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1 Introduction
To spur adoption of DASH-based delivery especially in the short-term, it is proposed to commit to a more restrictive set of DASH, that also includes other interoperability aspects to ensure that headend equipment (encoders, segmenters), delivery network support and clients are available to support content produced in such a manner.

Such a profile should include, MPEG DASH Profiles, Video codecs, Audio Codecs, Subtitle support and Content Protection. It is believed that only in coordination with different organisations as well as with 3GPP SA4 providing the requirements for mobile deployments, such as focussing on efficiency and implementability on mobile devices are essential.

To structure this work this document provides the following:

· A summary of MPEG DASH profiles with focus on the one considered most relevant in clause 2.

· A proposal for an efficient low-latency profile that is not yet supported by the most relevant MPEG DASH profiles in clause 3.

· The concept of a DASH264 profile in clause 4

· The role of 3GPP in the definition of this profile in clause 5
· A set of very concrete proposals for SA4#66 in clause 6.
2 MPEG DASH profiles

MPEG DASH defines formats for MPDs and segments. In addition MPEG provides the ability to further restrict the applied formats by the definition of profiles.  Profiles of DASH are defined so as to enable interoperability and the signaling of the use of features. 
A profile imposes a set of specific restrictions. Those restrictions are typically on features of the Media Presentation Description (MPD) document and on Segment formats, but may also be on content delivered within Segments, such as on media content types, media format(s), codec(s), and protection formats, or on quantitative measures such as bit-rates, Segment durations and sizes, as well as horizontal and vertical visual presentation size. Profiles defined in MPEG DASH define restrictions on features of this part of ISO/IEC 23009 and on Segment formats only (e.g. not codec types). Externally defined profiles may additionally impose restrictions on other aspects.

A profile can also be understood as permission for DASH clients that only implement the features required by the profile to process the Media Presentation (MPD document and Segments). However, as DASH client operation is not specified normatively in MPEG DASH, it is also unspecified how a DASH client conforms to a particular profile. Hence, profiles merely specify restrictions on MPD and Segments rather than DASH client behaviour.
MPEG DASH defines six profiles as shown in Figure 1. Three profiles are defined reyling on the ISO base media FF as Segment formats. Both, the ISO Base media file format On Demand profile and the ISO Base media file format live profile are a subset of the ISO Base media file format main profile. Two profiles are defined for MPEG-2 TS based Media Segment formats: The MPEG-2 TS simple profile is a subset of the MPEG-2 TS main profile. All profiles are a subset of the full profile.
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Figure 1 MPEG DASH Profiles
Especially the ISO Base media file format On Demand profile and the ISO Base media file format live profile fulfil urgent market needs for different applications. 

The On-Demand profile has the following features:

· it is intended to provide basic support for On-Demand content. 
· it provides support for large VoD libraries with minimum amount of content management
· it permits scalable and efficient use of HTTP servers and simplifies seamless switching. 
· the primary constraints imposed by this profile are 
· the requirement that each Representation is provided as a single Segment, 
· Subsegments are aligned across Representations within an Adaptation Set and 
· Subsegments must begin with Stream Access Points. 
The live profile has the following features
· It is targeted for live encoding and constrained latency delivery of Segments with relatively short duration. 
· Each Segment may be requested when available using a template generated URL, so it is not normally necessary to request an MPD update prior to each Segment request. 
· Segments are constrained so that they may be concatenated on Segment boundaries, and decoded without gaps or overlaps in the media data, regardless of adaptive switching of Representations in an Adaptation Set. Each segments requires SAPs at the beginning.
· Despite the profile is optimized for live services, the MPD@type attribute may be set to 'static' to distribute non-live content, for example in case a live Media Presentation is terminated, but kept available as On-Demand service.
These two profiles serve major industry needs in specific areas, but there are deficiencies with respect to moving towards interoperable industry profiles as follows:

