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Introduction
During SA#103 the new work item on “Video Operating Points - Harmonization and Stereo MV-HEVC” was approved in SP-240060. This document provides the corresponding up to date work plan. The objectives of this work are to:
1. Harmonize and include as needed all the SA4 video operating points, such as Video profiles Operation Points, Video Operation Points, video encode and decode capabilities etc., which are currently scattered in various SA4 specifications (e.g. TS 26.116, TS 26.118, TS 26.119, TS 26.143, and TS 26.511), into a new specification that will be home to all such video operating points and upgrade HEVC-based levels based on industry practices.
2. Define the MV-HEVC capability in this new specification.
3. Then add and harmonize stereoscopic MV-HEVC (potentially with auxiliary information, e.g. alpha channels) encode/decode operating points, capabilities, streaming (e.g. CMAF, DASH) and transport aspects for:
a. 5G-media streaming profiles, codecs, and formats (TS 26.511)
b. Media capabilities for AR devices (TS 26.119)
c. Video messaging media profiles (TS 26.143)
4. Perform the above work in coordination with related SDOs and industrial fora such as MPEG, DASH-IF, CTA-WAVE, and IETF, and by referencing the related specifications, e.g. the Common Media Application Format (CMAF) and the ISO base media file format (ISOBMFF), among others.
To initiate the work on bullet point 1, this contribution collects the currently defined video capabilities scattered in various SA4 specifications and identify commonalities and principles.
Search
2.1	Search Tool
A search was carried out on Rel-17 and Rel-18 26 series specifications and Rel-18 drafts using the open source tool DocFetcher[footnoteRef:2] with the key words as listed in the Header on April 2, 2024. [2:  http://docfetcher.sourceforge.net/en/index.html] 

The results on where the relevant key words are found is provided below. 
Note that TRs and other documents are excluded. Note that if a Rel-18 specification exists, the Rel-17 specification is excluded.
2.2	H.264
Specifications\Rel-17\26_series\26111-h00.zip\26111-h00.doc
Specifications\Rel-17\26_series\26116-h00.zip\26116-h00.doc
Specifications\Rel-18\26_series\26223-i00.zip\26223-i00.docx
Specifications\Rel-17\26_series\26281-h00.zip\26281-h00.doc
Specifications\Rel-18\26_series\26140-i00.zip\26140-i00.docx
Specifications\Rel-18\26_series\26244-i00.zip\26244-i00.docx
Drafts\26522-040.zip\26522-040_clean.docx
Specifications\Rel-18\26_series\26511-i10.zip\26511-i10.docx
Specifications\Rel-18\26_series\26118-i00.zip\26118-i00.docx
Specifications\Rel-18\26_series\26114-i60.zip\26114-i60.docx
Specifications\Rel-17\26_series\26234-h00.zip\26234-h00.doc
Drafts\26119-200.zip\26119-200.zip\26119-200.docx
Specifications\Rel-17\26_series\26346-h40.zip\26346-h40.docx
Specifications\Rel-18\26_series\26141-i00.zip\26141-i00.docx
Specifications\Rel-18\26_series\26247-i00.zip\26247-i00.docx
2.3	H.265
Specifications\Rel-17\26_series\26116-h00.zip\26116-h00.doc
Specifications\Rel-18\26_series\26118-i00.zip\26118-i00.docx
Specifications\Rel-17\26_series\26281-h00.zip\26281-h00.doc
Specifications\Rel-18\26_series\26511-i10.zip\26511-i10.docx
Drafts\26522-040.zip\26522-040_clean.docx
Specifications\Rel-18\26_series\26223-i00.zip\26223-i00.docx
Specifications\Rel-18\26_series\26244-i00.zip\26244-i00.docx
Specifications\Rel-18\26_series\26140-i00.zip\26140-i00.docx
Specifications\Rel-17\26_series\26234-h00.zip\26234-h00.doc
Specifications\Rel-18\26_series\26114-i60.zip\26114-i60.docx
Specifications\Rel-18\26_series\26141-i00.zip\26141-i00.docx
Drafts\26119-200.zip\26119-200.zip\26119-200.docx
Specifications\Rel-18\26_series\26143-i00.zip\26143-i00.docx
Specifications\Rel-17\26_series\26346-h40.zip\26346-h40.docx
Specifications\Rel-17\26_series\26238-h00.zip\26238-h00.docx
2.4	Summary
Table 2.4-1 provides a summary of the each and affected Technical Specifications and reports that include references to H.264/AVC and H.265/HEVC video codecs.
	Specification
	Name
	Rel
	H.264
	H.265

	TS 26.111
	Codec for circuit switched multimedia telephony service; Modifications to H.324	
	17
	X
	

	[bookmark: _Hlk163040021]TS 26.114 
	IP Multimedia Subsystem (IMS); Multimedia telephony; Media handling and interaction	
	18
	X
	X

	TS 26.116
	Television (TV) over 3GPP services; Video profiles	
	17
	X
	X

	TS 26.118
	Virtual Reality (VR) profiles for streaming applications	
	18
	X
	X

	TS 26.119
	Media Capabilities for Augmented Reality	
	18
	X
	X

	TS 26.140
	Multimedia Messaging Service (MMS); Media formats and codecs	
	18
	X
	X

	TS 26.141
	IP Multimedia System (IMS) Messaging and Presence; Media formats and codecs	
	18
	X
	X

	TS 26.143
	Messaging Media profiles	
	18
	
	X

	TS 26.223
	Telepresence using the IP Multimedia Subsystem (IMS); Media handling and interaction	
	18
	X
	X

	TS 26.234
	Transparent end-to-end Packet-switched Streaming Service (PSS); Protocols and codecs
	17
	X
	X

	TS 26.238
	Uplink streaming	
	17
	
	X

	TS 26.244
	Transparent end-to-end packet switched streaming service (PSS); 3GPP file format (3GP)	
	18
	X
	X

	TS 26.247
	Transparent end-to-end Packet-switched Streaming Service (PSS); Progressive Download and Dynamic Adaptive Streaming over HTTP (3GP-DASH)	
	18
	X
	

	TS 26.281
	Mission Critical Video (MCVideo); Codecs and media handling	
	17
	X
	X

