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Introduction
Since the development of 360-degree video profiles for VR streaming defined in TS 26.118 [1], mobile device capabilities have improved significantly and nowadays they support higher decoding capabilities. In particular, the new 5G mobile devices (e.g., phones and head-mounted displays) entering the market in 2020 and beyond are expected to support 8K video decoding capabilities. 
Table 1 depicts various mobile devices and their 8K decoding capabilities.
	Device 
	Video format

	Galaxy S10 
	8Kp30

	Gear VR/Galaxy S10 
	8Kp30

	Skyworth v901 
	8Kp30

	Qualcomm XR2
	8Kp60

	Galaxy S20 
	8Kp60


[bookmark: _Ref45011435]Table 1: Mobile device capabilities for 8K decoding (taken from [3]). 
VR has evolved from initially being 4K viewport independent to 4K viewport dependent to double the resolution per eye in the viewport and providing a better quality of experience. With the advent of a new 8K-capable devices — including Qualcomm XR2 [2] and next-generation 5G smartphones expected in 2020 — it is now possible to send and decode the full 8K sphere in the device and provide the same resolution in the viewport as the best 4K viewport-dependent solutions. 
The 8K viewport-independent approach has two main advantages. First, it uses existing DASH infrastructure, and second it is quite straightforward to implement on the encoder, streaming and player sides. This scheme also fits quite well on new 5G networks, where network capacity is estimated to reach 10 times the amount of 4G, enabling more bits to be transmitted to 8K-capable 5G devices, without any lag, unlike a viewport-dependent system. Of course, more storage and bandwidth are required on the network, but we expect only a 50% increase versus 4K viewport dependent, when using state-of-the-art, cloud-based content-aware encoding technology featuring HEVC compression [3]. 
Table 2 shows the different capabilities of each technology [3].

	Features 
	4K viewport independent 
	4K viewport 
dependent 
	8K viewport independent

	Standard based 
	OMAF 1.0 
	OMAF v1.0/OMAF v2.0 
	Extension of OMAF 2.0 (work in progress)

	Quality
	No lag in any network conditions 
Limited (HD) perceived resolution 
Lower resolution per eye
	Lag in stressed NW conditions
Higher resolution per eye 
	No lag in any NW conditions 
Higher resolution per eye on 5G
Reduced resolution on 4G due to lower throughput 

	Decoder performance 
	4K decoder required
	4K+ decoder required 
	8K decoder required

	Decoder base 
	All head-mounted displays (HMDs) 
	All high-performance 4K HMDs/phones 
	Gear VR/S10 
Skyworth v901 
XR2
S10/S20 phones 

	Protocol 
	DASH 
	DASH with tiling
	DASH 

	DRM integration 
	Easy
	Complex 
	Easy 

	Multi-client integration 
	Easy 
	Complex 
	Easy 

	Bitrate top quality 
	10-15 Mbps 
	20 Mbps 
	35 Mbps

	CDN independent 
	Yes 
	No, requires CDN optimization for best performance
	Yes  

	Broadcast support 
	Yes 
	No 
	Yes  


[bookmark: _Ref45011159]Table 2: Technology comparison (taken from [3]).

Adoption in VRIF Profiles and MPEG OMAF 2nd Edition
[bookmark: _Hlk36569926]As described in the incoming LS in S4-201120 [4], VR-Industry Forum (VRIF) has developed a new distribution profile for viewport-independent delivery of 8K video content in its Guidelines version 2.2 [5] that will match the same resolution per eye as achieved by the 4K viewport-dependent OMAF profile today. VRIF’s 8K viewport-independent profile inherits all properties of the OMAF viewport-independent profile, but requires support for HEVC Main 10 Level 6.1 decoding capability in order to process 8K content. 
The current version of OMAF 1.0/2.0 [6] limits the viewport-independent and viewport-dependent profiles to HEVC Main Level 5.1 (4Kp60). During MPEG#131 in July 2020, a liaison letter from VRIF proposed that MPEG extend the HEVC profile to at least 8Kp60 in a future version of OMAF 2.0, with support for Level 6.1. In response, MPEG agreed to specify an unconstrained HEVC-based viewport-independent OMAF profile and this is expected to be included as part of MPEG OMAF 2nd edition FDIS specification. In order to support 8K content, the newly proposed profile detaches the HEVC Main Level 5.1 codec requirement on the HEVC bitstream from the OMAF media profile definition and therefore allows defining an operating point for 8K (and resolutions beyond) by external guidelines such as those from VRIF. Using this new media profile, a service provider may utilize the OMAF format to support higher resolutions (e.g., 8K) for VR content, e.g., bitstream conforming to HEVC Main 10 Level 6.1 would be required for 8K content at 60fps.
Observed Gaps in 3GPP VR Streaming Profiles
360-degree video profiles for 3GPP VR streaming defined in TS 26.118 [1] currently rely on client decoding capabilities based on support for H.264/AVC Progressive High Profile Level 5.1 and H.265/HEVC Main-10 Profile Main Tier Profile Level 5.1 corresponding to distribution formats up to 4K resolutions and hence do not include any operation points to support 8K video distribution. 
Note that Flexible H.265/HEVC operation point in TS 26.118 may be applicable with 8K original content spatial resolutions, but this relies on the Advanced Video Profile (e.g., with tile-based streaming) while no operation points supporting for 8K video distribution are currently defined for the Main Video Profile that is defined in conjunction with the Main H.265/HEVC operation point. Use of the Main Video Profile together with a new operation point for 8K video distribution can deliver the same resolution per eye as that of the combination of Flexible H.265/HEVC operation point  and Advanced Video Profile, while avoiding the complexities and costs associated with viewport-dependent processing and using off the shelf components such as legacy DASH clients that have already a very wide industry support, facilitating easier deployment on the encoder, streaming and player sides.
Proposed Work
It is proposed to launch a new Work Item is to specify operation points in VR streaming specification TS 26.118 in order to enable support for 8K video.
More specifically, the proposed work can conduct normative work in TS 26.118, toward specifying the following profiles and operation points to enable 8K video support:
-	A new 360-degree video operation point for VR streaming to be used in conjunction with the Main Video Profile with conforming bitstream requirement based on H.265/HEVC Main-10 Profile Main Tier Profile Level 6.1 decoding capability in TS 26.118, supporting spatial resolutions of the distribution format up to 8K@60fps.
- 	If found necessary, additional 360-degree video operating points for VR streaming to be used in conjunction with the Main Video Profile may also be defined, e.g., those with conforming bitstream requirements based on H.265/HEVC Main-10 Profile Main Tier Profile Levels 6 and/or 6.2 decoding capabilities for 8K@30fps and 8K@120fps, respectively.
Following this work, the goal would be to also introduce the above described new operation points into 5G Media Streaming specification in TS 26.511 [7].
An accompanying new work item proposal can be found in S4-201027 [8].
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