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1 Introduction
This document proposes two scenarios for inclusion in the 5G Video feasibility study. First scenario relies on distribution of 4K TV services while second one deals with 8K TV.

2 Proposed Scenarios
2.2 Scenario 1: 4K-TV

2.2.1 Description
This scenario targets CMAF (including LL-DASH and HLS-LL) distribution of linear 4K-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 accessing services through a “5G-gateway” (e.g. TV sets, USB-Stick…). The considered video characteristics are the following:

· H.265/HEVC UHD, LFR or HFR, SDR or HDR (PQ/HLG)
These targeted configurations are partially addressed by TS 26.511 and TS26.116 (excluding HLG and HFR aspects). The missing part can be found in TS 101154 (DVB UHD specification).

As multiple linear services can be delivered in parallel (news, sport, talk show,…) in a similar manner as traditional TV services (potentially using multicast/broadcast delivery over 5G), the following aspects need to be considered:

· Coding efficiency

· Live encoding

· Capability to encode multiple services at variable bitrate, inside a fixed dedicated resource (statistical multiplexing).

· Latency

· Cloud-encoding (private/public).
2.2.2 Supporting companies

ATEME, BBC, Enensys , InterDigital
2.2.3 Source format properties:
The following source characteristics are targeted:
Tableau 1: Source format properties for 4K TV scenario

	Spatial resolutions
	3840 x 2160p

	Chroma Format
	Y'CbCr

	Chroma Subsampling
	420

	Aspect ratios
	16:9

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

	Colour space formats
	BT 2020

	Transfer Characteristics
	BT.2020, BT.2100, PQ & HLG

	Bit depth
	10

	Other signal properties
	Multiple temporal layers


2.2.4 Encoding constraints and settings
The following encoding constraints and settings are targeted:

Tableau 2: Encoding constraints and settings for 4K TV scenario

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	HEVC/H.265 Main-10 Profile Main Tier Level 5.1 (LFR)


	Other relevant codec and codec profile/levels
	HEVC/H.265 Main-10 Profile Main Tier Level 5.2 (HFR)
VVC/H.266

EVC

	Random access frequency
	2s (could be 2s-10s)

	Error resiliency requirements
	Gradual decoding refresh (GDR)

	Bitrates and quality requirements
	10Mbps-25Mbps (content-dependent)

	Bitrate parameters (CBR, VBR, CAE, HRD parameters)
	CBR, multiple tracks VBR (statmux)

	ABR encoding requirements (switching frequency, etc.)
	Aligned with RAP setting

	Latency requirements and specific encoding settings
	Aligned with broadcast quality (3-4 seconds)

	Encoding complexity requirements: real-time encoding, on device encoding, cloud-based encoding, offline encoding, etc.
	Real-time encoding, dedicated platform or cloud-based (public/on-premise)

	Required decoding capabilities
	Temporal sub-stream decoding (backward-compatible HFR)


2.2.5 Performance metrics and requirements 
Performance will be assessed using BD-Rate computation with PSNR, SSIM and VMAF as objective quality metric.

Subjective tests might be conducted measuring MOS as subjective quality metric, and following standardized procedures such as ITU-T P.910 or SAMVIQ.
2.2.6 Interoperability Considerations 
Tested video codec should be compatible with CMAF low-latency profiles such as LL-DASH and HLS-LL.
2.2.7 Test sequences

Freely available test sequences such as https://media.xiph.org/video/derf/ is a good starting point. Supporting members that would like to bring more content are welcome to contribute.
2.2.8 Detailed test conditions:
The codecs will be tested using reference test model and, if available, well known open source codec implementations (such as libx264, libx265, libaom, etc…). The list is the following:

· HEVC: libx265 and HM.

· VVC: VTM.

· EVC: ETM.

