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[bookmark: _drhmtplhdxm1][bookmark: _8xofb9j6jquz][bookmark: _Toc86818298]Overview
A meeting was held November 3rd to discuss questions posed about the configuration settings used to generate bitstreams for comparison to the AVC and HEVC anchors and documented in the AV1 section of the technical report (TR 26.955). 
Attendees in the conference call and subsequent email exchanges included 3GPP representatives from Apple, Google, Ericsson, Fraunhofer, Interdigital, Qualcomm and Tencent, as well as Alliance for Open Media (AOMedia) members from Facebook and Netflix.
This report attempts to summarize the AV1 configuration settings discussion, provides proposed changes to those AV1 configurations along with proposed explanatory changes to the AV1 section of 26.955.
Discussion Topics
[bookmark: _Toc86818299]Screen content tools used for scenario 3 and scenario 5
In the configuration files given in S4aV210809, the Screen Content tools are used for S3 and S5 ( S3-AV1-SCC-01, S3-AV1-SCC-02, S5-AV1-SCC-01, S5-AV1-SCC-02).
We understand the SCC tools are part of the main profile and enabled with the parameter “--tune-content=screen”.
When “--tune-content=screen” is not used (S1, S2, S4), could SCC tools be used or is there a parameter to disable them? 
Explanation
In the default case - without --tune-content=screen - the encoder internally has an algorithm to detect if the input video is classified as screen content or not. If yes, screen content coding tools will be enabled. 
This detection algorithm is relatively conservative. Once --tune-content=screen is enabled, the internal detection algorithm will be bypassed, and the screen content coding tool will always be enabled. 
There are individual flags to disable individual screen content coding tools, such as intra block copy (enable-intrabc) and palette (enable-palette). 
Proposed Update to the Technical Report
[bookmark: _Hlk88999068]Language has been proposed to update the technical report sections 
· 8.4.3.4.5 S3-AV1-SCC-01: Screen Content Profile with no fixed Intra
· 8.4.3.4.6 S3-AV1-SCC-02: Screen Content Profile with fixed Intra every second
· 8.4.3.6.5 S5-SCC-01: Screen Content Profile with no fixed Intra 
· 8.4.3.6.6 S5-SCC-02: Screen Content Profile with fixed Intra
To include the highlighted text.
	--tune-content=screen
	specify content type to be screen content. In AV1, screen content coding tools are enabled in all profiles. The encoder internally has an algorithm to detect if the input video is screen content or not. By default, if the encoder detects the input video is screen content, it will enable the screen content coding tool. When tune-content is set to screen, the encoder will bypass the screen content detection and assume the input video is screen content and enable screen content coding tools.
Note that the encoder has an internal algorithm to detect if the input video is classified as screen content. When --tune-content=screen is enabled, the internal detection algorithm is bypassed, and the screen content coding tool will always be enabled.


[bookmark: _jn6t0mi6um5z][bookmark: _Toc86818300]In Scenario 3, are only P-frames or B-frames allowed?
In S3: Is it only P frames or B are allowed? 
For HEVC we use Low delay P with a GOP size of 8.
For AV1 config, the GOP size is 32, and due to lag-in-frames=0 I guess there is no pyramid. Does it mean reference frames can be found in the complete GOP? is it only P frames, or B are allowed?
Explanation
… --min-gf-interval=32 --max-gf-interval=32 --gf-min-pyr-height=5 --gf-max-pyr-height=5 --kf-min-dist=9999 --kf-max-dist=9999 --lag-in-frames=0 …
--lag-in-frames=0 indicates that there should be no ‘look-ahead’. There are no future frames allowed. In this case frames are encoded in the same order that they appear in the source. . Therefore, bidirectional prediction, i.e., prediction from frames both in the past and in the future, is not used in this use-case. However, depending and only depending on its position in the sub-GOP each frame is designated a specific ‘layer’; frames in a given layer all use the same quantizer value.
In AV1, there are only INTRA or INTER frames. There is no P and B frame concept. When lag-in-frames=0, it indicates that encoding order is the same as display order and future frames cannot be used as reference frames; but compound prediction using two reference frames in the past is still allowed. This is similar to low delay B in HEVC. 
--kf-min-dist and --kf-max-dist in this case are just to set to a very large number to indicate that no Intra frame (Key) frames are used except the first frame. 
--gf-min/max-pyr-height are used mainly for adjusting QPs for different frames. 
--min/max-gf-interval are used to specify the sub-Gop size.
Reference frames can be found outside of the Sub-GOP. For example, frame 33 can reference frames prior to 32.
Example reference structure can be found in the below screenshot. It can be seen that, in this example, up to 7 reference frames in the past can be used. The maximum number of references to be used for prediction could be further restricted using the parameter --max-reference-frames.
[image: ][image: ]
Note that the use of sub-GOP = 32 was inherited from other test scenarios. We are open to perform tests with a GOP size = 8.
[bookmark: _eivpxaiactbn][bookmark: _Toc86818301]Proposed Update to the Technical Report
GOP Size
The AV1 proponents agreed to rerun our low latency tests with a GOP size of 8.
Language has been proposed to update this section of the technical report:
· 8.4.3.1	Introduction
To include the highlighted text since low delay content will use a GOP size of 8.
	--min-gf-interval=32
--max-gf-interval=32
	Set the sub-GOP size to 32 frames for random access scenarios.

