INTERNATIONAL ORGANISATION FOR STANDARDISATION

ORGANISATION INTERNATIONALE DE NORMALISATION

ISO/IEC JTC1/SC29/WG11

CODING OF MOVING PICTURES AND AUDIO

 

ISO/IEC JTC1/SC29/WG11 N13463
April 2013, Incheon, Korea
 

	Title
	Use Cases for MPEG Media Transport (MMT)

	Source
	Requirements Group


This document provides a non-exhaustive list of use cases for MPEG Media Transport identified by MPEG. The use cases below are not mutually exclusive, and most probably a complete application of MMT will mix quite a few of them.

 1  Emerging applications and contents

Emerging applications and contents may pose challenges to efficiency and flexibility of current transport system. Following are some examples of emerging contents that may need specific techniques to be incorporated into MPEG media transport system.
 1.1  Ultra-HD content

Ultra-HD (8K/4K) contents enable future applications and services such as telemedicine (e.g. tele-surgery and distance diagnostics) and super high-vision cinema. A doctor can use UHD images to operate on or diagnose patients from a far. A consumer can have the same experience as in super high-vision theater with UHD movies. 

The transmission bit rate of UHDTV content is much higher than that of HDTV content. However, the network bandwidth and throughput of the transmission equipments are limited. Such limitations inevitably deteriorate the service quality severely when the content is delivered at a high bit rate to many users through unicast-based transport mechanisms.
The scalability in terms of the number of users is a very important factor for a transport mechanism to stably deliver UHDTV content to many users. The workloads imposed on networks and equipments need to be reduced in order to maintain the scalability for delivering high-quality content. This means a transport mechanism is required to use fewer backward channels. Multicast-based transport mechanisms are considered along with unicast-based transport mechanisms from the scalability viewpoint.
 1.2  3D video content

In recent years significant progresses have been made to bring 3D contents to the consumers. 3D display devices as well as 3D contents have started to be delivered to the marketplaces. MPEG has developed many 3D technologies such as the frame packing arrangement SEI message in Advanced Video Coding (H.264/AVC), and Multiview Video Coding (MVC). MPEG also has ongoing exploration activities for 3D video represented by Multi-View video plus Depth (MVD). The evolution to 3D video is considered to be the next big thing in the multimedia industry.

A user can enjoy rich and immersive multimedia experience with 3D contents. 3D TV as well as 3D gaming are examples of emerging 3D applications in the multimedia marketplace.  

 1.3  Interactive 3D content

Interactive 3D content allows user to interact with the content to have an immersive multimedia experience that is not possible with passive content consumption. Examples of interactive 3D content include free viewpoint video, computer generated contents such as computer graphic models, virtual reality etc… Potential applications of interactive 3D content include value added services such as advertisements and interactive director’s comments, 3D gaming and interactive Internet entertainment.
 1.4  User generated content

As content generation devices such as digital cameras and video cameras have become widely and economically available the users now are able to generate contents in a sophisticated manner.  Additionally with readily available powerful processing power and easy to use media manipulation tools user generated contents can be complex and sophisticated from a transport or presentation perspective. For example, multiple related media generated by the user may be transported, combined and then presented to a group of recipients in a specific and controlled way. Furthermore the ability of media recipients to interact with the user generated contents may result in complex media. An example of this scenario is when feedback information from recipients is combined with the original contents and then are transported or stored for future consumption. This type of media may impose new requirements to the transport system to provide users with rich and seamless user experience.

 1.5  Group communications based applications

Traditionally media communication mode is dominantly point-to-point (e.g. client-server based streaming) or broadcast. In the new era of media rich environment (e.g. with user generated contents) group communication based applications whereby media recipients are limited to a particular group may be needed to provide users with seamless media experience.

 1.6  Applications supporting multi-device presentation

The proliferation of various multimedia devices, from big screen HDTV to mobile Internet terminals, in recent years has made it possible for users to enjoy media from any places: at home, in the park, on the move etc… Applications that can present media on multiple devices while maintaining media presentation continuity will provide users with seamless multimedia experience anywhere. For example a user who is attending a video conference using her mobile device outside can switch to her big screen HDTV as soon as he returns to home. 
 2  Adaptivity

Since consumer devices have different capabilities, different versions of the same content that do not exceed these capabilities are needed. Since network parameters and decoder load may constantly change, constant adaptation to changing conditions is also necessary. In this case, content is not necessarily encapsulated by a single file, but it may be composed of file fragments with possible interdependence. 

