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[bookmark: _Toc37326170]6.3	Scenario 2: 4K-TV
6.3.1	Motivation
Streaming towards mobile devices is undoubtly the first natural use-case expected for 5G-media streaming. However, consumption of video services on fixed receivers (e.g. TV sets) remains the a best preferable way of experiencing the high-quality content, whether it is for on-demand (e.g., blockbuster movies) or live services (e.g., sport events). Recent reports from largest VOD platforms such as Netflix confirm that assumption and show that the primary way of watching content remains fixed TV screens, covering 70% of devices 6 monthes after subscription [17]. In the same way, YouTube indicates that service usage on fixed TV set remains an inevitable way of accessing the content, with 250M of hours viewed per day on TV screens [18]. As 5G media streaming targets a wide range of connected devices and should be able to deliver video streams to many compatible high-resolution receivers, (e.g. 5G-HDMI-sticks, 5G-StB/5G-MediaGateway or even 5G-TV sets) it is relevant to consider the inclusion of 4K TV Scenarios in the 5G video feasibility studyfor 5G Video codec evaluation is important. Combination of latest video coding technology and increased 5G bandwidth is an enabler for 4K video delivery to the customer.
First, the 4K-TV is currently the best most established way of accessing premium quality services using latest technology improvements for audio/video content, including Next-Generation Audio (NGA), High-Dynamic-Range (HDR) and, wideWide-Colour-Gamut (WCG) and High-Frame-Rate (HFR). Latest statistics from the Ultra-HD forum indicates that 148 UHD services are currently on-air, 74% being linear, 45% of those using HDR and 22% using NGA [19]. In addition, a large number of SVOD operators propose 4K access in their subscription packages (e.g. Netflix™ and Amazon Prime™). All these services are likely tomay eventually take advantage of 5G-network capacity capabilities to increase the device reach and enlarge the audiences. Finally, thisThis scenario is also endorsed by strong shipment forecasts, as indicated in the latest IHS 4K-TV UHD bluebook [20].
6.3.2	Description of the Anticipated Application
In the context of 3GPP services, 5G Media Streaming [13] as well as the TV Video Profiles [3] are specifications addressing this 4K-TV scenario. Both, 5G Media Streaming [13] and TV Video Profiles [3] builds on CMAF-based Segment formats and DASH distribution. From TS 26.116, the following operation points may be considered in scope of the Full HD Streaming Scenario (pending availability of appropriate test content):
-	H.265/HEVC UHD HDR, see TS26.116 [3] clause 4.5.6.
-	H.265/HEVC UHD, see TS26.116 [3] clause 4.5.4.
-	H.265/HEVC UHD HDR HLG, see TS26.116 [3] clause 4.5.8.
For tThis scenario targets CMAF (including LL-DASH and HLS-LL) distribution of linear UHD-TV video services over 5G networks to 5G/non-5G capable devices. This includes 5G-equipped devices (e.g. smartphone, tablets, …) but also other devices gateway (e.g. TV sets, HDMI-Stick…) accessing services through a “5G-gateway” which can be a mobile phone or a home gateway. As multiple linear services will be delivered in parallel (news, sport, talk show…) in a similar manner as traditional TV services in a multiplex (potentially using multicast/broadcast delivery over 5G). In certain environments, High Frame Rate (HFR) beyond 60 fps is considered, e.g. in DVB and ATSC broadcast specifications. 3GPP does not yet have any HFR TV video profiles. , the tested codecs should be able to address the following constraints:
Important aspects that are expected to be considered when evaluating a codec in the context of this 4K-TV context are:
-	Quality and Coding Efficiency:
-	High and uninterrupted visual quality, taking into account the service constraints.
-	Any savings can provide significant benefits due to the expected large volume of the traffic either in quality or network utilization.
- 	Adaptive Bitrate streaming:
-	Multiple bit rates are provided, typically with a ladder of 30–50% to permit bandwidth adaptation. The use of constant bit rate (CBR) encoding maximises reuse of a common ladder of encoded representations across multiple distribution networks. The use of capped variable bit rate (VBR) encoding allows the bit rate to be varied according to the difficulty of the source material while maintaining the ability to distribute the encoded representations through distribution networks with fixed capacity. This also maximises reuse of a common ladder across multiple distribution networks.
-	CMAF Fragments of size typically in the range of 1–6s to permit seamless switching for bit rate adaptation.
-	Regular Random Access, typically every 1–2 seconds according to TS 26.116 [3]. To achieve clean switching in both sound and picture when moving between different encoded representations in the ladder, 3.84 seconds enables video segment boundaries to be aligned with an integer number of audio Access Units, if a 50fps video signal and 48kHz audio signal is used.
-	Encoding in this scenario is typically done as
-	Live and On-Demand distribution and encoding
- 	Server and Cloud-based Encoding
-	Capable of encoding multiple services at variable bitrate, inside a fixed dedicated resource (statistical multiplexing).
-	No specific encoding latency constraints