	TS 26.346
	Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs	
	17
	X
	X

	TS 26.511
	5G Media Streaming (5GMS); Profiles, codecs and formats	
	18
	X
	X

	TS 26.522
	5G Real-time Media Transport Protocol Configurations	
	18
	X
	X


2.5	Initial Conclusions
Based on the summary above, in the following the focus is on the H.265/HEVC video capabilities that are documented in the following specifications
· TS 26.114 IP Multimedia Subsystem (IMS); Multimedia telephony; Media handling and interaction	
· TS 26.116 Television (TV) over 3GPP services; Video profiles
· TS 26.118 Virtual Reality (VR) profiles for streaming applications
· TS 26.119 Media Capabilities for Augmented Reality
· TS 26.143 Messaging Media profiles
· TS 26.511 5G Media Streaming (5GMS); Profiles, codecs and formats
Codec Capabilities
3.1	TS 26.116
3.1.1	Definitions
Bitstream: A media bitstream that conforms to a video encoding format and certain Operation Point.
Operation Point: A collection of discrete combinations of different content formats including spatial and temporal resolutions, colour mapping, transfer functions, etc. and the encoding format.
Receiver: A receiver that can decode and render any bitstream that is conforming to a certain Operation Point.
3.1.2	General requirements on video profile Operation Points
The following requirements apply to video profile Operation Points:
-	16:9 picture aspect ratio shall be used. 3GPP UEs with display aspect ratio different from 16:9 and supporting the TV services over 3GPP are, by default, assumed to display the video in letter-box or pillarbox modes, depending on the screen size and orientation.
-	Y'CbCr (non-constant luminance) as the Chroma Format should be used.
-	4:2:0 chroma sub-sampling shall be used.
-	The following spatial resolutions should be used for: 
-	Operation Points (for video intended to be viewed in full-screen mode): 7680 × 4320, 5120 × 2880, 3840 × 2160, 1920 × 1080 and 1280 × 720.
-	Distribution formats: 7680 × 4320, 5120 × 2880, 3840 × 2160, 3200 × 1800, 2560 × 1440, 1920 × 1080, 1600 × 900, 1280 × 720, 960 × 540, 854 × 480, 640 × 360, 426 × 240.
NOTE 1:	Distribution formats within an Operation Point do not exceed the native resolution of the Operation Point, but they may be subsampled in order to optimize distribution or adapt to the viewing conditions.
-	The following frame rates should be used depending on the Operation Point: 24; 25; 30; 50 and 60Hz. The following fractional frame rates may be used: 24/1.001, 30/1.001, 60/1.001 (Hz). Frame rates are not associated to any particular spatial resolution.
-	The following colour space formats may be used depending on the Operation Point: ITU-R BT.709 [3] and ITU-R BT.2020 [4]. If no signal is provided for the colour space, BT.709 [3] should be assumed as default colour space. Receiving devices should support BT.2020 [4] signaling and provide an appropriate mapping of the signal to the supported colour space of the device. Colour spaces are not associated to any particular spatial resolution.
-	The following transfer characteristics may be used depending on the Operation Point: ITU-R BT.709 [3] and ITU-R BT.2020 [4] non-constant luminance transfer characteristics or the electro-optical transfer function as defined in Recommendation ITU‑R BT.2100 [11], either for the Perceptual Quantization (PQ) system, or for the Hybrid Log Gamma (HLG) system.
NOTE 2:	Although ITU-R BT.2020 is originally only recommended for 2160p/4320p resolution, this 3GPP specification recommends that BT.2020 be supported irrespective of the resolution to keep the colour space consistent across resolutions.
-	The Random Access Point period shall be less than or equal to 5 seconds, should be less than or equal to 2 seconds and may be less than or equal to 0.5 second for H.264/AVC [5] and 1 second for H.265/HEVC [6] for specific service requirements such as fast channel change or fast access to the bitstream.
-	Bit depth:	Either 8 or 10 bits shall be used depending on the Operation Point.
3.1.3	Video Operation Points and Codecs
	Operation Point name
	Resolution Format
	Codec type, profile and level

	H.264/AVC 720p HD
	1280 × 720
	AVC/H.264 Progressive High Profile Level 3.1

	HEVC/H.265 720p HD
	1280 × 720
	HEVC/H.265 Main Profile Main Tier Level 3.1

	H.264/AVC Full HD
	1920 × 1080
	AVC/H.264 Progressive High Profile Level 4.2

	HEVC/H.265 Full HD
	1920 × 1080
	HEVC/H.265 Main-10 Profile Main Tier Level 4.1

	HEVC/H.265 UHD
	3840 × 2160
	HEVC/H.265 Main-10 Profile Main Tier Level 5.1

	HEVC/H.265 Full HD HDR
	1920 x 1080
	HEVC/H.265 Main-10 Profile Main Tier Level 4.1

	HEVC/H.265 UHD HDR
	3840 x 2160
	HEVC/H.265 Main-10 Profile Main Tier Level 5.1

	HEVC/H.265 Full HD HDR HLG
	1920 x 1080
	HEVC/H.265 Main-10 Profile Main Tier Level 4.1

	HEVC/H.265 UHD HDR HLG
	3840 x 2160
	HEVC/H.265 Main-10 Profile Main Tier Level 5.1

