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[bookmark: foreword][bookmark: _Toc103923368][bookmark: _Toc100748086]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc103923369][bookmark: _Toc100748087]Introduction
For initial AR experiences, an expected prominent setup will be wirelessly tethered of AR glasses, typically connected to a 5G UE. The tethering technology between a UE and an AR glass may use different connectivity, for example provided through WiFi or 5G sidelink. Different architectures for tethering result in different QoS requirements, session handling properties, and also media handling aspects. For enhanced end-to-end QoS and/or QoE, AR glasses may need to provide functions beyond the basic tethering connectivity function. Generally, smartly tethering AR glasses is an important aspect for successful AR experiences using the 5G System.
Based on this, the present document introduces Smartly Tethering AR Glasses (SmarTAR) in such user experience may be maximized using the 5G System.
[bookmark: scope][bookmark: _Toc103923370][bookmark: _Toc100748088]
1	Scope
The present document addresses architectures, QoS and media handling aspects of when tethering AR Glasses to 5G UEs based on initial discussions in TR 26.998 [2]. In particular, the following aspects are in scope:
-	Definition of different tethering architectures for AR Glasses including 5G sidelink and non-5G access based on existing 5G System functionalities
-	Documentation of the relationship between AR Glasses tethering and AR glasses considered as PIN (Personal IoT Network) elements according to TR 22.859 [3] and the derived service requirements in TS 22.261 [4].
-	Documentation of end-to-end call flows for session setup and handling
-	Identification media handling aspects of different tethering architectures
-	Identification of end-to-end QoS-handling for different tethering architectures and define supporting mechanisms to compensate for the non-5G link between the UE and the AR glasses
-	Providing recommendations for suitable architectures to meet typical AR requirements such as low power consumption, low latency, high bitrates, security and reliability.
-	Collaboration with relevant other 3GPP groups on this matter
-	Identification of potential follow-up work on this matter
[bookmark: references][bookmark: _Toc103923371][bookmark: _Toc100748089]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 26.998: "Support of 5G glass-type Augmented Reality / Mixed Reality (AR/MR) devices".
[3]	3GPP TR 22.859: "Study on Personal Internet of Things (PIoT) networks".
[4]	3GPP TS 22.261: "Service requirements for the 5G system".
[5]	3GPP TR 23.700-78: "Study on Application layer support for Personal IoT and Residential Networks".
[6]	3GPP TR 23.700-88: "Study on architecture enhancements for Personal IoT Network (PIN)"
[7]	3GPP TS 23.304: "Proximity based Services (ProSe) in the 5G System (5GS)".
[8]	3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
[9]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".

[bookmark: definitions][bookmark: _Toc103923372][bookmark: _Toc100748090]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc103923373][bookmark: _Toc100748091]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc103923374][bookmark: _Toc100748092]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc103923375][bookmark: _Toc100748093]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AR	Augmented Reality
PIN 	Personal IoT Network

[bookmark: clause4][bookmark: _Toc103923376][bookmark: _Toc100748094]4	Motivation and Background
Editor’s Note: 
· Introduction to PIN
[bookmark: _Toc103923377][bookmark: _Toc100748095]4.1	Summary of TR 26.998
Editor’s Note: 
· Summarize the TR 26.998 major findings.
The 5G WireLess Tethered AR UE is introduced in [2] as one functional structural device type. It is further split into two sub-types, Type 3a: 5G Split Rendering WireLess Tethered AR UE and Type 3b: 5G Relay WireLess Tethered AR UE. For Type 3a, the tethering 5G Phone provides both the network connectivity and the rendering/pre-rendering assistant functionalities to the AR glass. For Type 3b, the tethering 5G Phone only provides the IP network connectivity to the AR glass.
Note:	The 5G Phone, as a tethering device, initiates the “tether” action to an AR glass which belongs to the tethered device. 
Table 1 Functionality splitting for Wireless Tethered AR glass device
	Functionality spliting 
	Type 3a: Split Rendering WLAR UE
	Type 3b: Relay WLAR UE

	5G connectivity
	Tethering device 
	Tethering device 

	Media Access Function
 User Plane (Media Client)
	Tethering device 
	AR Glass

	Media Access Function
 Control Plane (Media Session Hander)
	Tethering device
	Tethering device

	AR runtime
	Local and uses from sensors, audio inputs or video inputs, but may be assisted by functionalities on tethering devices.
	Local and uses from sensors, audio inputs or video inputs.

