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This proposal addresses both user convenience and energy savings in collections of audio/video devices.  It covers standards for inter-device communication, device behavior, and user interaction.  Several problems that face manufacturers and users of A/V products can be solved by using the concept of “sleeping” content streams.  The burden for doing this would be modest, with no increase in manufacturing cost.  It is not apparent that other solutions could do this as well or at all.

Content streams traditionally either exist and are active, or are torn down.  This proposal creates a third fundamental state, sleeping.  A sleeping stream involves no exchange of traffic, but each participating device remembers the stream details.  When a stream is woken, each participating device will know that it should wake.  When a device is not participating in any active streams, it knows that it might can go to sleep.  

Background
Electronics are an increasing fraction of electricity use in buildings, with those devices that support audio and visual display one of the largest portions.  Collections of interconnected A/V devices in buildings are becoming larger as they become networked to A/V devices in other rooms, to traditionally IT devices, to non-electronic devices, and to the Internet.   Managing the power state of such connected devices is increasingly difficult, resulting in user confusion and wasted energy.
	The ideal solution to this problem addresses both user experience and energy together to gain sufficient interest and motivation for standards development and manufacturer deployment.
	This proposal arises from research on how to manage A/V device power states as it relates to connectivity.  Background reports on the project can be found at the URL above.  In particular, the “Use Case” document outlines the details of sleeping stream semantics and their development.  The key guiding principle of this research has been that devices should:

"Wake up when they need to;   go to sleep when they can"


This proposal relies on several assumptions about devices and technology:
· Future devices will almost always toggle between being on and sleep (rarely off).
· Future devices will retain network connectivity in sleep.
· A/V technologies should not rely on the presence of central control
· Streams will have names (for device and user use).
· Many streams will pass over more than one technology (e.g. IP and HDMI)

Accomplishing this would require several actions:
· Creation of an overall standard describing the concept, the semantics of sleeping streams, requirements for protocols, requirements for device behavior, and recommendations for user interaction.  CEA is a prime candidate to host this standard.
· Addition of sleeping stream functionality to existing protocols such as HDMI/CEC, UPnP, Airplay, etc.
· Incorporation of appropriate behaviors into products.
No new protocol is proposed; rather, features to enable sleeping streams would be added to existing protocols.

Example Use Cases
	A door camera is set up to display its content on a living room TV and kitchen TV.  When activated, the camera wakes the stream it most recently participated in; this causes the kitchen TV to wake.  The living room TV was already active so it displays a picture-in-picture of the door camera.  When the door camera finishes, it puts the stream back to sleep.  The kitchen TV then is participating in no active stream so determines it can go back to sleep.  The living room TV is still participating in an active stream so stays awake.
	A Blu-ray disk is being watched on a bedroom TV.  It is paused, and after 15 minutes in this state, the stream goes to sleep, and consequently the BD player, TV, and any other devices involved do as well.  A few days later, the stream is woken, either from an external device (e.g. phone), or waking the BD player.  All involved devices wake and the pause state is resumed.
	A major sporting event is on in a house; over time, all the many video (and audio) displays are added to the feed except for one bedroom TV which has a different stream active.  When the event is over, a single command to power down the stream causes all the involved devices to power down; the bedroom TV with a different stream is unaffected.
	In these scenarios there is no central control, and no user interaction with power controls. 

How can you help?
· Help refine the concept
· Support the creation of a CEA committee on this topic and participate in it
· Help add needed capabilities to relevant protocols
· Ensure that it is added to your products at the earliest possible stage







[ Proposed Initial Content for a Sleeping Stream standard ]


Introduction
	As A/V systems increasingly gain network connectivity, can connect to more and more devices, can support more than one simultaneous content stream, and support more different types of content streams, managing power states of devices needs to be as automatic as possible to ensure user convenience and reduce unnecessary energy use.  This standard defines a mechanism to accomplish both of these goals: content streams with a “sleep” state. 

