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1	Introduction
One of the objective of the MeCAR Work Item [1] is to :
“
· Define decoding capabilities, including support for multiple parallel decoders
 “
The motivation behind the case of multiple parallel decoders is that it is a fact that video decoding interoperability has been historically built upon the assumption of a single decoder. A device supporting the decoding of a compliant video bitstream would thus guarantee the proper decoding of this bitstream. At the same time, the computation capacity of devices (software and hardware) have continuously increased. It is now common than devices are able to concurrently decode multiple bitstreams, some times different codec too. 
However, there is no predetermined behaviour and thus no guarantee for an application developer point of view that device model X running OS Y with chipset Z would support the decoding of N bitstreams, since the interoperability has always been based on a single decoder.
This is the reason why several ongoing efforts aim at creating interoperable when it comes to several decoder instance running in parallel on a given device. The first one to mention is MPEG-I VDI which is already documented in the MeCAR PD (9.3.4 ISO/IEC 23090-13 (MPEG-I VDI)). 
Second one to mention, which is not yet in the MeCAR PD, is happening as part of the Google Android Operating System by the creation of the concept of Performance Classes with its related API. This contribution provides some insights in the concept of Performance Classes and proposes to include this information in the next revision of the MeCAR PD. 
2	Overview of media performance definitions on Android 
2.1	Android media requirements, a.k.a. Compatibility Definition Document (CDD)
The CDD enumerates the software and hardware requirements of a compatible Android device. There are requirements in the core category which means every Android device must comply with. In addition, the CDD also considers different devices types for which specific requirements may be defined. As of the latest version, version 14, the device types are:
· Handheld device
· Television
· Watch
· Automotive
· Tablet

The requirements can set on different topics, for instance:
· Software, including API, libraries, user interface,  etc.
· Application Packaging Compatibility, defining the .apk support
· Multimedia Compatibility, covering media codecs, playback network protocols, DRM, etc.
· Developer Tools and Options Compatibility, 
· Hardware Compatibility, including display, graphics, input devices, sensors, cameras, etc.
· Performance and Power, including power-saving modes, file I/O, etc.
· Security Model Compatibility, on privacy, multi-user, etc.
· Software Compatibility Testing, requiring the support of test suite execution
· Updatable Software, requiring the device to allow for updates

As of Android 10 (Sep 3, 2019), multimedia requirements merely specified which codec, profile, tier and level to support.

For instance, here are the core requirements for HEVC decoding from the CDD Android 10:

[bookmark: _Ref139554029]Table 1 - HEVC decoding core requirement in CDD Android 10
	5.3.5. H.265 (HEVC) 
If device implementations support H.265 codec, they:
· [C-1-1] MUST support the Main Profile Level 3 Main tier and the SD video decoding profiles as indicated in the following table.
· SHOULD support the HD decoding profiles as indicated in the following table.
· [C-1-2] MUST support the HD decoding profiles as indicated in the following table if there is a hardware decoder.
If the height that is reported by the Display.getSupportedModes() method is equal to or greater than the video resolution, then:
· [C-2-1] Device implementations MUST support at least one of H.265 or VP9 decoding of 720, 1080 and UHD profiles.
	
	SD (Low quality)
	SD (High quality)
	HD 720p
	HD 1080p
	UHD

	Video resolution
	352 x 288 px
	720 x 480 px
	1280 x 720 px
	1920 x 1080 px
	3840 x 2160 px

	Video frame rate
	30 fps
	30 fps
	30 fps
	30/60 fps 
(60 fps)
	60 fps

	Video bitrate
	600 Kbps
	1.6 Mbps
	4 Mbps
	5 Mbps
	20 Mbps


If device implementations claim to support an HDR Profile (HEVCProfileMain10HDR10, HEVCProfileMain10HDR10Plus) through the Media APIs:
· [C-3-1] Device implementations MUST accept the required HDR metadata (MediaFormat#KEY_HDR_STATIC_INFO for all HDR profiles) from the application using MediaCodec API, as well as support extracting the required HDR metadata (MediaFormat#KEY_HDR_STATIC_INFO for all HDR profiles, as well as MediaFormat#KEY_HDR10_PLUS_INFO for HDR10Plus profiles) from the bitstream and/or container as defined by the relevant specifications. They MUST also support outputting the required HDR metadata (MediaFormat#KEY_HDR_STATIC_INFO for all HDR profiles) from the bitstream and/or container as defined by the relevant specifications.
· [C-SR] The device implementations are STRONGLY RECOMMENDED to support outputting the metadata MediaFormat#KEY_HDR10_PLUS_INFO for HDR10Plus profiles via MediaCodec#getOutputFormat(int).
· [C-3-2] Device implementations MUST properly display HDR content for HEVCProfileMain10HDR10 profile on the device screen or on a standard video output port (e.g., HDMI).
· [C-SR] Device implementations are STRONGLY RECOMMENDED to properly display HDR content for HEVCProfileMain10HDR10Plus profile on the device screen or on a standard video output port (e.g., HDMI).