	Media Processing
	May be done on the AR glasses and energy intensive AR/MR media processing may be done on the AR/MR tethering device or split.
	Either done on the glass device or it is split with the network.


Editor’s Note: The Media Processing, including spatial computing and scene rendering, may be split among AR glasses, tethering 5G Phone and Edge AS in the network. How the media processing is splitted is FFS.
Different from other types of AR UE, the end-to-end path includes one more wireless/wireline tethering link between AR glass and the tethering 5G Phone. In order to fulfil the end-to-end QoS requirements for the AR session, the AR UE need to acquire the tethering link status via measurement tests or empirical values, and takes it into account when determining the QoS for the 5G system link. With the tethering link status, the Media Access Function may communicate with AF for dynamic QoS policy adjustment accordingly.
[bookmark: _Toc103923378][bookmark: _Toc100748096]4.2	Guiding Use Cases
· Add on or several guiding use cases
[bookmark: _Toc103923379][bookmark: _Toc100748097]4.2.1	Introduction
This clause provides several guiding use cases in order to simplify the analysis in the course of this report. 
[bookmark: _Toc103923380][bookmark: _Toc100748098]4.2.2	Cycling Glasses
Assume the following use case: Thomas got new AR glasses for his 51st birthday. He plays around and can connect the glasses to his mobile phone using a dedicated WiFi connection. Thomas wants to go cycling so he uses the AR glasses. When Thomas goes cycling, he does use four main apps in parallel:
-	A navigation app that provides directions on where to go
-	A fitness app that tracks all different kinds of environmental as well as body data
-	A music app to play his favourite live music radio station
-	A live video sharing app such that his family and friends can track him and cheer him
In addition, as Thomas is a nerd, he also loves to get notifications from major apps such as on social media, work e-mails, Teams notifications from Imed, and so on. All these applications run on the phone and the phone sends notifications to the peripheries. The notifications create certain A(udio)/V(isual)/H(apical) signals. Of these additional apps, you may even then kick off and create and render additional information on the peripheries (headset, glass). Now wearing a glass during cycling, including an audio headset and some haptical notification.  
Thomas’s wife is scared when he wears smart glasses on his bike and she wants to be absolutely sure that he does not get motion sick on the bike and possibly falls off.
In addition, the navigation app uses the camera feeds from the glass and GPS location of the phone to send exact navigation instructions. The camera feeds may have to use an edge for exact detection of the environment and may make the AR glasses provide overlays and information on the environment. But at the same time it will need to send notifications from other apps. These notifications may be any sense or combined senses. So the phone needs to render eye buffers, audio output and provide haptical information to the glass.
[bookmark: _Toc2086442][bookmark: _Toc103923381][bookmark: _Toc100748099]4.3	PIN (Personal IoT Network) elements
According to Service requirements for the 5G system TS 22.261 [4], A Personal IoT Network (PIN) consists of PIN Elements that communicate using PIN Direct Connection or direct network connection and is managed locally (using a PIN Element with Management Capability). Examples of PINs include networks of wearables and smart home / smart office equipment.  Via a PIN Element with Gateway Capability, PIN Elements have access to the 5G network services and can communicate with PIN Elements that are not within range to use PIN Direct Connection. A PIN includes at least one PIN Element with Gateway Capability and at least one PIN Element with Management Capability.
When considering the Type 3: 5G WireLess Tethered AR UE described in TR 26.998 [2], and the PIN architecture aspects described in 3GPP TR 23.700-88 [6] there is a functional mapping to PIN Element types. The WLAR UE consists of a 5G Phone and Tethered Glasses. The 5G Phone is a 3GPP UE which can act as a PEGC (PIN Element with Gateway Capability) and PEMC (PIN Element with Management Capability) while the Tethered Glasses is a PIN element. The 5G WireLess Tethered AR UE can then be considered a PIN.
Using the PIN architecture as basis for WLAR UEs would enable functionalities such as authorization, discovery and selection, management, communication between 5G Phone and AR Glasses, 5G Phone relay communication of AR Glasses with 5GS, and Policy and QoS traffic differentiation.