1. In addition to the DASH formats, additional constraints on the supported codecs, the content protection in use and possibly other features need to be defined.
2. The DASH live profile has deficiencies to support low-latency services in an efficient manner and an extension to the live profile is important. More details are provided in clause 3.
3. It should be ensured that clients not only support a single MPEG DASH profile, but the DASH profile for the relevant deployment cases including codecs and other interoperability issues.
4. What is the role of 3GPP in terms of specification of this interoperable profile and what are the next step in defining such a profile?
These different aspects are discussed in the remainder of the document.
3 Low-Latency Live Profile
3.1 Low Latency Use Cases

In certain deployment scenarios, low latency for a live distribution service is essential. One example is the in-venue distribution of an event, such as sports event or a concert. In this case, the delay between the actual live action and the presentation on a mobile device is most appropriate as low as possible in the range of a few seconds at most. Other low latency use cases include betting applications or events with user interaction, etc..

3.2 Background: Live Services in MPEG/3GPP DASH
DASH supports live services. In this case the segments are generated on the fly at the encoder and they are continuously published and made accessible by assigning a unique URL to each segment. 

Segment availability times are used to signal to clients the availability time of segments at the specified HTTP-URLs. These times are provided in wall-clock time and clients typically compare the wall-clock time to Segment availability times before accessing the segments at the specified HTTP-URLs. For live services when the MPD is updated, the availability times of segments depend on the position of the Segment in the Media Presentation timeline. 

For live services, the Segment availability start time of a Media Segment is derived from the MPD start time of the Media Segment. The MPD start time is provided in the MPD as the product of the segment position and a constant duration (the Segment Timeline is not discussed).
Segments have assigned presentation duration of the encoded media content. Publication of the segment is generally only possible once the entire resource is available. Once published the client can start downloading the segment at the advertised URL. In case each segment has the same presentation duration, the client can quite easily predict when the next segment is made available. However, if the presentation duration varies, then the client is only ensured that a new segment is published after some maximum segment duration time. Therefore, the client needs to buffer accordingly before starting playout to avoid starving at the client once a segment with a maximum duration is generated at the serving end.

MPEG DASH defines an ISO base media file format live profile that is targeted to support easy deployments of live services. Specifically it contains the following features, which are relevant for the further discussion in this document:

· each segment shall start with a Stream Access Point requiring an IDR frame for a video stream

· segments are aligned across Representations within one Adaptation Set. The combination of the two features enables seamless switching experience by decoding and presentation of one Representation until the end of one segment and then decoding and presentation from the start of a new segment.

· in MPEG DASH, variable segment duration is supported by the segment timeline. The segment timeline needs to be combined with the segment index to be able predict the URL of the next segment in case time-based URL templating is used.

· signalling of a maximum segment duration in the MPD to ensure early enough availability of the segment at the advertised location.

Live services may also be supported outside the live profile. In this case, restrictions may be less restrictive, for example the requirement that each segment starts with a stream access point may be dropped, or additional restrictions may be added, for example that segments shall have (approximate) constant duration.

3.3 Problems with MPEG DASH Live Profile for Low Latency 
It is known from research and deployment experience that highest efficiency in video encoding can be achieved if the SAPs/IDR frames are only added in a content-driven manner or at least keep the time between two successive IDR frames high. Pushing IDR frames at exact time positions may be counterproductive in terms of efficiency and presentation quality. Therefore, from compression efficiency point-of-view, it is desirable to maximize the time between SAPs/IDRs to enable efficient delivery of video services, especially when deployed in mobile environments. SAPs/IDRs may also be essential to tune into a service and hence the provisioning of SAPs/IDRs may also be driven by other requirements, but typically fast tune-in can be supported by other means.
From the above discussions for live use cases with latency requirements, there are now some contradicting requirements and technologies

1. For the live profile to support simple switching, each segment shall start with a SAP/IDR and segments shall be aligned across switchable Representations

2. For maximum delivery efficiency, segment shall be as long as possible and should have constant duration

3. For maximum coding efficiency, the timely distance between SAPs/IDRs should be maximized and SAPs/IDRs may be added in non-constant intervals

4. For low end-to-end latency segments should be short as the segment duration is generally directly proportional to the end-to-end latency

These contradicting requirements and the establishment of requirement 1 that for the live profile that each segment shall start with SAP/IDR may hinder adoption DASH live profile and DASH in general for use cases that require high compression efficiency and low end-to-end latency.

