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1.  
Introduction
During SA4#107 we reviewed an incoming LS from MPEG (S4-200016) informing us that new media profiles had been defined for serving the next generation video experiences (SD Legacy, Interlaced HD…)

The following section proposes a review of requirements on video constraints on HEVC in both 3GPP TS 26.116 v16.1.0 and CMAF Amendment Working Draft Amendment to ISO/IEC 23000-19 2nd Ed N18857.

2. 
Analysis

2.1 Picture type
2.1.1 3GPP TS 26.116

Clause 4.5.1.4
The source video format shall be progressive, i.e. 
- The general_progressive_source_flag shall be set to 1, 

The source video format shall be progressive, i.e. 
- The general_progressive_source_flag shall be set to 1, 
- The general_interlaced_source_flag shall be set to 0, 
- The general_frame_only_constraint_flag shall be set to 1.
2.1.2 CMAF
Clause B.3.3.2
All pictures in the sequence shall be encoded as coded frames or as coded fields. The sequence shall be all frames or all fields, but not mixed.

Clause B.3.3.3
The following fields shall have pre-determined values as follows for progressive content:
— general_progressive_source_flag shall be set to 1.
— general_frame_only_constraint_flag shall be set to 1.
— general_interlaced_source_flag shall be set to 0.

The following fields shall have pre-determined values as follows for interlaced content:
— general_progressive_source_flag shall be set to 0.
— general_frame_only_constraint_flag shall be set to 0.
— general_interlaced_source_flag shall be set to 1.
2.1.3 Comments
3GPP doesn't care about interlace. More than that, interlace is forbidden as it belongs to another age.

Aligned for progressive, not aligned for interlace

2.2 VPS

2.2.1 3GPP TS 26.116

Clause 4.5.1.3
H.265/HEVC Receivers should ignore the content of all Video Parameter Sets (VPS) NAL units as defined in Recommendation ITU-T H.265 / ISO/IEC 23008-2 

2.2.2 CMAF
Clause B.3.3.3
Each HEVC video media sample in the CMAF track shall reference the VPS in the CMAF header sample entry. VPS shall not change within CMAF tracks or between CMAF tracks in a CMAF switching set. A CMAF HEVC track shall conform to ISO/IEC 23008-2 with the following additional constraints

2.2.3 Comments
VPS supported by CMAF but ignored in 3GPP TV profiles, similar information (profile_tier_level) conveyed in SPS for 3GPP TV profiles.
2.3 2D restriction

2.3.1 3GPP TS 26.116

Clause 4.5.1.4
Only 2D contents are required to be supported, i.e.
- The general_non_packed_constraint_flag shall be set to 1

2.3.2 CMAF
Silent

2.3.3 Comments
Stereoscopic 3DTV allowed in CMAF ?
2.4 Elementary stream dynamic changes on Profile/Tier/Level

2.4.1 3GPP TS 26.116

Silent

2.4.2 CMAF

Clause B.3.3.3
The condition of the following fields shall not change throughout an HEVC elementary stream:
— general_profile_space
— general_profile_idc
— general_tier_flag
— general_level_idc

2.4.3 Comments
Do we allow in 3GPP dynamic switches of Profile/Tier/Level ?

2.5 Presence of VUI in SPS

2.5.1 3GPP TS 26.116

Clause 4.5.1.4
The Video Usability Information (VUI) shall be present in the active Sequence Parameter Set. The vui_parameters_present_flag shall be set to 1.

2.5.2 CMAF
Clause B.3.3.4.1
— The following fields shall have pre-determined values as follows.
— vui_parameters_present_flag shall be set to 1.