“Personal IoT networks” (PINs) [3] are of a type of private network typically consisting of a user smartphone, wearables and home automation devices. These networks are very different to commercial IoT device, they are usually less rugged, most highly battery constrained and lifespan of the battery typically a couple of days or weeks. User plane traffic typically stays with a constrained environment, around the body or in the home i.e., within the PIN. Notifications can be received on smartphones that events have occurred within the PIN. A typical wearable PIN is depicted in Figure 4.3.1.
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Description automatically generated]
Figure 4.3.1: Wearable PINs (from [3])
One use case of [3] is called “Media share within PINs”. A sub-use case to be noted consists of watching a movie on a smartphone and then switching to watching the movie on AR glasses.
TR 22.859 [3] includes Potential Consolidated Requirements to be considered for 5GS evolution. These potential requirements include control plane requirements such as Device and Service Discovery, Privacy and Security, PIN Management and Charging. It also includes user plane type of potential requirements such as Gateway capability, Direct Communications, Connectivity and QoS.
According to Service requirements for the 5G system TS 22.261 [4], A Personal IoT Network (PIN) consists of PIN Elements that communicate using PIN Direct Connection or direct network connection and is managed locally (using a PIN Element with Management Capability). Examples of PINs include networks of wearables and smart home / smart office equipment.  Via a PIN Element with Gateway Capability, PIN Elements have access to the 5G network services and can communicate with PIN Elements that are not within range to use PIN Direct Connection. A PIN includes at least one PIN Element with Gateway Capability and at least one PIN Element with Management Capability.
Here are two important PIN Element definitions from [4]:
PIN Element with Gateway Capability: a UE PIN Element that has the ability to provide connectivity to and from the 5G network for other PIN Elements.
NOTE 5C:	A PIN Element can have both PIN management capability and Gateway Capability.
PIN Element with Management Capability: A PIN Element with capability to manage the PIN.
Service requirements for the 5G system TS 22.261 [4] include both control and user plane requirements such as:
· General: including user plane connectivity requirements such as “the 5G system shall support a data path not traversing the 5G network for intra-PIN communications via direct connections.” And “The communication path between PIN Elements may include licensed and unlicensed spectrum as well as 3GPP and non-3GPP access.”
· Gateways: including e.g. “The 5G system shall be able to support access to the 5G network and its services via at least one gateway (i.e. PIN Element with Gateway Capability […]) for authorised UEs and authorised non-3GPP devices in a PIN[…].”
· Operation without 5G core network connectivity: “The 5G system shall allow PIN Elements to communicate when there is no connectivity between a PIN Element with Gateway Capability and a 5G network.  For a Public Safety PIN licensed spectrum may be used for PIN direct communications otherwise unlicensed spectrum shall be used.”
· PIN element discovery: e.g. “The 5G system shall enable a UE or non-3GPP device in a  […] PIN to discover other UEs or non-3GPP devices within the same  […] PIN subject to access rights.” and PIN element capability discovery.
· Relay selection for PIN direct connection: “The 5G system shall support a mechanism for a PIN Element to select a relay for PIN direct connection that enables access to the target PIN Element.”
· Authentication, Privacy and Security: “The 5G system shall provide user privacy; location privacy, identity protection and communication confidentiality for non-3GPP devices and UEs that are using the PIN Element with Gateway Capability […].”
· QoS monitoring and control requirements don’t apply to PINs but to UEs in CPNs (Customer Premises Networks)
Editor's note:	Despite the lack of specific Stage 1 QoS requirements on PIN, Stage 2 includes a solution on QoS management for PINs: “Solution #11: Differentiated QoS between a PINE and 5GS when a PEGC is used for the relay”
· Charging: “The 5G system shall support charging data collection for data traffic to/from individual UEs in a […] PIN (i.e., UEs behind the PIN Element with Gateway Capability […])”
· PIN Creation and Management: “The 5G system shall support mechanisms for a network operator or authorized 3rd party (e.g., a PIN User) to create, remove and manage a PIN”

