation is not equal to TO then the playout procedures need to be adjusted accordingly.

There may be cases where the Media Presentation author observes issues in generating media, especially for live services. This may be because the input signal to the encoder is not available or the encoder is down. Generally, the Media Presentation author should avoid address these issues by providing redundant architectures or by the use of specific outage or blackout signals. Also, if the format in use permits, empty Segments or zero duration Segments may be used.
However, if such remedies are not available the Media Presentation author may signal gaps in the timeline. If the Segment Timeline is in use as defined in 5.3.9.6, the gaps in the timeline may be explicitly signaled. Alternatively, gaps in the segment timeline may be signaled by leaving gaps.

If no such means are available, early termination Periods may be used as defined in section 5.3.2. In this case, the gaps at the end of the Period may be longer than indicated above. A client is expected to overcome such outages and continue the Media Presentation with the availability of a new Period.
3.2 Time Sync API

This is taken from Amd.1

In Table 3 add UTCTiming row

	
	ProgramInformation
	0…N
	specifies descriptive information about the program. For more details refer to the description in 5.7.

	
	UTCTiming
	0 ... N
	specifies information on ways to obtain a synchronization to wall-clock time as used in this Media Presentation. The order of the elements expresses a preference of choice by the Media Presentation author. For more details refer to 5.8.4.10.

	
	BaseURL
	0…N
	specifies a Base URL that can be used for reference resolution and alternative URL selection. For more details refer to the description in 5.6.


Add the following section

5.8.4.10
UTC Timing Descriptor 

Using the UTCTiming element, the Media Presentation author provides additional information for the client to optionally obtain wall-clock time to be used in Media Presentation. If multiple schemes are specified by the Media Presentation author, their order indicates their relative preference, first having the highest, and the last having the least priority. However, the client may choose any method, potentially having to deal with reduced accuracy.
Add the following section

5.8.5.X
DASH UTC Timing Schemes

This part of the Standard defines several methods, specified in Table X, by which DASH clients can obtain wall-clock times as used by the Media Presentation. Specifically this clock is synchronized to the one used to generate the MPD

Table X — Different UTC timing Methods 
	@schemeIdURI
	Description

	urn:mpeg:dash:utc:ntp:2014
	The identifier indicates that the @value contains a white-space separated list of servers that are recommended to be used in combination with the NTP protocol as defined in IETF RFC 5905 for getting the appropriate time.. 

	urn:mpeg:dash:utc:sntp:2014
	The identifier indicates that the @value contains a white-space separated list of servers that are recommended to be used in combination with the SNTP protocol as defined in IETF RFC 5905 for getting the appropriate time.


	urn:mpeg:dash:utc:http-head:2014
	The identifier indicates that the @value contains a white-space separated list of servers that are recommended to be used in combination with the NTP protocol as defined in IETF RFC 5905 for getting the appropriate time.

The identifier indicates that the @value contains a white-space separated list of HTTP URLs to which HTTP HEAD requests can be made to obtain the Date information in the HTTP Header providing the wall-clock time for this Media Presentation

	urn:mpeg:dash:utc:http-xsdate:2014
	The identifier indicates that by resolving the URL provided in the @value field, the server responds with a string that contains a time formatted according to xs:dateTime that is based on a wall clock synchronized to the one used to generate the MPD.

	urn:mpeg:dash:utc:http-iso:2014
	The identifier indicates that by resolving the URL provided in the @value field, the server responds with a string that contains a time formatted according to ISO time code as defined in ISO/IEC 8601 that is based on a wall clock synchronized to the one used to generate the MPD .

	urn:mpeg:dash:utc:http-ntp:2014
	The identifier indicates that by resolving the URL provided in the @value field, the server responds with a string that contains a time formatted according to NTP timestamp format in IETF RFC 5905 that is based on a wall clock synchronized to the one used to generate the MPD.

	urn:mpeg:dash:utc:direct:2014
	The identifier indicates that the @value field, contains a time formatted according to xs:dateTime is based on a wall clock synchronized to the one used to generate the MPD


NOTE 1: Multiple servers may be used to improve accuracy 

NOTE 2: Use of NTP servers not specified in the @value attribute is allowed
3.3 Period Continuity