 2.1  Application-level adaptivity
With application-level adaptivity, there is a wide variety of information available from the content, server, network, terminal, and user which can be used to facilitate adaptation. Usually, such information is employed in a negotiation process among the nodes along a delivery chain (e.g. server, proxy, terminal).
 2.1.1  Stateless server

A stateless server is unaware of specific clients (e.g. it is a viable option in case of adaptive progressive download), thus adaptation logic shifts to the client. For example, the client is given a list of available content versions, from which it selects and requests the appropriate ones to consume.

 2.1.2  Stateful server

A stateful server is aware of a specific client or/and session, so it may select different versions of the same content to fit a client and/or adjust parameters related to QoS/QoE expectation for a session.

 2.2  Transport/network-level adaptivity

At transport or network level, adaptation (e.g. dropping packets) can be carried out according to the local information (e.g. router buffer fullness). The packet stream may facilitate such adaptation by providing some hints in, e.g., the packet header (e.g. priority value, delay class). 
 3  Delivery

In addition to the well-established multimedia streaming on either Internet or managed networks (e.g. IPTV), there are some additional delivery architectures. 

 3.1  Progressive download

An Internet-TV consumer requests download of a content item (e.g. movie) for immediate delivery

· The consumer is informed about the content item available via a Content Guide

· He/She selects the desired content item taking into account pricing, A/V format (SD, HD), etc.

· The content is downloaded to the ITD. The download may be made at lower bitrate than the actual media rate, or at higher bitrate than the actual media rate. However, it is preferred to download close to the media rate.

· The consumer is informed that the viewing can be launched (depending on the size of the content item and the bitrate of the delivery).

· The consumer can view the content item before the download is completed.

· It is left to the implementer of the ITD to cope with early-termination conditions such as the consumer trying to use trick modes to access content that has not been fully downloaded yet, or if the download should not complete for any reason.
 3.2  Streaming

This section describes some typical use cases in which the Internet TV content delivery mechanism may be used by those end users who possess Internet-TV devices. The majority of use cases given in this section are taken from existing real- life practices. It should be pointed out that in the real-life cases primarily given PCs are currently used, as Internet-TV devices are not yet commonly available in the consumer market.
Note: The content which is streamed across the Internet can be protected or non- protected. In addition, any business model can be used: free-to-air, paid content, advertising based, etc. The content can be delivered from a content provider or from a portal serving several services (from a variety of content providers).
 3.2.1  Streaming Portal for Timeshift TV / Content on Demand

Anna points the Internet-TV device to the website providing on-demand streaming services (e.g. a timeshift TV program or movie), selects a content item, and the content starts playing almost immediately and watch it on a TV display.
 3.2.2  Trick play with COD
Anna is watching a film which she selected at a website providing on-demand streaming services. Because she likes a certain scene she uses fast forward to see the specific scene, after she watched it she rewinds again to see the scene one more time. At a certain moment she pauses the video for a short coffee break, later on she continues watching the movie.

 3.2.3  Trick play with Live Media Broadcast

David is just watching a live soccer match as suddenly the doorbell rings, so David pauses the live match. Some friends come in and John decides to watch the game together from the beginning. When they have watched the first half and the break starts David presses fast forward to move to the beginning of the second half.

 3.2.4  24/7 Streaming Media services

Using her Internet-TV device, Anna is looking for a television service which contains scheduled TV services streamed in real time over the broadband Internet. She points her Internet-TV device to a content provider, selects a TV service (channel) and the TV content is streamed to her Internet-TV device (“click and play”). She is able to watch the service almost immediately (as close as possible to broadcast) after selecting it and she can watch it as long as she wants without interruptions.

 3.2.5  Live Streaming Events

Anna is American and is spending her holidays in France. Using a broadband connection in her hotel, she would like to watch a live jazz concert given by a popular singer in San Francisco. She is aware that this singer is hugely popular not only in the US but worldwide and is worried that the network will be congested, so that she may experience poor quality video or may even be prevented to watch this event. She uses her Internet-TV device with a low-definition (5”) integrated TV display and connects to the service provider at the start of the event. Then, she watches it live for about two hours until the concert ends.