Scope
	This standard covers audio/video devices in a local network, for determining when they should change power state, and when to start and stop A/V content streams.  It covers characteristics of protocols that coordinate A/V streams, device behavior for stream functionality and power state, and user interaction.
	This standard does not extend outside of a local network, does not define a protocol, and does not address mechanisms for actually transferring A/V content.

References
	Normative, Informative, Compliance.  Include as Informative:
Nordman, Bruce, and Iris Cheung, “Use Cases, Analysis Method, and Candidate Device Behavior Model Report”, Lawrence Berkeley National Laboratory, December 2012.  http://nordman.lbl.gov/docs/AVcontrolUseCases.pdf
(note that this reference provides background information to this document).

Acronyms and Abbreviations
	A/V	Audio / Video
	BD	Blu-ray Disk
	GTS	Going To Sleep
	HDMI	High Definition Multimedia Interface

Security and Privacy
	This standard should introduce no new security or privacy concerns.

Design Principles
This standard is based on several guiding principles:
· No central control.  No single device is required to coordinate the function of other devices.  Consequently, there is no possible single point of failure.
· Inform, not command.  Devices inform each other about their power and functional state (via the stream state).  They do not send each other commands to go to a particular power or functional state.  From the desired functional outcomes communicated, devices can determine what power and functional state they need to be in.
· Streams at core.  Named content streams (and their characteristics) define the outcomes that each device helps to implement.
· Build on existing technologies.  This standard only defines content not present in other standards; it does not replace content in those other standards.
· Use the sleep metaphor.  In many other contexts, the idea of a device or link or other electronic entity being asleep has provided clear terminology for both technical audiences and ordinary users of products.  
These principles do not preclude products from using central command and control when appropriate.

Definitions

Device
A unified entity which communicates with other devices and can perform one or more A/V functions — principally acquiring, processing, storing, or displaying A/V content.  A device is either a source, a sink, an intermediate, or some combination of these.
NOTE: IP network infrastructure devices (e.g. switches, routers) are not considered part of content streams.

Power State
A condition or mode of a device that broadly characterizes its capabilities, power consumption, power indicator coding, and responsiveness to input. 
NOTE: A device can be On, in a Sleep mode, or Off.  A stream can also be in one of these same three basic states.  A device that is off can only exit that mode through a power command; a stream that is Off does not exist.  A device that is asleep may wake for a large number of reasons, mostly related to functionality.  A stream that is asleep may be woken by any of the devices involved, or select other devices.

Source
A device that is an origin of A/V content in a local network.  
NOTE: A local device with content delivered from outside the local network is considered a source (this occurs for broadcast TV and for video streaming from a service provider).  

Sink
A destination of A/V content in a local network.
NOTE: The most common sink is a television.  An audio/video receiver (AVR) can be a sink for audio if it sends signals to unpowered speakers.  A recording device is a sink when recording.

Intermediate
A device which both receives and sends out content.  
NOTE:  An intermediate device sits between a source and sink, and there can be none, one, or many in a stream.  An intermediate can also include source and/or sink functionality.

Stream
“A sequence of data elements made available over time”[footnoteRef:2] .  An A/V stream is a sequence of data that represents audio and/or video content that occurs in real-time. [2:  Wikipedia, Stream (computing), http://en.wikipedia.org/wiki/Stream_(computing)”] 

NOTE: A stream is also an association among a group of devices, with connections among them, with each link having a direction of content flow. 
A basic stream has a single source, a single sink, and zero or more intermediate devices.  Multiple sources can be combined into a single stream (devices can have multiple inputs), and streams can also forwarded to multiple devices simultaneously, e.g. to multiple displays.  
 
Fixed Stream
	A stream of limited size — with a defined end time (e.g. BD playing, disk recording, or door camera session).

Continuous Stream
A stream with no defined end time (e.g. broadcast TV or game console play).

Static Stream
A stream with a fixed structure, so that any changes made to the structure are not saved through a sleep/wake cycle.