3.3.1 Background

Typically, no continuity is necessary at Period boundary in terms of content offering. The content may be offered with different codecs, language attributes, content protection and so on. It is expected that the client plays the content continuously across Periods, but there may be implications in terms of implementations to make the playout fully continuous and seamless.
Generally, audio/video switching across period boundaries may not be seamless. According to ISO/IEC 23009-1, section 7.2.1, at the start of a new Period, the playout procedure of the media content components may need to be adjusted at the end of the preceding Period to match the PeriodStart time of the new Period as there may be small overlaps or gaps with the Representation at the end of the preceding Period. Overlaps (respectively gaps) may result from Media Segments with actual presentation duration of the media stream longer (respectively shorter) than indicated by the Period duration. Also in the beginning of a Period, if the earliest presentation time of any access unit of a Representation is not equal to the presentation time offset signalled in the @presentationTimeOffset, then the playout procedures need to be adjusted accordingly.
However, under certain conditions seamless continuation of the presentation across Periods may be achieved, especially if the content is properly conditioned. This section provides an overview on content offering requirements and recommendations across Periods and the client behaviour when downloading and presenting content across periods.

Note that this section applies to static and dynamic Media Presentations and it is independent of the use of xlink. The rules apply for the case after remote elements are dereferenced.

Figure 1 shows a couple of situations for playout at period boundaries. In the first case a period is generated from the same content. This means that the content is continuous, but an add splicing opportunity is added. If the Period is played as is, the client should continue the playout seamlessly despite of overlaps of the media. In the second case media is inserted between the Periods, for example for add splicing. In this case the media is not continuous. It may be necessary to avoid overlaps of media over period boundaries.
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Figure 1 Period Boundaries

3.3.2 Proposed Modifications
Content Offering with Multiple Periods
Content with multiple Periods may be created for different reasons, for example:

· to enable splicing of content, for example for ad insertion,

· to provide a synchronization point to avoid drift in segment numbering,

· to remove or add certain Representations in an Adaptation Set,

· to remove or add certain Adaptation Sets,

· to add or remove content offering on certain CDNs,
· to enable signalling of shorter segments, if produced by the encoder
Periods provide opportunities for resync, for ad insertion, for adding and removing Representations, but if they are not used or only used for minor changes, then continuous playout of the client is expected.

In certain circumstances the Media Presentation author offers content in the next Period that is a continuation of the content in the previous Period, possibly in the immediately following Period or in a later Period. The latter case applies for example after an advertisement Period had been inserted. The content provider may express that the media components contained in two Adaptation Sets in two different Periods are associated by assigning equivalent Asset Identifiers to both Periods and by identifying both Adaptation Sets with identical value for the attribute @id.

Two Adaptation Sets in one MPD are period-continuous if all of the following holds:

· The Adaptation Sets are associated.

· The sum of the value of the @presentationTimeOffset and the presentation duration of all Representations in one Adaptation Set are identical to the value of the @presentationTimeOffset of the associated Adaptation Set in the next Period.
· If Representations in both Adaptation Sets have the same value for @id, then they shall have functionally equivalent Initialization Segments, i.e. the Initialization Segment may be used to continue the play-out the Representation.

Content authors should signal period-continuous Adaptation Sets by supplemental descriptor on Adaptation Set level with @scheme_id_URI set to "urn:mpeg:dash:period_continuity:2014" with 
· the @value of the descriptor, PID, matching the value of an @id of a Period that is contained in the MPD,
· the value of the AdaptationSet@id being AID. 
Content authors should offer an MPD with period-continuous Adaptation Sets if the MPD contains Periods with identical Asset Identifiers.
From a client perspective, at Period boundary typically no continuity in terms of content offering is ensured. The content may be offered with different codecs, language attributes, different protection and so on.  The client should play the content continuously across Periods, but there may be implications in terms of implementation to provide fully continuous and seamless playout. It may be the case that at Period boundaries, the presentation engine needs to be reinitialised, for example due to changes in formats, codecs or other properties. This may result in a re-initialisation delay. Such a re-initialisation delay should be minimized. 

If the client presents media components of a certain Adaptation Set in one Period, and if the following Period has assigned an identical Asset Identifier, then the client is suggested to identify an associated Period and, in the absence of other information, continue playing the content in the associated Adaptation Set.