 3.2.6  Recording a streamed service

David really wants to watch an episode of his favorite series but he has to go to a dinner party during the time the episode is streamed over the Internet. He switches on his Internet-TV device which has a local storage and sets it to record the episode so that he can watch it later when he gets home.

 3.2.7  Graceful adaptation to channel burst-errors
Thomas selects and views a live HD program streamed over a wireless network. The live HD program shown in Thomas’ viewing device adapts gracefully to lower picture fidelity during a burst-error occurrence in the wireless channel. Thus, Thomas views the live HD Program without disruption or data retransmission as the streamed live HD program inherently features error resiliency.

 3.2.8  Multimedia Transport over IP for Real-Time Consumption

A user requests a movie or a live channel, and it is being streamed to him in real time over an IP-based network. This case is well served by e.g. RTP or MP2TS over UDP, but MMT must support this functionality as well.

 3.3  Content Download

Scope of this section is the download of services and content items over the Internet to Internet-TV Devices (ITDs). In the context of this document it assumed that the ITDs have access to storage. Such services can be particularly useful for broadband consumers where the broadband bandwidth is insufficient for supporting a streamed service in sufficient quality. Scope is also the support of different business models. One particular case deals with an open business model without a controlling authority or a content aggregator. Another case addresses the availability of an authority, which can include a business relation with the broadband consumer.
 3.3.1  Movie Download
An Internet-TV consumer requests the download of a content item (e.g. movie) in advance

· The consumer is informed about the content item available from a particular Internet-TV Service Provider via a Content Guide

· He/She selects the desired content item as well as the timing of its delivery, pricing, A/V format (SD, HD), etc.

· Ordering in advance reduces demand at peak periods and might therefore be offered at lower cost.

· The ITD checks that there is sufficient storage capacity available and reserves it for the download of the selected content item.

· The consumer checks (via the UI) that the content item had been delivered and views it according to agreed usage rules.

 3.3.2  Push VoD Service

One or more content items are downloaded to an ITD by an Internet-TV Service Provider in anticipation of the Internet-TV consumer’s needs (e.g. movies, video clips for a barker channel, etc.)

· The Internet-TV consumer and the Internet-TV Service Provider have a business relationship.

· The Internet-TV Service Provider predicts the customer’s requirements based on a profile (for those that agree).

· A number of titles are downloaded to the ITD’s storage, preferably when the broadband connection is not used by any other service or when it is lightly used. The download should not impact any other service provided on the broadband connection.

· The Internet-TV consumer is informed via the UI that one or more content items are now available for consumption according to the agreed usage rules.

· The Internet-TV consumer accepts one content item for consumption and is billed according to any of a number of possible charging schemes.

· Bulk discounts might be offered or there may be discounts for allowing adverts to be inserted.

 3.4  Peer-to-peer (P2P)

In this case, a peer utilizes the uplink bandwidth to distribute some of the content it receives. With P2P delivery, when a user requests some content it must find peer(s) that has the requested content and has resources to deliver it. In order to search for such content, a peer may need to use application-specific content identifiers. 

In this delivery environment the client combines the content received from multiple peers and prepares a coherent content to present to the user.

 3.5  Hybrid Delivery

Television broadcasting via terrestrial and satellite transmission channels has been the main means for multimedia transport for quite some time and is an important mode of multimedia delivery. With the explosive growth of the Internet, IP (Internet Protocol) - based point-to-point communications via broadband access have become prevalent in many industrial countries and are expected to become another important mode of communications for multimedia. Thus it is believed that a hybrid delivery environment combining these two modes of communications would enable advanced and sophisticated multimedia services.

As an example of a hybrid content delivery environment, multimedia content will be offered on both broadcasting channels and point-to-point communication channels (both may be based on IP). Some components, such as coded audio signals and coded video signals, are transported from different sources to consumer devices via different channels in the hybrid environment. Consumer devices present these components in a synchronized manner. Point-to-point channels also provide bi-directional communications between terminal devices and the network.
Followings are a few example use cases for hybrid delivery.