	HEVC/H.265 8K UHD
	7680 x 4320
	HEVC/H.265 Main-10 Profile Main Tier Level 6.1



[bookmark: _Toc532319877][bookmark: _Toc99462089]3.1.4	Common requirements and recommendations for H.265/HEVC Operation Points
[bookmark: _Toc532319878][bookmark: _Toc99462090]4.5.1.1	General
The video Bitstream and Receiver shall conform to Recommendation ITU-T H.265 / ISO/IEC 23008-2 [6] with the restrictions described in this clause. H.265/HEVC Bitstreams and Receivers shall support some parts of the "Video usability information (VUI)" syntax elements as specified in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [6], annex E. which values are defined in this clause. 
[bookmark: _Toc532319879][bookmark: _Toc99462091]4.5.1.2	Random access point
[bookmark: _Toc532319880][bookmark: _Toc99462092]4.5.1.2.1	Definition
An H.265/HEVC random access point (RAP) is defined as an access unit in an H.265/HEVC Bitstream at which a Receiver can begin decoding the video bitstream successfully. This access unit shall include an AU delimiter NAL unit, only one Video Parameter Set (that is active), only one Sequence Parameter Set (that is active) including the VUI and the Picture Parameter Set that is required for decoding the associated picture. The access unit shall contain an IRAP picture or an I picture, as defined in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [6]. 
[bookmark: _Toc532319881][bookmark: _Toc99462093]4.5.1.2.2	Random access point period
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.
[bookmark: _Toc532319882][bookmark: _Toc99462094]4.5.1.3	Video parameter set
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 [6].
NOTE 1:	The content of VPS may be used in future Operation Points.
NOTE 2: CMAF requires that each HEVC video media sample in the CMAF track references the VPS in the CMAF header sample entry and that a VPS does not change within CMAF tracks or between CMAF tracks in a CMAF switching set.
[bookmark: _Toc532319883][bookmark: _Toc99462095]4.5.1.4	Sequence parameter set
The following restrictions apply to the active Sequence Parameter Set (SPS):
-	The Video Usability Information (VUI) shall be present in the active Sequence Parameter Set. The vui_parameters_present_flag shall be set to 1 and the constraints defined in clause 4.5.1.5 for the VUI shall apply.
-	The chroma sub-sampling shall be 4:2:0, chroma_format_idc value shall be set to 1.
NOTE: CMAF implicitly requires this as a requirement from its HEVC media profiles.
-	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.
-	Only 2D contents are required to be supported, i.e.
-	The general_non_packed_constraint_flag shall be set to 1.
Receivers conforming to any of the H.265/HEVC Operation Points shall only support Bitstreams with the restrictions on the SPS defined above. 
[bookmark: _Toc532319884][bookmark: _Toc99462096]4.5.1.5	Video usability information
The aspect ratio information shall be present, i.e.
-	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.
The colour parameter information shall be present, i.e. 
-	video_signal_type_present_flag value and colour_description_present_flag value shall be set to 1. 
NOTE:	CMAF does not require setting the above flags.-	The values of colour_primaries, transfer_characteristics and matrix_coeffs are defined individually for each operation point.
Only video range signals shall be used, i.e.
-	The video_full_range_flag shall be set to 0.
No overscan signnalling shall be present, i.e. 
- the overscan_info_present_flag shall be set to 0
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 for each operation point. 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.
NOTE 1:	In 3GPP PSS and MBMS User services, the Receiver observes the timing at the system level, and ignores the timing information in the video Bitstream.
NOTE 2: 	CMAF does recommend to not change the frame rate within an entire CMAF track. 
There are no requirements on output timing conformance for H.265/HEVC decoding (Annex C of [6]). The Hypothetical Reference Decoder (HRD) parameters, if present, should be ignored by the Receiver. 
3.2	TS 26.511
3.2.1	Decoding Capabilities
The following H.265 (HEVC) media decoding capabilities are defined:
-	HEVC-HD-Dec: the capability to decode H.265 (HEVC) Main Profile, Main Tier, Level 3.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
-	HEVC-FullHD-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 4.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
-	HEVC-UHD-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 5.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
-	HEVC-8K-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 6.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1 with the following further limitations:
-	the bitstream does not exceed the maximum luma picture size in samples of 33,554,432,
[bookmark: _MCCTEMPBM_CRPT56810013___7]-	the maximum VCL Bit Rate is constrained to be 80 Mbps with CpbVclFactor and CpbNalFactor being fixed to be 1000 and 1100, respectively.
[bookmark: _CR4_2_2_2][bookmark: _Toc162445877]3.2.2	Encoding Capabilities
The following H.265 (HEVC) media encoding capabilities are defined:
-	HEVC-HD-Enc: the capability to encode a video signal with 
-	up to 33,177,600 luma samples per second; 
-	up to a luma picture size of 983,040 samples; 
-	up to 120 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being 8 bit;
	to a bitstream that is decodable by a decoder that is HEVC-HD-Dec capable as defined in clause 4.2.2.1.
-	HEVC-FullHD-Enc: the capability to encode a video signal with 
-	up to 133,693,440 luma samples per second; 
-	up to a luma picture size of 2,228,224 samples; 
-	up to 240 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being either 8 or 10 bit;
	to a bitstream that is decodable by a decoder that is HEVC-FullHD-Dec capable as defined in clause 4.2.2.1.
-	HEVC-UHD-Enc: the capability to encode a video signal with 
-	up to 534,773,760 luma samples per second; 
-	up to a luma picture size of 8,912,896 samples; 
-	up to 480 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being either 8 or 10 bit;
	to a bitstream that is decodable by a decoder that is HEVC-UHD-Dec capable as defined in clause 4.2.2.1.
3.3	TS 26.119
[bookmark: _Toc134709898][bookmark: _Toc159950478]3.3.1	Decoding capabilities
[bookmark: _Toc130832417][bookmark: _Toc132137251][bookmark: _Toc134709899][bookmark: _Toc159950479]3.3.1.2	Single decoder instance
The following video decoding capabilities are defined:
-	AVC-FullHD-Dec: the capability to decode H.264 (AVC) Progressive High Profile Level 4.0 [7] bitstreams.
-	AVC-UHD-Dec: the capability to decode H.264 (AVC) Progressive High Profile Level 5.1 [7] bitstreams with the following additional requirements:
-	the maximum VCL Bit Rate is constrained to be 120 Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively; and,
-	the bitstream does not contain more than 10 slices per picture.
-	AVC-8K-Dec: the capability to decode H.264 (AVC) Progressive High Profile Level 6.1 [7] bitstreams with the following requirements:
-	the maximum VCL Bit Rate is constrained to be 120 Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively; and,
-	the bitstream does not contain more than 16 slices per picture.