The Figure 4.3.2 shows the application architecture for enabling PINAPP (“Personal IoT Network Application”) as described in TS 23.700-78 [6]. 
Figure 4.3.2: PINAPP architecture (from [6])

When considering the Type 3: 5G WireLess Tethered AR UE described in TR 26.998 [2], and the PIN architecture aspects described in 3GPP TR 23.700-88 [6] there is a functional mapping to PIN Element types. The WLAR UE consists of a 5G Phone and Tethered Glasses. The 5G Phone is a 3GPP UE which can act as a PEGC (PIN Element with Gateway Capability) and PEMC (PIN Element with Management Capability) while the Tethered Glasses is a PIN element. The 5G WireLess Tethered AR UE can then be considered a PIN.
Using the PIN architecture as basis for WLAR UEs would enable functionalities such as authorization, discovery and selection, management, communication between 5G Phone and AR Glasses, 5G Phone relay communication of AR Glasses with 5GS, and Policy and QoS traffic differentiation.
Editor's note:	Stage 2 work is ongoing in SA2 [4] and SA6 [5]. It is proposed to update this clause based on latest Stage 2 specification.
Editor's note:	It is currently documented in Stage 2 [4] that The PIN Elements assumes to use non-3GPP access (e.g. WIFI, Bluetooth) for direct communication. This is a limitation when considering the following Study Item objective: Defining different tethering architectures for AR Glasses including 5G sidelink and non-5G access based on existing 5G System functionalities.
[bookmark: _Toc103923382][bookmark: _Toc100748100]5	Tethering Architectures and Call Flows
Editor’s Note: 
· Definition of different tethering architectures for AR Glasses including 5G sidelink and non-5G access based on existing 5G System functionalities
· Documentation of end-to-end call flows for session setup and handling
· Identification media handling aspects of different tethering architectures
· Identification of end-to-end QoS-handling for different tethering architectures and define supporting mechanisms to compensate for the non-5G link between the UE and the AR glasses
Scenario
[bookmark: _Toc103923383]5.1	Basic Architecture
The basic problem to solve is shown in theFigure 4.2.1 below figure. An Application Server, for example on the edge, uses the 5G System to distribute content (e.g., content generated in response to the video/audio/pose input from the user) to a UE5G phone. The UE has5G phone is connected with a pair of tethered glasses. The question is now how to set up connectivity and media workcall flows to provide a best user experience under latency and processing constraints on different links. 
[image: A picture containing graphical user interface
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Figure 4.2.1 The system architecture.

Architectural decisions can be made based on different applications, capabilities of the glasses and UE, link qualities and so on. Architectural decompositions may even be changed on the fly, based on updated scenarios.
[bookmark: _Toc67919020][bookmark: _Toc92713717][bookmark: _Toc103923384]5.2	Tethering Architectures 
Processing functions to be split include:
· Scene Renderingrendering
· Spatial computationcomputing

There are many potential architectures to support various way of splitting the processing functions [2]. Here we propose to consider two architectures in TR26.998 [3] as the initial architectures for SmarTAR. 
The two types are:
· Split Rendering WLAR UE. In this case the 5G phone that includes the modem also acts to support rendering of complex scenes and provides the pre-rendered data to the glass, as shown in Figure 5.2.1.
· Relay WLAR UE: In this case, the 5G phone acts as a relay to provide IP connectivity, as shown in Figure 5.2.2.


