[bookmark: foreword][bookmark: references]3GPP TSG-SA/WG4 Video SWG 	S4aV210765
Electronic meeting, September 28, 2021											 
	CR-Form-v12.0

	PSEUDO CHANGE REQUEST

	

	
	26.955 
	CR
	-
	rev
	-
	Current version:
	1.3.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	



	

	Title:	
	Add description of the AV1 reference software, how to build and run it.

	
	

	Source to WG:
	

	Source to TSG:
	

	
	

	Work item code:
	FS_5GVideo
	
	Date:
	2021-09-24

	
	
	
	
	

	Category:
	
	 
	Release:
	17

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	[bookmark: OLE_LINK1]Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	Add needed descriptions of AV1 reference software and configurations

	
	

	Summary of change:
	 (1) description of building and executing the AV1 libaom reference software

	
	

	Consequences if not approved:
	

	
	

	Clauses affected:
	8.4

	
	

	
	Y
	N
	
	

	Other specs
	
	
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	
	
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	



[bookmark: definitions][bookmark: _Toc41600554][bookmark: _Toc55812934][bookmark: _Toc49376958][bookmark: _Toc69269457]

Change 1
[bookmark: _Toc79925793]8.4	AV1
…
[bookmark: _Toc79925795]8.4.2	External subjective tests results
To be completed.
[bookmark: _Toc79925796]8.4.3	Test Configurations and Results for Libaom
[bookmark: _Toc79925797]8.4.3.1	Introduction
The reference software for AV1 is called libaom. It is used to build two applications – aomenc and aomdec. General instructions for building libaom can be found here: https://aomedia.googlesource.com/aom#building-the-library-and-applications
[bookmark: _Toc79925798][[This text documents the initial version of the libaom software that is being used for the characterization in the study. Both the software and corresponding command line parameters are expected to evolve prior to the final publication. ]]
8.4.3.1.1	Building the libaom executables for 3GPP
The AOM master branch (revision efab961a4ac69693fdef19777a8a46c5e83172ad) is used for AV1 testing. 
To get the code base, use the following git command:
$ git clone https://aomedia.googlesource.com/aom
By default, the above command stores the source in the aom directory. Use the following git command to sync to the specific revision:
$ cd aom
$ git reset --hard efab961a4ac69693fdef19777a8a46c5e83172ad
$ cd ..
To build the code for the Linux platform, create a test-build folder at the same level as aom, and then run the cmake command as below.
$ mkdir test-build
$ cd test-build
$ cmake ../aom -DCMAKE_BUILD_TYPE=Release -DCONFIG_DOCS=0          -DCONFIG_SHARED=0 -DENABLE_TESTS=0 -DCONFIG_UNIT_TESTS=0 -DCONFIG_AV1_HIGHBITDEPTH=1
$ make aomdec
$ make aomenc
If the build process is successful, the AV1 encoder (aomenc) and decoder (aomdec) executables will be located under the test-build folder.
To build the code for the Window platform with Visual Studio, create the same test-build folder as the above, and then run the cmake command as below
$ mkdir test-build
$ cd test-build
$ cmake ../aom -G "Visual Studio 15 2017 Win64" -DCONFIG_DOCS=0    -DCONFIG_SHARED=0 -DENABLE_TESTS=0 -DCONFIG_UNIT_TESTS=0 -DCONFIG_AV1_HIGHBITDEPTH=1
 If you are not using Visual Studio 2017, please change the version code in the above command.
After running cmake, a Visual Studio solution AOM.sln file will be created under the test-build folder. Open it with Visual Studio and then build the aomenc and aomdec projects. This will create the executables for Windows.
[bookmark: _Toc79925799]8.4.3.1.2	Using the libaom executables
Example encoding command is:
aomenc [options] -o bitstream input.yuv
Example decoding command is: 
aomdec --codec=av1 --rawvideo -o output.yuv bitstream
The table below lists the most commonly used options for encoding commands. For a full list of encoding options, execute the command 
aomenc --help
[[libaom configuration options may be added before final test results are provided for this report. The following information and libaom code base may change with time.]]
	Command Argument
	Description

	--verbose
	Show encoder parameters

	--codec=<arg>
	specify the codec type, only av1 is supported

	--psnr=<arg> 
	Show PSNR in status line(0: Disable PSNR status line display, 1: PSNR calculated using input bit-depth (default), 2: PSNR calculated using stream bit-depth), takes default option when arguments are not specified

	--obu
	specify the output elementary stream container format is obu.

	--frame-parallel=<arg>
	Enable frame parallel decodability features (0: false (default), 1: true) 

	--cpu-used=<arg> 
	Speed setting (0..6 in good mode, 6..9 in realtime mode). Default 0.