· High coding efficiency for on-demand and live-encoding mode for 4K and 8K contents,
· Capable of encoding multiple services at variable bitrate, inside a fixed dedicated resource (statistical multiplexing).
· Support of error-resiliency methods such as gradual decoding refresh (GDR), using both normative or non-normative approaches.
· Latency aligned with state-of-the-art broadcast quality encoding (e.g 4 seconds range).
· Capable of encoding 4K contents, including HFR and HDR (PQ/HLG). 
· Capable of being delivered using CMAF (including LL-DASH and HLS-LL).
Amongst the existing and emerging video codecs, the following ones are considered to be capable of addressing these constraints:
· H.265 / HEVC as legacy codec
· H.266 / VVC and MPEG-5 EVC as potential candidates for further coding improvement
For 4K-TV HEVC, the targeted configurations are partially addressed by TS 26.511 and TS26.116 (excluding HFR aspect). The missing part can be found in TS 101154 (DVB UHD specification). Regarding other codecs (VVC  and  EVC), the final specifications are not published yet although these codecs are in their latest stages of development, with available reference softwares representative in performance.
6.3.3	Source Format Properties
Table 6.3-1 provides an overview of the different source signal properties for 4K-TV. As TS26.116 [3] does not cover all the operating points, the table introduces new formats (HFR-related). This information is used to select proper test sequences.
Table 6.3-1 4K-TV source format properties
	Source format properties
	4K-TV

	Spatial resolution
	3840 x 2160
(Permitted distribution formats: 2560 ×  1440, 1920 × 1080, 1600 × 900, 1280 × 720)

	Chroma format
	Y’CbCr

	Chroma subsampling
	4:2:0

	Picture aspec ratio
	16:9

	Frame rates
	24; 50; 60; 24/1.001; 60/1.001[, 100 120] Hz

	Bit depth
	10

	Colour space formats
	BT.2020 [15]

	Transfer characteristics
	BT.2020 [15], BT.2100 [16] (PQ & HLG)



6.3.4	Encoding and Decoding Constraints
Table 6.3-2 provides an overview of encoding and decoding constraints for 4K-TV category using legacy codec HEVC. This will support the definition of detailed test conditions. It is noted that no relevant profiles exist in TS26.116 and TS26.511 for HFR 4K-TV content.
Table 6.3-2 Encoding and Decoding Configurations for 4K-TV with legacy HEVC codec
	Encoding and Decoding Constraints
	H.265/HEVC 4K-TV LFR 
	H.265/HEVC 4K-TV HFR 

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.265/HEVC Main-10 Profile 
Level 5.1 [8]
	No relevant 3GPP profiles, should be aligned with H.265/HEVC Main-10 Profile  Level 5.2 [8]

	Segment Duration
	3.84 seconds
	3.84 seconds

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	B = {10,15,20,25} Mbps
CBR and capped-VBR
	B = {10,15,20,25} Mbps
CBR and capped-VBR 

	Latency requirements and specific encoding settings
	No latency requirements beyond RAP so picture reordering allowed
	No latency requirements beyond RAP so picture reordering allowed

	Encoding complexity context 
	real-time encoding, cloud-based encoding, offline encoding, etc.
	real-time encoding, cloud-based encoding, offline encoding, etc.

