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1 Introduction
The latest version 0.4 of “HTTP-based Streaming and Download Services - Use cases, requirements and working assumptions: Permanent Document” as available in S4-AHI210 contains a use case on Segment Indexing. The use case includes in addition a concrete working assumption as a solution, but some remaining open issues. Those open issues had been discussed during the co-located meeting with MPEG DASH. This document proposes, among others, the resolution of these open issues. It also addresses options on how to deal with Rel-9 aspects on segment indexing and segment formats.
2 Background 
2.1 Issues with Rel-9 Segment Index 
We believe that one of the core problems is the currently mixed functions of the Segment Index: Indexing and Timing Recovery. We believe that the Segment Index shall be simplified to support only Indexing. Timing Recovery is much more suitably supported by for example the Track Fragment Decode Time (‘tfdt’) box, and definition of overlapping mechanism for Timing Recovery is probably not suitable and confusing.
The Segment Index currently contains two loops. The first loop provides the Decode Time of the first sample of each Track in the Segment. This permits accurate Timing Recovery for the Segment. The second loop provides reference track Decode Time and byte intervals for sub-segments of the Segment, which may be, for example, individual Movie Fragments. This permits fragment-by-fragment download and switching or seeking to a Fragment in the middle of the Segment.

There are several weaknesses with this current design:

· Timing Recovery when switching or seeking to the middle of a Segment may get complex in the multi-track case. Contributions on this subject have been provided to 3GPP, please refer to S4-100405 and S4-100573.

· Use of Decode Time intervals in the second loop Segment Index does not guarantee seamless switching (since seamlessness in Decode Time does not imply seamlessness in Composition Time) unless complex processing of sample tables can be performed in the HTTP streaming client. For details we also refer to S4-100573.

2.2 Issues with Working Assumption in S4-AHI210

In addition, extensive offline discussions after MPEG meeting and also during the recent 3GPP meeting revealed yet another weakness with the Segment Index Design as initially agreed by MPEG and as included in document S4-AHI210 as working assumption. The issue is referred to as the “fence post” problem: For N gaps you need N+1 fence posts, otherwise the boundaries are not sufficiently described. MPEG DASH has agreed to a slight update of the Segment Index during the recent co-located adhoc. This updated solution is provided in section 3 of this document.
3 Proposed Solution 
3.1 Summary

Adopt the revised solution of MPEG Committee draft and the amendment 3 of the ISO base media file format modifies the segment formats and the combination with MPD signalling as follows:

· The Segment Index is modified to document for each sub-segment (see clause 4.2) with some minor modifications.

· The Track Fragment Decode Time (‘tfdt’) is used instead of the first loop the original sidx.
· Different segment types are defined that address different combinations

· The content creation and segment rules are updated to address the reasonable combinations.
3.2 Segment Index
Syntax

aligned(8) class SegmentIndexingBox extends FullBox(‘segx’, version, 0) {

unsigned int(32) reference_track_ID;

if (version==0)


{



unsigned int(32) earliest_composition_time;



unsigned int(32) first_offset;


}


else


{



unsigned int(64) earliest_composition_time;



unsigned int(64) first_offset;


}

unsigned int(16) reference_count;

for(i=1; i <= reference_count; i++)

{ 


bit (1)



reference_type;


unsigned int(31)
subsegment_size;


unsigned int(32)
subsegment_duration;


bit(1)



contains_RAP;


unsigned int(31)
RAP_delta_time;

}
}
3.3 Semantics

reference_track_ID provides the track_ID for the reference track

earliest_composition_time is the earliest composition time of any sample in the reference track in the first subsegment, expressed in the timescale of the reference track (as documented in the timescale field of the Media Header Box of the track);
first_offset is the distance in bytes from the first byte following the containing Segment Indexing Box, to the first byte of the first referenced box.
reference_count provides the number of referenced subsegments;

reference_type: when set to 0 indicates that the reference is to a movie fragment (‘moof’) box; when set to 1 indicates that the reference is to a segment index (‘segx’) box;

subsegment_size: the distance in bytes from the first byte of the referenced box to the first byte of the next referenced box, or in the case of the last entry, the first byte not indexed by this Segment Indexing Box.
subsegment_duration: when the reference is to Segment Index Box, this field carries the sum of the subsegment_duration fields in that box; when the reference is to a movie fragment, this field carries the difference between the earliest composition time of any sample of the reference track in the next subsegment (or the first subsegment of the next segment, if this is the last subsegment of the segment or the end composition time of the reference track if this is the last subsegment of the representation) and the earliest composition time of any sample of the reference track in the referenced subsegment; the duration is expressed in the timescale of the reference track (as documented in the timescale field of the Media Header Box of the track);

contains_RAP: when the reference is to a movie fragment, then this bit shall be 1 if a track fragment within the subsegment for the track with track_ID equal to reference_track_ID contains at least one random access point, otherwise this bit is set to 0; when the reference is to a segment index, then this bit shall be set to 1 only if any of the references in that segment index have this bit set to 1, and 0 otherwise;

RAP_delta_time: if contains_RAP is 1, provides the composition time of the first random access point (RAP); reserved with the value 0 if contains_RAP is 0. The time is expressed as the difference between the earliest composition time of any sample of the subsegment and the composition time of the first random access point, in the track with track_ID equal to reference_track_ID.
3.4 Track Fragment Decode Time Box

The track fragment decode time box as specified in the amendment 3 of the ISO base media file format is used for global time adjustment of segments.
3.5 Segment Formats

3.5.1 Summary

A set of media segment formats are defined, among others:

· General type

· 3GPP Rel-9 Media Segment referring to section 12.4.2.3 of 3GPP TS 26.234 [TS26234].