Following bitrate configuration will be tested (if possible):

· CBR

· VBR with average target and min/max (to simulate statmux)

· Capped VBR

Codecs will be tested over the whole bitrate range dedicated to 4K, e.g. 10-25Mbps for HEVC which represents 4 tested points: [10, 15, 20, 25] Mbps.
2.2.9 External Performance data
Previously published performance study are available.
2.3 Scenario 2: 8K-TV
2.3.1 Description
This scenario targets DASH (including LL-DASH or HLS-LL?) distribution of non-linear/linear 8K-TV video services over 5G networks to 5G/non-5G capable TV sets. This includes 5G-equipped TV sets but also others accessing services through a 5G-gateway. The considered video characteristics are the following:
· H.265/HEVC 8K, HFR, SDR or HDR (PQ/HLG)
None of the existing 3gpp specification covers this type of video signal, nor DVB or ATSC. Also, as 8K services are likely to delivered as prime-time single event (not as a 24/7 service), in a similar manner as traditional TV services (potentially using multicast/broadcast delivery over 5G), the following aspects need to be considered:
· Coding efficiency

· Live encoding

· Latency

· Cloud-encoding (private/public).
2.3.2 Supporting companies

ATEME, Enensys, InterDigital.
2.3.3 Source format properties:
The following source characteristics are targeted:
Tableau 3: Source format properties for 8K TV scenario

	Spatial resolutions
	7680x4320p

	Chroma Format
	Y'CbCr

	Chroma Subsampling
	420

	Aspect ratios
	16:9

	Frame rates
	50, 60, 100,120 Hz

	Colour space formats
	BT 2020

	Transfer Characteristics
	BT.2020, BT.2100, PQ & HLG

	Bit depth
	10

	Other signal properties
	None


2.3.4 Encoding constraints and settings
The following encoding constraints and settings are targeted:

Tableau 2: Encoding constraints and settings for 8K TV scenario

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	None

	Other relevant codec and codec profile/levels
	HEVC/H.265 Main-10 Profile Main Tier Level 6.2
VVC/H.266

EVC

	Random access frequency
	2s (could be 2s-10s)

	Error resiliency requirements
	Gradual decoding refresh (GDR)

	Bitrates and quality requirements
	35Mbps-50Mbps (content-dependent)

	Bitrate parameters (CBR, VBR, CAE, HRD parameters)
	CBR, multiple tracks VBR (statmux)

	ABR encoding requirements (switching frequency, etc.)
	Aligned with RAP setting

	Latency requirements and specific encoding settings
	Aligned with broadcast quality (3-4 seconds)

	Encoding complexity requirements: real-time encoding, on device encoding, cloud-based encoding, offline encoding, etc.
	Real-time encoding, dedicated platform or cloud-based (public/on-premise)

	Required decoding capabilities
	None


2.3.5 Performance metrics and requirements 
Performance will be assessed using BD-Rate computation with PSNR, SSIM and VMAF as objective quality metric.

Subjective tests might be conducted measuring MOS as subjective quality metric, and following standardized procedures such as ITU-T P.910 or SAMVIQ.
2.3.6 Interoperability Considerations 
Tested video codec should be compatible with CMAF low-latency profiles such as LL-DASH and HLS-LL.
2.3.7 Test sequences

Still under investigation. Supporting members that would like to bring content are welcome to contribute.
2.3.8 Detailed test conditions:
The codecs will be tested using reference test model and, if available, well known open source codec implementations (such as libx264, libx265, libaom, etc…). The list is the following:

· HEVC: libx265 and HM.

· VVC: VTM.

· EVC: ETM.

Following bitrate configuration will be tested (if possible):

· CBR

· VBR with average target and min/max (to simulate statmux)

· Capped VBR

Codecs will be tested over the whole bitrate range dedicated to 8K, i.e. 35-50Mbps which represents 4 tested points: [35, 40, 45, 50] Mbps.
2.3.9 External Performance data
Previously published performance study are available.
3 Proposal

It is proposed to include these scenarios in the FS_5GVideo feasibility study.
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