However, the definition of a completely new profile to support low-latency live services seems counter-productive to avoid fragmentation of profile. A proposal is provided to address the different aspects. 
3.4 Proposal 

To explain the details of the proposed solution, the example in Figure 2 is used for explanation.

The figure shows the media stream in blue and IDRs in green. To adhere to the principle that we (approximate) constant segment duration is supported and each segment starts with a SAP, the media stream has IDRs at basically equal time distance. This holds for IDR 1, 3 and 4. The second IDR is a result of the encoding process, for example due to a scene change an IDR may have been added. It is assumed that the forced IDR frame distance is chosen such that the degradation for coding efficiency is not too severe, for example it may be in the range of several seconds.
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Figure 2 Different options for generating segments for Live Profile and low Latency Profile

Such a generated media stream may now be offered as Representations and Segments in the MPEG DASH live profile in different ways. The segments all have (approximate) constant duration. Four options are provided, each of them complies with the live profile as defined in DASH:

Option 1:
In this case no subsegmentation is applied, i.e. each segment is constitutes of one subsegment. The segment index (provided in red) only points to the first SAP in the segment and any other SAP is not signalled. Switching and random access is typically only supported at segment boundaries unless the DASH access client parses movie fragment headers.
Option 2:
In this case subsegmentation is applied (black boxes), such that each IDR is signalled as being the starting point of a subsegment. If no IDR is present, no subsegmentation is applied. This subsegmentation has the advantage that switching at content driven IDR frames may be enabled for clients that have implemented subsegment processing in the live case. The subsegment index is upfront, which provides the ability to download the full segment map in the beginning and to apply switching decisions based on this.

Option 3:
In this case subsegmentation is also applied (black boxes), but subsegments are created such that they have (approximately) constant duration. Only the first subsegment of each segment starts with a SAP. The subsegment index is upfront, which provides the ability to download the full segment map in the beginning and to apply switching decisions based on this.

Option 4:
This case is identical to option 3, except that the segment index for each subsegment is attached to the subsegment. In this case, to get to the time and byte range of the IDR in the first segment, two downloading steps are required. 

To now support a low-latency Representation, with the same media stream, shorter segments may be provided; in the example the segments are 1/3rd of the duration of the live profile segments. This is for illustration purpose, but significantly shorter segments may be provided, for example 10 or 20 per larger segment. The segments are created from the same media stream by applying a different segmentation. This Representation does not comply to the live profile as some segments do not start with a SAP.

However, it is important that there is significant similarity between the live profile compatible Representations and the Representations offered for the low latency profile, in particular the same encoded media stream is provided and segmentation is similar as well. For example in case of the live profile option 4, the subsegments together with the initial sidx are identical to the segments in the low latency profile. In live profile option 3, the subsegments are identical, only the segment index needs to be updated. For live profile option 1 and 2, the segment index for the low latency profile needs to be generated specifically for the low latency. However, none of these operations involve any significant complexity.
3.5 Deployment Options

In case a live service is deployed a typical case may be that the MPD offers both, a live profile compatible Adaptation Set and the low latency profile compatible Adaptation Set. Clients that comply with the low latency profile may take advantage of the fact that they can handle segments that are not starting with a SAP whereas clients conforming to the live profile can access the Representations that provide segments starting with a SAP. The same encoding can be used even if the segmentation is applied differently. 

Furthermore, the distribution network may leverage the fact the media streams are identical, and on the segmentation is slightly different. 

Assume live profile mode 4 and the low latency profile are both offered. In this case the encoder, segmenter and origin server may only generated segments complying with the low latency profile and publish and push those to caches. Once all subsegments of one segment of the live profile conformance are available in the cache (this may need some trigger, signalling, metadata, etc.), the cache concatenates the segments of the low latency profile and generates a segment index (simple by just processing the segment indices of the low latency segments) and offers live profile compatible segments. If the cache has some small intelligence it can discard the low latency segments and can map a request for the low latency segment to a byte range of the live profile conforming segments to reduce the caching requirements.