If furthermore the Adaptation Sets are period-continuous, i.e. the presentation times are continuous and this is signaled in the MPD, then the client is expected to seamlessly play (as defined in 4.5.1) the content across the Period boundary. Most suitably the client may continue playing the Representation in the Adaptation Set with the same @id, but there is no guarantee that this Representation is available. In this case the client is expected to seamlessly switch (as defined in 4.5.1) to any other Representation in the Adaptation Set.
4 Proposal

Based on this discussion it proposed to apply the attached two draft CRs for TS26.247 and TS26.346 for Rel-12. Further discussion may be necessary in the course of Rel-13 eDASH on this matter.
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SECOND CHANGE
Table 8-5: Semantics of MPD element

	
	ProgramInformation
	0 … N
	specifies descriptive information about the program. For more details refer to the description in clause 8.6.2.

	
	UTCTiming
	0 ... N
	specifies information on ways to obtain a synchronization to wall-clock time as used in this Media Presentation. The order of the elements expresses a preference of choice by the Media Presentation author. For more details refer to clause XXXX.

	
	BaseURL
	0 … N
	specifies a Base URL that can be used for reference resolution and alternative URL selection. For more details refer to the description in clause 8.7.


Table 8-6: Syntax of MPD element

	    <!-- MPD Type -->
    <xs:complexType name="MPDtype">
        <xs:sequence>
            <xs:element name="ProgramInformation" type="ProgramInformationType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="UTCTiming" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="BaseURL" type="BaseUrlType" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="Location" type="xs:anyURI" minOccurs="0" maxOccurs="unbounded"/>
            <xs:element name="Period" type="PeriodType" maxOccurs="unbounded"/>
            <xs:element name="Metrics" type="MetricsType" minOccurs="0"
                maxOccurs="unbounded"/>

            <xs:element name="x3gpp:DeltaSupport" type="DeltaSupportType" minOccurs="0"/>
        </xs:sequence>

        <xs:attribute name="id" type=xs:string"/>
        <xs:attribute name="profiles" type="xs:string" use="required"/>
        <xs:attribute name="type" type="PresentationType" default="static"/>
        <xs:attribute name="availabilityStartTime" type="xs:dateTime"/>
        <xs:attribute name="availabilityEndTime" type="xs:dateTime"/>
        <xs:attribute name="mediaPresentationDuration" type="xs:duration"/>
        <xs:attribute name="minimumUpdatePeriod" type="xs:duration"/>
        <xs:attribute name="minBufferTime" type="xs:duration" use="required"/>
        <xs:attribute name="timeShiftBufferDepth" type="xs:duration"/>
        <xs:attribute name="suggestedPresentationDelay" type="xs:duration"/>

        <xs:attribute name="maxSegmentDuration" type="xs:duration"/>
        <xs:attribute name="maxSubsegmentDuration" type="xs:duration"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
    </xs:complexType>


    <!-- Type of presentation - live or on-demand -->
    <xs:simpleType name="PresentationType">
        <xs:restriction base="xs:string">
            <xs:enumeration value="static"/>
            <xs:enumeration value="dynamic"/>
        </xs:restriction>
    </xs:simpleType>


THIRD CHANGE

8.4.2
Period
8.4.2.1
General
A Media Presentation consists of one or more Periods. A Period is defined by Period element in the MPD element. 
Three types of Periods are defined:
· Regular Period,
· Early Available Period,
· Early Terminated Period.
The type of the Periodas well as the PeriodStart time of a regular Period or early terminated Period is determined as follows:

· If the attribute @start is present in the Period, then the Period is a regular Period or an early terminated Period and the PeriodStart is equal to the value of this attribute. 

· If the @start attribute is absent, but the previous Period element contains a @duration attribute then this new Period is also a regular Period or an early terminated Period. The start time of the new Period PeriodStart is the sum of the start time of the previous Period PeriodStart and the value of the attribute @duration of the previous Period.

· If (i) @start attribute is absent, and (ii) the Period element is the first in the MPD, and (iii) the MPD@type is 'static', then the PeriodStart time shall be set to zero.

· If (i) @start attribute is absent, and (ii) the previous Period element does not contains a @duration attribute or the Period element is the first in the MPD, and (iii) the MPD@type is 'dynamic', then this Period is an Early Available Period (see below for details).
· If (i) @duration attribute is present, and (ii) the next Period element contains a @start attribute or the @minimumUpdatePeriod is present, then this Period is an Early Terminated Period (see below for details).
For any regular Period and early terminated Period the following holds: PeriodStart reflects the actual time that should elapse after playing the media of all prior Periods in this Media Presentation relative to the PeriodStart time of the first Period in the Media Presentation. The Period extends until the PeriodStart of the next Period, or until the end of the Media Presentation in the case of the last Period. For regular Periods, the difference between the PeriodStart time of a Period and either the PeriodStart time of the following Period, if this is not the last Period, or the value of the MPD@mediaPresentationDuration if this is the last one, is the presentation duration in Media Presentation time of the media content represented by the Representations in this Period. . For Early Terminated Periods, the value of the Period@duration is the presentation duration in Media Presentation time of the media content represented by the Representations in this Period.
FOURTH CHANGE