	Required decoding capabilities
	H.265/HEVC Main-10 Profile 
Level 5.1 [8]
	H.265/HEVC Main-10 Profile 
Level 5.2 [8]


Regarding prospective VVC and EVC codecs, same coding/decoding constraints as the aforementioned ones are expected to be used, except for targeted bitrate. For VVC/EVC, 4K-TV bitrates should be in the 5-20Mbps range according to the content complexity.
[bookmark: _Toc37326159]6.3.5	Performance Metrics
The following performance metrics are considered for this scenario:
tbd

6.3.56	Interoperability Considerations
In order to use a codec in the context of 5G Media Streaming services in TS 26.511 and for TV Video profiles in TS 26.116, the following list provides a set of potentially relevant interoperability aspects for 4K-TV Streaming:
1. The receiver requirements on elementary stream level, in particular the profile/level and additional considerations.
2. The encapsulation of an elementary stream into an ISO Base Media File Format track 
3. The definition of a CMAF media profile.
4. The static mapping of parameters to a DASH MPD, in particular to the MPD parameters, such as @mimeType, @codecs, etc
5. The dynamic mapping of parameters to a DASH MPD from a CMAF Master Header, in particular to the MPD parameters, such as @width, @height, etc.
6. The signaling of HDR and WCG source signal formats
7. All MPD-level signalling for the codec to support capability discovery
8. Encryption requirements and recommendations.
9. Capability discovery options, for example mapping to HTML-5, MSE and media capability APIs.
10. Source Buffer Initialization Requirements.
11. Playback Requirements, for example by referencing CTA WAVE Specifications
12. Relation to other specifications, such as in DVB, ATSC, MPEG, ETSI, etc.
For additional details, please refer to TS 26.116 and TS 26.511.
Tested video codec should be compatible with CMAF low-latency profiles such as LL-DASH and HLS-LL. Encapsulated streams will be provided for both, providing low-latency feature according to the scenario constraint.
The following interoperability and guidelines aspects are considered relevant for this scenario in order make use of the codec in a streaming scenario:
13. Tbd
14. …
6.3.7	Test Sequences
tbd

6.3.86	Detailed Test Conditions
6.3.86.1	Overview
First, the legacy codec HEVC will be tested to assess the relevance of what’s already in the 3GPP specification for this particular 4K-TV scenario. 
[bookmark: _Toc37326167]6.2.8.2	Reference Software HEVC 1: HM16.20
As reference software for HEVC, the following was used
-	https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/
Example setting: https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/cfg/encoder_randomaccess_main10.cfg with following proposed changes
- 	IntraPeriod: Intra Period such that 1 second is achieved
- 	DecodingRefreshType: 1 (CRA)  2 (IDR)
- 	GOPSize: adjusted to Intra
-	QP: [25, 28, 31, 34]

Then, the emerging VVC and EVC standards will be also evaluated against HEVC to investigate how they perform from both compression and complexity prospective. Thus, the following tests will be conducted:
Test-1 : legacy HEVC codec under operational configuration.
Test-2 : legacy HEVC versus new codecs, tested under MPEG common test conditions.
6.3.6.2	Test Sequences
Tbd
6.3.6.3	Performance evaluation
Performance will be assessed using BD-Rate computation, with PSNR, SSIM and VMAF metrics as objective quality criterion. Regarding complexity considerations, encoding/decoding runtime will be provided.
6.3.6.4	Coding configuration for test 1
For this first test, two HEVC implementations will be compared (x265 and reference HM), according to coding constraints derived from Table 6.3-2. For x265, encoding presets are selected to cover the desired encoding complexity contexts, from live to offline encoding. The tested rate-control modes are CBR and capped-VBR to fit the possible delivery methods (single or multiple services inside a resource). In that first test, the HEVC reference implementation HM will be evaluated with CBR rate-control on, at coding-tree-unit (CTU) granularity. The detailed test conditions are described in the table below.
Table 6.3-3 Detailed encoding configurations for Test-1
	Tbd
	X265-medium
	X265-veryslow
	HM-CBR 
	Etc…
	

	
	
	
	
	
	

	
	
	
	
	
	



6.3.6.5	Coding configuration for test 2
For the second test, HEVC is compared to EVC and VVC in a more formal way. The reference softwares of each coding standard are used, under same coding configuration using fixed QP. The detailed test conditions are described in the table below.
Table 6.3-4 Detailed encoding configurations for Test-2
	Tbd
	HM
	ETM
	VTM
	Etc…
	

	QPs
	
	
	
	
	

	GOP structure …
	
	
	
	
	



6.3.7	Experimental results and analysis
6.3.7.1	Test 1
Tbd
6.3.7.2	Test 2 
Tbd
[bookmark: _Toc37326168]6.3.9	External Performance Data
6.3.7.2	Comparison with external performance data
Tbd (with [21] [22] [23] as references ).
6.3.8	Conclusion
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