-	the bitstream shall not include horizontal motion vector component values that exceed the range from −2048 to 2047, inclusive, or that have vertical motion vector component values that exceed the range from −512 to 511, inclusive, in units of ¼ luma sample displacement. This constraint should be indicated by using values of log2_max_mv_length_horizontal less than or equal to 11 and values of log2_max_mv_length_vertical less than or equal to 9.
-	HEVC-FullHD-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 4.1 [8] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1 and general_frame_only_constraint_flag equal to 1.
-	HEVC-UHD-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 5.1 [8] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1 and general_frame_only_constraint_flag equal to 1.
-	HEVC-8K-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 6.1 [8] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1 with the following additional requirements:
-	the bitstream does not exceed the maximum luma picture size in samples of 33,554,432; and,
-	the maximum VCL Bit Rate is constrained to be 80 Mbps with CpbVclFactor and CpbNalFactor being fixed to be 1000 and 1100, respectively.
[bookmark: _Toc130832419][bookmark: _Toc132137253][bookmark: _Toc134709900][bookmark: _Toc159950480]3.3.1.2	Concurrent decoding capabilities
[bookmark: _Toc159950481]3.3.1.2.1	Definition
Concurrent video decoder instances are defined as follows.
For N video bitstreams encoded according to a video codec profile, decoding units flow into the coded picture buffer (CPB) for each stream according to a specified arrival schedule and are delivered by the common Hypothetical Stream Scheduler (HSS) that schedules the N bitstreams for decoding each of the units. For each access unit
-	all data associated with an access unit is removed and decoded instantaneously by the instantaneous decoding process at CPB removal time of the access unit.
-	Each decoded picture is placed in the Decoded Picture Buffer (DPB) for being referenced by the decoding process of this stream as well as for output and cropping. 
-	A decoded picture is removed from the DPB at the time that it becomes no longer needed for inter-prediction reference as well as the output time of the access unit is the largest of all decoded pictures remaining in the group of N decoders
Then at any point time, 
-	each of the individual streams conforms to the signaled profile/level/tier and HRD parameters of the individual stream.
-	The sum of the CPB size conforms to common profile/level/tier signaling
-	The aggregate decoder processing speed (samples per seconds) conforms to common profile/level/tier signaling. 
-	The sum of the DPB size conforms to common profile/level/tier signaling
-	The common DPB size conforms to common profile/level/tier signaling
A set of N concurrent decoder instances conforms to a given capabilities (defined in clause 7.1.2.2), if a set of up to N bitstreams encoded to be decodable by the HRD above, is decodable within the timing limits.
[bookmark: _Toc159950482]3.3.1.2.2	Capabilities
Based on the definition in clause 7.1.2.1, the following capabilities are defined:
-	AVC-FullHD-Dec-2: The capability of supporting up to two (N=2) concurrent decoder instances with the aggregate capabilities of AVC-FullHD-Dec.
-	AVC-UHD-Dec-4: The capability of supporting up to four (N=4) concurrent decoder instances with the aggregate capabilities of AVC-UHD-Dec.
-	HEVC-UHD-Dec-4: The capability of supporting up to four (N=4) concurrent decoder instances with the aggregate capabilities of HEVC-UHD-Dec.
-	UHD-Dec-4: The capability supporting up to four (N=4) concurrent decoder instances with either:
-	the aggregate capabilities of AVC-UHD-Dec-4;
-	the aggregate capabilities of HEVC-UHD-Dec-4; or,
-	the capability of decoding up to 4 bitstreams for which each bitstream does not exceed the capability of being decodable either with AVC-FullHD-Dec or HEVC-FullHD-Dec.
-	AVC-8K-Dec-8: The capability of supporting up to eight (N=8) concurrent decoder instances with the aggregate capabilities of AVC-8K-Dec.
-	HEVC-8K-Dec-8: The capability of supporting up to eight (N=8) concurrent decoder instances with the aggregate capabilities of HEVC-8K-Dec.
-	8K-Dec-8: The capability supporting up to eight (N=8) concurrent decoder instances with either:
-	the aggregate capabilities of AVC-8K-Dec-8;
-	the aggregate capabilities of HEVC-8K-Dec-8; or,
-	the capability of decoding up to:
-	eight bitstreams for which each bitstream does not exceed the capability of being decodable either with AVC-FullHD-Dec or HEVC-FullHD-Dec; or,
-	four bitstreams for which each bitstream does not exceed the capability of being decodable either with AVC-UHD-Dec or HEVC-UHD-Dec.
[bookmark: _Toc134709901][bookmark: _Toc159950483]3.3.2	Encoding capabilities
[bookmark: _Toc159950484][bookmark: _Toc130832418][bookmark: _Toc132137252][bookmark: _Toc134709902]3.3.2.1	Single encoder instance 
The following video encoding capabilities are defined:
-	AVC-FullHD-Enc: the capability to encode a video signal to a bitstream that is decodable by a decoder that is AVC-FullHD-Dec capable as defined in clause 7.1.1.1 with the following additional constraints:
-	up to 245,760 macroblocks per second; 
-	up to a frame size of 8,192 macroblocks; 
-	up to 240 frames per second; 
-	the chroma format being 4:2:0; and
-	the bit depth being 8 bit;
-	HEVC-FullHD-Enc: the capability to encode a video signal to a bitstream that is decodable by a decoder that is HEVC-FullHD-Dec capable as defined in clause 7.1.1 with the following additional constraints:
-	up to 133,693,440 luma samples per second; 
-	up to a luma picture size of 2,228,224 samples; 
-	up to 240 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being either 8 or 10 bit;
-	HEVC-UHD-Enc: the capability to encode a video signal to a bitstream that is decodable by a decoder that is HEVC-UHD-Dec capable as defined in clause 7.1.1 with the following additional constraints:
-	up to 534,773,760 luma samples per second; 
-	up to a luma picture size of 8,912,896 samples; 
-	up to 480 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being either 8 or 10 bit;
3.4	TS 26.119
[bookmark: _Toc157685479][bookmark: _Toc159940543]3.4.1	Player and Decoding capabilities
The capability 26143_VIDEO_AVC-HD is defined as the capability of playing back (decoding and rendering) a file that  
-	is decodable by a decoder capable of the AVC-HD-Dec decoding capabilities as defined in clause 4.2.1.1 of TS 26.511 [4],
-	is encapsulated in an ISO BMFF Track [14] conforming with the requirements of the sample entry 'avc1' as defined in ISO/IEC 14496-15 [15], 
-	is contained in a 3GP file that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2. 
In the context of this specification, the media type for files with this capability 26143_VIDEO_AVC-HD shall be signalled with video/mp4, profile="3gp9" codecs="avc1.640028" or an equivalently compatible media type.
The capability 26143_VIDEO_AVC-FullHD is defined as the capability of playing back (decoding and rendering) a file that  
-	is decodable by a decoder capable of the AVC-FullHD-Dec decoding capabilities as defined in clause 4.2.1.1 of TS 26.511 [4],
-	is encapsulated in an ISO BMFF Track [14] conforming with the requirements of the sample entry 'avc1' as defined in ISO/IEC 14496-15 [15], 
-	is contained in a 3GP file that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
In the context of this specification, the media type for files with this capability 26143_VIDEO_AVC-FullHD shall be signalled with video/mp4, profile="3gp9" codecs="avc1.640029" or an equivalently compatible media type. 