8.4.2.2
Content Offering with Multiple Periods
Content with multiple Periods may be created for different reasons, for example:

· to enable splicing of content, for example for ad insertion,

-
to provide a synchronization point to avoid drift in segment numbering,

-
to remove or add certain Representations in an Adaptation Set,

-
to remove or add certain Adaptation Sets,

-
to add or remove content offering on certain CDNs,

-
to enable signalling of shorter segments, if produced by the encoder

Periods provide opportunities for resync, for ad insertion, for adding and removing Representations, but if they are not used or only used for minor changes, then continuous playout of the client is expected.

In certain circumstances the Media Presentation author offers content in the next Period that is a continuation of the content in the previous Period, possibly in the immediately following Period or in a later Period. The latter case applies for example after an advertisement Period had been inserted. The content provider may express that the media components contained in two Adaptation Sets in two different Periods are associated by assigning equivalent Asset Identifiers to both Periods and by identifying both Adaptation Sets with identical value for the attribute @id.

Two Adaptation Sets in one MPD are period-continuous if all of the following holds:

· The Adaptation Sets are associated.

· -The sum of the value of the @presentationTimeOffset and the presentation duration of all Representations in one Adaptation Set are identical to the value of the @presentationTimeOffset of the associated Adaptation Set in the next Period.

· If Representations in both Adaptation Sets have the same value for @id, then they shall have functionally equivalent Initialization Segments, i.e. the Initialization Segment may be used to continue the play-out the Representation.

· Content authors should signal period-continuous Adaptation Sets by supplemental descriptor on Adaptation Set level with @scheme_id_URI set to "urn:3gpp:dash:period_continuity:2014" with 

· the @value of the descriptor, PID, matching the value of an @id of a Period that is contained in the MPD,

· the value of the AdaptationSet@id being AID. 
Content authors should offer an MPD with period-continuous Adaptation Sets if the MPD contains Periods with identical Asset Identifiers.

From a client perspective, at Period boundary typically no continuity in terms of content offering is ensured. The content may be offered with different codecs, language attributes, different protection and so on.  The client should play the content continuously across Periods, but there may be implications in terms of implementation to provide fully continuous and seamless playout. It may be the case that at Period boundaries, the presentation engine needs to be reinitialised, for example due to changes in formats, codecs or other properties. This may result in a re-initialisation delay. Such a re-initialisation delay should be minimized. 

If the client presents media components of a certain Adaptation Set in one Period, and if the following Period has assigned an identical Asset Identifier, then the client is suggested to identify an associated Period and, in the absence of other information, continue playing the content in the associated Adaptation Set.

If furthermore the Adaptation Sets are period-continuous, i.e. the presentation times are continuous and this is signaled in the MPD, then the client is expected to seamlessly play the content across the Period boundary. Most suitably the client may continue playing the Representation in the Adaptation Set with the same @id, but there is no guarantee that this Representation is available. In this case the client is expected to seamlessly switch to any other Representation in the Adaptation Set.
FIFTH CHANGE
8.6.3.11

UTC Timing Descriptor
Using the UTCTiming element, the Media Presentation author provides additional information for the client to optionally obtain wall-clock time to be used in Media Presentation. If multiple schemes are specified by the Media Presentation author, their order indicates their relative preference, first having the highest, and the last having the least priority. However, the client may choose any method, potentially having to deal with reduced accuracy.
For a set of UTC Timing descriptors, refer to ISO/IEC 23009-1:2014, Amd.1[XXX].
SEVENTH CHANGE
B.2
Main Schema

Table B-1: XML schema of the MPD

	<?xml version="1.0"?>
<xs:schema targetNamespace="urn:mpeg:dash:schema:mpd:2011"
  attributeFormDefault="unqualified"
  elementFormDefault="qualified"
  xmlns:xs="http://www.w3.org/2001/XMLSchema"
  xmlns:xlink="http://www.w3.org/1999/xlink"
  xmlns:x3gpp="urn:3GPP:ns:DASH:MPD-ext:2011"
  xmlns="urn:mpeg:dash:schema:mpd:2011">