2.5.3 Comments
Aligned

2.6 Chroma Sub sampling in SPS

2.6.1 3GPP TS 26.116

Clause 4.5.1.4
The chroma sub-sampling shall be 4:2:0, chroma_format_idc value shall be set to 1

2.6.2 CMAF
Silent

2.6.3 Comments
4:2:2 supported in CMAF, or limited by the profile/tier/level indication?
2.7 Bit depth in SPS

2.7.1 3GPP TS 26.116

Clauses 4.5.2.3; 4.5.3.3; 4.5.4.3; 4.5.5.3; 4.5.6.3; 4.5.7.3; 4.5.8.3
- bit_depth_luma_minus8 = 0 or 2 (8 or 10 bits respectively)
- bit_depth_chroma_minus8 = bit_depth_luma_minus8 

2.7.2 CMAF
Clause B.3.3.4.1
—    bit_depth_luma_minus8 and bit_depth_chroma_minus8 shall both be set to 0 for 8-bit bit-depth and 2 for 10-bit  bit-depth, which is also applied to chroma.

2.7.3 Comments
Aligned but dependent, in 3GPP, of the operating point. 
- 8bit for 720p
- 8 or 10bit for fullHD
- 10bit for UHD and/or HDR
2.8 Aspect ratio indication in VUI
2.8.1 3GPP TS 26.116

Clause 4.5.1.5
- The aspect_ratio_info_present_flag value shall be set to 1. 
- The aspect_ratio_idc value shall be set to 1 indicating a square pixel format.

2.8.2 CMAF
Clause B.3.3.4.2
aspect_ratio_info_present_flag shall be set to 1.

2.8.3 Comments
3GPP only allows square pixels for HD and UHD formats, no indication on CMAF
2.9 Video Full range in VUI

2.9.1 3GPP TS 26.116

Silent
2.9.2 CMAF
Clauses B.5.3.3.2; B.5.4.3.2
— video_full_range_flag shall be set to 0.

2.9.3 Comments

CMAF only restrict the value for SD legacy and Interlace, no problem then
2.10 colour parameter information in VUI

2.10.1 3GPP TS 26.116

Clause 4.5.1.5
 - video_signal_type_present_flag value and colour_description_present_flag value shall be set to 1. 

2.10.2 CMAF
Clause B.3.3.4.2
colour_description_present_flag shall be set to 1.

2.10.3 Comments
Aligned, video signal type is inferred to be 1 in CMAF as it is necessary to convey colour charasteristics and the full range flag.

2.11 colour parameters

2.11.1 3GPP TS 26.116

Clause 4.5.1.5
The values of colour_primaries, transfer_characteristics and matrix_coeffs are defined in clause 4.5.2.5 for H.265/HEVC 720p HD, in clause 4.5.3.5 for H.265/HEVC Full HD, in clause 4.5.4.5 for H.265/HEVC UHD, in clause 4.5.5.5 for H.265/HEVC Full HD HDR and in clause 4.5.6.5 for H.265/HEVC UHD HDR Operation Points.

2.11.2 CMAF
Clause B.3.3.4.2
colour_primaries, transfer_characteristics and matrix_coefficients shall be set to one of the values permitted for the media profile (see Table B.1).
2.11.3 Comments
Need to check 3GPP operating points and CMAF profiles in details.
NOTE for CMAF on Table B.1: correct syntax element in HEVC is matrix_coeffs, not matrix_coefficients as in AVC.

2.11.4 720p
2.11.4.1 3GPP TS 26.116

Clause 4.5.2.5 
The colour_primaries value, the transfer_characteristics value and the matrix_coeffs value in the Video Usability Information shall all be set to 1.

2.11.4.2 CMAF
N/A
2.11.4.3 Comments
No 720p configuration in CMAF
2.11.5 Full HD
2.11.5.1 3GPP TS 26.116

Clause 4.5.3.5 
BT.709 [3] shall be signalled by setting colour_primaries to the value 1, transfer_characteristics to the value 1 and matrix_coeffs to the value 1.
- BT.2020 [4] shall be signalled by setting colour_primaries to the value 9, transfer_characteristics to the value 14 and matrix_coeffs to the value 9.

2.11.5.2 CMAF
Table B.1
HHD8 Full HD 8bit
HHD10 Full HD 10bit
colour_primaries = 1, transfer_characteristics = 1 and matrix_coeffs= 1.

2.11.5.3 Comments
Aligned on BT.709 / not aligned on BT.2020
2.11.6 UHD
2.11.6.1 3GPP TS 26.116

Clause 4.5.4.5 
- BT.2020 [4] shall be signalled by setting colour_primaries to the value 9, transfer_characteristics to the value 14 and matrix_coeffs to the value 9.