Figure 5.2.1 Type 3a: 5G Split Rendering WireLess Tethered AR UE [TR26.998]

Main characteristics of Type 3a: 5G Split Rendering WireLess Tethered AR UE:
-	5G connectivity is provided through a tethered device which embeds the 5G modem. Wireless tethered connectivity is provided through WiFi or 5G sidelink. BLE (Bluetooth Low Energy) connectivity may be used for audio. The motion-to-render-to-photon loop runs from the glass to the phone. While the connectivity is outside of the 5G Uu domain, it is still expected that for proper performance when used for split rendering, a stable and constant delay link may be setup on the tethered connection.
-	The AR Runtime is local and uses from sensors, audio inputs or video inputs, but may be assisted by functionalities on phone. 
-	While media processing (for 2D media) may be done on the AR glasses, energy intensive AR/MR media processing may be done on the AR/MR tethered device or split.
-	Some devices might have limited support for immersive media decoding and rendering and may need to rely on 5G cloud/edge
-	While such devices are likely to use significantly less processing than Type 1: 5G STAR devices by making use of the processing capabilities of the tethered device, they still support a lot of local media and AR/MR processing. Such devices are expected to provide 8-10h of battery life while keeping a significantly low weight.
-	The tethered glass itself is not a regular 5G UE, but the combination of the glass and the phone results in a regular 5G UE.
-	Media Access Functions are provided that support the delivery of media content components over the 5G system. Examples of the Media Access Functions are 5GMS functions, MTSI functions, web-connectivity or edge-related client functions. Detailed requirements are for study in this report.


Figure 5.2.2 Type 3b: 5G Relay WireLess Tethered AR UE

Main characteristics of Type 3b: 5G Relay WireLess Tethered AR UE:
-	5G connectivity is provided through a tethered device which embeds the 5G modem. Wireless tethered connectivity is through WiFi or 5G sidelink. BLE (Bluetooth Low Energy) connectivity may be used for audio.
-	The 5G Phone acts as a relay to forward IP packets. The 5G Phone runs a Media Session Handler including EDGE functionalities to support QoS control on the 5G System. To support proper end-to-end QoS, the media session handling needs to take into account the constraints of the tethering link to provide sufficient QoS on the 5G System link to provide adequate QoE for the end user. Details on the exact function of the relay, for example of it is on IP layer (layer 3) or on lower layer is for further study.
-	Media Access functions are provided on the glass device to support the delivery of media content components over the 5G and wireless tethered link. The Media Access function also includes the media session handler (Media Session Hander), which is involved in the end-to-end QoS provisioning in the presence of a non-3GPP access link between the AR glasses and the phone, to be described in more detail shortly. 
-	The motion-to-render-to-photon loop runs from the glass to the edge and hence includes in total 4 wireless links. It is expected that for proper performance when used for split rendering, a stable and constant delay end to end link needs to be setup.
-	The AR Runtime is local and uses from sensors, audio inputs or video inputs, but may be assisted by functionalities on phone. 
-	Media Processing is either done on the glass device or it is split with the network. In particular, relevant is that many devices have limited support for immersive media decoding and rendering and may need to rely on 5G cloud/edge.
-	While such devices are likely to use significantly less processing than Type 1: 5G STAR devices by making use of the processing capabilities of the tethered device, they still support a lot of local media and AR/MR processing. Such devices are expected to provide 8-10h of battery life while keeping a significantly low weight.
-	The tethered glass itself is not a regular 5G UE, but the combination of the glass and the phone results in a regular 5G UE.
-	For services with low latency requirements, such as MTSI or those provided by FLUS, it may be necessary to take the status of wireless connectivity into account when configuring the services, such that the link between AR glass and 5G phone is not overly loaded. How to coordinate the operation of Uu and wireless connectivity in such services is FFS [3].
A key challenge for WLAR and WTAR UEs is to properly estimate the required QoS allocations for the AR sessions. The QoS allocation must take into account the wireless/wired tethering link from the glasses to the phone. This applies to all QoS parameters, namely bitrate, packet loss, delay, and jitter. The following diagram depicts a breakdown of the components contributing to the end-to-end delay as an example:
[image: A picture containing graphical user interface
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Figure 5.2.3: End-to-end delay breakdown to components

