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1. Introduction
The text on device functional structures in document S4-201508 was agreed to be included into the TR as the basis for further editing, and includes a number of editor’s notes that requires further attention from the group.  This contribution aims to resolve the following editor’s notes:
· It should be clarified that the 5G Modem is in the AR glasses/smartphone
· Device type #2 and #3 are similar and the detailed differences between them are for further study
The contribution also, by nature, addresses the following editor’s notes:
· A better name for device type #1/#2/#3 will be considered
· Both AR glasses and smartphone should be placed to a box to represent device type #2/#3 UE
· Device type #2 and #3 are similar and the detailed differences between them are for further study
2. Discussion: proposed updates to naming on UE, mode, device definitions
During the SA4 #111e meeting there were numerous comments on the need for a better terminology and clarification of the definitions for device and device types, as well as their relations to device connectivity, 5G Modem availability, and AR glass device processing functionality.
Since many of the editor’s notes related to device functional structures are related with one and another, we attempt to address and resolve the comments without conflict, through separation of modem hardware configuration, and functional modes based on the amount of device AR processing performed on the AR glasses device:
· It should be clarified that the 5G Modem is in the AR glasses/smartphone
· An AR UE contains a 5G Modem for 5G radio access that can be located in the AR glasses, or the tethered device (smartphone).  2 different AR UE types can be defined accordingly.

· Device type #2 and #3 are similar and the detailed differences between them are for further study
· Disregarding and the inclusion or exclusion of a 5G modem in the AR glasses device, current text device types #2 and #3 differ according to the amount of AR processing which is performed on the AR glasses device itself.  Depending on the AR service at hand, some AR processes maybe perform outside the AR glasses device. 2 different glass device modes can be defined accordingly.

By defining UE types and glass modes in such an orthogonal manner as explained above, clearer definitions and categorisations of the different configurations previously discussed in the group can be achieved (smart vs simple, standalone vs tethered etc.

More precise text for the definitions is provided below.

AR UE types (differentiated by physical location of 5G Modem)
Augmented Reality User Equipment (AR UE) is a configuration of devices, including at a minimum an AR glass device, where at least one of the devices is fitted with a 5G modem for radio access.
AR UE Type 1 consists of an AR glass device fitted with a 5G modem for radio access capabilities.
AR UE Type 2 consists of an AR glass device that is connected to a tethered device (smartphone), where a 5G modem is fitted inside the tethered device (smartphone) for radio access capabilities. The AR glass device may be connected to the tethered device via Wifi, 5G sidelink, or USB-C.

	UE Types

	New name
	Old name
	Definition

	AR UE Type 1
(ARG1_UE)
	Standalone
	5G Modem inside glasses for radio access

	AR UE Type 2
(ARG2_UE)
	Tethered
	Use of 5G Modem in tethered device (not in glasses) for radio access



Glass modes (differentiated by operation locations of AR processing functions)
Glass modes describe the operation modes of the AR glass device.
Glass modes differ depending on the where the operations of the AR processing functions take place between the 3 different entities of an AR glass device, a smartphone device, and an edge server.
In Glass Mode 1, the AR processing functions are performed on the AR glass device, as well as on a smartphone device and/or an edge server.
In Glass Mode 2, the AR processing functions are performed outside the AR glass device.
AR processing functions refers to processing functions that are essential for AR services, namely (but not limited to):
· 3D modelling of AR media
· AR encoding of 3D media
· AR decoding of 3D coded media
· AR related localization, mapping, object detection i.e. SLAM
· AR rendering of 3D media
Each AR specific service may require a different set of AR processing functions depending on its requirements.
Identifying the AR processing functions listed above is comparable to the current VR market where VR devices and services support the widespread use of cloud based (MEC) processing leverage, such as viewport dependent delivery, or remote rendering for cloud gaming.  For these VR services, certain VR processing functions such as game rendering are performed on the cloud when they are not performed on the VR device itself.  Likewise for AR services, the AR processing functions listed above are already widely considered as part of AR/MR remote rendering services by Microsoft Azure.