2.11.6.2 CMAF
Table B.1
UHD8 UHD 8bit
colour_primaries = 1, transfer_characteristics = 1 and matrix_coeffs= 1.
UHD10 UHD 10bit
colour_primaries = 1, transfer_characteristics = 1 and matrix_coeffs= 1. for BT.709
colour_primaries = 9, transfer_characteristics =14 and matrix_coeffs = 9. for BT.2020

2.11.6.3 Comments

No UHD 8bit in 3GPP; 
No UHD10bits  in BT.709 in 3GPP
Aligned for UHD 10 bits in BT.2020
2.11.7 Full HD HDR
2.11.7.1 3GPP TS 26.116

Clause 4.5.5.5 
- colour_primaries shall be set to the value 9,
- transfer_characteristics shall be set to the value 16,
- matrix_coeffs shall be set to the value 9.
2.11.7.2 CMAF
N/A

2.11.7.3 Comments
No support of HD HDR in CMAF

2.11.8 UHD HDR (PQ)

2.11.8.1 3GPP TS 26.116

Clause 4.5.6.5 
- colour_primaries shall be set to the value 9,
- transfer_characteristics shall be set to the value 16,
- matrix_coeffs shall be set to the value 9.
2.11.8.2 CMAF
Clause Table B.1
HDR10
colour_primaries = 9, transfer_characteristics =16 and matrix_coeffs = 9. 

2.11.8.3 Comments
Aligned. 
2.11.9 FullHD HDR HLG
2.11.9.1 3GPP TS 26.116

Clause 4.5.7.5 
- colour_primaries shall be set to the value 9,
- transfer_characteristics shall be set to either the value 18, or to the value 14. In the latter case, the Bitstream shall also contain the alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI message shall be inserted at each RAP, and its parameter preferred_transfer_characteristics shall be set to the value 18.
- matrix_coeffs shall be set to the value 9.

2.11.9.2 CMAF
N/A

2.11.9.3 Comments
No support of HD HDR in CMAF

2.11.10 UHD HDR HLG

2.11.10.1 3GPP TS 26.116

Clause 4.5.8.5 
colour_primaries shall be set to the value 9,
- transfer_characteristics shall be set to either the value 18, or to the value 14. In the latter case, the Bitstream shall also contain the alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI message shall be inserted at each RAP, and its parameter preferred_transfer_characteristics shall be set to the value 18.
- matrix_coeffs shall be set to the value 9.

2.11.10.2 CMAF
Table B.1
HLG10
colour_primaries = 9, transfer_characteristics =14 or 18 and matrix_coeffs = 9. for BT.2020
2.11.10.3 Comments
Likely to be aligned, 3GPP uses a shall, CMAF a note:
When the HLG OETF function specified by BT.2100 is used, the transfer_characteristics syntax element in the VUI can be set to 14 (BT.2020) and the alternative_transfer_characteristics SEI message ISO/IEC 23008-2 included with the preferred_transfer_characteristics syntax element of that SEI message set to 18 (HLG) to enable both legacy and HDR-capable clients to display the content.

2.11.11 SD legacy / HD interlace / progressive HFR

SD, Interlace, HFR not supported in 3GPP

2.12 Overscan flag in VUI

2.12.1 3GPP TS 26.116

Silent
2.12.2 CMAF
overscan_info_present_flag set to 0
2.12.3 Comments
Do allow overscan in 3GPP? Guess no… not applicable to HD/FullHD/UHD
2.13 Random Access Point Period
2.13.1 3GPP TS 26.116

Clause 4.5.1.2.2
RAPs shall be present in the Bitstream at least once every 5 seconds. It is recommended that RAPs occur in the video Bitstream on average at least every 2 seconds. The time interval between successive RAPs is measured as the difference between their respective decoding time values.
2.13.2 CMAF
Silent

2.13.3 Comments
No RAP period constraint on CMAF ?

2.14 VUI timing information
2.14.1 3GPP TS 26.116

Clause 4.5.1.5
The timing information may be present.
- If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed in clause 4.5.2.6 for H.265/HEVC 720p HD, in clause 4.5.3.6 for H.265/HEVC Full HD, in clause 4.5.4.6 for H.265/HEVC UHD, in clause 4.5.5.6 for H.265/HEVC Full HD HDR and in clause 4.5.6.6 for H.265/HEVC UHD HDR Operation Points. 

