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1 Introduction

3GP-DASH [1] is used for delivery of live stream over MBMS and PSS. Though 3GP-DASH protocol is working as designed assuming all segments delivered, it was observed that under certain operational conditions some issues may cause intermittent discontinuities in the DASH media segments delivery to the UE. This may be causing permanent video freeze, or just blank screen, even if the DASH delivery resumes normally after that brief interruption/disruption. This is causing obviously a bad user experience. It is the source belief that DASH robustness may be improved to allow quick recovery in these cases, to avoid unnecessary complete service re-acquisition, taking longer time, and likely requiring user intervention.
In section 2.1, we expand on the problem statement. In section 2.2, we provide 4 alternatives that have been identified so far to possibly address the problems identified in section 2.1. In section 2.3, we provide a discussion on further work on this. Finally, section 3 provides a proposal going forward.

2 Discussion
2.1 Problem Statement
In the case of 3GP-DASH streaming over MBMS or PSS, it is possible that disruption in the 3GP-DASH media timeline delivery occur. E.g. such may be caused by:
1.    Imprecise time -synchronized clients
e.g. when the client clock drifts against the system clock and the client is not synchronizing frequently enough against the time-source. When the UE is connected to E-UTRAN, it gets accurate time information with SIB16. In other access systems or when SIB16 is not available, the UE may only synchronize when it is switched on (during network attach)
2.    Segmenter synchronized against a different time source than DASH player
The DASH segmenter is operated by the content provider, while the time synchronization solution such as SIB16 or NITZ are operated by the core network or radio access network. In particular when the time sources are operated by different organizations, there may be an offset between them.
3.    Segmenter lost synchronization against the input timeline and cannot predict the amount of media data missing. 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. a loss of sync (e.g. CRC failure on the input stream)
b. a power glitch on the source

c. someone pulling a cable

4.    Encoder clock drift between the sender and the receivers (longer term issue) , e.g. due to encoder clock tolerance
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.
5.    Unavailability of media segments. When a segment does not arrive in time (MBMS) or cannot be fetched in time (PSS), including the case when a segment fetch error occurs (e.g. HTTP 404), the DASH Client can interpret this as a possible synchronization issue. A DASH client should be able to differentiate cases that arise from synchronization issues, from other causes,  in order to minimize any disruption when segments are missing.
6. 
As a result of this, it is observed that video may freeze on the receiving UE, requiring a complete service re-acquisition to recover. Recovery may take several minutes, to re-acquire the 3GP-DASH service from the beginning, including Service Announcement in the case of MBMS.

It is the source understanding that the current 3GP-DASH and MPEG DASH [2] specifications are lacking appropriate procedures and protocol elements, to allow the clients to quickly recover from such a situation.

2.2 Alternatives

2.2.1 HTTP 404 headers with DASH-Oldest-Segment and DASH-Newest-Segment
With this approach, a DASH client requesting a segment through HTTP GET, receives an HTTP response from the HTTP server (be it the local HTTP server on the UE in the case of MBMS broadcast, or the HTTP server in the PSS Server, for the case of DASH delivery over unicast) indicating that the requested segment is not available, in this case a standard HTTP response code 404 Not Found. In this approach we indicate in the 404 response the HTTP path for the oldest segment available in the segment buffer (DASH-Oldest-Segment field), and the newest segment in the segment buffer (DASH-Newest-Segment field). In this way, the client is able to use that segment availability information to request available segments.
The following headers are added in any 404 error response:
Table 1 – New headers in 404 error response
	Field Name
	Description
	Value
	Example

	DASH-Oldest-Segment
	The "DASH-Oldest-Segment" is the oldest segment available.
	SegmentPath
	DASH-Oldest-Segment: /pdash/testpic_6s/V1/229095412.m4s

	DASH-Newest-Segment
	The “DASH-Newest-Segment” is the newest segment available.
	SegmentPath
	DASH-Newest-Segment: /pdash/testpic_6s/A1/229095414.m4s


The DASH-Oldest-Segment and the Dash-Newest-Segment elements allow the DASH Client to resynchronize its Segment Time representation and the size of the buffer available.

If no segment is available (for whatever reason: segment drop, etc.), these headers are not present in the 404 response.

DASH-Oldest-Segment and DASH-Newest-Segment can have the same value if the segment buffer contains only one segment.
This technology primarily addresses issues 1 and 2 from above. This technology may also address the other issues.
2.2.2 HTTP 404 headers with UTC Time Information
With this approach, a DASH client requesting a segment through HTTP GET, receives an HTTP response from the HTTP server (be it the local HTTP server on the UE in the case of MBMS broadcast, or the HTTP server in the PSS Server, for the case of DASH delivery over unicast) indicating that the requested segment is not available, in this case a standard HTTP response code 404 Not Found. In this approach we indicate in the 404 response the UTC Time Information, allowing the receiving DASH client to request an appropriate segment aligned with this time information. With this approach, we add UTC time information in the 404 response as an optional field. Alternatively the Date Header in the HTTP response may be used to indicate the time.
2.2.3 This technology primarily addresses issues 1, 2 and 5 from above. 
2.2.4 MPEG DASH Segment Timeline

MPEG DASH has defined an element in the MPD, namely the segmentTimeline, which is not defined in 3GP-DASH TS 26.247.