If any of the other modes for the live profile are offered slightly more processing may be required in the caches/distribution network to obtain the same properties, but it is still expected that the two Representations can be served from the same data.
In summary, defining a low latency profile that is closely aligned to the live profile as proposed above provides enables

· reuse same encoding for the two profiles

· provides efficient distribution options for the two profiles

· can provide client differentiation

Furthermore, the same content may be offered in different delay/latency variants. The selection then depends on client simplicity/complexity. It also permits to offer one MPD for which the longer time-shift buffering is handled by larger segment sizes, whereas the close-to-live edge is handled with small segments. The client can still switch between these Representations, for example starting in the time-shift buffer and moving closer to live edge with the program, for example by skipping advertisements, boring scenes and alike.
3.6 Extensions/Changes to 3GPP/MPEG DASH
The offering of Representations in the low latency mode and the live profile mode in one MPD may be done in a compatible manner with the existing DASH specification. However, there are some limitations to express the similarities between Representations of the two Adaptation Sets and there are other optimizations that may be considered. Such extensions may be provided in a backward-compatible manner, in particular such that clients conforming to the live profile are not disturbed in their operation.

Based on these discussions, two aspects in the latest MPEG DASH and 3GPP DASH seems to require clarification:

In the MPEG DASH the segment availability for each segment is anchored to the PeriodStart time of a Period. The PeriodStart time is common to all Representations and the availability of the first media segment is the PeriodStart time. The availability of the second Segment is the sum of the availability of the first segment and the duration (as signalled in the MPD) of the first segment. This aspect is irrelevant as long as segment durations are constant. However, with varying segment durations across Representations or within Representations it is more suitable that the availability of the first Segment is the sum of the PeriodStart and the duration (as signalled in the MPD) of the first segment. This seems to be an editorial issue that the start index starts with 0, 
In 5.5.9.5.3 it should be corrected

For services with MPD@type='dynamic', the Segment availability start time of a Media Segment is the sum of the value of the MPD@availabilityStartTime, the PeriodStart time of the containing Period as defined in 5.5.2.1, the MPD start time of the Media Segment and the MPD duration of the Media Segment. The Segment availability end time of a Media Segment is the sum of the Segment availability start time, the MPD duration of the Media Segment and the value of the attribute MPD@timeShiftBufferDepth. 

The above issue may also require some small adjustments in the informative Annex.

A second issue is that in the current DASH specification, the maximum segment duration is expressed for the entire MPD and for all Representations. The motivation for this is obvious, as the client needs to start playout and provision for the availability of the segment also at a later time. Generally, it would be beneficial that in cases where multiple Representations with the same media stream are provided, that the maximum segment duration is provided per profile, but such changes may go beyond the permissible changes in MPEG DASH at this stage.
A simple clarification may be as follows
	
	@maxSegmentDuration
	O


	specifies the maximum duration of any Segment in any Representation in the Media Presentation, i.e. documented in this MPD and any future update of the MPD. If not present, then the maximum Segment duration shall be the maximum duration of any Segment documented in this MPD. 
NOTE: If Representations are presented with @duration attribute present and the value smaller than the value of this attribute, then this smaller value may be used to determine playout procedures.


However, generally it is preferred to address this issue more comprehensively and permit signalling of different maximum segment durations to ensure fluent playout. For more details see below.
In addition to these editorial clarifications, some potential optimizations may be provided:

· Representations may be offered based on the same media stream, but have different segmentation properties. It may be suitable that these similarities are expressed in the Adaptation Set parameters.

· If the low latency profile is offered in the MPD and the segments are generated to also comply with the live profile it is preferable that some segments of the low latency profile start with a SAP. This can be observed from the segment index of each segment, but it may be beneficial to provide such information in the MPD such that clients that search for accessing the stream, look for switching points or want to extract IDRs to support fast-forward can easily find these SAPs. 