The capability 26143_VIDEO_HEVC-HD is defined as the capability of playing back (decoding and rendering) a file that  
-	is decodable by a decoder capable of the HEVC-HD-Dec decoding capabilities as defined in clause 4.2.2.1 of TS 26.511 [4],
-	is encapsulated in an ISO BMFF Track [14] conforming with the requirements of the sample entry 'hvc1' as defined in ISO/IEC 14496-15 [15], 
-	is contained in a 3GP file that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
In the context of this specification, the media type for files with this capability 26143_VIDEO_HEVC-HD shall be signalled with video/mp4, profile="3gp9" codecs="hvc1.1.2.L93.B0" or an equivalently compatible media type. 
The capability 26143_VIDEO_HEVC-FullHD is defined as the capability of playing back (decoding and rendering) a file that  
-	is decodable by a decoder capable of the HEVC-FullHD-Dec decoding capabilities as defined in clause 4.2.2.1 of TS 26.511 [4],
-	is encapsulated in an ISO BMFF Track [14] conforming with the requirements of the sample entry 'hvc1' as defined in ISO/IEC 14496-15 [15], 
-	is contained in a 3GP file that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
In the context of this specification, the media type for files with this capability 26143_VIDEO_HEVC-FullHD shall be signalled with video/mp4, profile="3gp9" codecs="hvc1.2.4.L123.B0" or an equivalently compatible media type. 
The capability 26143_VIDEO_HEVC-UHD is defined as the capability of playing back (decoding and rendering) a file that  
-	is decodable by a decoder capable of the HEVC-UHD-Dec decoding capabilities as defined in clause 4.2.2.1 of TS 26.511 [4],
-	is encapsulated in an ISO BMFF Track [14] conforming with the requirements of the sample entry 'hvc1' as defined in ISO/IEC 14496-15 [15], 
-	is contained in a 3GP file that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
In the context of this specification, the media type for files with this capability 26143_VIDEO_HEVC-UHD shall be signalled with video/mp4, profile="3gp9" codecs="hvc1.2.4.L153.B0" or an equivalently compatible media type. 
NOTE: 	In the absence of knowledge of detailed capabilities, 16:9 and 9:16 image formats are preferably used.
[bookmark: _Toc157685480][bookmark: _Toc159940544]3.4.2	MMBP Content Generator capabilities
The capability 26143_VIDEO_ENC_AVC-HD for a content generator is defined as the combination of the following capabilities:
-	the capability to generate a file from a video signal in real-time, such that the file can be played back by a player with the capability 26143_VIDEO_AVC-HD,
-	the AVC-HD-Enc encoding capabilities as defined in clause 4.1.2.2 of TS 26.511 [4] to generate a bitstream from the video signal
-	the capability to generate an ISO BMFF track from the bitstream that conforms with the requirements of the sample entry 'avc1' as defined in ISO/IEC 14496-15 [15].
-	the generation of a 3GP file from the ISO BMFF track that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
-	the provisioning of media type signalling with the generated file using video/mp4, profile="3gp9" codecs=" avc1.640028" or an equivalently compatible media type. 
The capability 26143_VIDEO_ENC_AVC-FullHD for a content generator is defined as the combination of the following capabilities:
-	the capability to generate a file from a video signal in real-time, such that the file can be played back by a player with the capability 26143_VIDEO_AVC-FullHD,
-	the AVC-FullHD-Enc encoding capabilities as defined in clause 4.1.2.2 of TS 26.511 [4] to generate a bitstream from the video signal
-	the capability to generate an ISO BMFF track from the bitstream that conforms with the requirements of the sample entry 'avc1' as defined in ISO/IEC 14496-15 [15].
-	the generation of a 3GP file from the ISO BMFF track that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
-	the provisioning of media type signalling with the generated file using video/mp4, profile="3gp9" codecs=" avc1.640029" or an equivalently compatible media type. 
The capability 26143_VIDEO_ENC_HEVC-HD for a content generator is defined as the combination of the following capabilities:
-	the capability to generate a file from a video signal in real-time, such that the file can be played back by a player with the capability 26143_VIDEO_HEVC-HD,
-	the HEVC-HD-Enc encoding capabilities as defined in clause 4.2.2.2 of TS 26.511 [4] to generate a bitstream from the video signal
-	the capability to generate an ISO BMFF track from the bitstream that conforms with the requirements of the sample entry 'hvc1' as defined in ISO/IEC 14496-15 [15].
-	the generation of a 3GP file from the ISO BMFF track that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
-	the provisioning of media type signalling with the generated file using video/mp4, profile="3gp9" codecs="hvc1.1.2.L93.B0" or an equivalently compatible media type. 
The capability 26143_VIDEO_ENC_HEVC-FullHD for a content generator is defined as the combination of the following capabilities:
-	the capability to generate a file from a video signal in real-time, such that the file can be played back by a player with the capability 26143_VIDEO_HEVC-FullHD,
-	the HEVC-FullHD-Enc encoding capabilities as defined in clause 4.2.2.2 of TS 26.511 [4] to generate a bitstream from the video signal
-	the capability to generate an ISO BMFF track from the bitstream that conforms with the requirements of the sample entry 'hvc1' as defined in ISO/IEC 14496-15 [15].
-	the generation of a 3GP file from the ISO BMFF track that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
-	the provisioning of media type signalling with the generated file using video/mp4, profile="3gp9" codecs="hvc1.2.4.L123.B0" or an equivalently compatible media type. 
The capability 26143_VIDEO_ENC_HEVC-UHD for a content generator is defined as the combination of the following capabilities:
-	the capability to generate a file from a video signal in real-time, such that the file can be played back by a player with the capability 26143_VIDEO_HEVC-UHD,
-	the HEVC-UHD-Enc encoding capabilities as defined in clause 4.2.2.2 of TS 26.511 [4] to generate a bitstream from the video signal
-	the capability to generate an ISO BMFF track from the bitstream that conforms with the requirements of the sample entry 'hvc1' as defined in ISO/IEC 14496-15 [15].
-	the generation of a 3GP file from the ISO BMFF track that conforms to the 26143_CONTAINER_MP4_3GP9 capability as defined in clause 5.2.
-	the provisioning of media type signalling with the generated file using video/mp4, profile="3gp9" codecs="hvc1.2.4.L153.B0" or an equivalently compatible media type.
3.5	TS 26.114
MTSI clients in terminals offering video communication shall support:
-	H.264 (AVC) [24] Constrained Baseline Profile (CBP) Level 1.2;
-	H.265 (HEVC) [119] Main Profile, Main Tier, Level 3.1. The only exception to this requirement is for the MTSI client in constrained terminal offering video communication, in which case the MTSI client in constrained terminal should support H.265 (HEVC) Main Profile, Main Tier, Level 3.1.
In addition, they should support:	
-	H.264 (AVC) [24] Constrained High Profile (CHP) Level 4.0;
-	H.265 (HEVC) [119] Main Profile, Main Tier, Level 4.0.
For backwards compatibility to previous releases, if H.264 (AVC) [24] Constrained High Profile Level 3.1 is supported, then H.264 (AVC) [24] Constrained Baseline Profile (CBP) Level 3.1 should also be offered.