As said above, each device type may add further requirement. For instance, still in CDD Android 10, the television device type adds:

Table 2 - HEVC decoding requirement in for Television device type
	Television device implementations with H.265 hardware decoders MUST support H.265 decoding, as detailed in Section 5.3.5, at standard video frame rates and resolutions up to and including:
· [5.3.5/T-1-1] HD 1080p at 60 frames per second with Main Profile Level 4.1




In conclusion, the Android media requirement up to Android 10 are for a single decoding instance.
2.2	Android performance classes
In Android 11 (Sep 8, 2020), the CDD introduces a new concept which are performance classes. For each Android CDD version, the device may support a certain set of performance classes. It is important to realise that Android version and performance classes are orthogonal and the CDD of an Android version merely defines what classes are allowed for this version. 

With this design, it is possible to upgrade an Android device to a certain Android version while the performance class may not change. Since the performance classes are mostly linked to hardware capabilities, certain devices may not be able to guarantee a higher performance class and cannot be simply “updated.” Nevertheless, they may still upgrade to the higher Android version as long as their current performance class is allowed by the higher CDD. This is reflected in Figure 1 [2].
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[bookmark: _Ref139551519]Figure 1 - Possible evolutions of Android versions and performance classes for different devices
As example of performance classes 13 and 12, here is high-level summary found in [2]:

Table 3 - Summary of performance classes 12 and 13 [2]


The interesting aspect of performance classes for handheld devices is that they introduce the support of concurrent instances for decoding but also encoding. For instance, a handheld device type in CDD Android 12 [3] with a performance class S requires that :

[bookmark: _Ref139554036]Table 4 - Media requirement for performance class S in CDD Android 12
	If Handheld device implementations return android.os.Build.VERSION_CODES.S for android.os.Build.VERSION.MEDIA_PERFORMANCE_CLASS, then they:
· [5.1/H-1-1] MUST advertise the maximum number of hardware video decoder sessions that can be run concurrently in any codec combination via the CodecCapabilities.getMaxSupportedInstances() and VideoCapabilities.getSupportedPerformancePoints() methods.
· [5.1/H-1-2] MUST support 6 instances of hardware video decoder sessions (AVC, HEVC, VP9* or later) in any codec combination running concurrently at 720p resolution@30 fps. *Only 2 instances are required if VP9 codec is present.
· […]



As a reminder, here are the two methods mentioned in Table 4.

getSupportedPerformancePoints

Added in API level 29
public List<MediaCodecInfo.VideoCapabilities.PerformancePoint> getSupportedPerformancePoints ()
Returns the supported performance points. May return null if the codec did not publish any performance point information (e.g. the vendor codecs have not been updated to the latest android release). May return an empty list if the codec published that if does not guarantee any performance points.
This is a performance guarantee provided by the device manufacturer for hardware codecs based on hardware capabilities of the device.
The returned list is sorted first by decreasing number of pixels, then by decreasing width, and finally by decreasing frame rate. Performance points assume a single active codec. For use cases where multiple codecs are active, should use that highest pixel count, and add the frame rates of each individual codec.
getMaxSupportedInstances
Added in API level 23
public int getMaxSupportedInstances ()
Returns the max number of the supported concurrent codec instances.
This is a hint for an upper bound. Applications should not expect to successfully operate more instances than the returned value, but the actual number of concurrently operable instances may be less as it depends on the available resources at time of use.
In conclusion, the Android performance classes starting from Android 11 define concurrent decoding instances support. The Android performance class define the support of concurrent decoding instance
in terms of number of concurrent instances at a given resolution and frame rate, regardless of the codec.
3	Conclusion
It is proposed to include clause 2 in the next revision of the MeCAR PD.
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