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1 Introduction
This document provides some discussion around the below chapter. Initially, there was not enough time to update the text. In the update from S4-190861, this document integrates the discussion below into the text. It is proposed to update the TR.
2 Proposed New Text 
4.2 Devices and Form Factors
4.2.1 Device Types
[

Extended reality addresses also different form factors and device types as shown in Figure 4.3-1. A summary of the different device types are provided in Table 4.3-1 along with tethering examples, placement of 5G modem, XR engine, and Tracking Sensors as well as typical power availability. 
A smartphone may be used, both for AR as well as for VR (together with a card-board). In both cases, typically an XR engine/runtime is available to support local processing of sensor data and viewport rendering. In this case the, the 5G modem and all media/XR processing is integrated in a single device. Power consumption of such devices is important, but not ultimately critical.

Commonly available today are VR HMDs in standalone mode. In this case, the 5G modem as well as all media/XR processing may be integrated in a single device. Power consumption of such devices is important, but not as critical. Similar numbers apply as for smartphones. Also existing today are VR Viewers that are tethered. Wireless VR Viewers are not existing today, but are compelling.
For AR Glasses, typically two types of AR glasses can be differentiated:

1) AR HMDs: Such glasses are more feature rich and may include a certain amount of processing as well as power supply. Connectivity such as the 5G modem may be integrated in the glasses.
2) AR Wearables: For such glasses, design is much more important and there are significant weight restrictions. The processing power is expected to be low to avoid battery consumption and thermal development. Tethering may happen with using a wired connection or it may be wireless. When tethered, power is typically provided by the remote device. Wireless AR glasses are commercially compelling.

In both cases, the sensors are included in the AR glasses. 




In the context of this Technical Report, the XR Device Types according to Table 4.3-1 are differentiated.

Table 4.3-1 XR Device Types

	XR Device Type
	Tethering
Examples
	5G Modem
	Sensors
	XR Engine
	Power Availability

	Phone
	n/a
	XR device
	XR device
	XR device
	3-5 Watt typically

	VR Viewer Tethered 
	USB-C
	External
	XR device
	External
	Supplied by external device

	VR Viewer Wireless
	802.11ad/y, 5G, etc.
	External
	XR device
	Split
	2-3 Watt typically

	VR Standalone
	n/a
	XR device
	XR device
	XR device/Split
	3-7 Watt typically

	AR Wearable Tethered 
	USB-C
	External
	XR device
	External
	Supplied by external device

	AR Wearable Wireless
	802.11ad/y, 5G. etc.
	External
	XR device
	Split
	Below 1 Watt up to 2 Watt typically

	AR HMD
	n/a
	XR device
	XR device
	XR device/Split
	2-4 Watt typically


4.2.2 Power Consumption

When designing media processing, XR functionality and 5G connectivity, it is important to understand the power consumption of different components that are possibly integrated in XR devices. The following should be taken into account:

· Tracking and Sensing

· 3DoF tracking may be done with low power consumption, below 1 Watt

· 6DoF tracking involving for example, capturing cameras,, LEDs for eye and hand tracking, etc. are more power-consumption intense
· Display

· Display power consumption is critical and depends on the device. 

· Display power consumption can be in the range of up 1W
· Render (GPU)

· The power consumption of the GPU depends on frame rates, resolution, display technology

· The power consumption can be from several mWatt to several Watt depending on use case

· Compute and Media Processing (CPU)

· Similar observation as for the GPU

· If encoding is involved, power consumption is typically higher.

· Connectivity

· The power consumption of wireless contection such as 5G depends on several factors including bitrates, location, frequeny range, etc.

· The power consumption can be from several mWatt to several Watt depending on use case

It is expected that each of the components are improved to address power savings. However, it is still of ultimate relevance that in the development of technical specifications of XR devices, the power consumption of each component is taken into account. It also important that technologies are designed such that during run-time, power consumption can be adapted.
]

3 Additional Discussion

Where can 5G modem be?

· Compute Engine (Computer, PC, Laptop)

· MiFi cell device

· Smartphone

· Puck (e.g., Magic Leap One)

· In glass (Stand-alone)

Where are the tracking sensors?

· Glasses (local)

Where is the XR Engine/run-time?

· On-device (in glass/headset/smartphone)

· Separate compute unit (remote)

· Split (different versions and load distribution)

Tethering connectivity between 5G Modem and Glass

· USB-C

· 802.11ad/y

· Custom cable

· 5G sidelink

· Bluetooth (for simple devices)

Properties:

· Tethering properties

· Bandwidth

· Latency

· Reliability

· LOS/Tethered, etc.

· Length

· Power Availability (for tethered it is all heat dissipation, for non-tethered it also weight and size of battery)

· Consumer AR Glasses

· Wearable: 500mW in total

· Tracking functionality (ODG): 1-2 W

· Typically reduced display functions

· Enterprise AR Glasses: 

· Simple and Sleek (in volume, ODG, Vuzix Glasses, M300, Realware): 1W – 2W (limited tracking)

· High-End (HoloLens, MagicLeap): up to 3W

· Smartphone

· Today about 3.5W

· VR Standalone Headset

· Up to 6-7W

· 6 DoF Tracking

· Power Consumption (all compromises)

· Sensing

· Up to 1W for sensing and tracking

· Capturing cameras are also heavy

· LEDs for eye tracking, handtracking
· Display

· Critical

· Up to 1W

· Fixed cost

· Render (GPU)

· Dependent on framerate, resolution, display technology

· 100mW – several W depending on use case

· Compute (CPU)

· Connectivity

· 5G

· Typically 1.5W for 5G for average bitrates such 100 Mbit/s today at average location

· Sub-6GHz

· For mmWave it may be higher

· Sidelink should give less than 1.5W more relay

· Scenarios at worth position could go high

· Similar holds for 802.11ad/y

· Technologies needs to be adaptive to power consumption

· Can we create some categories for XR/AR/5G devices?
· Low power: 1W in total, 500mW for display
4 Categorization

We believe that SA4 should take on the duty to categorize XR devices in order for 3GPP to have a clear reference to these and use it consistently in definitions. The above form factors and discussion highlight the topics.
As a starting point, we consider the following categories (which follows the above table):

· Smartphone based XR device
· AR HMD all in one

· Examples: HoloLens, MagicLeap
· VR HMD all in one

· Examples: Oculus Quest

· AR wearables

· Consumer wearable

· IOT type of device

· Low power

· Examples: North Focals, Snap Spectrals

· VR viewers

· Cheap devices today

We believe it is important that we have well defined terms and categorization.

5 Proposal
An updated version of the contribution will integrate the information in clauses 3 and 4 into the current text of clause 2, preferably during SA4#105.
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Figure 4.3-1 XR Form Factors
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