For a smooth operation of the AR session, the phone must estimate the impact of the tethering link on the overall QoS requirements. This corresponds to the Dn,1 component in the example figure. The Media Session Hander on the phone is the best entity to perform such estimates, which it may do by:
-	Running some measurement tests for latency, packet loss, and bitrate
-	Exchanging information with the radio and/or AF on the QoS policy
The Media Session Hander may regularly adjust its QoS allocation based on the observation of the status of the tethering link, thus targeting a consistent end-to-end QoS experience.
[bookmark: _Toc103923385]5.3	Call flows 
There are many potential architectures to support various way of splitting the processing functions. Here we propose the call flows for the two agreed architectures in TR26.998 [2]. The first architecture, shown in Figure 5.2.1, is the Type 3a: 5G Split Rendering WireLess Tethered AR UE, where 
· Spatial computing, scene rendering are split between the glasses and UEthe phone
· Pose correction is on the glasses



A corresponding call flow is shown in Figure 5.2.1. The Media Session Hander (MSH) handles the edge discovery. The link between the AR glasses and the UE is shown as a Wi-Fi link. Alternatively, it could be a 3GPP sidelink (i.e., the PC5 interface). The 5G system is involved at the beginning of the call flow, i.e., steps 2 through 4. The edge discovery process shown is driven by the application. Alternatively, it could be driven by the network, in which case step 2 is left out. After step 4, all the processing and communication is between the AR glasses and the UE. Split rendering can leverage the outcome of SR_MSE SID. Step 6, Functional Split, includes for example that the phone requests to use the display on the AR glasses.



Figure 5.2.1 Call flow for the Type 3a architecture


The second architecture in TR26.998 [2], shown in Figure 5.1.2, is Type 3b: 5G Relay WireLess Tethered AR UE, where
· Spatial computing, scene rendering are split between the glasses and the Edge AS
· Pose correction is on the glasses




Spatial computing and scene rendering may be split among glasses, UE and Edge AS. So there are quite many different architectures, in total 17 potential new architectures: 33-2-8=17 according to the below figure.

	Architectures
	Glasses
	UE
	Edge

	
	Spatial, Scene
	Spatial, Scene
	Spatial, Scene

	
	Spatial, Scene
	Spatial, Scene
	Spatial

	Type 3-a
	Spatial, Scene
	Spatial, Scene
	

	
	Spatial, Scene
	Spatial
	

	
	Spatial, Scene
	Scene
	

	…
	…
	…
	…



Other aspects to be considered:
· The architectures may change dynamically
· Different relay functions may exist.

A call flow corresponding to Type 3b is shown in Figure 5.2.2. In this architecture, the UE is not involved in the processing of the media, and it acts as a relay. To ensure desired end-to-end QoS, the UE monitors and estimates the QoS of the link (e.g., a Wi-Fi link) with the AR glasses, determines the QoS requirements on the 5G system, and makes a QoS request to the PDU session setup process. The media capability reporting, step 4, can leverage the outcome from the SA4 MeCAR WID.   


Figure 5.2.2 Call flow for Type 3b architecture
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As shown in figure A-1 below, the end-to-end QoS can be met only when the QoS requirements are properly translated and satisfied over the two legs respectively. 