· Indexed segment type (see section 3.5.2)
3.5.2 Indexed Media Segment

A Media Segment conforming to the Indexed Media Segment Format is branded as ‘indx’ and is defined as follows
· Each Media Segment may contain an ‘styp’ box.
· Each Media Segment shall contain one or more whole self-contained movie fragments.  A whole, self-contained movie fragment is a movie fragment (‘moof’) box immediately followed by a media data (‘mdat’) box that contains all the media samples referenced by the track runs in the movie fragment box.
· Each ‘moof’ box shall contain at least one track fragment.
· The ‘moof’ boxes shall use movie-fragment relative addressing.  Absolute byte-offsets shall not be used.  In a movie fragment, the durations by which each track extends should be as close to equal as practical.  In particular, as movie fragments are accumulated, the track durations should remain close to each other and there should be no 'drift'.
· Each ‘traf’ box shall contain a ‘tfdt’ box.

· Each Media Segment shall contain at least one Segment Indexing (‘segx’) box. The first ‘segx’ box shall be placed before any ‘moof’ box and shall document subsegments that span the composition time of the entire segment.
3.6 Content Authoring Rules

The following content authoring rules are added.
The following applies for Media Segments conforming to the 'indx' type when used in Representations.
If the segmentAlignmentFlag is set to ‘false’ or any Representation within a media presentation is contained in a non-zero group, the following rules shall apply for each Media Segment in each Representation

· 
· 
· At least one of the two following rules shall be true:

· no sample in any fragment of a sub-segment indexed in the ‘segx’ shall have smaller composition time than the earliest composition time of the reference track in this sub-segment.

· the earliest composition time of any sample of a track of a sub-segment indexed in the ‘segx’ box, shall be no greater than the earliest composition time of any sample in the reference track of the sub-segment.
4 Further Considerations for Release-9
4.1 Problems

The Track Fragment Adjustment (‘tfad’) box is underspecified in 3GPP. It is believed that the track fragment decode time (‘tfdt’) is a sufficient superset of the functionalities of the ‘tfad’ without any disadvantages. In particular the combined usage of the Release-9 Segment Index and the ‘tfad’ is unlikely due to multiple problems as discussed in details in earlier input contributions such as S4-100405, S4-100573 and S4-100795.
We believe that the integration of the ‘tfdt’ and the new segment index in Rel-9 is of significant advantage, as the Release 9 Segment Indexing together with the timing is not expected to be used. We strongly encourage replacing the existing segment indexing with the above combination. 
We also believe that with the introduction of the ‘tfdt’, the ‘tfad’ is superfluous. With the weak specification o the tfad as well as the functionality provided by the tfdt, the removal of the tfad will avoid further fragmentation. 

4.2 Preferred Solutions: tfdt and segx
The preferred solution for Release-9 is
· Modify the Segment Indexing as proposed in section 3. 

· Adopt tfdt and remove tfad entirely from Release-9.

· Simplify the segment rules to address the combinations of segmentAlignmentFlag.
4.3 Minimum Solution: tfdt+segx and tfad 
As a minimum solution 

· Define two different segment types

· Multiplexed tracks with tfad that are combined with segment alignment

· Indexed segment types as defined in clause 4.4.2

· Modify the Segment Index as proposed in section 3 and adopt the ‘tfdt’
· Update/Simplify the segment rules to address the combinations of segmentAlignmentFlag with the different segment types from above in a sense that

· If segmentAlignmentFlag is set to true, then media segments adhere to the first type from above

· If segmentAlignmentFlag is set to false, then media segments adhere to the second type from above
4.4 Not encouraged solution: No change to Rel-9
If no changes are applied in Rel-9, then the following are proposed for Rel-10.
· Define three different segment types

· General 3GP Rel-9 segment type with old sidx

· Multiplexed tracks with tfad that are combined with segment alignment that is compatible with 3GP Rel-9 media segment type

· New Indexed segment types as defined in clause 4.4.2

· Define two Segment Index versions and adopt the tfdt

· Update/Simplify the segment rules to address the combinations of segmentAlignmentFlag with the different segment types from above in a sense that

· If segmentAlignmentFlag is set to true, then media segments adhere to the first type from above

· If segmentAlignmentFlag is set to false, then media segments adhere to the second type from above

· Or if release 9 is used that that the old segment rules hold

It is obvious that this procedure is least preferable.
5 Proposal

In summary, we propose the following:

· Agree on the updated working assumption in section 3 and integration in permanent document.
· Agree on the suitable way forward for Release-9 with strong preference for the proposal in section 4.2.
· Once agreed, the relevant CRs and pseudo-CRs will be drafted either during SA4#62 or as input to SA4#63.

· Inform MPEG on the decision on this matter.
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