

	

3GPP TSG-SA4 Meeting #110-e	S4-201145201248
Electronic meeting, 19th-28th Aug. 2020											Rev of S4-201145
	CR-Form-v12.0

	PSEUDO CHANGE REQUEST

	

	
	26.955
	CR
	
	rev
	
	Current version:
	0.2.0
	

	

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

	



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



	

	Title:	
	Online Gaming scenario 

	
	

	Source to WG:
	InterDigital, Tencent, Xiaomi

	Source to TSG:
	

	
	

	Work item code:
	FS_5GVideo
	
	Date:
	19th Aug 2020

	
	
	
	
	

	Category:
	
	
	Release:
	17 

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

	
	

	Reason for change:
	Proposed clause on Online Gaming scenario

	
	

	Summary of change:
	Proposed changes following the last VIDEO SWG telephone conference on FS_5GVideo

	
	

	Consequences if not approved:
	Sections remains uncomplete.

	
	

	Clauses affected:
	

	
	

	
	Y
	N
	
	

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

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

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

	
	

	Other comments:
	

	
	

	This CR's revision history:
	



Page 1



Start of First Change
Section 6.6 Scenario 5: Online Gaming
[bookmark: _Hlk45730437]6.x6.1 Motivation
This scenario mostly motivates cases for which content goes beyond videographic content, an in particular includes computer generated imagery (CGI). Several application spaces are obvious and serve as motivation and reference, in particular gaming, 3D content and telepresence including screen and slide sharing.
According to the 2020 Mobile Internet Phenomena Report from Sandvine [9] gaming is continuing to grow on mobile network. The improved performance of 4G and the coming promise of 5G will continue to drive at least casual gamers to mobile networks.
Online gaming for HMD-based consumption was discussed and introduced in detail in TR 26.928 [X]. At least the following use cases are in context of Online gaming:
-	Use Case 5: Untethered Immersive Online Gaming
-	Use Case 6: Immersive Game Spectator Mode
For raster-based split rendering, according to TR 26.928, clause 4.4, rasterized 3D scenes available in frame buffers are provided by the XR engine and need to be encoded, distributed, and decoded. According to clause 4.2.1, relevant formats for frame buffers are 2k by 2k per eye, potentially even higher. Frame rates are expected to be at least 60fps, potentially higher up to 90 fps. The formats of frame buffers are regular texture video signals that are then directly rendered. As the processing is graphics centric, formats beyond commonly used 4:2:0 signals and YUV signals may be considered. It is known from experiments that with H.264/AVC the bitrates are in the order of 50 Mbps per eye buffer. It is expected that this can be reduced to lower bitrates with improved compression tools as for example available for H.265/HEVC. For use case 5 from above and split rendering, encoding is required to be done in low-latency based on the considerations in TR 26.928. For the spectator mode, higher latency may be acceptable.
As an example, a comprehensive set of APIs including high-performance tools, samples and documentation for hardware accelerated video encode and decode on Windows and Linux for NVIDIA™ Video Codec SDK is available [N]. For As another example, in a game recording and streaming scenario like streaming to Twitch.tv using Open Broadcaster Software (OBS), encoding being completely offloaded to NVENC makes the graphics engine bandwidth fully available for game rendering. As of May 2020, the following formats are supported for hardware-based encoding as documented on the high-end Turing encoding:
-	H.264 (AVCHD) YUV 4:2:0, YUV 4:4:4, and Lossless, all 8 bit, Max Resolution 4096 x 4096;
-	H.265 (HEVC) YUV 4:2:0, YUV 4:4:4, and Lossless, all 10 bit, Max Resolution 8192 x 8192;
[ Comment from Xiaomi 
In typical cloud gaming environments, the game server produces rasterized frames at a fixed resolution, framerate and colour bit depth which are negotiated with the player client. Negotiation takes into account game capabilities, player choices and eventually bandwidth constraints.
For games rendered on 2D displays such as smart phones, tTypical characteristics of rasterized frames produced by the game engine are:
-	Resolution of 720p, 1080p or 4K
-	Framerate of 30fps, 60fps or 120 fps
Typical color bit depth of 8bits (RGB frames) but higher bit depth may be offered for HDR compatible games.

Rasterized frames are directly passed to a video encoder (typically H.264 but H.265 may be used in a few environments) and content is live encoded to fit target quality. As an example, the following quality categorization may be done:
-	High Quality: 4k at 60/120fps with an average throughput of 60/100 Mbps
-	Main Quality: 1080p at 60/120fps with an average throughput of 30/40 Mbps
-	Low Quality: 720p/1080p at 30fps with an average throughput of 10/12 Mbps
]
For telepresence and screen-sharing applications, some information related to video is collected in the following:
· MS Teams™ [26] as of end of 2019.
· There are several formats supported for video. Two key properties of a video format are its frame size and color format. Supported frame sizes include 640x360 ("360p"), 1280x720 ("720p"), and 1920x1080 ("1080p"). Supported color formats include NV12 (12 bits per pixel) and RGB24 (24 bits per pixel).
· A "720p" video frame contains 921,600 pixels (1280 times 720). In the RGB24 color format, each pixel is represented as 3 bytes (24-bits) comprised of one byte each of red, green, and blue color components. Therefore, a single 720p RGB24 video frame requires 2,764,800 bytes of data (921,600 pixels times 3 bytes/pixel). At a frame rate of 30fps, sending 720p RGB24 video frames means processing approximately 80 MB/s of content (which is substantially compressed by the H.264 video codec before network transmission).
· Other tools are for further study.