	--limit=<arg>
	Stop encoding after <arg> input frames

	--passes=<arg>
	Number of encoding passes (1/2/3)

	--end-usage=<arg> 
	Rate control mode:
vbr: variable bit rate
cbr: constant bit rate
cq: constrained quality mode
q: constant quality mode

	--yv12
--i420
--i422
--i444 
	input yv12 video colour format 
input i420 video colour format (default)
input i422 video colour format
input i444 video colour format

	--use-fixed-qp-offsets=<arg>
	Enable fixed QP offsets for frames at different levels of the pyramid. Selected automatically from --cq-level if --fixed-qp-offsets are not provided. If this option is not specified (default), offsets are adaptively chosen by the encoder.
Further, if this option is specified, at least two comma-separated values corresponding to kf and arf offsets must be provided, while the rest are chosen by the encoder

	--fixed-qp-offsets=<arg>
	Set fixed QP offsets for frames at different levels of the pyramid. Comma-separated list of 5 offsets for keyframe, ALTREF, and 3 levels of internal alt-refs. If this option is not specified (default), offsets are adaptively chosen by the encoder. For example: “--fixed-qp-offsets=-5,-4,-3,-2,-1” indicates the following:
· QP offset for key frame is -5
· QP offset for ALTREF is -4
· QP offset for 1st level internal ARF is -3
· QP offset for 2nd level internal ARF is -2
· QP offset for 3rd level internal ARF is -1

	--deltaq-mode=<arg> 
	Delta qindex mode (0: off, 1: deltaq objective (default), 2: deltaq placeholder, 3: key frame visual quality). Currently this requires enable-tpl-model as a prerequisite.

	--enable-tpl-model=<arg> 
	RDO based on frame temporal dependency (0: off, 1: backward source based). This is required for deltaq mode. Default 1.

	--enable-keyframe-filtering=<arg>
	Apply temporal filtering on key frames (0: no filter, 1: filter without overlay (default), 2: filter with overlay - experimental. 

	--fps=<arg> 
	Stream frame rate (rate/scale), such as 30000/1000, 60000/1000, etc.

	--input-bit-depth=<arg> 
	bit depth of the input video

	--bit-depth=<arg>
	Bit depth for encoded output bitstream. Default 8.

	--cq-level=<arg>  
	Constant/Constrained Quality level in [0, 63]. Please note that the cq-level specified is applied to the frames at the highest hierarchical layer. For key frame and frames at lower hierarchical layers, lower cq-level are used. 

	--min-q=<arg>               
	Minimum (best) quantizer in [0, 63]

	--max-q=<arg>               
	Maximum (worst) quantizer in [0, 63]

	-w <arg> or --width=<arg>
	Frame width

	-h <arg> or --height=<arg>
	Frame height

	--tile-columns=<arg>
	Number of tile columns to use, log2. Default 0.

	--tile-rows=<arg> 
	Number of tile rows to use, log2. Default 0.

	--threads=<arg> 
	Max number of threads to use

	--min-gf-interval=<arg>
	min gf/arf frame interval (default 0, indicating in-built behaviour), min sub Gop length

	--max-gf-interval=<arg>
	max gf/arf frame interval (default 0, indicating in-built behaviour), max sub Gop length

	--gf-min-pyr-height=<arg>
	Min height for GF group pyramid structure (0 (default) to 5)

	--gf-max-pyr-height=<arg>
	Max height for GF group pyramid structure (0  to 5 (default))

	--fwd-kf-dist=<arg>
	Set distance between forward keyframes. A value of -1 means no repetitive forward keyframes. Default is -1. Number of frames in a GOP for open gop configuration.

	--kf-min-dist=<arg> 
	Set minimum distance between key frames. Number of frames in a GOP for closed gop configuration.

	--kf-max-dist=<arg>
	Set maximum distance between key frames. Number of frames in a GOP for closed gop configuration.

	--lag-in-frames=<arg>
	Max number of frames to look ahead. It should be set to sub gop size plus 3 to get the best result.

	--auto-alt-ref=<arg>
	Enable (1) and disable (0) automatic alt reference frames

	--color-primaries=<arg>
	Colour primaries (CICP) of input content: bt709, unspecified, bt601, bt470m, bt470bg, smpte240, film, bt2020, xyz, smpte431, smpte432, ebu3213


	--transfer-characteristics=<arg>
	Transfer characteristics (CICP) of input content: unspecified, bt709, bt470m, bt470bg, bt601, smpte240, lin, log100, log100sq10, iec61966, bt1361, srgb, bt2020-10bit, bt2020-12bit, smpte2084, hlg, smpte428

	--matrix-coefficients=<arg>
	Matrix coefficients (CICP) of input content: identity, bt709, unspecified, fcc73, bt470bg, bt601, smpte240, ycgco, bt2020ncl, bt2020cl, smpte2085, chromncl, chromcl, ictcp

	--chroma-sample-position=<arg>
	The chroma sample position when chroma 4:2:0 is signalled:
unknown, vertical, collocated

	-o <arg>, --output=<arg> 
	Output filename



Please note that aomenc also takes the y4m files as input. Once y4m files are used, all information about the input video, such as resolution, bit depth, frame rate and colour sampling format can be read from the y4m file header directly. Corresponding command line parameters can be skipped.
The table below lists the most commonly used options for decoding commands. For a full list of decoding options, execute the command 
aomdec --help
	Command Argument
	Description

	-o <arg>, --output=<arg>  
	Output file name

	-v, --verbose
	Show version string

	--codec=<arg>
	Codec to use, only av1 is supported

	--summary 
	Show timing summary

	--yv12
	Output raw YV12 frames

	--i420
	Output raw I420 frames

	--rawvideo
	Output raw YUV file. Otherwise, output is y4m file
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