  <xs:import namespace="http://www.w3.org/1999/xlink" schemaLocation=" xlink.xsd"/>
  <xs:import namespace="urn:3GPP:ns:DASH:MPD-ext:2011" schemaLocation="3gpp-2011.xsd"/>

  <xs:annotation>
    <xs:appinfo>Media Presentation Description</xs:appinfo>
    <xs:documentation xml:lang="en">
      This Schema defines the Media Presentation Description.
    </xs:documentation>
  </xs:annotation>

  <!-- MPD: main element -->
  <xs:element name="MPD" type="MPDtype"/>

  <!-- MPD Type -->
  <xs:complexType name="MPDtype">
    <xs:sequence>
      <xs:element name="ProgramInformation" type="ProgramInformationType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="UTCTiming" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="BaseURL" type="BaseURLType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="Location" type="xs:anyURI" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="Period" type="PeriodType" maxOccurs="unbounded"/>
      <xs:element name="Metrics" type="MetricsType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element ref="x3gpp:DeltaSupport" minOccurs="0"/>
    </xs:sequence>
    <xs:attribute name="id" type="xs:string"/>
    <xs:attribute name="profiles" type="xs:string" use="required"/>
    <xs:attribute name="type" type="PresentationType" default="static"/>
    <xs:attribute name="availabilityStartTime" type="xs:dateTime"/>
    <xs:attribute name="availabilityEndTime" type="xs:dateTime"/>
    <xs:attribute name="mediaPresentationDuration" type="xs:duration"/>
    <xs:attribute name="minimumUpdatePeriod" type="xs:duration"/>
    <xs:attribute name="minBufferTime" type="xs:duration" use="required"/>
    <xs:attribute name="timeShiftBufferDepth" type="xs:duration"/>
    <xs:attribute name="suggestedPresentationDelay" type="xs:duration"/>
    <xs:attribute name="maxSegmentDuration" type="xs:duration"/>

    <xs:attribute name="maxSubsegmentDuration" type="xs:duration"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Presentation Type enumeration -->
  <xs:simpleType name="PresentationType">
    <xs:restriction base="xs:string">
      <xs:enumeration value="static"/>
      <xs:enumeration value="dynamic"/>
    </xs:restriction>
  </xs:simpleType>

  <!-- Period -->
  <xs:complexType name="PeriodType">
    <xs:sequence>
      <xs:element name="BaseURL" type="BaseURLType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="SegmentBase" type="SegmentBaseType" minOccurs="0"/>
      <xs:element name="SegmentList" type="SegmentListType" minOccurs="0"/>
      <xs:element name="SegmentTemplate" type="SegmentTemplateType" minOccurs="0"/>
      <xs:element name="AdaptationSet" type="AdaptationSetType" minOccurs="0" maxOccurs="unbounded"/>



<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute ref="xlink:href"/>
    <xs:attribute ref="xlink:actuate" default="onRequest"/>
    <xs:attribute name="id" type="xs:string" />
    <xs:attribute name="start" type="xs:duration"/>
    <xs:attribute name="duration" type="xs:duration"/>
    <xs:attribute name="bitstreamSwitching" type="xs:boolean" default="false"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Adaptation Set -->
  <xs:complexType name="AdaptationSetType">
    <xs:complexContent>
      <xs:extension base="RepresentationBaseType">
        <xs:sequence>
          <xs:element name="Accessibility" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="Role" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="Rating" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="Viewpoint" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="ContentComponent" type="ContentComponentType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="BaseURL" type="BaseURLType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="SegmentBase" type="SegmentBaseType" minOccurs="0"/>
          <xs:element name="SegmentList" type="SegmentListType" minOccurs="0"/>
          <xs:element name="SegmentTemplate" type="SegmentTemplateType" minOccurs="0"/>
          <xs:element name="Representation" type="RepresentationType" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute ref="xlink:href"/>
        <xs:attribute ref="xlink:actuate" default="onRequest"/>
        <xs:attribute name="id" type="xs:unsignedInt"/>
        <xs:attribute name="group" type="xs:unsignedInt"/>
        <xs:attribute name="lang" type="xs:language"/>
        <xs:attribute name="contentType" type="xs:string"/>
        <xs:attribute name="minBandwidth" type="xs:unsignedInt"/>
        <xs:attribute name="maxBandwidth" type="xs:unsignedInt"/>
        <xs:attribute name="minWidth" type="xs:unsignedInt"/>
        <xs:attribute name="maxWidth" type="xs:unsignedInt"/>
        <xs:attribute name="minHeight" type="xs:unsignedInt"/>
        <xs:attribute name="maxHeight" type="xs:unsignedInt"/>
        <xs:attribute name="minFrameRate" type="FrameRateType"/>
        <xs:attribute name="maxFrameRate" type="FrameRateType"/>
        <xs:attribute name="segmentAlignment" type="ConditionalUintType" default="false"/>
        <xs:attribute name="subsegmentAlignment" type="ConditionalUintType" default="false"/>
        <xs:attribute name="subsegmentStartsWithSAP" type="SAPType" default="0"/>
        <xs:attribute name="bitstreamSwitching" type="xs:boolean"/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <!-- Type for Frame Rate -->
  <xs:simpleType name="FrameRateType">
    <xs:restriction base="xs:string">
      <xs:pattern value="[0-9]*[0-9](/[0-9]*[0-9])?"/>
    </xs:restriction>
  </xs:simpleType>