Depending on operating point above frame rate shall be: 24; 25; 30; 50; 60; 24/1.001; 30/1.001; 60/1.001 Hz.
The frame rate may be indicated in the VUI by setting vui_time_scale and vui_num_units_in_tick. 

2.14.2 CMAF
Clause B.3.3.4.2
— The values of the following fields should not change throughout a CMAF track.
— vui_time_scale
— vui_num_units_in_tick
2.14.3 Comments

Maybe…
2.15 VUI timing persistency
2.15.1 3GPP TS 26.116

The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
- The frame rate shall not change between two RAPs. fixed_frame_rate_flag value, if present, shall be set to 1.

2.15.2 CMAF
B.3.3.4.2
— The values of the following fields should not change throughout a CMAF track.
— vui_time_scale
— vui_num_units_in_tick

2.15.3 Comments
Fixed frame rate between 2 RAPs in 3GPP, within a CMAF track in CMAF

2.16 HRD parameters
2.16.1 3GPP TS 26.116

Clause 4.5.1.5
The Hypothetical Reference Decoder (HRD) parameters, if present, should be ignored by the Receiver. 

2.16.2 CMAF
Clause B.3.3.4.2
The values of the following fields shall not change throughout a CMAF track and CMAF switching set.
— low_delay_hrd_flag

2.16.3 Comments
HRD parameters ignored in 3GPP

2.17 Profile/tier/level
2.17.1 720p
2.17.1.1 3GPP TS 26.116

Clause 4.5.2.2 
- The general_profile_idc shall be set to 1 indicating the Main profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 93 (corresponding to the Level 3.1) and should indicate the lowest level to which the Bitstream conforms.
2.17.1.2 CMAF
N/A
2.17.1.3 Comments
No 720p configuration in CMAF
2.17.2 Full HD
2.17.2.1 3GPP TS 26.116

Clause 4.5.3.2 
- The general_profile_idc shall be set to 2 indicating the Main10 profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 123 (corresponding to the Level 4.1) and should indicate the lowest level to which the Bitstream conforms.

2.17.2.2 CMAF
Table B.1 
HHD8: Main profile, Main Tier, Level 4.1
HHD10: Main10 profile, Main Tier, Level 4.1
2.17.2.3 Comments
alignment with HHD10

no support of HHD8
2.17.3 UHD
2.17.3.1 3GPP TS 26.116

Clause 4.5.4.2 
- The general_profile_idc shall be set to 2 indicating the Main-10 profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 153 (corresponding to the Level 5.1) and should indicate the lowest level to which the Bitstream conforms.

2.17.3.2 CMAF
Table B.1 
UHD8: Main profile, Main Tier, Level 5
UHD10: Main10 profile, Main Tier, Level 5.1

2.17.3.3 Comments
alignment with UHD10
no support for UHD 8 bit in 3GPP
2.17.4 Full HD HDR PQ

2.17.4.1 3GPP TS 26.116

Clause 4.5.5.2 
- The general_profile_idc shall be set to 2 indicating the Main-10 profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 123 (corresponding to the Level 4.1) and should indicate the lowest level to which the Bitstream conforms.

2.17.4.2 CMAF
N/A

2.17.4.3 Comments
No support of HD HDR in CMAF

2.17.5 UHD HDR PQ

2.17.5.1 3GPP TS 26.116

Clause 4.5.6.2 
- The general_profile_idc shall be set to 2 indicating the Main-10 profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 153 (corresponding to the Level 5.1) and should indicate the lowest level to which the Bitstream conforms.
2.17.5.2 CMAF
Table B.1 
HDR10: Main10 profile, Main Tier, Level 5.1

2.17.5.3 Comments
Alignment

2.17.6 Full HD HDR HLG
2.17.6.1 3GPP TS 26.116

Clause 4.5.7.2 
- The general_profile_idc shall be set to 2 indicating the Main-10 profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 123 (corresponding to the Level 4.1) and should indicate the lowest level to which the Bitstream conforms.