	--min-gf-interval=8
--max-gf-interval=8
	Set the sub-GOP size to 8 for low delay scenarios.


This is mainly for scenario S3-01, S3-SCC-01, S5-01, and S5-SCC-01.
Biprediction in low delay encoding modes
[bookmark: _Hlk89003176]The AV1 proponents have agreed to modify aomenc to add a “disable-compound-mode” in an upcoming release of libaom. 
[bookmark: _Hlk89019760]At that time the AV1 section of the technical report will be updated to configure aomenc for low delay mode scenarios with 
· max-reference-frames=X, where X is a value in the range of [3,7], the maximum number of reference frames, and 
· -disable-compound-mode=1.
In S5 what is the reason for these additional S3 parameters?
For HEVC we use Low delay B with a GOP size of 8.
For AV1, it’s the same parameters as in S3, so same question as for S3. In addition, there are min-q and max-q which are the same as cq-level. What is the reason of these additional parameters?
Explanation
--min-gf-interval=32 --max-gf-interval=32 --gf-min-pyr-height=5 --gf-max-pyr-height=5 --kf-min-dist=$7 --kf-max-dist=$7 --lag-in-frames=0  --min-q=$6 --max-q=$6 …
--min-q and --max-q are used to make sure all frames use the same QP specified by --cq-level. 
--min/max-gf-interval are used to specify sub-Gop size
--gf-min/max-pyr-height are used for adjusting QPs. 
--kf-min/max-dist are used to specify the Intra Period.
Our reading of the Technical Report did not lead us to believe that GOPSize=8 was a requirement. We don’t know why HEVC uses GOPSize=8 since that mostly impacts quantization and referencing relationships for such coding scenario and there are no major implications to the decoder, which would have otherwise been the case for the random-access scenario.
As stated previously, we are open to perform low latency tests with a GOP size = 8. 
Proposed Update to the Technical Report
GOP Size
The AV1 proponents agreed to rerun our low latency tests with a GOP size of 8.
Language has been proposed to update the technical report this section 
· 8.4.3.1	Introduction
To include the highlighted text since low delay content will use a GOP size of 8.
	--min-gf-interval=32
--max-gf-interval=32
	Set the sub-GOP size to 32 frames for random access scenarios.

	--min-gf-interval=8
--max-gf-interval=8
	Set the sub-GOP size to 8 for low delay scenarios.