H.264 (AVC) shall be used without requirements on output timing conformance (annex C of [24]). Each sequence parameter set of H.264 (AVC) shall contain the vui_parameters syntax structure including the num_reorder_frames syntax element set equal to 0.
H.265 (HEVC) Main Profile shall be used with general_progressive_source_flag equal to 1, general_interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, general_frame_only_constraint_flag equal to 1, and sps_max_num_reorder_pics[ i ] equal to 0 for all i in the range of 0 to sps_max_sub_layers_minus1, inclusive, without requirements on output timing conformance (annex C of [119]).
For both H.264 (AVC) and H.265 (HEVC), the decoder needs to know the Sequence Parameter Set (SPS) and the Picture Parameter Set (PPS) to be able to decode the received video packets. A compliant H.265 (HEVC) bitstream must include a Video Parameter Set (VPS), although the VPS may be ignored by the decoder in the context of the present specification. When H.264 (AVC) or H.265 (HEVC) is used it is recommended to transmit the parameter sets within the SDP description of a stream, using the relevant MIME/SDP parameters as defined in RFC6184 [25] for H.264 (AVC) and in [120] for H.265 (HEVC), respectively. Each media source (SSRC) shall transmit the currently used parameter sets at least once in the beginning of the RTP stream before being referenced by the encoded video data to ensure that the parameter sets are available when needed by the receiver. If the video encoding is changed during an ongoing session such that the previously used parameter set(s) are no longer sufficient then the new parameter sets shall be transmitted at least once in the RTP stream prior to being referenced by the encoded video data to ensure that the parameter sets are available when needed by the receiver.  When a specific version of a parameter set is sent in the RTP stream for the first time, it should be repeated at least 3 times in separate RTP packets with a single copy per RTP packet and with an interval not exceeding 0.5 seconds to reduce the impact of packet loss. A single copy of the currently active parameter sets shall also be part of the data sent in the RTP stream as a response to FIR. Moreover, it is recommended to avoid using a sequence or picture parameter set identifier value during the same session to signal two or more parameter sets of the same type having different values, such that if a parameter set identifier for a certain type is used more than once in either SDP description or RTP stream, or both, the identifier always indicates the same set of parameter values of that type.
The video decoder in a multimedia MTSI client in terminal shall either start decoding immediately when it receives data, even if the stream does not start with an IDR/IRAP access unit (IDR access unit for H.264, IRAP access unit for H.265) or alternatively no later than it receives the next IDR/IRAP access unit or the next recovery point SEI message, whichever is earlier in decoding order. The decoding process for a stream not starting with an IDR/IRAP access unit shall be the same as for a valid video bit stream. However, the MTSI client in terminal shall be aware that such a stream may contain references to pictures not available in the decoded picture buffer. The display behaviour of the MTSI client in terminal is out of scope of the present document.
An MTSI client in terminal offering H.264 (AVC) CBP support at a level higher than Level 1.2 shall support negotiation to use a lower Level as described in [25] and [58].
An MTSI client in terminal offering H.264 (AVC) CHP support at a level higher than Level 3.1 shall support negotiation to use a lower Level as described in [25] and [58].
An MTSI client in terminal offering video support shall include in the SDP offer H.264 CBP at Level 1.2 or higher.
An MTSI client in terminal offering video support for H.265 (HEVC) [119] Main Profile, Main Tier, Level 3.1, should normally set it to be preferred.
An MTSI client in terminal offering H.265 (HEVC) shall support negotiation to use a lower Level than the one in the offer, as described in [120] and [58].
If a codec is supported at a certain level, then all (hierarchically) lower levels shall be supported as well.
NOTE 1:	An example of a lower level than Level 1.2 is Level 1 for H.264 (AVC) Constrained Baseline Profile.
NOTE 2:	All levels are minimum requirements. Higher levels may be supported and used for negotiation.
NOTE 3:	MTSI clients in terminals may use full-frame freeze and full-frame freeze release SEI messages of H.264 (AVC) to control the display process. For H.265 (HEVC), MTSI clients may set the value of pic_output_flag in the slice segment headers to either 0 or 1 to control the display process.
NOTE 4:	An H.264 (AVC) encoder should code redundant slices only if it knows that the far-end decoder makes use of this feature (which is signalled with the redundant-pic-cap MIME/SDP parameter as specified in RFC 6184 [25]). H.264 (AVC) encoders should also pay attention to the potential implications on end‑to‑end delay. The redundant slice header is not supported in H.265 (HEVC).
NOTE 5:	If a codec is supported at a certain level, it implies that on the receiving side, the decoder is required to support the decoding of bitstreams up to the maximum capability of this level. On the sending side, the support of a particular level does not imply that the encoder will produce a bitstream up to the maximum capability of the level. This method can be used to set up an asymmetric video stream. For H.264 (AVC), another method is to use the SDP parameters ‘level-asymmetry-allowed’ and ‘max-recv-level’ that are defined in the H.264 payload format specification, [25]. For H.265 (HEVC) it is possible to use the SDP parameter ‘max-recv-level-id’ defined in the H.265 payload format specification, [120], to indicate a higher level in the receiving direction than in the sending direction. See also clause 6.2.3.2, Annex A.4.5 for SDP examples with asymmetric video using H.264 (AVC) and Annex A.4.8 for SDP examples with asymmetric video using both H.264 (AVC) and H.265 (HEVC). Other methods for asymmetric video transmission are also possible.
NOTE 6:	If video is used in a session, an MTSI client in terminal should offer at least one video stream with a picture aspect ratio in the range from 0.7 to 1.4. For all offered video streams, the width and height of the picture should be integer multiples of 16 pixels. For example, 224x176, 272x224, and 320x240 are image sizes that satisfy these conditions.
NOTE 7:	For H.264 (AVC) and H.265 (HEVC), respectively, multiple sequence and picture parameter sets can be defined, as long as they have unique parameter set identifiers, but only one sequence and picture parameter set can be active between two consecutive IDRs and IRAPs, respectively.
NOTE 8:	For H.264 (AVC), Constrained High Profile (CHP) Level 3.1 is not required to be supported as it is less bit rate efficient than H.265 (HEVC) Main Profile, Main Tier, Level 3.1.  However, it is recommended for interoperability.
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Table 5.1-1: High-level Summary of Operation Points
	Operation Point name
	Decoder
	Bit depth
	Typical
Original
Spatial
Resolution
	Frame
Rate
	Colour space format
	Transfer
Characteristics
	Projection
	Rotation
	RWP
	Stereo