 3.5.1  Broadcast of stream along with auxiliary information over broadband channel
User is watching a foreign language movie with subtitle via broadcast channel, but she requires subtitling for deaf and hard-of-hearing (SDH) subtitle. She can send a request to get SDH subtitle for this movie to the network using the broadband channel. The network sends the requested SDH subtitle to the terminal device over the broadband channel. The terminal device then replaces basic subtitle with SDH subtitle and displays it to the user to allow her to enjoy the movie.
Anna’s Internet-TV device is a hybrid one (it contains both broadcast and broadband front ends). As the user she is agnostic about the technical solutions and she does not really mind about how content comes to her device. For example, Anna could select a broadcast service from a terrestrial TV network and asks for supplementary information (EPG, cast list, info about soccer players) available through broadband. Similarly, a Picture-in-Picture video (displayed in a portion of the display), related to the main picture (such as signing, subtitles, captions) or not (e.g. preview of another TV service), could be streamed via broadband upon request.

MPEG-2 TS will also be used in some conventional broadcasting systems, while newly developed broadcasting systems can directly transport IP packets without MPEG-2 TS. Therefore, MMT is intended to be used in such systems.
 3.5.2  Purchasing rights objects for a protected broadcast using the broadband channel
Content being broadcasted over the broadcast channel is DRM-protected. A user can use the broadband channel to make a purchase to watch the content being broadcast. DRM information necessary to decrypt the content is sent to the user via the broadband channel. In this use case both broadcast and broadband channel are needed by the user to watch content.

 3.5.3  Switching between broadcast and broadband channels
Content is sent via both broadcast and broadband channels. Those channels have temporal relationship of same content. For example, broadcast channel is carrying live content. If user wants to watch the previous scene again which has passed 5 minutes ago, broadband channel will be occupied to carry that portion of content. The content identifier for which is carried by broadcast and broadband are identical but each channel carries different temporal portion of same content.

 3.5.4  Broadcast of content aligned with widgets
Content and widgets are carried over both the broadcasting channel and the broadband connection. Additionally the content and widgets can be delivered together or separately to the user. Those channels have relationship between the widget and the content. For example, a user is watching a sport game, e.g. an EPL soccer match on the broadcast channel, and the user want to know condition of the players (e.g. rank of the previous game) using widgets from ESPN networks. The widgets which was received information of the player condition from the both connections, appears in its condensed form, which is restricted to occupy a small rectangular area on the screen.
 3.5.5  Parallel Consumption of downloaded and streamed Content Items to two ITDs over one Broadband Connection

Before going to the bathroom, Susan selects soap on the bedroom TV set for progressive download, so that she can start watching it when she is ready. In the meantime her husband David selected a film for immediate viewing in the living room and he starts watching his film at about the same time as Susan. Both can enjoy their selected content items. However, as Susan selected a downloaded content item, she may encounter quality of service problems. Both Susan and David use ITDs from different manufacturers.

 3.5.6  Download of missing parts and additional components after recording

Anna has recorded a TV show using her HNED (Home Network End Device), but unfortunately the end is lost due to a power interruption to her home. She submits a request for the show to be completed, and the missing program segment is downloaded to her HNED and inserted in the recording.

After recording a TV show, Anna decides that she also likes to add the subtitles, and the original language, multi-channel soundtrack of that show to her recording for a later playback. She submits a request for these service components, and they are downloaded and added to the recording.
 3.5.7  Content synchronization on companion screen
Julio is watching a broadcast concert of his preferred Rock & Roll band on the TV screen. A notification pop-up on the TV informs him that alternative camera views of the concert presenting each musicians of the band are available through a dedicated application on his companion screen Julio launches that application on his companion screen and selects one alternative view displaying the guitarist. Media contents on the TV screen and the companion screen are synchronously rendered. Julio is able to zap seamlessly between different camera views on his companion screen to watch other musicians
 3.6  Multi-channel (multi-pipe) delivery 

Different parts of the content selected by a user can be simultaneously transported via different channels (or pipe). In some cases these different channels may be provided by different networks. A terminal (or a delivery node), depending on its context, may decide to receive multimedia data from one or more channels. Data received from different channels are combined by the terminal before they are presented (e.g., as temporally-interleaved or hierarchical dependent segments of data). Also, the system may apply different mechanisms of adaptation and/or error protection to different channels as each channel may have different QoS characteristics.
 3.6.1  Combination of multiple videos delivered over the Internet