Biprediction in low delay encoding modes
[bookmark: _iv347cwky5vf][bookmark: _Toc86818302]The AV1 proponents have agreed to modify aomenc to add a “disable-compound-mode” in an upcoming release of libaom. 
At that time the AV1 section of the technical report will be updated to configure aomenc for low delay mode scenarios with 
· max-reference-frames=X, where X is a value in the range of [3,7], the maximum number of reference frames, and 
· -disable-compound-mode=1, or “true”.
Number of QP values
[bookmark: _8ag46qtx424z]All scenarios are using 4 QP values, except S3 with 5 QP, for the anchors, VVC and EVC. For AV1, there are always 5 QP values, why?
[bookmark: _Hlk89003698]Explanation
The quantization is different in HEVC/VVC from that of AV1. We have tested with multiple QP values in AV1 to make sure the bit rate range is roughly aligned with that of HEVC. 
We will filter out one QP value in the final submission.
Proposed Update to the Technical Report
In the final submission to the Technical Report the AV1 proponents have agreed to filter out one QP value.
Language has been proposed to provide the following highlighted comment beneath: 
· Table 8.4.3.2.1-1
· Table 8.4.3.3.1-1
· Table 8.4.3.4.1-1
· Table 8.4.3.5.1-1
· Table 8.4.3.6.1-1
Note: The quantization is different in HEVC/VVC from that of AV1. We have tested with multiple QP values in AV1 to make sure the bit rate range is roughly aligned with that of HEVC. We will filter out excess  QP values in the final submission. 
When the excess QP values have been filtered out this note will be removed from the technical report.
[bookmark: _6n5lig54sxz3][bookmark: _Toc86818303]On AV1 SW and configuration issues
Thanks for setting up the call and trying to clarify things upfront. On top of Dmytro and Michel asked, we have a simple question regarding the 3GPP tag.
This does not compile right away since there is a Perl script which tries extracting the version number. Here, the string "3gpp" in the tags name causes an error (clang under mac and gcc under Linux).  
Could you please let us know how this tag can be compiled? I can confirm Ben’s observation on compilation issues with tagged version you provided recently.
We also have had difficulties to compile it under Windows.
Explanation
Regarding the reported build issue. A script issue was found which caused an error with the tag format used. This has been addressed, merged, and tagged:
https://aomedia.googlesource.com/aom/+/refs/tags/3gpp-2021-10-15-2
Instructions for compiling under Windows
1. Download the code
git clone -b 3gpp-2021-10-15 https://aomedia.googlesource.com/aom” 
2. Create a “test-build” folder at the same level as aom
3. Cd into “test-build” folder
4. build libaom
 cmake ..\aom -G "Visual Studio 15 2017 Win64" -DCONFIG_DOCS=0 -DCONFIG_SHARED=0 -DENABLE_TESTS=0 -DCONFIG_UNIT_TESTS=0 -DAOM_TARGET_CPU=x86_64
Proposed Update to the Technical Report
No change required to the technical report. The build script bug has been fixed.
[bookmark: _7j2us8cymr2t][bookmark: _Toc86818304]Relationship between kf_min_dist/kf_max_dist and fwd-kf-dist for Open GOP
Provided AV1 configuration does not specify kf_min_dist/kf_max_dist. The following is reported by the AV1 encoder logs in our simulations:
	fwd_kf_enabled           	= 0
	kf_mode                  	= 1
	kf_min_dist              	= 0
	kf_max_dist              	= 9999
This can be interpreted as encoder has an option for adaptive key frame distance. 
Can you please clarify on key frame configurations?
Can you also please clarify on resulting coding order, if it is different from hierarchical prediction utilized in MPEG codecs, (e.g., if any skipped frames, repeated frames, overlay frames usage)?
Explanation
--kf-min/max-dist are used only in closed GOP cases to specify the Intra Period. When kf-min-dist and kf-max-dist have the same value, the key frame is only inserted at a fixed interval. 
--fwd-kf-dist are used only in Open GOP cases to specify the Intra Period. Hierarchical prediction is enabled when sub GoP size and hierarchical layers are specified through other parameters. If these parameters are not specified, the encoder can adaptively insert key frames based on content. 
When hierarchical reference structure is enabled, the encoding order is similar to MPEG codecs. Av1 uses dummy frames with show_existing_frame=1, to indicate the frame indexed by frame_to_show_map_idx is to be output at decoding time. 
Proposed Update to the Technical Report
Language has been proposed to update the technical report sections:
· 8.4.3.4.3	S3-AV1-01: Main 10 Profile with no fixed Intra
· 8.4.3.4.5	S3-AV1-SCC-01: Screen Content Profile with no fixed Intra
· 8.4.3.5.3	S4-AV1-01: no Intra
· 8.4.3.6.3	S5-AV1-01: Main 10 Profile with no fixed Intra
To include the highlighted text.
	--kf-min-dist=9999       
--kf-max-dist=9999
	Only the first frame is encoded as Intra (Key) frame.
--kf-min/max-dist are used only in closed GOP cases to specify the Intra Period. When kf-min-dist and kf-max-dist have the same value, the key frame is only inserted at a fixed interval. 


Language has been proposed to update the technical report sections:
· 8.4.3.2.2	Common Parameters and Settings
· 8.4.3.3.2	Common Parameters and Settings
To include the highlighted text. 
	--fwd-kf-dist=<distance>
	This command line argument to the configuration script is only used in open GOP scenarios. It sets the distance between successive forward keyframes. Hierarchical prediction is enabled when sub-GOP size and hierarchical layers are specified through other parameters. 