	Basic H.264/AVC

	H.264/AVC HP@L5.1
	8
	Up to 4k
	Up to 60 Hz
	BT.709
	BT.709
	ERP w/o padding
	No
	No
	No

	Main H.265/HEVC
	H.265/HEVC MP10@L5.1
	8, 10
	Up to 6k in mono and 3k in stereo
	Up to 60 Hz
	BT.709
BT.2020
	BT.709

	ERP w/o padding
	No
	Yes
	Yes

	Flexible H.265/HEVC
	H.265/HEVC MP10@L5.1
	8, 10
	Up to 8k in mono and 3k in stereo
	Up to 120 Hz
	BT.709 
BT.2020
	BT.709, 
BT.2100 PQ, BT.2100 HLG
	ERP w/o padding
CMP
	No
	Yes
	Yes

	Main 8K H.265/HEVC
	H.265/HEVC MP10@L6.1
	10
	Up to 8k in mono and 6k in stereo
	Up to 60 Hz for 8K and 120 Hz for 4k
	BT.709
BT.2020
	BT.709,
BT.2100 PQ, BT.2100 HLG
	ERP w/o padding
	No
	Yes, but restricted to coverage
	Yes


Encapsulation and System Level
4.1	TS 26.511
4.1.1	Encapsulation and Playback
[bookmark: _Toc162445880]4.2.2.3.2	HEVC-FullHD
[bookmark: _CR4_2_2_3_2_1]4.2.2.3.2.1	ISO BMFF File Format
[bookmark: _MCCTEMPBM_CRPT56810015___7]If HEVC-FullHD media is provided in a bitstream that is decodable by a decoder capable of the HEVC-FullHD-Dec decoding capabilities as defined in clause 4.2.1.1 and the media is encapsulated in an ISO BMFF Track [14], then the file format track shall conform with the requirements of the sample entry 'hvc1' or 'hev1' as defined in ISO/IEC 14496-15 [15] and shall contain a sample entry with name 'hvc1' or 'hev3'.
[bookmark: _CR4_2_2_3_2_2]4.2.2.3.2.2	CMAF Track Definition
If HEVC-FullHD media is provided in an CMAF track, then the CMAF track shall conform with
-	the requirements of the ISO BMFF File format track defined in clause 4.2.2.3.2.1; 
-	the general CMAF Track constraints in ISO/IEC 23000-19, clause 7; and 
-	the general video track constraints defined in ISO/IEC 23000-19, clause 9. 
[bookmark: _CR4_2_2_3_2_3]4.2.2.3.2.3	CMAF Switching Set Definition
If HEVC-FullHD media is provided in an CMAF Switching Set, then 
-	every CMAF track in the CMAF Switching Set shall conform with the requirements of CMAF Track in clause 4.2.2.3.2.2, 
-	the general CMAF Switching Set constraints in ISO/IEC 23000-19 [27], clause 7; and 
-	the general CMAF video track Switching Set constraints defined in ISO/IEC 23000-19 [7], clause 9. 
[bookmark: _CR4_2_2_3_2_4]4.2.2.3.2.4	Playback Requirements
For a receiver supporting the HEVC-FullHD media profile the following applies:
-	It shall support the HEVC-FullHD-Dec decoding capabilities as defined in clause 4.2.1.1.
-	It shall support the following playback requirements as documented in clause 8 of CTA-WAVE 5003 [9] for any content conforming to a CMAF Switching Set as defined in clause 4.2.2.3.2.3 namely:
-	8.2 Sequential Track Playback
-	8.3	Random Access to Fragment
-	8.4 Random Access to Time
-	8.5 Switching Set Playback
-	8.6 Regular Playback of Chunked Content
-	8.7 Regular Playback of Chunked Content, non-aligned append
-	It should support the following playback requirements as documented in clause 8 of CTA-WAVE 5003 [9] for any content conforming to a CMAF Switching Set as defined in clause 4.2.2.3.2.3 namely:
-	8.9 Out-Of-Order Loading
-	8.10 Overlapping Fragments
-	8.12 Playback of Encrypted Content
[bookmark: _CR4_2_2_3_2_5]4.2.2.3.2.5	Content Generation Requirements
For a transmitter supporting the HEVC-FullHD media profile the following applies:
-	It shall support the HEVC-FullHD-Enc encoding capabilities as defined in clause 4.2.2.2.
-	It shall support the generation of a CMAF Track that conforms to the requirements in clause 4.2.2.3.2.2.
-	If used for Adaptive Bit Rate (ABR) distribution, it shall support the generation of a CMAF Switching Set as defined in clause 4.2.2.3.2.3.
[bookmark: _Toc162445907]4.1.2	Encrypted Content
[bookmark: _CR5_2_7_6][bookmark: _Toc162445911]5.2.7.6	Encrypted content
If the 5GMSd Client supports encrypted content and any of the video playback requirement as defined in clause 5.2.7.2, then the 5GMSd client shall support the playback requirements for encrypted content as documented in clause 8 of CTA-WAVE 5003 [9], clause 8.12 for either:
[bookmark: _MCCTEMPBM_CRPT56810019___7]-	video content encrypted according to [7] clause 8, using the 'cenc' AES-CTR subsample pattern encryption scheme, as specified in [8], clause 10.1; or 
-	video content encrypted according to [7] clause 8, using the 'cbcs' AES-CBC subsample pattern encryption scheme, as specified in [8], clause 10.4, with the following restrictions Pattern Block length of 10 and an encrypt:skip pattern of 1:9 as defined in clause 9.6 of [8].
If the 5GMSd Client supports decrypted content and any of the video playback requirement in clause 5.2.7.2, then the 5GMSd client should support the playback requirements for encrypted content as documented in clause 8 of CTA-WAVE 5003 [9], clause 8.12 for both:
[bookmark: _MCCTEMPBM_CRPT56810020___7]-	video content encrypted according to [7] clause 8, using the 'cenc' AES-CTR subsample pattern encryption scheme, as specified in [8], clause 10.1; and
-	video content encrypted according to [7] clause 8, using the 'cbcs' AES-CBC subsample pattern encryption scheme, as specified in [8], clause 10.4, with the following restrictions Pattern Block length of 10 and an encrypt:skip pattern of 1:9 as defined in clause 9.6 of [8]. 
[bookmark: _MCCTEMPBM_CRPT56810027___7]4.1.3	Capability Discovery
[bookmark: _Toc162445913]5.2.8.1	General
A 5GMSd Client is expected to support capability discovery such that 5GMS-Aware Applications can identify if a specific media profile is supported. In order to identify whether a media profile is supported, the 5GMSd Client may provide an API as defined in TS 26.512 [10] via the M7d interface, for which the client can be queried with a specific MIME type string, if the media profile is supported.
The MIME types follow RFC 6381 [11].
A 5GMSd Client should support at least one of the following capability discovery mechanisms for media profiles:
[bookmark: _MCCTEMPBM_CRPT56810023___7]-	If isTypeSupported() for the media profile with argument <profiles> results in a yes, then the respective media profile is supported with the requirements defined in a specific clause.
-	If isTypeSupported() for the media profile with argument <codecs> results in a yes, then the respective media profile is supported with the requirements defined in a specific clause.
-	If a conforming CMAF header is provided for playback initialization and the 5GMSd Client does not throw an error response, then the respective media profile is supported with the requirements defined in a specific clause.
[bookmark: _MCCTEMPBM_CRPT56810024___7]For each media profile mentioned in clause 5.2.6, the <profiles> parameter and the <codecs> parameter are provided in the following. These parameters should be used in the capability exchange.
[bookmark: _CR5_2_8_2][bookmark: _Toc162445914]5.2.8.2	Video media profiles
NOTE:	In the following, "compatible" means either that the parameter is identical to the value specified or, if a different value is used for the parameter in a capability query, then it has the same positive result.
For AVC-HD:
[bookmark: _MCCTEMPBM_CRPT56810025___7]-	the <profiles> parameter is compatible to video/mp4 profiles='cmfc'
-	the <codecs> parameter is compatible to either 'avc1.640028' or 'avc3.640028' 
For AVC-FullHD:
[bookmark: _MCCTEMPBM_CRPT56810026___7]-	the <profiles> parameter is compatible with video/mp4 profiles='cmfc'
-	the <codecs> parameter is compatible with either 'avc1.640029' or 'avc3.640029' 
For AVC-UHD:
-	the <profiles> parameter is compatible with video/mp4 profiles='cmfc'
-	the <codecs> parameter is compatible with either 'avc1.640028' or 'avc3.640028' 
For HEVC-HD:
[bookmark: _MCCTEMPBM_CRPT56810028___7]-	the <profiles> parameter is compatible with video/mp4 profiles='cmfc'
-	the <codecs> parameter is compatible with either 'hvc1.1.2.L93.B0' or 'hev1.1.2.L93.B0' 
For HEVC-FullHD:
[bookmark: _MCCTEMPBM_CRPT56810029___7]-	the <profiles> parameter is compatible with video/mp4 profiles='cmfc'
-	the <codecs> parameter is compatible with either 'hvc1.2.4.L123.B0' or 'hev1.2.4.L123.B0' 
For HEVC-UHD:
[bookmark: _MCCTEMPBM_CRPT56810030___7]-	the <profiles> parameter is compatible with video/mp4 profiles='cmfc'
-	the <codecs> parameter is compatible with either 'hvc1.2.4.L153.B0' or 'hev1.2.4.L153.B0'
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[bookmark: _Toc532319959][bookmark: _Toc99462180]5.1.3	Adaptation Set Constraints
For a video Adaptation Set, the following constraints apply:
-	The @codecs parameter shall be present on Adaptation Set level and shall signal the maximum required capability to decode any Representation in the Adaptation Set. The @codecs parameter should be signalled on the representation level if different from the one on Adaptation Set level.
-	The @profiles parameter may be present to signal the constraints for the Adaptation Set.
-	The attributes @maxWidth and @maxHeight shall be present. They are expected be used to signal the original source content format. This means that they may exceed the actual largest size of any coded Representation in one Adaptation Set. More details for each Operation Point are provided. 
-	The @width and @height shall be signalled for each Representation (possibly defaulted on Adaptation Set level) and shall match the values of the maximum width and height in the Sample Description box of the contained Representation.
-	The Chroma Format may be signalled. If signalled:
-	An Essential or Supplemental Descriptor shall be used to signal the value by setting the @schemeIdURI attribute to urn:mpeg:mpegB:cicp:MatrixCoefficients as defined ISO/IEC 23091-2 [10] and the @value attribute according to Table 4 of ISO/IEC 23091-2 [10]. The values shall match the values set in the VUI.
-	The signalling shall be on Adaptation Set level.
-	The Color Primaries and Transfer Function shall be signalled unless ITU-R BT.709 is used. If signalled:
-	An Essential or Supplemental Descriptor shall be used to signal the value by setting the @schemeIdURI attribute to urn:mpeg:mpegB:cicp:ColourPrimaries and urn:mpeg:mpegB:cicp:TransferCharacteristics as defined  ISO/IEC 23091-2 [10] and the @value attribute according to Table 4 of ISO/IEC 23091-2 [10]. The values shall match the values set in the VUI.
-	The signalling shall be on Adaptation Set level only, i.e. the value shall not be different for different Representations in one Adaptation Set.
-	The maximum frame rate may be signalled on Adaptation Set using the @maxFrameRate attribute. 
-	The @frameRate shall be signalled for each Representation (possibly defaulted on Adaptation Set level). In one Adaptation Set, only frame rates shall be present from one of the following subsets:
-	24 Hz with proposed signalling @frameRate="24"
-	25 Hz, 50 Hz with proposed signalling @frameRate="25" or @frameRate="50", 
-	30 Hz, 60 Hz with proposed signalling @frameRate="30" or @frameRate="60",
-	24/1.001 Hz with proposed signalling @frameRate="24000/1001",
-	30/1.001 Hz, 60/1.001 Hz with proposed signalling @frameRate="30000/1001" or @frameRate="60000/1001". 
-	Random Access Points shall be signalled by @startsWithSAP set to 1, 2 or 3.
4.3	TS 26.114
tbd
High-level Summary
5.1	Principles
The principles of existing video capabilities are built around the following principles:
· Bitstream: A media bitstream that conforms to a video encoding format and certain Operation Point.
· Operation Point: A collection of discrete combinations of different content formats including spatial and temporal resolutions, colour mapping, transfer functions, etc. and the encoding format.
· Receiver: A receiver that can decode and render any bitstream that is conforming to a certain Operation Point.

