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1 Introduction
During SA4#100, a first set of Definitions were added to TR26.928. This proposes updates to the definitions.
2 Proposed Updates

4.1
Preliminaries

4.1.1 
Different Types of Realities


The scope of this Technical Report is the introduction of eXtended Reality (XR) to 3GPP services and networks. eXtended Reality (XR) is an umbrella term for different types of realities as shown in Figure 4.1-1. The figure also shows different application domains of XR such as entertainment, healthcare, education, etc. The different terms are defined in the following, reusing and extending some definitions from TR26.918 [2].
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Figure 4.1-1 Different Types of Realities and some applications
Virtual reality (VR) is a rendered version of a delivered visual and audio scene. The rendering is designed to mimic the visual and audio sensory stimuli of the real world as naturally as possible to an observer or user as they move within the limits defined by the application. Virtual reality usually, but not necessarily, requires a user to wear a head mounted display (HMD), to completely replace the user's field of view with a simulated visual component, and to wear headphones, to provide the user with the accompanying audio. Some form of head and motion tracking of the user in VR is usually also necessary to allow the simulated visual and audio components to be updated in order to ensure that, from the user's perspective, items and sound sources remain consistent with the user's movements. Additional means to interact with the virtual reality simulation may be provided but are not strictly necessary.
Augmented reality (AR) is when a user is provided with additional information or artificially generated items or content overlaid upon their current environment. Such additional information or content will usually be visual and/or audible and their observation of their current environment may be direct, with no intermediate sensing, processing and rendering, or indirect, where their perception of their environment is relayed via sensors and may be enhanced or processed.

Mixed reality (MR) is an advanced form of AR where some virtual elements are inserted into the physical scene with the intent to provide the illusion that these elements are part of the real scene. 
Extended reality (XR) refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as AR, MR and VR and the areas interpolated among them. The levels of virtuality range from partially sensory inputs to fully immersive VR. A key aspect of XR is the extension of human experiences especially relating to the senses of existence (represented by VR) and the acquisition of cognition (represented by AR).

Other terms used in this context of XR are Immersion as the sense of being surrounded by the virtual environment as well as Presence providing the feeling of being physically and spatially located in the virtual environment. The sense of presence provides significant minimum performance requirements for different technologies such as tracking, latency, persistency, resolution and optics (see for example https://xinreality.com/wiki/Presence for more details).

4.1.2
Degrees of Freedom and Tracking

User want to interact and act in extended realities as shown in Figure 4.1-2. Actions and interactions involve movements, gestures, body reactions, Thereby, Degrees of Freedom (DoF) describes the number of independent parameters used to define movement of a viewport in the 3D space.
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Figure 4.1-2 Different degrees of freedom for a user in extended realities
Typically, the following different types of Degrees-of-Freedom are described (and also shown in Figure 4.1-3).
· 3DoF: Three rotational and un-limited movements around the X, Y and Z axes (respectively pitch, yaw and roll). A typical use case is a user sitting in a chair looking at 3D 360 VR content on an HMD (see Figure 4.1-3 (a)).
· 3DoF+: 3DoF with additional limited translational movements (typically, head movements) along X, Y and Z axes. A typical use case is a user sitting in a chair looking at 3D 360 VR content on an HMD with the capability to slightly move his head up/down, left/right and forward/backward (see Figure 4.1-3 (b)). 

· 6DoF: 3DoF with full translational movements along X, Y and Z axes. Beyond the 3DoF experience, it adds (i) moving up and down (elevating/heaving); (ii) moving left and right (strafing/swaying); and (iii) moving forward and backward (walking/surging). A typical use case is a user freely walking through 3D 360 VR content (physically or via dedicated user input means) displayed on an HMD (see Figure 4.1-3 (d)).

· Omnidirectional 6DoF: 6DoF with constrained translational movements along X, Y and Z axes (typically, a couple of steps walking distance). A typical use case is a user freely walking through VR content (physically or via dedicated user input means) displayed on an HMD but within a constrained walking area (see Figure 4.1-3 (c)).
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	(a) 3DoF
	(b) 3DoF+
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	(c) 6DoF
	(d) Omnidirectional 6DoF


Figure 4.1-3 Different degrees of freedom

Another term for Omnidirectional 6DoF is Room Scale VR being a design paradigm for XR experiences which allows users to freely walk around a play area, with their real-life motion reflected in the XR environment. 
This motion can be sensed by Positional Tracking, i.e. the process of tracing the scene coordinates of moving objects in real-time, such as HMDs or motion controller peripherals. Positional Tracking allows to derive the Pose, i.e. the combination of position and orientation of an object. Different type of tracking exist:
· Outside-In Tracking: a form of positional tracking and, generally, it is a method of optical tracking. Tracking sensors placed in a stationary location and oriented towards the tracked object that moves freely around a designated area defined by sensor coverage. 
· Inside-out Tracking: a method of positional tracking commonly used in virtual reality (VR) technologies, specifically for tracking the position of head-mounted displays (HMDs) and motion controller accessories whereby the location of the cameras or other sensors that are used to determine the object’s position in space are located on the device being tracked (e.g. HMD).
· World Tracking:  a method to create AR experiences that allow a user to explore virtual content in the world around them with a device's back-facing camera using a device's orientation and position, and detecting real-world surfaces, as well as known images or objects.
Some other relevant definitions

· Foveated rendering: a method for which an image is rendered with different resolutions. Some parts of the image have higher resolution, while others would have lower. Foveated rendering increases the resolution or sharpens the part of the image your eyes are focused on and reduces the resolution or blurs the other parts of the image. This process mimics how humans view the world in real life.
· Parallax is the relative movement of objects as a result of a change in point of view. When objects move relative to each other, users to estimate their size and distance.
· Occlusion is the phenomena when one object in a 3D space is blocking another object from view. 
· Field of view or FOV is the extent of observable world at any given moment. Field of view is usually measured in degrees.

3 Proposal

It is proposed to add proposed updates mentioned in clause 2 in an updated version of the TR.
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