· Low-latency segments are important for services that want to operate close to the live service. However, once the segments grow older, it is typically now longer suitable to maintain such small segments in the caches for time-shift buffering, especially if the same media stream is offered in longer media segments. In this case certain Representations may operate on a different time-shift-buffer depth than others, for example the low-latency segments may only be cached until the live profile segments are available. It may even be that the live profile segments are gradually aggregated into even larger segments, which obviously will have a larger availability time. In the current DIS, this may be expressed by updating the value of the start index.
· Generally, profile specific availability of segments may be beneficial and should be considered in an extension of DASH. The easiest way is to introduce an element  on MPD level, that permits to include availability parameters (@timeShiftBufferDepth, @maxSegmentDuration, etc.) and also an @profiles attribute to declare specific parameters for certain profiles. 
4 "DASH264" profile

4.1 Overview

To spur adoption of DASH-based delivery especially in the short-term, it is proposed to commit to a more restrictive set of DASH, that also includes other interoperability aspects to ensure that headend equipment (encoders, segmenters), delivery network support and clients are available to support content produced in such a manner.

Such a profile should include
· MPEG DASH Profiles

· Video codecs

· Audio Codecs

· Subtitle support

· Content Protection
In order to coin a term, it is proposed to use DASH264 to express the combination of DASH and codecs based on H.264/MPEG AVC.

4.2 Technologies under considerations
It is proposed that DASH264 includes the following DASH profiles:
· ISO base media FF On-Demand as defined in ISO/IEC 23009-1, section 8.3.

· ISO base media FF Live as defined in ISO/IEC 23009-1, section 8.4.
· ISO base media FF Low-Latency as introduced in section 3 of this document.

In terms of codecs the following families are most suitable to be included in such a profile:

· H.264/MPEG-4 AVC with baseline and high profile

·  MPEG-4 AAC with profiles to be identified
· Subtitles are to be defined, but typically useful codecs in this area are TTML and SMPTE-TT (profile of TTML),

In terms of encryption, the technologies should be based on the common encryption specification as developed in MPEG as ISO/IEC 23001-7.
5 3GPP's Role

Converging technologies in this area will incubate the adoption of standardized DASH-based video services in different domains including fixed access TV and PC environments as well as mobile environment targeted to smartphones, tablets and other mobile devices. 3GPP should take the leadership in defining the requirements in terms of services and technologies for mobile devices. Specifically, the support of DASH264 on different device classes should be ensured by providing interoperability points that provide the ability for content providers to generate content that can be consumed on mobile devices.

The exact details on how these requirements are the addressed in terms of specifications should be parts of the proposed Rel-11 study item, but also trigger communication with other SDOs, in particular ISO MPEG and the Open IPTV Forum.

Concrete proposals for actions and more mid and long-term actions are provided in the following.
6 Proposal 
The following actions are proposed for SA4#66:

· Agree on the necessity of an industry-aligned implementable end-to-end profile for DASH.

· Align the 3GPP DASH specification in Release-10 with the MPEG DASH specifications to extent, that On-Demand, Live and Low-Latency profile are supported.

· Agree on the importance for the support of an efficient low-latency support, in particular also MBMS-based DASH services by the following actions:
· Inform MPEG on the relevancy of such a low latency profile
· apply the changes in section 3.6 to the CR to TS26.247

· inform MPEG about these changes and propose to adopt those as well with the reasons on the low-latency profile

· ask MPEG if they would define such a low-latency profile in an amendment to DASH in collaboration with 3GPP, possibly adding some additional requirements and proposals

· Inform MPEG on 3GPP's interest to define a DASH264 industry profile based on section 4.2 in this document.

· Include the creation of such a profile into the study item work Rel-11 DASH, especially 
· to identify appropriate codecs and codec profiles that are minimally essential and that create ability to target different device classes. Early actions on collecting the current status are encouraged in any communication with MPEG.
· to identify needs for content protection, etc.

· to identify other aspects that are relevant for a compliant end-to-end service

The continuous exchange of information with MPEG and other organisations as well as the work in the study item in Release-11 will likely lead to additional action.
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