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ABSTRACT

In this tutorial we present state of the art and challenges ahead in
over-the-top content delivery. It particular, the goal of this tutorial is
to provide an overview of adaptive media delivery, specifically in
the context of HTTP adaptive streaming (HAS) including the
recently ratified MPEG-DASH standard. The main focus of the
tutorial will be on the common problems in HAS deployments such
as client design, QoE optimization, multi-screen and hybrid delivery
scenarios, and synchronization issues. For each problem, we will
examine proposed solutions along with their pros and cons. In the
last part of the tutorial, we will look into the open issues and review
the work-in-progress and future research directions.

Categories and Subject Descriptors
H.5.1 [Information Interfaces and Presentation]: Multimedia
Information Systems — Video.

General Terms: Algorithms, Design, Experimentation,
Measurement, Performance, Standardization.

Keywords: Adaptive Media Streaming, Dynamic Adaptive
Streaming over HTTP, MPEG-DASH, Over-the-top Video.

1. INTRODUCTION

Recently, traditional TV services, Internet TV and mobile streaming
services have started converging, which means a particular piece of
content can be reached over different types of network.
Additionally, new multimedia services such as hybrid-broadcast-
broadband and multi-screen are emerging. It is expected that this
convergence trend will continue until consumers can get a seamless
experience across different platforms for a variety of multimedia
services. The massive heterogeneity in terms of consumer devices,
network capabilities, and user expectations requires efficient
solutions for the transport of modern media in an interoperable and
universal fashion. In particular, in recent years, the Internet has
become an important channel for the delivery of multimedia. The
Hypertext Transfer Protocol (HTTP) is widely adopted on the
Internet and it has also become a primary protocol for the delivery
of multimedia content.

Standards developing organizations (SDOs) such as MPEG have
developed various technologies for multimedia transport and
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encapsulation, e.g., MPEG-2 Transport Stream and ISO Base Media
File Format. These technologies have been widely adopted and
deployed for different applications and services, such as digital
broadcasting, audio and video transport over the Internet and
streaming to mobile phones. At the same time, many other SDOs
such as the IETF, IEEE, and 3GPP have provided various protocols
to deliver multimedia content packetized or packaged by such
MPEG transport technologies.

In practice, however, these multimedia services are typically
deployed over best-effort networks using existing infrastructure
without any timely delivery guarantees. Thus, the quality as
perceived by a consumer — referred to as Quality of Experience
(QoE) — becomes critical for the success of these services and their
providers. Insufficient network resources may lead to an increased
initial delay before service startup or interruptions during the media
playout. The resulting waiting and stalling times have a major
impact on the QoE. For online video streaming, both live and on-
demand, there are several possibilities to adapt the video quality
based on the actual network conditions to avoid outages by
adaptively managing the playout buffer and/or adaptively changing
the bitrate, resolution, and/or frame rate.

The goal of this tutorial is to provide an overview of adaptive media
delivery, specifically in the context of HTTP adaptive streaming
(HAS) including the recently ratified MPEG standard “Dynamic
Adaptive Streaming over HTTP (DASH)” [1][2]. One of the
essential differences between HAS and earlier streaming solutions
is that the client is in charge of adaptation, thus, directly influences
the QoE. This client behavior is not standardized and differentiates
players in the market today. In large-scale deployments, client
design becomes extremely important for success.

In this tutorial, we will present essential components for an end-to-
end HAS system including means for the content creation,
distribution, and consumption. The main focus of the tutorial will be
on the common problems in HAS deployments such as client
design, QoE optimization, multi-screen and hybrid delivery
scenarios, and synchronization issues. For each problem, we will
examine proposed solutions along with their pros and cons. In the
last part of the tutorial, we will look into the open issues and review
the work-in-progress and future research directions.



2. TUTORIAL OUTLINE AND OVERVIEW

The tutorial outline is as follows:

*  Introduction to adaptive media delivery and specifically
HTTP adaptive streaming (HAS).

*  End-to-end HAS workflows: From content creation to
consumption.

*  Common problems in HAS: QoE optimization, multi-
screen and hybrid delivery, synchronization issues.

*  Open issues and future research directions in HAS.

Adaptive media streaming is generally referred to as media delivery
where the overall system adapts itself to varying conditions both
prior to and during the streaming session. In the past decade we
observed a transition from push-based streaming (utilizing the
RTSP/RTP protocol family) to pull-based streaming (adopting
HTTP infrastructure). While the former allows for tailor-made
solutions, it requires dedicated infrastructure support whereas the
latter is built on top of the existing Internet without explicit support
from the underlying networking infrastructure. The advantage of
HTTP adaptive streaming is based on its client-centric design,
efficient media codecs, and best-effort support from the networking
infrastructure. Standards like MPEG-DASH enable interoperability
among different implementations.

The end-to-end HAS workflow comprises the generation,
provisioning, delivery, and consumption of multiple, time-aligned,
segmented versions of the same content which are referred to as
representations. Segments of each representation are uniquely
identifiable using HTTP uniform resource locators (URLs). The
actual provisioning of the content involves standard HTTP servers
and its delivery includes also standard HTTP infrastructure such as
caches, proxies, and content distribution networks (CDNs). Finally,
the consumption requires a client implementation which issues
timely HTTP requests for segments of a given representation based
on its context environment such as device, codec, bandwidth,
resolution, language, subtitles, views, etc.

The client module, which is responsible for issuing the HTTP
requests, is commonly referred to as adaptation logic and typically
not defined within standards like MPEG-DASH and, thus, is subject
to academic research and industry competition. The adaptation logic
is also responsible for delivering a seamless user experience
including QoE optimizations. New use cases like multi-screen and
hybrid (broadband-broadcast) introduce new challenges to HAS
clients. For example, social TV requires inter-destination media
synchronization where the media playout of geographically
distributed users needs to be synchronized in the presence of a real-
time communication channel [3].

Finally, open issues and future research directions in HAS include
but are not limited to: multi-path/-source delivery, transport (TCP)
and application (HTTP) layer optimizations, QoE modeling and
quality-based streaming.
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