6.X6.2	Description of the Anticipated Application
3GPP until now has very restricted set of services, butservices but based on the considerations in clause 6.Y.1, the following encoding benchmark capabilities are considered for decoding 2D displays:
-	H.264 (AVCHD) YUV 4:2:0, YUV 4:4:4, 8 bit, Max Resolution 1920x1080 and 4096 x 2048
-	H.265 (HEVC) YUV 4:2:0, YUV 4:4:4, 10 bit, Max Resolutions 4096 x 2048, 8192 x 4096
The considered online gaming scenario is low-latency streaming, possibly typically using UDP/IP based distribution to minimize protocol latencies. Important aspects that are expected to be considered when evaluating a codec in the context of this:
-	Quality and Coding Efficiency:
-	The ability to compress traditional computer-generated content.

-	The ability to compress photorealistic computer-generated content.

-	The ability to compress YUV 4:2:0 and 4:4:4 content
- 	Considered settings for encoding:
-	Ultra low latency and 	Low-latency settings
-	No specific error resilience mechanisms
-	Encoding in this scenario is typically done as
-	Real-time encoding
- 	Cloud-based encoding



6.6.3 	Source Format Properties
6.6.3.1	Introduction
Video games have different characteristics that are important to take into account when encoding the rasterized frames produced by the game engine. In TR 26.928 [X], clause 4.2.2, a few different types of games and their interaction delay tolerance are documented. However, TR 26.928 does not differentiate the characteristics of the content. This aspect is addressed in the following.
In particular, the following characteristics are important:
-	Dynamicity of content: how frequent rasterized frames change when compared to previous frame
-	Complexity of content: how much content changes between frames and how complex such changes are
-	Type of content: traditional CGI, photo-realistic CGI or natural images/video
Depending on these characteristics as well as the interaction delay tolerance, video games can be organized into different categories as document in the remainder of this clause.
6.6.3.2	Category A: Low/medium dynamicity with low/medium complexity.
This category includes games such as board games, turn-by-turn strategy games, management/simulation games or non real-time role-playing games (RPG) in which content may not change over several consecutive frames and changes are typically limited.
This category also includes games such as adventure games, casual games, or platform games in which although content may change at every single frame, changes are limited to animation of sprites or simple global movements of the content.
The common characteristics of the games in this category is that their playability can support longer interaction delay tolerance (500 – 1000 ms according to TR 26.928) and their content is typically considered to video encode.

6.6.3.3	Category B: games with high dynamicity and low/medium complexity.
This category includes games such as fighting games, racing games, real-time strategy (RTS) games or real-time RPGs in which content is very dynamic but changes are either limited or simple transforms.
The common characteristics of the games in this category is that their playability requires shorter interaction delay tolerances (100 ms according to TR 26.928) while their content is still considered simple to video encode (with high benefits from prediction coding).

6.6.3.4	Category C: games with high dynamicity and high complexity.
This category includes games such as first-person shooters (FPS), Massive Multiplayer Online (MMO) games and AAA racing games in which content is very dynamic with possibly very significant changes regularly in the content.
The common characteristics of the games in this category is that their playability requires shorter interaction delay tolerances (100 ms according to TR 26.928) and their content is typically considered as complex content to video encode. 

6.6.3.5	Category D: photo-realistic games or games based on natural images/video.
The main characteristics of the games in this category is that their content is typically considered as more complex content to video encode.

6.6.3.6	Category E: XR game content
For a detailed analysis, please refer to clause 6.6.1 and TR26.928, clause 4.4.
6.6.3.7	Summary
Table 6.64-1 provides an overview of the different source signal properties for Online Gaming and Screen Content Sharing. This information is used to select proper test sequences.
Table 6.64-1 Screen Content and Online Gaming source properties
	Source format properties
	Category A
 low/med dynamicity & low/med complexity games
	Category B
 high dynamicity & low/med complexity games
	Category C
 high dynamicity & high complexity games
	Category D
 photo-realistic or natural video games
	Category E
 XR games

	Spatial resolution
	1280x720, 1920x1080, 3840x2160
 
	1280x720, 1920x1080, 3840x2160

	1280x720, 1920x1080, 3840x2160
 
	1280x720, 1920x1080, 3840x2160
 
	1920x1080, 2048x1024, 3840x2160, 4096x2048, 8192x4096


	Chroma format
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Chroma subsampling
	4:2:0, 4:4:4
	4:2:0, 4:4:4
	4:2:0, 4:4:4
	4:2:0, 4:4:4
	4:2:0, 4:4:4

	Picture aspect ratio
	16:9
	16:9
	16:9
	16:9
	16:9; 2:1

	Frame Buffers
	1
	1
	1
	1
	2 (1 per eye)