Dynamic Stream
	A stream with variable structure, so that any changes made to the structure are saved through sleep/wake cycles.

Sleeping Stream
A content stream that is not active but whose existence — the devices and settings involved — is retained in the network.

Action
An event in an A/V system that might affect stream or device state.
NOTE: Actions are of three types: user-initiated, device internal, or other.  Common user-initiated actions include: powering a device up or down, starting or stopping content, and changing the input source of an A/V device.  Device internal actions include timers activating (initiating or terminating a content stream or changing power state), or encountering the end of “fixed” content (see below).  An example of an “Other” action is an active device disappearing from the local network.

Transition state
A temporary state that occurs during a transition between long-term stable power states.  

Theory of Operation
	Conventionally, A/V content streams either exist and are active, or are torn down.  A sleeping stream is one that exists but is not active.  A sleeping stream requires no ongoing communication; knowledge of the stream is retained in each involved device.  When a stream is woken, that causes each involved device to wake (if it was not already awake) to be able to resume participation in it.
	When a device determines that it is involved in no active content streams, it may determine that it can go to sleep.  It will reawaken when required for a waking stream, or by a direct user interaction with it, including via a remote control.
	Streams are only created when all involved devices are active.  This avoids requiring sleeping devices to consider security and other issues required to create a stream.  Devices that are off only leave that state with a power command (which could be delivered over a network connection) and so will not wake due to a change in stream state.
	This standard does not address how streams are created – that is done by existing protocols and by device operation.  However, for this standard, the stream encompasses all communications technologies, e.g. IP, HDMI, and analog.

Preconditions
This proposal relies on several assumptions about devices and technology:
· Future devices will almost always toggle between being on and sleep (rarely off).
· Future devices will retain network connectivity in sleep.
· A/V technologies should not rely on the presence of central control
· Streams will have names (for device and user use).
· Many streams will pass over more than one technology (e.g. IP and HDMI)

[image: ]Figure 1 shows the three basic stream states and the three transition states.  Basic states are stable for the long term.  Transition states have a limited duration.  A stream in the going-to-sleep (GTS) state may have that rejected by the user or a device.  A pause in content that lasts sufficiently long will lead to the stream going to sleep.  A wake attempt may fail if a critical device does not wake, or is busy and does not accept activating the stream.  The transitions to and from Off reflect stream deletion and stream creation so are a different type (and so should be shown graphically with a different line style in the figure.

Requirements for Protocols
	This section describes features of protocols that must be present to be compliant with this standard.  A communications standard must:
· Provide the identity of all involved devices to each involved device
· Allow a device that interfaces to a second protocol to identify additional involved devices to those on the first protocol.
· Allow streams to be uniquely identified, with a human-readable name, and (if needed) with an internal name.
· Enable a device to broadcast a command to initiate putting the stream into a sleep state.
· Enable a device to broadcast a command to wake up a sleeping stream.
· Enable a stream to be paused.
· Distinguish between content streams that are fixed versus continuous.
· Distinguish between content streams that are static versus dynamic.

Requirements for Devices
	This section describes features of devices that must be present to be compliant with this standard, both behaviors and user interface principles.  A device must:
· Implement the sleeping stream functionality portion of all protocols that they support (some protocols will lack this; analog always will).
· Translate stream and device identity from one protocol to another when a stream they are participating in flows in on one protocol and out on a different one (the same applies when content flows in on two different protocols or out on two different protocols).
· Maintain knowledge of each content stream it participates in: the identity of all other involved devices, the topology of content flow, and whether the stream is fixed or continuous, and static or dynamic.
· Implement the behaviors in Tables 1-5.

Tables 1-5 show what actions a device (or stream) should take when a particular initiating occurs, according to the type of device (or stream) and the state it is in.