Decoding capabilities are defined which are a combination of
· The capability to decode a bitstream conforming to a certain profile and level
· The bitstream being restricted in terms of flags and settings

An illustration of an operation points and decoding capabilities is provided below.
[image: ]
Receivers are a combination of decoding capabilities and the ability to rendering the formats included in an operation point.
The timing and the properties of the format may be signaled in the bitstream, or may be signaled by external means, for example on packaging level, i.e. on ISO BMFF or RTP level.
At the receiving end conformance always refers to real-time decoding and rendering.
Bitstreams can either conform to any of the above “circles”
· Codec & Profile
· Level
· Decoding capabilites
· Operation Point 

Concurrent decoding capabilities are defined as the ability to decode several bitstreams in parallel.
Encoding capabilities are defined by the ability to encode a video signal with certain boundary parameters to a bitstream that is decodable (and possibly can be rendered). Typically, specifications would require real-time encoding.
Decoding capabilities can be shared across many different applications.
Operation Points are more specific towards applications and may not or only partially be defined in a new spec.
5.2	Existing definitions
5.2.1	Codec & profile
· AVC/H.264 Progressive High Profile
· HEVC/H.265 Main Profile Main Tier
· HEVC/H.265 Main-10 Profile Main Tier 
5.2.2	Codec & profile & Levels
· AVC/H.264 Progressive High Profile Level 3.1
· HEVC/H.265 Main Profile Main Tier Level 3.1
· AVC/H.264 Progressive High Profile Level 4.0
· AVC/H.264 Progressive High Profile Level 4.2
· HEVC/H.265 Main-10 Profile Main Tier Level 4.1
· AVC/H.264 Progressive High Profile Level 5.1
· HEVC/H.265 Main-10 Profile Main Tier Level 5.1
· AVC/H.264 Progressive High Profile Level 5.1
· HEVC/H.265 Main-10 Profile Main Tier Level 6.1
5.2.3	Decoding capabilities: Codec & profile & levels & restrictions 
-	AVC-FullHD-Dec: the capability to decode H.264 (AVC) Progressive High Profile Level 4.0 [7] bitstreams.
-	AVC-UHD-Dec: the capability to decode H.264 (AVC) Progressive High Profile Level 5.1 [7] bitstreams with the following additional requirements:
-	the maximum VCL Bit Rate is constrained to be 120 Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively; and,
-	the bitstream does not contain more than 10 slices per picture.
-	AVC-8K-Dec: the capability to decode H.264 (AVC) Progressive High Profile Level 6.1 [7] bitstreams with the following requirements:
-	the maximum VCL Bit Rate is constrained to be 120 Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively; and,
-	the bitstream does not contain more than 16 slices per picture.
-	the bitstream shall not include horizontal motion vector component values that exceed the range from −2048 to 2047, inclusive, or that have vertical motion vector component values that exceed the range from −512 to 511, inclusive, in units of ¼ luma sample displacement. This constraint should be indicated by using values of log2_max_mv_length_horizontal less than or equal to 11 and values of log2_max_mv_length_vertical less than or equal to 9.
-	HEVC-HD-Dec: the capability to decode H.265 (HEVC) Main Profile, Main Tier, Level 3.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
-	HEVC-FullHD-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 4.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
-	HEVC-UHD-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 5.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
-	HEVC-8K-Dec: the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 6.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1 with the following further limitations:
-	the bitstream does not exceed the maximum luma picture size in samples of 33,554,432,
-	the maximum VCL Bit Rate is constrained to be 80 Mbps with CpbVclFactor and CpbNalFactor being fixed to be 1000 and 1100, respectively.
5.2.4	Operation Points
There are many operation points, but this is not the initial subject of the discussion. Operation Points are expected to be addressed as part of an application.
5.2.5	Concurrent decoding capabilities
-	AVC-FullHD-Dec-2: The capability of supporting up to two (N=2) concurrent decoder instances with the aggregate capabilities of AVC-FullHD-Dec.
-	AVC-UHD-Dec-4: The capability of supporting up to four (N=4) concurrent decoder instances with the aggregate capabilities of AVC-UHD-Dec.
-	HEVC-UHD-Dec-4: The capability of supporting up to four (N=4) concurrent decoder instances with the aggregate capabilities of HEVC-UHD-Dec.
-	UHD-Dec-4: The capability supporting up to four (N=4) concurrent decoder instances with either:
-	the aggregate capabilities of AVC-UHD-Dec-4;
-	the aggregate capabilities of HEVC-UHD-Dec-4; or,
-	the capability of decoding up to 4 bitstreams for which each bitstream does not exceed the capability of being decodable either with AVC-FullHD-Dec or HEVC-FullHD-Dec.
-	AVC-8K-Dec-8: The capability of supporting up to eight (N=8) concurrent decoder instances with the aggregate capabilities of AVC-8K-Dec.
-	HEVC-8K-Dec-8: The capability of supporting up to eight (N=8) concurrent decoder instances with the aggregate capabilities of HEVC-8K-Dec.
-	8K-Dec-8: The capability supporting up to eight (N=8) concurrent decoder instances with either:
-	the aggregate capabilities of AVC-8K-Dec-8;
-	the aggregate capabilities of HEVC-8K-Dec-8; or,
-	the capability of decoding up to:
-	eight bitstreams for which each bitstream does not exceed the capability of being decodable either with AVC-FullHD-Dec or HEVC-FullHD-Dec; or,
-	four bitstreams for which each bitstream does not exceed the capability of being decodable either with AVC-UHD-Dec or HEVC-UHD-Dec.
5.2.6	Encoding capabilities
-	AVC-FullHD-Enc: the capability to encode a video signal to a bitstream that is decodable by a decoder that is AVC-FullHD-Dec capable as defined in clause 7.1.1.1 with the following additional constraints:
-	up to 245,760 macroblocks per second; 
-	up to a frame size of 8,192 macroblocks; 
-	up to 240 frames per second; 
-	the chroma format being 4:2:0; and
-	the bit depth being 8 bit;
-	HEVC-HD-Enc: the capability to encode a video signal with 
-	up to 33,177,600 luma samples per second; 
-	up to a luma picture size of 983,040 samples; 
-	up to 120 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being 8 bit;
	to a bitstream that is decodable by a decoder that is HEVC-HD-Dec capable as defined in clause 4.2.2.1.
-	HEVC-FullHD-Enc: the capability to encode a video signal to a bitstream that is decodable by a decoder that is HEVC-FullHD-Dec capable as defined in clause 7.1.1 with the following additional constraints:
-	up to 133,693,440 luma samples per second; 
-	up to a luma picture size of 2,228,224 samples; 
-	up to 240 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being either 8 or 10 bit;
-	HEVC-UHD-Enc: the capability to encode a video signal to a bitstream that is decodable by a decoder that is HEVC-UHD-Dec capable as defined in clause 7.1.1 with the following additional constraints:
-	up to 534,773,760 luma samples per second; 
-	up to a luma picture size of 8,912,896 samples; 
-	up to 480 frames per second; 
-	the Chroma format being 4:2:0; and
-	the bit depth being either 8 or 10 bit;
Proposal
It is proposed to
1) Agree on the the principles in clause 5.1 and document the definitions and details in the new specification
2) Agree on documenting the existing definitions in clause 5.2.1, 5.2.2, 5.2.3, 5.2.5, and 5.2.6 in the new specifcation
3) Agree to document the principle of operation points, but limit operation points to application specifications such as TS 26.116, TS 26.118, TS 26.119, etc.
4) Continue the investigation for encapsulation
5) Continue the investigation for RTP based capabilities
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