	Frame rates
	30, 50, 60 Hz
	30, 50, 60, 90, 120 Hz
	30, 50, 60, 90, 120 Hz
	30, 50, 60, 90, 120 Hz
	30, 50, 60, 90, 120 Hz

	Bit depth
	8
	8
	8, 10
	8, 10
	8, 10

	Colour space formats
	BT.709, BT.2020
	BT.709, BT.2020
	BT.709, BT.2020
	BT.709, BT.2020
	BT.709, BT.2020

	Transfer characteristics
	N/A
	N/A
	BT.2100 (HDR)
	BT.2100 (HDR)
	BT.2100 (HDR)



	Source format properties
	
2D displays
	
HMD

	
	
	

	Spatial resolution
	1280x720, 1920x1080, 3840x2160

	1920x1080, 2048x1024, 3840x2160, 4096x2048, 8192x4096


	Chroma format
	Y’CbCr
	Y’CbCr

	Chroma subsampling
	4:2:0, 4:4:4
	4:2:0, 4:4:4

	Picture aspec ratio
	16:9
	16:9; 2:1

	Frame rates
	30, 50, 60Hz
	30, 60, 90, 120 Hz

	Bit depth
	8, 10
	8, 10

	Colour space formats
	BT.709, 
	BT.709, BT.2020

	Transfer characteristics
	BT.709
	BT.2100 (HDR)




6.6.4	Codec and compression tools for games
Table 6.6.4-1 provides an overview of the different coding tools per profile that may be suitable for coding different types of gaming sequences.
Table 6.6-2 Gaming Codec Tools per Profile

	Profile
	AVC 
	HEVC

	main profile
	NA
	TBD

	range extension profile 
	NA
	TBD

	screen content profile
	NA
	Palette, TBD

	
	
	


Note: Palette being heavily used in the design of games, this tool should be particularly tested for game content. 
For photo-realistic games (Category D) , some ”screen content” tools may not provide much benefits for this type of game content and would need to be tested. 
6.46.5	Encoding and Decoding Constraints
Table 6.6.54-12 provides an overview of encoding and decoding configurations forconstraints the Online online gGaming and Screen Content scenario using AVC and HEVC codecs as .operation points. This will support the definition of detailed test conditions. 
Table 6.46.5-2 1 Encoding and Decoding Configurations for Online Gaming and Screen Content
	Encoding and Decoding Constraints
	AVC 
	HEVC

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.264/AVC Main Profile 
Level 4.0 [X]
	H.265/HEVC Main-10 Profile  
Level 4.1, Level 5.1, Level 6.1

	RAP period
	1 second, infinite, no intra
	1 second, infinite, no intra

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	Fixed QP
	Fixed QP

	Latency requirements and specific encoding settings
	Low-latency requirements, no backward-compatible prediction
· Low-delay configuration
· With and without use of future reference frames
	Low-latency requirements, no backward-compatible prediction
· Low-delay-P 
· Low-delay-B
· With (moderate latency to non-critical latency games) and without (ultra low and low latency game) use of future reference frames.

	Encoding complexity context 
	real-time encoding
	real-time encoding.

	Required decoding capabilities
	H.264/AVC Main Profile 
Level 4.0 [X]
	H.265/HEVC Main-10 Profile 
Level 4.1, 5.1, 6.1 [8]]



NOTE:	Depending on the type of game (First person, Massive Multi-Player Online Role Play Game, Strategy) the latency requirements differs, usually ranging from less than 50ms to more than 200ms, thus leading to different encoding contraints and configuration.
[Table 6.6.5-2 provides an overview of latency contraints for each game category and identifies which coding tools need to be tested for each categotry.
Table 6.6.5-2 latency constraints tools for different game categories
	Latency Constraints
	Category A 
	Category B
	Category C
	Category D
	Category E

	Low latency requirement
	optional
	Yes
	Yes
	Yes/No
	Yes

	Low delay P
	optional
	required
	required
	optional
	required

	Low delay B
	optional
	required
	required
	optional
	required

	Use of future reference frames
	optional
	No
	No
	optional
	No


]

6.4.56.6		Performance Metrics
tbd
6.4.66.7		Interoperability Considerations
tbd
6.46.78		Test Sequences
[Test sequences illustrating the Online Gaming scenario should ideally contain synthetic content with detailed textures and realistic movements. This should include FPS, RPG and Strategy games.
Tests sequences illustrating the screen content scenario should ideally contain either snyhtetic content from a presentation such as a slide deck with text and graphics or natural content presenting participants to a video conference call, or a mix of the two]
6.46.89	Detailed Test Conditions
[For online gaming, would like to test at least AVC and HEVC in 480p/720p/1080p with bitrates ranging from 5-20Mbps for AVC and 2 to 15Mbps for HEVC, with AVC Main Profile and HEVC Main10 profile, both codecs in low delay mode
For screen content, would like to at least test HEVC, 720p and 1080p, Main and Screen Extended Main profiles]
6.46.910	External Performance Data
tbd
6.46.110	Additional Information
tbd
End of Second Change

