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==== Change 1 ====
7	Potential Standardization NeedsAreas

7.1 	General
This clause documents and clusters potential standardization areas in the context of this Technical Report.
7.2 	XR-Centric Device Types and Architectures
As documented in clause 4.5, XR centric devices are the key enablers for XR services. Key aspects for XR devices are:
· Rendering-centric device architectures using sophisticated GPU functionalities, see clause 4.4.
· Support for Tracking, in particular inside-out tracking in the device
· Heavily power-constrained at least for certain form factors 
· Support for multiple decoding formats and parallel decoding of media streams following the challenges documented in clause 4.5.2
In addition, device characteristics can be quite different. Hence, the device types developed in clause 4.8 serve as a starting point for different device types. A more formal definition of XR devices types is considered useful. 
In any work considered in 3GPP, end-points compatible to Khronos-based graphics and XR functionalities should be considered. A framework for interfacing device centric XR functionalities with 5G System and radio functionalities is a relevant standardization effort. 
7.3 	Extensions to 5G Media Streaming for XR/6DoF Media
Streaming XR and 6DoF is considered in several use cases evaluated in this Technical report. With the establishment of 5G Media Streaming in Rel-16 in TS 26.501 and the stage-3 specifications, extensions of 5G Media Streaming to support XR experiences is useful. MPEG develops several new formats and codecs specifically addressing 3D and XR, but also proprietary formats exist that make use of regular hardware supported standardized media codecs and rendering functionalities. All of them have in common that they rely on existing and emerging device architectures that make use of existing video codecs and GPU rendering. In addition, the use of multiple video codecs in parallel is commonly applied. XR/6DoF Streaming is based on CDNs and HTTP delivery, however new functionalities are required.
Extensions to 5G Media streaming may be done in ordered to support the delivery of different XR/DoF media in 5G Systems. Relevant aspects are:
· Additional media decoding capabilities including higher profile and levels, the use of multiple decoders in parallel to interface with rendering architectures, as well more flexible formats following clause 4.5.2
· Support for more flexible delivery protocols allowing parallel download of different objects and parts of objects
· Viewport-dependent streaming as documented in clause 6.2.3
· Potentially new 5QIs and radio capabilities to support higher bitrate streaming
· Biometrics and Emotion Metadata definition and transport
7.4 	Single-Buffer Split Rendering with Pose Correction
Split Rendering is a promising technology to support online gaming in power- and resource constrained devices. Split rendering requires the use of edge computing as the pose-to-render-to-photon is expected to be below 50ms. Rendering of frame buffers in the network allows to support XR devices with existing codecs using 5G System and radio capabilities. Relevant aspects for single-buffet split rendering include:
· A simple XR split rendering application framework where a single buffer per media is shared and final pose correction is done in the XR device
· 2D video encoders and decoders that are capable encode and decode 2K per eye as well as 90 fps as well as typical graphics centric formats
· Integration of audio into split rendering architectures
· Formats and protocols for XR Pose information delivery and possibly other metadata in the uplink at sufficiently high frequency
· Content Delivery protocols that support split rendering
· 5QIs and other 5GS/Radio capabilities that support split rendering
· Edge computing discovery and capability discovery based on work in SA2 and SA6 (see clause 4.3.6)
7.5 	XR conversational applications
[bookmark: _Hlk30615492]XR conversational applications within real or computer generated virtual environments is considered in several use cases evaluated in this Technical report. Potential normative work includes;
-	
· Network Based Media Processing (e.g. foreground/background segmentation of the user capture, replacement of the user with a photo-realistic representation of their face, etc.)
· [bookmark: _Hlk30615475]6DOF metadata framework and a 6DOF capable renderer for immersive voice and audio. 
· Support of static/dynamic 3D objects’ formats and transport for real-time sharing 
· Transport of collected data from multiple sensors (e.g. for spatial mapping)
· Format for storing and sharing spatial information (e.g. indoor spatial data).