	Glass Modes

	New name
	Old name
	Definition

	Glass Mode 1
	Smart
	AR processing functions are performed on the AR glass device, as well as on a smartphone device and/or an edge server. 

	Glass Mode 2
	Simple
	AR processing functions are performed outside the AR glass device



3. Changes

*** Start change 1 ***
4.2	Device functional structures
4.2.1	Device functions
AR glasses contain various functions that are used to support a variety of different AR services as highlight by the different use cases in clause X.
The various functions that are essential for enabling AR glass-related services within an AR device functional structure include:
· Tracking and sensing
· Inside-out tracking for 6DoF user position
· Eye Tracking
· Hand Tracking
· Sensors
· Capturing
· Vision camera: capturing (in addition to tracking and sensing) of the user’s surroundings for vision related functions
· Media camera: capturing of scenes or objects for media data generation where required
NOTE: vision and media camera logical functions may be mapped to the same physical camera, or to separate cameras. Camera devices may also be attached to other device hardware (AR glasses or smartphone), or exist as a separate external device.
· AR/MR media processing
· Codecs: encoder and decoders for the encoding and decoding of media data
· Vision engine: engine which performs processing for AR related localisation, mapping, 6DoF pose generation, object detection etc., i.e. SLAM, objecting tracking, and media data objects
· Compositor: may perform different operations depending on the rendering pipeline of the media, e.g. displaying layers of images at different levels of depth in a display, or applying pose correction for rendered images
· Renderer: the generation of one (monoscopic displays) or two (stereoscopic displays) eye buffers from the media.  Rendering operations may be different depending on the rendering pipeline of the media, e.g. AR/MR rendering on-device, or on a remote processor.
· Tethering and network interfaces for AR/MR content delivery
· The AR glasses may be tethered through non-5G connectivity (wired, WiFi)
· The AR glasses may be tethered through different flavours for 5G connectivity
· Display: Optical see-through displays allow the user to see the real world “directly” (through a set of optical elements though). AR displays add virtual content by adding additional light on top of the light coming in from the real-world.
· Some good reads: 
· https://kguttag.com/2019/10/21/fov-ar-and-the-view-of-the-real-world/
· https://www.linkedin.com/pulse/why-making-good-ar-displays-so-hard-daniel-wagner/
4.2.2	Generic reference device functional structure device types
Depending on the terminal device configuration, the functions identified in clause 4.2 may exist exclusively in different physical entities, or may be duplicated between the different entities.

AR UE types
Augmented Reality User Equipment (AR UE) is a configuration of devices, including at a minimum an AR glass device, where at least one of the devices is fitted with a 5G modem for radio access.
· AR UE Type 1 consists of an AR glass device fitted with a 5G modem for radio access capabilities.
· AR UE Type 2 consists of an AR glass device that is connected to a tethered device (smartphone), where a 5G modem is fitted inside the tethered device (smartphone) for radio access capabilities.

Glass modes
Glass modes describe the operation modes of the AR glass device.
Glass modes differ depending on the where the operations of the AR processing functions take place between the 3 different entities of an AR glass device, a smartphone device, and an edge server.
· In Glass Mode 1, AR processing functions are performed on the AR glass device, and optionally as well as on a smartphone device and/or an edge server.
· In Glass Mode 1, AR processing functions are performed on the AR glass device, as well as on a smartphone device and/or an edge server.
· In Glass Mode 2, AR processing functions are performed outside the AR glass device.
AR processing functions refers to processing functions that are essential for AR services, namely (but not limited to):
· 3D modelling of AR media
· AR encoding of 3D media
· AR decoding of 3D coded media
· AR related localization, mapping, object detection i.e. SLAM
· AR rendering of 3D media
Each AR specific service may require a different set of AR processing functions depending on its requirements.
Generic reference device functional structures are shown below.