[bookmark: _4p05aemiyq5u][bookmark: _Toc86818305]QP cascading within hierarchical prediction structure:
Configuration specifies usage of fixed QP offsets within hierarchical prediction structure.
 What is the range of QP deviation in AV1 configuration within open GOP, how does this range compare to the QP assigned to the key pictures?
Can you please comment on objective and visual quality of resulting bitstreams with provided AV1 configuration?
Explanation
QP specified through --cq-level are applied to the highest layer of INTER frames. QP for frames at other layers are scaled with a fixed ratio based on the actual QStep value. 
For example, for Scenario 1, when cq-level=27, the qindex assignment for frames at different levels are:
	Frame Level
	Keyframe
	Level 0
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5

	POC
	0
	32
	16
	8
	4
	2
	1

	qindex
	37
	37
	73
	91
	100
	104
	108



Regarding the subjective and visual quality, these cascaded QP assignments have been used for a long time in production.
ratio = 0.2 + (1.0 - leaf_qindex / 255) * 0.3
arf_Qstep = left_QStep * ratio
Based on arf_QStep, we can find the qindex for arf, which is the frames at layer 0.
Frames at the other layers are interpolated between the leaf_qindex and arf_qindex.
      int this_height = gf_group->layer_depth[cpi->gf_frame_index];
      int arf_q = cpi->ppi->p_rc.arf_q;
      while (this_height > 1) {
        arf_q = (arf_q + cpi->oxcf.rc_cfg.cq_level + 1) / 2;
        --this_height;
      }
      *q = arf_q;
Qindex to actual QStep mapping tables:
In AV1 qindex in the range of [0, 255] is mapped to the actual qstep based on lookup tables. There are two tables for DC/AC coefficients.
static const int16_t dc_qlookup_QTX[QINDEX_RANGE] = {
  4,    8,    8,    9,    10,  11,  12,  12,  13,  14,  15,   16,   17,   18,
  19,   19,   20,   21,   22,  23,  24,  25,  26,  26,  27,   28,   29,   30,
  31,   32,   32,   33,   34,  35,  36,  37,  38,  38,  39,   40,   41,   42,
  43,   43,   44,   45,   46,  47,  48,  48,  49,  50,  51,   52,   53,   53,
  54,   55,   56,   57,   57,  58,  59,  60,  61,  62,  62,   63,   64,   65,
  66,   66,   67,   68,   69,  70,  70,  71,  72,  73,  74,   74,   75,   76,
  77,   78,   78,   79,   80,  81,  81,  82,  83,  84,  85,   85,   87,   88,
  90,   92,   93,   95,   96,  98,  99,  101, 102, 104, 105,  107,  108,  110,
  111,  113,  114,  116,  117, 118, 120, 121, 123, 125, 127,  129,  131,  134,
  136,  138,  140,  142,  144, 146, 148, 150, 152, 154, 156,  158,  161,  164,
  166,  169,  172,  174,  177, 180, 182, 185, 187, 190, 192,  195,  199,  202,
  205,  208,  211,  214,  217, 220, 223, 226, 230, 233, 237,  240,  243,  247,
  250,  253,  257,  261,  265, 269, 272, 276, 280, 284, 288,  292,  296,  300,
  304,  309,  313,  317,  322, 326, 330, 335, 340, 344, 349,  354,  359,  364,
  369,  374,  379,  384,  389, 395, 400, 406, 411, 417, 423,  429,  435,  441,
  447,  454,  461,  467,  475, 482, 489, 497, 505, 513, 522,  530,  539,  549,
  559,  569,  579,  590,  602, 614, 626, 640, 654, 668, 684,  700,  717,  736,
  755,  775,  796,  819,  843, 869, 896, 925, 955, 988, 1022, 1058, 1098, 1139,
  1184, 1232, 1282, 1336,
};