Table 1. Source Behaviors
On													
Notified stream to go to sleep		Source paused
- Pause stream if fixed			- Wait for X time
- Go to sleep 				- Tell stream to sleep
		Fixed Streams only
Fixed content ends				“All devices ready" signal from stream
- Menu for X time				- Play content
- Tell stream to sleep

Sleep													
Powered up
- Wake self
- Wake stream

Table 2. Sink Behaviors
On													
Notified stream to go to sleep		Switched to different source/stream
- Go to sleep					- Put old stream to sleep
						- Wake new stream
Powered down				
- Tell stream to go to sleep			Switched to different input
						- Tell old stream to go to sleep
Fixed sink ends				- Wake new stream
- Tell stream to go to sleep

Sleep													
Notified that a stream is waking		Powered up
- Wake self					- Wake self
- Change input (if needed)			- Wake stream

Table 3. Intermediate Behaviors
On													
Powered down
- Tell stream to go to sleep

Sleep													
Powered up
- Wake self
- Wake stream
- Change input if needed

Table 4. Stream Behaviors
On													
Notified to go to sleep			Unexpected power loss
- Tell all devices it is going to sleep	- Stream notices device missing
						- Display message for X minutes
						- Put stream to sleep
Sleep													
Notified to wake 
- Tell all device in stream that it is waking
- Notice when all devices ready — announce (mainly for fixed)

Table 5.  Failure Behavior
Failure												  
Some devices off
- Put stream to sleep

	Devices have discretion in how they operate.  For example, a device may prioritize its participation in multiple streams and so reject a stream creation, or pause or put to sleep an ongoing stream.  Devices can cede authority for their operation to a second device, partially or entirely, when sophisticated central control is available and desired.  Thus, the behaviors described in Tables 1-5 are baseline capabilities that devices must have, but they may deviate from these any time they determine that user functionality suggests it.  That is, this standard is not intended to limit innovation or flexibility.

For user experience, a device must:
· Provide a way to name an active content stream to enable it to be saved and go to sleep.  
· Provide a way to view sleeping content streams to enable waking them
[bookmark: _GoBack]The above requirements do not specify the mechanism that needs to be used, nor do they preclude other ways for devices to enable users to manage their functions.  For example, devices may accomplish the stream-oriented user interaction entirely over network connections and so be viewed by the user on a second device (e.g. TV, phone, tablet).  Also, a device may have remote control buttons that initiate or end stream activity.

	Legacy devices always introduce complications.  Devices that do not understand sleeping streams should still be represented in the streams.  A compliant device that is part of the stream may have an ability to change the power (or functional) state of the legacy device and so “proxy” its participation in the sleeping stream.  A compliant device may be able to sense the power state of a legacy device and either inform the user when it needs to be manually powered up, or when it might usefully be manually powered down.  How any of this is done is not covered by this standard.  In some cases it may be most useful to treat the legacy device the same as a device outside the local network (and hence not part of the content stream).

Open Issues
· The behaviors listed in Tables 1-5 are likely incomplete with respect to error conditions.
· It would be a problem if more than one stream was given the same name; facilities to check for, warn, or prohibit this could be create.
· Complexities could be introduced by devices that participate in multiple streams simultaneously, or to have streams which involve significant merging of multiple sources or sending of content to multiple sinks.  There are no known issues from these but the topics merit further consideration.
· Occupancy sensors introduce a new variable in stream operation.  Their presence on devices introduces questions about typical or likely operation scenarios, that could affect the content of this standard.  Related to this is people watching or listening to TVs from other rooms or outside.
· Emergency broadcasts constitute a special type of stream.  Whether they deserve any special recognition in this standard is not known.  The source device would determine what constitutes an emergency broadcast; this standard would not address that question.
· It is common for audio and video to diverge today, with speakers separate from TVs on many systems, but the ability to diverge audio and video and use of it is likely to increase.  It deserves consideration whether this should introduce new content in this standard.
· Some devices in use today can pass content while asleep (e.g. many HDMI intermediate devices).  
· Should the notes below the definitions be moved to a different section?
· What term to use to reference IP vs. HDMI?  “technology”? “protocol”?
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