Device tAR UE Type #1
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AR UE Type #1 – glass mode 1
In glass mode 1, the following functions (including AR processing functions) are performed on the AR glass device, and/or on an edge server:
· AR/MR media processor:
· 3D modelling of AR media (typically on edge server)
· AR/MR media codec:
· Encoding of 3D AR media (typically on edge server)
· Decoding of 3D AR media (on AR glasses or edge server)
· Vision engine:
· 6DoF pose generation (on AR glasses)
· SLAM, object recognition (typically on AR glasses)
· AR/MR renderer:
· Generation of eye buffers from 3D media (on AR glasses or edge server)

AR UE Type #1 – glass mode 2
In glass mode 2, the following media processing functions are performed on the AR glass device:
· AR/MR media codec:
· Decoding of 2D media
· Vision engine:
· 6DoF pose generation
· AR/MR renderer:
· Generation of eye buffers from 2D media
The following AR processing functions are performed on an edge server:
· AR/MR media processor:
· 3D modelling of AR media
· AR/MR media codec:
· Encoding of 3D AR media
· Decoding of 3D AR media
· Vision engine:
· SLAM, object recognition
· AR/MR renderer:
· Generation of eye buffers from 3D media


Editor’s Note:
· A better name for device type #1 will be considered
· It should be clarified that the 5G Modem is in the AR glasses, consider text:
In device type #1 the 5G modem exists inside the standalone AR glasses device.
· We need different architectures as a refinement of the above architecture
· There are different types of connectivity
· Uu to gNB
· FR (sidelink) – device to device
· There are different glass types currently in the market, for example
·  Design glasses: AR glasses designed as regular glasses not weighing more than 70 grams (Michael Abrash, Oculus Connect 5 in 2018, the human head can comfortably carry significantly more weight than those 70g - if that weight is well distributed.)
· As an example, in such glass types rendering can not be done in the device. Available power is very different. 
· Enterprise glasses: hololens like glasses for which design is less relevant.

AR UE Type #2
Device type #2
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AR UE Type #2 – glass mode 1
In glass mode 1, the following functions (including AR processing functions) are performed on the AR glass device, as well as on a tethered device and/or an edge server:
· AR/MR media processor:
· 3D modelling of AR media (typically on tethered device or edge server)
· AR/MR media codec:
· Encoding of 3D AR media (typically on tethered device or edge server)
· Decoding of 3D AR media (typically on tethered device or AR glasses)
· Vision engine:
· 6DoF pose generation (on AR glasses)
· SLAM, object recognition (typically on AR glasses)
· AR/MR renderer:
· Generation of eye buffers from 3D media (on tethered device or AR glasses)

AR UE Type #2 – glass mode 2
In glass mode 2, the following media processing functions are performed on the AR glass device:
· AR/MR media codec:
· Decoding of 2D media
· Vision engine:
· 6DoF pose generation
· AR/MR renderer:
· Generation of eye buffers from 2D media
The following AR processing functions are performed on the tethered device and/or edge server:
· AR/MR media processor:
· 3D modelling of AR media
· AR/MR media codec:
· Encoding of 3D AR media
· Decoding of 3D AR media
· Vision engine:
· SLAM, object recognition
· AR/MR renderer:
· Generation of eye buffers from 3D media

Editor’s Note:
· A better name for device type #2 will be considered
· 5G Modem is in the smartphone – tethered connectivity is WiFi or USB-C:
In device type #2 the 5G modem exists inside the tethered device (smartphone).
· Both AR glasses and smartphone should be placed to a box to represent device type #2 UE
· 








· 
Device type #3
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Editor’s Note:
· A better name for device type #3 will be considered
· 5G Modem is in the smartphone – tethered connectivity is WiFi or USB-C:
In device type #3 the 5G modem exists inside the tethered device (smartphone).
· Both AR glasses and smartphone should be placed to a box to represent device type #3 UE
· Device type #2 and #3 are similar and the detailed differences between them are for further study.
*** End change***

4. Proposal
We propose to include the changes as presented in this contribution as a pCR for TR 26.998.
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