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Abstract
This document provides the requirements and use cases for Green MPEG.
Introduction
At the 100th and 101st MPEG meetings, evidence for energy-efficient decoding and presentation was shown [1], [2].  Based on such evidence, this document provides the requirements and use cases for Green MPEG pertaining to the technical areas in Fig. 1.
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Figure 1.  Green MPEG Technical Areas

Green MPEG Requirements
1.1. General Requirements 
[1] Green MPEG shall provide signaling means to facilitate less power consumption from the encoding, delivery, decoding and/or presentation, without loss of the QoE.
[2] When used, Green MPEG shall offer the means to choose between QoE of the presentation and energy consumption. 
[3] Green MPEG shall be able to minimize any possible additional delay.
[4] Green MPEG shall be able to minimize the required signaling. .
[5] Green MPEG shall specify efficient and easy ways to carry the signaling over  widely used protocols and networks (e.g. MPEG2 System, DASH, MMT or Internet Protocols). 
[6] Green MPEG shall be able to provide the means for guaranteed delivery of Green MPEG (e.g., media multiplexing, re-multiplexing, statistical multiplexing, and transcoding) in the chain from the source to destination.
1.2. Green MPEG Encoding 
[1] Green MPEG shall provide guidelines to enable the energy efficient encoding.
[2] Green MPEG shall support resolution adaptation for bandwidth/energy constraints. 
[3] Green MPEG shall provide means to control the use of tools which consume much energy because they are compute-intensive and/or memory-intensive.
[4] Green MPEG encoder should be able to receive the energy-efficiency indicators from the decoder to adapt its encoding for interactive applications.
1.3. Green MPEG Media Format
[1] Green MPEG shall provide means to carry the signaling over any MPEG media (such as MPEG-2 Systems, MP4 Systems, DASH, and MMT) to facilitate the energy-efficient decoding and presentation. 
[2] Green MPEG shall provide compact and manageable signaling information.
1.4. Green MPEG Decoding 
[1] Green MPEG shall provide means for energy-efficient video decoding without affecting the compliance. 
[2] Green MPEG shall be able to provide bitstream complexity signaling which is agnostic to different platforms for all MPEG compliant streams.

1.5. Green MPEG Presentation 
[1] Green MPEG shall provide means for energy efficient presentation adaptation. 
[2] Green MPEG shall provide means for energy-efficient presentation bywidely used panels such as LCD and OLED for both battery-powered devices and AC-powered devices.
[3] Green MPEG shall provide means for energy-efficient presentation adaptation for media other than Video. (e.g. image, UI and graphics)
[4] Green MPEG shall be able to support multi-level QoE that considers the portable device’s remaining battery power.
[5] Green MPEG should minimize the delay introduced by Green MPEG decoding and presentation 

Green MPEG Use Cases
1.6. Green MPEG Decoding : Codec Dynamic Voltage/Frequency Scaling
Advanced processors and hardware chipsets provide a capability where a processor can be put into a different voltage state so as to save power/energy consumption. Usually, a lower voltage supply implies lower energy consumption while a higher voltage supply requires higher energy consumption. Also note that the frequency at which a processor operates is directly proportional to its voltage supply.
In a video stream, because of the content variation, different frames typically have quite different decoding complexities. Therefore, we can apply lower frequency (hence lower voltage) to decode lower-complexity frames and apply higher frequency (hence higher voltage) for complex frames.  It is beneficial to embed the frame-complexity metadata into the bitstream so that it can guide the underlying processor voltage adaptation and thus save energy.  In Contributions m24982 and m25827, it is shown that embedding complexity metadata does indeed reduce the decoding power consumption.  
Please note that, depending on the application requirements, frame-level complexity metadata embedding can be extended to GOP level, time-interval level, or video-scene level complexity metadata embedding.
1.7. Green MPEG Display : Display Adaptation
Large screen displays are now widely used in mobile devices such as smart phones and tablets. However, powering such large displays typically requires a significant amount of energy, especially for multimedia applications such as video presentation. 
There are two major displays for mobile devices: LCDs and OLEDs. For these displays, the power consumption depends on the LCD backlight level and OLED supply voltage respectively.
Unlike conventional display subsystems, advanced displays can adapt their backlight or supply voltage according to the content statistics, and thus reduce energy consumption.  At the 101st MPEG meeting, Contributions m24982 and m25827 demonstrated that display adaptation using the maximum pixel value (i.e., maximum brightness level) can reduce display energy consumption significantly without noticeable visual quality loss. In these contributions, only the maximum pixel value for each video scene was embedded into the bitstream as metadata.
For scene-based maximum pixel value, different display adaptation can be performed based on remaining battery capacity.  For example, if there is sufficient battery power, the normal display adaptation described previously can be applied. However in an extremely low battery state, to avoid depleting the battery before the content is consumed, aggressive display adaptation can be applied while maintaining acceptable video quality.

1.8. Green MPEG Encoding: video encoding on mobile devices for interactive applications
Mobile video conferencing on mobile devices is an application for which low-power consumption is critical. Depending on the receiver battery status, the encoder can be adapted with minimal QoE degradation to extend the battery life. 
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