2.17.6.2 CMAF
N/A
2.17.6.3 Comments
No support of HD HDR in CMAF

2.17.7 UHD HDR HLG
2.17.7.1 3GPP TS 26.116

Clause 4.5.8.2
- The general_profile_idc shall be set to 2 indicating the Main-10 profile.
- The general_tier_flag shall be set to 0 indicating the Main tier.
- The value of level_idc shall not be greater than 153 (corresponding to the Level 5.1) and should indicate the lowest level to which the Bitstream conforms.

2.17.7.2 CMAF
Table B.1 
HLG10: Main10 profile, Main Tier, Level 5.1
2.17.7.3 Comments
Alignment
2.17.8 SD legacy / HD Interlace / HFR
No support for SD/Interlace/HFR in 3GPP

2.18 Spatial resolutions
2.18.1 3GPP TS 26.116

Depending on the operating point:
The spatial resolution of the distribution format shall be one of the following: 
- 1280 × 720, 
- 960 × 540, 
- 854 × 480, 
- 640 × 360,
- 426 × 240.

In addition for FullHD operating points:
- 1920 × 1080, 
- 1600 × 900, 

In addition for UHD operating points:
3840 × 2160, 
- 3200 × 1800, 
- 2560 × 1440, 

2.18.2 CMAF
Silent

2.18.3 Comments
All spatial resolutions allowed within profile/level limits in CMAF

2.19 HDR colour and dynamic range indication
2.19.1 HLG

2.19.1.1 3GPP TS 26.116

alternative_transfer_characteristics SEI message for HLG
2.19.1.2 CMAF
Clause B.2.4
video captured or colour graded with characteristics other than BT.709 defaults should include one or more SEI NALs with additional transfer characteristics or colour volume information stored in the HEVCDecoderConfigurationRecord to enable colour and dynamic range calibration during decoder and display initialization. This may include the following SEI messages specified in ISO/IEC 23008-2:2015, Annex D: — SEI payloadType 147, alternative_transfer_characteristics.
2.19.1.3 Comments
SEI messages in the bitstream in 3GPP 
SEI messages in HEVCDecoderConfigurationRecord in CMAF

2.19.2 PQ

2.19.2.1 3GPP TS 26.116

Clause 4.5.5.7.2; 4.5.5.7.3; 4.5.6.7.2; 4.5.6.7.3

Mastering display colour volume and Content light level SEI messages, may be present in the bitstream 
2.19.2.2 CMAF
Clause B.2.4
video captured or colour graded with characteristics other than BT.709 defaults should include one or more SEI NALs with additional transfer characteristics or colour volume information stored in the HEVCDecoderConfigurationRecord to enable colour and dynamic range calibration during decoder and display initialization. This may include the following SEI messages specified in ISO/IEC 23008-2:2015, Annex D:
— SEI payloadType 137, mastering_display_colour_volume;
— SEI payloadType 144, content_light_level_info;
2.19.2.3 Comments
SEI messages in the bitstream in 3GPP 
SEI messages in HEVCDecoderConfigurationRecord in CMAF
3GPP defines default values when not present or unknown.

2.20 SL-HDR
2.20.1 3GPP TS 26.116

Not supported
2.20.2 CMAF
Clause B.2.4
Alternative transfer characteristics in an SL_HDR SEI message can be used to optimize rendering of PQ or HLG or video on high dynamic range/wide colour gamut displays while using SPS signalled SDR/BT.709 rendering on standard range displays.

2.20.3 Comments
SL-HDR not supported in 3GPP

3. 
Conclusion
It is proposed to consider this preliminary analysis into account in the identification of potential discrepancies between 3GPP TV profiles and CMAF HEVC Media profiles, should they represent an issue for 3GPP services deployments.
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