Anna, who is deaf, is watching a news broadcast, delivered over the Internet, on her Internet-TV device. She sees in her Electronic Program Guide (EPG) that an additional video stream is available containing sign language, so she decides to add this stream. This stream may be delivered from a different source to her Internet-TV device as compared to the original Internet-TV stream. On her Internet-TV device screen, she sees both the original television program and the sign language stream.
 3.6.2  Multiple audio tracks
Anna’s family includes Charlie, who is learning a foreign language. He notices that the particular TV channel available via the Internet to his Internet-TV device supports several languages. Charlie selects the language that he is learning as the audio stream to be delivered with the Internet-TV channel.

 3.6.3  HD/SD, stereo/multi-channel sound

Anna enjoys watching an HD-TV program with multi-channel audio on her big screen in the living room using an HD capable HNED. The bedroom is equipped with an SD/stereo IPTV system. She wants to be able to access the same channels from the HNED there as in the living room.

Bob is upgrading his IPTV system in the living room to a HD capable screen. He wants to reuse his old HNED and SD TV set and connects both to the multi-channel system in the guest room.

 3.6.4  Picture-in-Picture

Anna is watching a television show over IPTV. She wishes to see what is happening on another IPTV service. She calls up a preview stream of the other service, which appears as a Picture-in-Picture on top of her main screen.

 3.6.5  Mosaic

Anna chooses a variety of channels that will be displayed concurrently in a custom Mosaic layout on her screen when she calls it up. She is able to choose whichever channels she likes from those available, and rearrange them on screen. She can choose from which channel she wants to hear audio or if the mosaic should be mute. Bob prefers a different combination in his own mosaic.

 3.6.6  Additional audio service components

Clean Audio: Anna’s family includes Bob, who is hard of hearing. They use a specialized HNED that is able to request and redirect accessibility content. When they watch TV, Bob calls up an additional Clean Audio feed that the HNED directs to his hearing aid. The other family members do not hear the additional audio.

Foreign language: Anna’s family includes Charlie, who is learning a foreign language. He uses an enhanced HNED that supports a separate headset audio output. When they watch TV, Charlie calls up an additional audio feed in his chosen language that is directed by the box to his headset. The other family members do not hear the additional audio.

Foreign language comment: Kees, who is Dutch but living in the UK, is watching an international football match on an English television channel. He prefers to listen to the comments in his native language by Johan Cruyff, and selects this audio feed from the EPG. This audio stream is delivered from a different source to his HNED.

Non-explicit (parental) audio version: Anna’s family includes two children who should not be able to hear harsh language (cursing) on the TV. So when the children are watching TV they will receive a non- explicit (parental) audio feed, which does not contain cursing.

 3.6.7  Additional video service components

Sign language: Anna, who is deaf, is watching news broadcast on a television channel from her service provider. She sees in her Electronic Program Guide (EPG) that an additional video stream is available containing sign language, so she decides to add this stream. This stream may be delivered from a different source to her HNED. On her screen, she sees both the television program and the sign language stream.

Second view video: Bob is enjoying a Formula 1 race on his TV set. He selects a second video stream containing the driver’s view to be displayed as PIP, in sync with the main video.

 3.6.8  Radio

Anna listens to a radio station on her HNED. Depending on the offerings of a radio service she wants to be able to select different languages and depending on the capabilities of her HNED and the bandwidth of her connection, a stream is chosen for delivery.

 3.6.9  Illustrated Radio

Anna listens to a radio station on her HNED. The radio station optionally broadcast video footage or other DVB defined multimedia streams concurrently with the radio feed. The radio service is the main service component. This video footage is a normal video layer, maybe at a low frame rate. When this happens the HNED shows that video content is available for the radio show. If a screen is connected to the HNED, Anna can select to display it.
 3.7  Relay
The user wants to store received content on local storage for use later. Such stored content can be relayed to and consumed by other users later. 

 3.8  Related content components
In this case, the user wants to consume two or more related content components delivered in a synchronous manner to the terminal. Content components can be live and non-live.