7.6 	HMD-based Augmented Reality
More work on AR is necessary, especially for power constrained devices.
Details as for FFS.
7.7 	Traffic Characteristics and Models for XR Services
As identified in the course of the development of this report, there is significant interest in 3GPP radio and system groups on the traffic characteristics for XR services. This effort should be a prime work for 3GPP to collect realistic traffic characteristics for typical XR services. Of specific interest for other groups in 3GPP is a characterization of traffic of an XR service in the following domains:
-	Downlink data rate ranges 
-	Uplink data rate ranges 
-	Maximum packet delay budget in uplink and downlink 
-	Maximum Packet Error Rate, 
-	Maximum Round Trip Time
- 	Traffic Characteristics on IP level in uplink and downlink in terms of packet sizes, and temporal characteristics.
Such characteristics are expected to be available for at least the following applications
-	Viewport independent 6DoF Streaming
-	Viewport dependent 6DoF Streaming 
- 	Single Buffer split rendering for online cloud gaming
-	XR conversational services
The Technical Report on Typical Traffic Characteristics in TR 26.925 should be updated to address any findings to support the 3GPP groups.
7.8 	Social VR

Social VR combines and renders signals originating from different sources into a single user experience. 
Social VR is expected to integrate multiple XR functionalities such a 6DoF streaming with XR conversational services. Some normative work may include: 
-	Social VR Components – Merging of avatar and conversational streams to original media (e.g., overlays, etc.) 
Details are FFS.

7.9 	Generalized Split and Cloud Rendering and Processing 
Edge/Cloud processing and rendering is a promising technology to support online gaming in power- and resource constrained devices. Relevant aspects for generalized cloud/split rendering include:
· A generalized XR cloud and split rendering application framework based on a scene description
· Support for 3D formats in split and cloud rendering approaches
· Formats and protocols for XR Pose information delivery and possibly other metadata in the uplink at sufficiently high frequency
· Content Delivery protocols that support generalized split/cloud rendering
· Distributions of processing resources across different resources in the 5G system network, in the application provider domain (cloud) and the XR device.
· Supporting the establishment of Processing Workflows across distributed resources and managing those
· 5QIs and other 5GS/Radio capabilities that support generalized split/cloud rendering by coordination with other groups 
· Edge computing discovery and capability discovery based on work in SA2 and SA6 (see clause 4.3.6)
It is recommended that this area is studied in more details to identify key issues.
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==== Change 2 ====
[bookmark: _Toc23169825]8	Conclusions and Proposed Next Steps
Based on the details in the report, the following is proposed:
In the short-term:
· Develop a flexible XR centric device reference architecture as well as a collection of device requirements and recommendations for XR device classes based on the considerations in clause 7.2. Device classes should include VR device for 6DoF streaming and XR online gaming (XR5G-V4), as well as AR devices (XR5G-A1, XR5G-A4 and XR5G-A5). 
· Develop a framework and basic functionalities for Single-Buffer Split Rendering for Online Gaming according to the considerations in clause 7.4.
· Document typical XR traffic characteristics in TR26.925 based on the initial considerations in this report, in particular clause 7.7 and support other 3GPP groups in designing systems for XR services and applications.
· Address simple extensions to MTSI to support XR conversational services based on the considerations in clause 7.5
In the mid-term:
· Based on the work developed in the short-term, an extended Split and Cloud Rendering and Processing should be defined based on the considerations in clause 7.9, preferably preceded by a dedicated study
· Address simple extensions to 5G Media Streaming to support 6DoF Streaming based on considerations in clause 7.3. Stage-2 aspects related to TS26.501 should be considered first before starting detailed stage-3 work.
· Based on the work developed in the shorter time frame, address the considerations in clause 7.8 on Social VR
· Based on clause 7.X, AR
The work should be carried out in close coordination with other groups in 3GPP on XR related matter, edge computing and rendering as well in communication with experts in MPEG on the MPEG-I project as well as with Khronos on their work on OpenXR, glTF and Vulkan/OpenGL.
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