static const int16_t ac_qlookup_QTX[QINDEX_RANGE] = {
  4,    8,    9,    10,   11,   12,   13,   14,   15,   16,   17,   18,   19,
  20,   21,   22,   23,   24,   25,   26,   27,   28,   29,   30,   31,   32,
  33,   34,   35,   36,   37,   38,   39,   40,   41,   42,   43,   44,   45,
  46,   47,   48,   49,   50,   51,   52,   53,   54,   55,   56,   57,   58,
  59,   60,   61,   62,   63,   64,   65,   66,   67,   68,   69,   70,   71,
  72,   73,   74,   75,   76,   77,   78,   79,   80,   81,   82,   83,   84,
  85,   86,   87,   88,   89,   90,   91,   92,   93,   94,   95,   96,   97,
  98,   99,   100,  101,  102,  104,  106,  108,  110,  112,  114,  116,  118,
  120,  122,  124,  126,  128,  130,  132,  134,  136,  138,  140,  142,  144,
  146,  148,  150,  152,  155,  158,  161,  164,  167,  170,  173,  176,  179,
  182,  185,  188,  191,  194,  197,  200,  203,  207,  211,  215,  219,  223,
  227,  231,  235,  239,  243,  247,  251,  255,  260,  265,  270,  275,  280,
  285,  290,  295,  300,  305,  311,  317,  323,  329,  335,  341,  347,  353,
  359,  366,  373,  380,  387,  394,  401,  408,  416,  424,  432,  440,  448,
  456,  465,  474,  483,  492,  501,  510,  520,  530,  540,  550,  560,  571,
  582,  593,  604,  615,  627,  639,  651,  663,  676,  689,  702,  715,  729,
  743,  757,  771,  786,  801,  816,  832,  848,  864,  881,  898,  915,  933,
  951,  969,  988,  1007, 1026, 1046, 1066, 1087, 1108, 1129, 1151, 1173, 1196,
  1219, 1243, 1267, 1292, 1317, 1343, 1369, 1396, 1423, 1451, 1479, 1508, 1537,
  1567, 1597, 1628, 1660, 1692, 1725, 1759, 1793, 1828,
};
Proposed Update to the Technical Report
None.
[bookmark: _3qpn991n8w50][bookmark: _Toc86818306]Key frames being filtered
enable-keyframe-filtering parameter seems to specify that key frame  (intra) is being filtered.
Can you please clarify on the scope of this method?
What kind of filtering is accomplished if the --lag-in-frames=0 ?
Is overlay frame signaled for filtered key frame?
Explanation
Key-frame-filtering is a motion compensated temporal filtering. It is only enabled in random access configuration. When --lag-in-frames=0, key frames will not be filtered. 
Proposed Update to the Technical Report
Language has been proposed to update the technical report sections:
· 8.4.3.4.2	Common Parameters and Settings
· 8.4.3.5.2	Common Parameters and Settings
· 8.4.3.6.2	Common Parameters and Settings
To include the highlighted text.
	--lag-in-frames=0
	No future frame is used as reference in low delay configuration.
Key-frame-filtering is a motion compensated temporal filtering. It is only enabled in random access configuration. When --lag-in-frames=0, key frames will not be filtered.


[bookmark: _5ebhw31ldl3j][bookmark: _Toc86818307]Scope of the lag-in-frame
What tools are using information (and what is the information) available from the future frames?
Explanation
Future frames are used to generate alternating reference frames. 
Proposed Update to the Technical Report
Language has been proposed to update the technical report sections:
· 8.4.3.2.2	Common Parameters and Settings
· 8.4.3.3.2	Common Parameters and Settings
To include the highlighted text.
	--lag-in-frames=35
	This parameter is typically set to be the sub-GOP size + 3. Since sub-GOP size for random access is 32, this parameter is set to be 35.
This command line argument to the configuration script represents the maximum number of input frames to buffer or look ahead.



[bookmark: _jglrd1xwxd1p][bookmark: _Toc86818308]Encoder run time increase for open GOP
Provided recently AV1 configuration results in a noticeable run-time increase (3x in our simulations), compare to the fixed hierarchical structure specified through kf_min/max  parameters.
Could you please confirm such increase?
What is the encoder processing introduced for open GOP configuration, if it could lead to such run-time increase?
Explanation
Difficult to answer this question without knowledge of which two code bases were involved and the command lines used for runtime measurement.
Proposed Update to the Technical Report
No changes. 
Although clearly supported by the AV1 specification, Open GOPs were never critical to our encoding scenarios. We do not see a TR scenario placing a requirement parallel for open GOP configurations, so the requirement seems unclear. 
[bookmark: _8vhtlvf44r0a][bookmark: _Toc86818309]Tools / scripts for enabling parallel encoding for Open GOP Configurations
Would you be able please to provide script/tools for running AV1 simulation for coding test sequences in chunks and following bitstreams concatenation?
Explanation
[bookmark: _k8ze0664fdiw]We cannot. That is not a mode that is currently supported. It seems also not to currently be a TR requirement and it is not also supported by all the anchors, e.g., the AVC/H.264 JM reference software. This would require considerable effort that seems to be outside the scope of the TR.
Proposed Update to the Technical Report
No changes. 
Although clearly supported by the AV1 specification, Open GOPs were never critical to our encoding scenarios. We do not see a TR scenario placing a requirement parallel encoding for open GOP configurations, so the requirement seems unclear. 
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