The SegmentTimeline element expresses the earliest presentation time and presentation duration (in units based on the @timescale attribute) for each Segment in the Representation. The use is an alternative (superset) to providing the @duration attribute and provides three additional features:

·    the specification of arbitrary Segment durations,

·    the specification of accurate Segment durations for one media stream where the duration expresses presentation duration of the Segment, and

·    the signalling of discontinuities of the Media Presentation timeline for which no Segment data are present in a specific Representation.
Annex A provides the details of the segmentTimeline as specified in MPEG DASH [2].
This technology may address all issues except 5 from above. More detailed study is necessary.
2.2.5 Updated MPD with new Period
2.2.6 If any unforeseen issues occur on the segmenter or encoder, a new Period can be added. The old Period may be maintained and document the previously made available Segments. The start time of the new Period is computed as the sum of the AST in the MPD and the start time of the Period. Periods enable to reset codecs, to reinitialize the segment numbering, to change the URLs of the available segments and to provide synchronization. 
2.2.7 This technology may address all issues except 5 from above.
2.2.8 Using Special Period
MPEG DASH Technical Corrigendum 1 (on MPEG-DASH second edition) is adding the possibility to insert special Periods to accommodate for problems detected in the network in generationg media. The current text proposal is:

“Special Periods may be added that contain both Period@start and Period@duration without any other element being present. This expresses that for this Period no media is present at least for the time as expressed by the @duration attribute, i.e. no segments are available. 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.”

This technology may address all issue  from above. 

2.2.9 Time Synchronization API
2.2.10 The PDAM.1 of the second edition of ISO/IEC 23009-1 (MPEG-DASH) provides new element on MPD level in order to specify information on ways to obtain a synchronization to wall-clock time as used in this Media Presentation. Different options are provided such as URLs to NTP and SNTP servers, URLs to obtain the information through HTTP, etc. In addition, the API may be used to define methods that may be specific to 3GPP context.
This technology primarily addresses issue 2 from above. 
2.3 Discussion
In order to provide solutions to various cause of DASH robustness issues identified in section 2.1, it is envisioned that a number of complementary solutions, such as the alternatives identified in section 2.2, may be implemented. In a subsequent meeting, it is suggested to further map the various alternatives to the various problems identified in section 1, in order to come to an agreement as to which alternatives should be pursue, and adopted within Release 12.  
A draft CR has been prepared [3] that show how the alternative described in section 2.2.1 may be specified in TS 26.247 [1].
3 Proposal
The source propose to discuss and agree to the problem statement in section 1.1 

It is further proposed to discuss and agree to the approach discussed in section 2.3 to address the issues identified in the problem statement within Release 12 timeframe.
The text in sections 2.1 and 2.2 (including sub-sections 2.2.1 to 2.2.6) is proposed to be included in the MI-EMO TR 26.848 [4]
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5 Annex A – MPEG DASH segmentTimeline details
MPEG DASH specifies the segmentTimeline as follows.

· SegmentTimeline is per Representation 

· but can also be used on Adaptation Set level as default for each Representation

· SegmentTimeline is independent of addressing scheme and can be used with:

· Segment List

· Number-based templating

· Time-based templating
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A.3 Description

SegmentTimeline

specifies the Segment timeline information

S

specifies Segment start time and duration for a
contiguous sequence of segments of identical durations.

The textual order of the S elements must match the

indexed (and thus time) order of the corresponding Media
Segments.

@t

specifies the MPD start time, in @t imescale units, the

first Segment in the series starts relative to the beginning
of the Period.

The value of this attribute must be equal to or greater
than the sum of the previous s element earliest
presentation time and the sum of the contiguous
Segment durations.

If the value of the attribute is greater than what is

expressed by the previous S element, it expresses
discontinuities in the timeline.

If not present then the value shall be assumed to
be zero for the first s element and for the subsequent s

elements, the value shall be assumed to be the sum of
the previous S element's earliest presentation time and

contiguous duration (i.e. previous S@t + @d * (Gr + 1)).

@d

specifies the Segment duration, in units of the value of
the @timescale.

@r

oD

default: 0

specifies the repeat count of the number of following

contiguous Segments with the same duration expressed
by the value of @d. This value is zero-based (e.g. a value

of three means four Segments in the contiguous series).
A negative value of the @r attribute of the S
element indicates that the duration indicated in @d
attribute repeats until the start of the next S
element, the end of the Period or until the next
MPD update.





The S element contains a mandatory @d attribute specifying the MPD duration, an optional @r repeat count attribute specifying the number of contiguous Segments with identical MPD duration minus one and an optional @t time attribute. 

The value of the @t attribute minus the value of the @presentationTimeOffset specifies the MPD start time of the first Segment in the series.

The @r attribute has a default value of zero (i.e., a single Segment in the series) when not present. For example, a repeat count of three means there are four contiguous Segments, each with the same MPD duration. The value of the @r attribute of the S element may be set to a negative value indicating that the duration indicated in @d is promised to repeat until the S@t of the next S element or if it is the last S element in the SegmentTimeline element until the end of the Period or the next update of the MPD, i.e. it is treated in the same way as the @duration attribute for a full period. 

Any @d value shall not exceed the value of MPD@maxSegmentDuration.

The textual order of the S elements within the SegmentTimeline element shall match the numbering (and thus time) order of the corresponding Media Segments.
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