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FIRST CHANGE
K.2.6 Robust DASH service offering
K.2.6.1
Introduction

When operating DASH-based live services, errors and failures are typically unavoidable. In order to still provide continuous services, DASH-based service offerings should be offered in a robust manner and DASH client should implement measures to compensate any operational issues. In case of DASH-over-MBMS distribution, additional problems may occur due to segment losses or other problems. This section discusses typical problems and provides recommendations for robust service offerings. In general, DASH clients should implement the error handling technologies as defined in TS26.247 [98], Annex A.7.
K.2.6.2
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. 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. 

· DASH client clock drifts against the system clock and the DASH client is not synchronizing frequently enough against the time-source.

· The DASH segmenter is synchronized against a different time source than DASH client.
In order to avoid synchronization issues the following recommendations are provided:

· The segment availability times announced in the MPD should be generated from a device that is synchronized to a globally accurate timing source,.
· The MPD should contain at least one UTCTiming element: as defined in TS26.247 [98]. 
K.2.6.3
Synchronization Loss of Segmenter 

The DASH segmenter 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 DASH 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
· There are cases where no media segments are available, but the MPD author knows this and just wants to communicate this to the receiver.
In order to address synchronization loss issues at the DASH segmenter, the following options from should be considered with preference according to the order below:
· The server should always offer a conforming media stream. In case the input stream or encoder is lost, the content author may add dummy content. This may be done using a separate Period structure and is possible without any modifications of the standard.
· Early terminated Periods as defined in TS26.247 [98], section 8.4.2 may be used. This expresses that for this Period no more media is present and the client should await a new Period to restart. 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 the DASH segmenter 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, e.g. stall the content, but provide indication to the user that the service is expected to continue.
K.2.6.4
Encoder Clock Drift

In certain cases, the multi-bitrate encoder is slaved to the incoming TV feed, e.g. an MPEG-2 TS, i.e. it reuses the media time stamps also for the ISO BMFF. Annex A.8 of ISO/IEC 23009-1 [116] 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.
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 may be added more frequently in a continuous manner as defined in TS26.247 [98], clause 8.4.2.2. 
K.2.6.5
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 DASH-over-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, 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.
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.
K.2.6.6
Swapping across Redundant Tools

In case of failures of infrastructure, redundant tools may kick in. If the state is not fully maintained across redundant tools, the service may not be perceived continuous by DASH client. Depending on the swap strategy, the interruptions are more or less obvious to the client. Similar issues may happen if DASH segmenters fail, for example the state for segment numbering is lost.

To enable swapping across redundant tools, the following should be considered with preference in the order as listed.
· the content author is offering the service redundant to the client (for example using multiple Base URLs) 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 should 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. Despite this is not fully specified in TS26.247, DASH clients should be prepared to continue the service. 