Another form of related content components is where the user device uses delivered content and associated information (e.g. signaling) to generate new content. 

 4  QoS/QoE-aware delivery

As content and delivery environment (network and terminal) grow more diverse providing good Quality-of-Service and Quality-of-Experience poses increasing challenges to MPEG media transport system. Various optimization techniques may be needed to address these challenges.
 4.1  Application-level tools
Several application-level QoE tools use cases were brought up:

· Retransmissions and buffer management in order to mitigate packet loss and jitter;

· Application-level FEC.

A simple example of such a case would be satellite transmission of FEC-protected content with NACK-based repair packet request. In this case, the media transport is not relying on any lower level data, and this can be used over any network stack.

 4.2  Cross-layer design
We can view the case of transporting bitstream over a network as several layers: bitstream layer, which is encapsulated by the media transport (MMT), which, in turn, is carried over lower network-specific layers and protocols. A good example here would be jointly optimizing the unequal error protection case above with adjusting AMC parameters at the PHY/MAC based on these.
 4.2.1  Bottom-up interfaces
Lower layers provide QoS-related parameters such as available bitrate, packet loss ratio, delay and jitter. Currently, RTCP (Realtime Transport Control Protocol) provides QoS-related parameters such as round-trip time, packet loss ratio, periodically. In cross layer deign, QoS-related parameters should be also provided from lower layers such as network, and MAC/PHY layers.
 4.2.2  Top-down interfaces
 Information about media to be transported is provided to underlying layers. For negotiation and renegotiation of resources, traffic descriptors such as bitrate, required buffer size, and delay tolerance are informed to lower layers. For QoS related service in underlying layers, every packet includes identification field for underlying layers to recognize its QoS level or the flow in which it is included.
 4.2.3  Internal functions
Cross layer design enables adaptive operation according to the context captured by bottom-up functionality, Adaptive action would be filtering out less important media streams, unequal error (packet loss) protection, selection of path or communication modes, etc.
 5   Convergence

 5.1  Network convergence

Same services will be offered over completely different packet-based networks (e.g. wired, satellite, wireless, and mobile) however their underlying characteristics are very different. Seamless (from the consumer point of view) transition between these networks would be desirable.

 5.1.1  Media-aware devices

In case of adaptive streaming, media aware devices may be needed to readjust the adaptation. An access point (Ethernet to WLAN), a media-aware router (decide which packets can be dropped first under load), etc., can play such a role.

It is impractical (and sometimes infeasible) to require each device be able to parse each possible bitstream, and such decisions would need to be based on parameters (e.g., relative priority) explicitly signaled via the media transport layer.

 5.1.2  Broadcast and point-to-point networks

Please refer to section 3.5 on hybrid delivery. 

 5.2  Service convergence

Same service may be offered by entirely different devices – e.g. adaptive progressive download using a game console, DVD player or a TV. Also, there may be different applications with specific requirements, such as low latency conversational/VoIP services. Moreover, different services together with their metadata could be transported on the same transport stream.
 5.2.1  Backward compatible basic service

Anna uses a HNED that is compliant to existing DVB IPTV specifications. She is able to receive the basic service consisting of the main audio and the main video stream. Bob uses a new HNED that is aware of Flexible Service Composition. He is able to select additional streams and use them as e.g. described in the use cases above (chapter 3.1 to 3.5), either in addition to the main streams or as replacement for the basic service audio or video stream.

 5.3  Mashed-up services (service aggregation)

Different contents are combined together based on context. For example a user watching a wedding scene in a video clip and indicate that she wants to know more about the wedding dress. Information pertinent to the dress (e.g. color, size, price, etc…) will be displayed.

 6  Transparency to content protection and rights management

In many cases different DRM vendors / methods are used in different parts of the system (e.g. storage, feed transmission, transmission to end users). A gateway device may need to be able to switch to a different DRM method remaining solely on the transport layer and w/o changing the container/stream format.

 6.1.1  Preview of high quality version

Bob is watching a movie in SD quality on his TV. The HNED reports that he can freely preview the HD version of the movie, so that he can decide if he wants the remainder of the movie in HD. Bob selects this option and the movie is immediately displayed in HD quality. Bob likes the HD footage, so he purchases the HD upgrade. From then on, the movie is displayed in HD quality.
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