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1 Introduction

DASH has been widely used in online video streaming service. Live streaming is one of the major features in such a video streaming. 

This contribution provides use case regarding live video steaming with low latency and brings analysis and working assumptions to be discussed based on current DASH specification can support this environment. Furthermore, a list of working assumption is provided to resolve for this requirement.

2 Use Case
2.1 Low Latency live streaming
Julie is watching the 2012 London Olympic Games on DASH capable client (i.e. smart phone) at downtown, the game is the Men’s final of 100m running. Usually, this game is used to finish around 10 seconds. During the consuming, she want to watch the same scene of Olympic winner at the 100m running game without time consuming such as delay and buffering.
In deployment scenarios, low latency for a live broadcasting service is essential. As shown in this use case is the distribution of an event, such as Olympic sports event or a Big concert. In this case, the delay between the actual live action in the sport stadium and the presentation on a client device is most appropriate as low as possible in the range of reasonable service. However, live profile of DASH can be considered the initial delay is almost a few seconds at most.
Other low latency use cases include gaming applications or events with user interaction, etc. The distribution of the live content may happened using broadcast or multicast technologies with FLUTE being used to deliver HTTP resources and CDN consideration network environments.
3 Motivation 
3.1 Problem statement
DASH supports live services in current DASH specification. In this case the segments are generated on the fly at the encoder side and they are continuously generated and made accessible by assigning a unique URL to each media segment. Media segment availability times are used to signal to clients the availability time of segments at the specified HTTP-URLs in MPD. 
For live services when the MPD is updated, the availability times of segments depend on the position of the Media segment in the Media Presentation timeline. Also, the Media 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 segment position and a constant duration. 

Short Segments are usually required in the case of live content, where there are restrictions on end-to-end latency. The duration of a Segment is typically a lower bound on the end-to-end latency. DASH does not support the possibility for Segments to be extended over time: a Segment is a complete and discrete unit that must be made available in its entirety. It means the segments should assigned presentation duration of the encoded media content.
Creation of the segment is generally only possible once the entire resource is available. After once generated, the client can start downloading the segment at the given 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 presentation to avoid buffer under-run at the client once a segment with a maximum duration is generated at the serving end.

3GP DASH defines the MPD and Media segment format 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

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

· 3GP 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 template is used.

3.2 Analysis of DASH
We analysis the low latency live video services may also be supported in live service with 3GP DASH. In this case, restrictions may be less, 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 Media segments shall have constant duration with approximate time for live streaming. To support this case, constant duration of segment would be signaled in MPD.
Also, we analysis to support this low latency live service, DASH would be considered decrease the variation of latency and low value of latency.

4 Proposal
4.1 Requirements
We analysis for support the low latency live streaming based on current DASH. We found some limitation or mandatory guidelines are needed.

We propose for live use cases with low latency issues, there are some requirements and technologies from the above analysis.
1. For the low latency live streaming to support simple switching, each segment shall start with a SAP/IDR and segments shall be aligned across switchable Representations to reduce downloading delay and processing delay
2. For maximum delivery efficiency, segment shall be as long as possible and should have constant duration to reduce downloading delay
3. For maximum coding efficiency, the timely distance between SAPs/IDRs should be maximized and SAPs/IDRs may be added in non-constant intervals to reduce ( downloading delay, processing delay, buffering delays 
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 

4.2 Working Assumptions
For low latency live services, the Media segment availability start time of a Media segment is derived from the MPD start time of the Media segment. The MPD start time is implicitly as a function of the segment number and the duration signaling, i.e. the duration attribute or the Segment Timeline.

Media 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 given 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 presentation to avoid buffer underflow at the client once a segment with a maximum duration is generated at the serving end.

The consideration and assumption of delay with low latency in live services are:

· encoding delays is constant
· media segment generation delay is constant
· service discovery delays (MPD discovery is not specified, which means out-of-scope)
· downloading delays (HTTP request/response time and/or FLUTE delay)
· DASH-specified processing delay (processing delay over contribution network and/or CDN network)
· decoding delays is constant
· Buffering delay and FEC decoding delay is depend on duration of Media segment and processing delay.
We assumed that improvement of latency is to reduce delay of DASH service could be managed delay which is downloading delay, DASH-specified processing delay, buffering delay and FEC processing delay. 
5 Conclusion
It is proposed that the above use cases on low latency live service into Clause 6 of the TR “Improved Support for Dynamic Adaptive Streaming over HTTP in 3GPP”.