  <!-- Conditional Unsigned Integer (unsignedInt or boolean) -->
  <xs:simpleType name="ConditionalUintType">
    <xs:union memberTypes="xs:unsignedInt xs:boolean"/>
  </xs:simpleType>

  <!-- Content Component -->
  <xs:complexType name="ContentComponentType">
    <xs:sequence>
      <xs:element name="Accessibility" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="Role" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="Rating" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="Viewpoint" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="id" type="xs:unsignedInt"/>
    <xs:attribute name="lang" type="xs:language"/>
    <xs:attribute name="contentType" type="xs:string"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Representation -->
  <xs:complexType name="RepresentationType">
    <xs:complexContent>
      <xs:extension base="RepresentationBaseType">
        <xs:sequence>
          <xs:element name="BaseURL" type="BaseURLType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="SubRepresentation" type="SubRepresentationType" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="SegmentBase" type="SegmentBaseType" minOccurs="0"/>
          <xs:element name="SegmentList" type="SegmentListType" minOccurs="0"/>
          <xs:element name="SegmentTemplate" type="SegmentTemplateType" minOccurs="0"/>
        </xs:sequence>
        <xs:attribute name="id" type="StringNoWhitespaceType" use="required"/>
        <xs:attribute name="bandwidth" type="xs:unsignedInt" use="required"/>
        <xs:attribute name="qualityRanking" type="xs:unsignedInt"/>
        <xs:attribute name="mediaStreamStructureId" type="StringVectorType"/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

<!-- String without white spaces -->
  <xs:simpleType name="StringNoWhitespaceType">
    <xs:restriction base="xs:string">
      <xs:pattern value="[^\r\n\t \p{Z}]*"/>
    </xs:restriction>
  </xs:simpleType>

  <!-- SubRepresentation -->
  <xs:complexType name="SubRepresentationType">
    <xs:complexContent>
      <xs:extension base="RepresentationBaseType">
        <xs:attribute name="level" type="xs:unsignedInt"/>
        <xs:attribute name="dependencyLevel" type="UIntVectorType"/>
        <xs:attribute name="bandwidth" type="xs:unsignedInt"/>
        <xs:attribute name="contentComponent" type="StringVectorType"/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <!-- Representation base (common attributes and elements) -->
  <xs:complexType name="RepresentationBaseType">
    <xs:sequence>

      <xs:element name="FramePacking" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="AudioChannelConfiguration" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="ContentProtection" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="EssentialProperty" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>

      <xs:element name="SupplementalProperty" type="DescriptorType" minOccurs="0" maxOccurs="unbounded"/>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="profiles" type="xs:string"/>
    <xs:attribute name="width" type="xs:unsignedInt"/>
    <xs:attribute name="height" type="xs:unsignedInt"/>
    <xs:attribute name="frameRate" type="FrameRateType"/>
    <xs:attribute name="audioSamplingRate" type="xs:string"/>
    <xs:attribute name="mimeType" type="xs:string"/>
    <xs:attribute name="codecs" type="xs:string"/>
    <xs:attribute name="maximumSAPPeriod" type="xs:double"/>
    <xs:attribute name="startWithSAP" type="SAPType"/>
    <xs:attribute name="maxPlayoutRate" type="xs:double"/>
    <xs:attribute name="codingDependency" type="xs:boolean"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Stream Access Point type enumeration -->
  <xs:simpleType name="SAPType">
    <xs:restriction base="xs:unsignedInt">
      <xs:minInclusive value="0"/>
      <xs:maxInclusive value="6"/>
    </xs:restriction>
  </xs:simpleType>


  <!-- Segment information base -->
  <xs:complexType name="SegmentBaseType">
    <xs:sequence>
      <xs:element name="Initialization" type="URLType" minOccurs="0"/>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="timescale" type="xs:unsignedInt"/>
    <xs:attribute name="presentationTimeOffset" type="xs:unsignedLong"/>
    <xs:attribute name="timeShiftBufferDepth" type="xs:duration"/>
    <xs:attribute name="indexRange" type="xs:string"/>
    <xs:attribute name="indexRangeExact" type="xs:boolean" default="false"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Multiple Segment information base -->
  <xs:complexType name="MultipleSegmentBaseType">
    <xs:complexContent>
      <xs:extension base="SegmentBaseType">
        <xs:attribute name="duration" type="xs:unsignedInt"/>
        <xs:attribute name="startNumber" type="xs:unsignedInt"/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <!-- Segment Info item URL/range -->
  <xs:complexType name="URLType">
    <xs:sequence>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="sourceURL" type="xs:anyURI"/>
    <xs:attribute name="range" type="xs:string"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Segment List -->
  <xs:complexType name="SegmentListType">
    <xs:complexContent>
      <xs:extension base="MultipleSegmentBaseType">
        <xs:sequence>
          <xs:element name="SegmentURL" type="SegmentURLType" minOccurs="0" maxOccurs="unbounded"/>
        </xs:sequence>
        <xs:attribute ref="xlink:href"/>
        <xs:attribute ref="xlink:actuate" default="onRequest"/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <!-- Segment URL  -->
  <xs:complexType name="SegmentURLType">
    <xs:sequence>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="media" type="xs:anyURI"/>
    <xs:attribute name="mediaRange" type="xs:string"/>
    <xs:attribute name="indexRange" type="xs:string"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Segment Template -->
  <xs:complexType name="SegmentTemplateType">
    <xs:complexContent>
      <xs:extension base="MultipleSegmentBaseType">
        <xs:attribute name="media" type="xs:string"/>
        <xs:attribute name="initialization" type="xs:string"/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <!-- Whitespace-separated list of strings -->
  <xs:simpleType name="StringVectorType">
    <xs:list itemType="xs:string"/>
  </xs:simpleType>

  <!-- Whitespace-separated list of unsigned integers -->
  <xs:simpleType name="UIntVectorType">
    <xs:list itemType="xs:unsignedInt"/>
  </xs:simpleType>

  <!-- Base URL -->
  <xs:complexType name="BaseURLType">
    <xs:simpleContent>
      <xs:extension base="xs:anyURI">
        <xs:attribute name="serviceLocation" type="xs:string"/>
        <xs:anyAttribute namespace="##other" processContents="lax"/>
      </xs:extension>
    </xs:simpleContent>
  </xs:complexType>

  <!-- Program Information -->
  <xs:complexType name="ProgramInformationType">
    <xs:sequence>
      <xs:element name="Title" type="xs:string" minOccurs="0"/>
      <xs:element name="Source" type="xs:string" minOccurs="0"/>
      <xs:element name="Copyright" type="xs:string" minOccurs="0"/>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="lang" type="xs:language"/>
    <xs:attribute name="moreInformationURL" type="xs:anyURI"/>


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

  <!-- Descriptor -->
  <xs:complexType name="DescriptorType">
    <xs:sequence>
      <xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
    </xs:sequence>
    <xs:attribute name="schemeIdUri" type="xs:anyURI" use="required"/>
    <xs:attribute name="value" type="xs:string"/>
    <xs:attribute name="id" type="xs:string"/>
    <xs:anyAttribute namespace="##other" processContents="lax"/>
  </xs:complexType>

  <!-- Metrics -->
  <xs:complexType name="MetricsType">
    <xs:sequence>
      <xs:element name="Reporting" type="DescriptorType" maxOccurs="unbounded"/>
      <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>

  <!-- Metrics Range -->
  <xs:complexType name="RangeType">
    <xs:attribute name="starttime" type="xs:duration"/>
    <xs:attribute name="duration" type="xs:duration"/>
  </xs:complexType>

</xs:schema>
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