Figure A-1: End-to-End QoS translation for 5G Layer-3 Relay operation
To achieve this, the QoS mapping can be pre-configured or provided to the 5G Relay UE from the 5GC. The QoS mapping includes combinations of the 5QIs for the 5G link and the PQIs for the tethering link as entries. Both 5QIs and PQIs have standardized values as specified in TS 23.501 [9] and TS 23.287 [8].
If the QoS setup of 5G system link is initiated by network, the 5G Core Network can generates the QoS parameters (e.g. 5QI) and signal to the 5G Relay UE. Then the 5G Relay UE determines the tethering link QoS parameters based the pre-retrieved QoS mapping and then setup the tethering link between AR glasses and the 5G Relay UE.
If the AR glass initiates QoS setup or modification for the tethering link, it provides the QoS Info to the 5G Relay UE. The QoS Info (i.e. PQI, etc.) are interpreted as the end-to-end QoS requirements by the 5G Relay UE for the traffic transmission through the 5G system. The 5G Relay UE would check if the end-to-end QoS requirements can be supported, and decide the 5GS QoS and tethering link QoS parameters based on the QoS mapping.

[bookmark: _Toc103923391][bookmark: _Toc100748106][bookmark: historyclause]
Annex <X> (informative):
Change history
	Change history

	Date
	Meeting
	TDoc
	CR
	Rev
	Cat
	Subject/Comment
	New version

	2022-03
	SA4#118
	S4-220361
	
	
	
	Initial version
	V0.0.1

	2022-04
	SA4#118
	S4-220563
	
	
	
	Version agreed during SA4#118e
	V0.1.0

	2022-05
	SA4#119
	S4-220841
	
	
	
	Version agreed during SA4#119e
	V0.2.0




 

3GPP
image3.png




image4.emf
Personal IoT network

PIN elements A (Relay)

(3GPP/non-3GPP device)

Application 

client

PIN elements (PEGC)

PIN elements (PEMC)

Data network

Application 

server

3GPP Core 

network

PIN client

(enabler)

PIN server

(enabler)

PIN - 1

PIN - 2

PIN - 3

PIN - 4

PIN - 6

PIN - 7

PIN - 9

PIN - 8

PIN elements B

(3GPP/non-3GPP device)

Application 

client

PIN client

(enabler)

PIN - 5

Application data traffic not via PEGC

PIN Management 

client

PIN Gateway Client

PIN elements C

(3GPP/non-3GPP device)

Application 

client

PIN client

(enabler)

APP Direct communication via PEGC

PIN - 3


Microsoft_Visio_Drawing.vsdx
Personal IoT network
PIN elements A (Relay)
(3GPP/non-3GPP device)
Application client
PIN elements (PEGC)
PIN elements (PEMC)
Data network
Application server
3GPP Core network
PIN client
(enabler)

PIN server
(enabler)
PIN - 1
PIN - 2
PIN - 3
PIN - 4
PIN - 6
PIN - 7
PIN - 9
PIN - 8
PIN elements B
(3GPP/non-3GPP device)
Application client
PIN client
(enabler)

PIN - 5
Application data traffic not via PEGC
PIN Management client
PIN Gateway Client
PIN elements C
(3GPP/non-3GPP device)
Application client
PIN client
(enabler)


APP Direct communication via PEGC
PIN - 3



image5.png
Edge Application

Glasses UE
Server
?




image6.emf
5GC

UPF

Edge Application Server

gNB

Glasses

5G Phone

?


Microsoft_Visio_Drawing1.vsdx
5GC
UPF


Edge Application Server
gNB
Glasses
5G Phone
?



image7.emf
5G WLAR UE

5G Phone Tethered Glass

Sensors Cameras

Display

Speakers

User Input

Tethering Functions

Lightweight 

Scene Manager Basic AR Runtime

Content 

Delivery

Wireless Connectivity (e.g. WiFi, 

Sidelink)

Compositor

Basic 

Application

Basic

Codecs

AR Runtime 

API

Tethering Functions

Wireless Connectivity (e.g. WiFi, 

Sidelink)

Encoders

Decoders

Content 

Delivery

Media Access Functions

Media Client

AR/MR Application

User Input

AR Scene Manager

AR Runtime

M8

Immersive

Media Decoders

Immersive 

Audio

Renderer

Soundfield 

Mapping

Content 

Delivery

Media Session Handler

5G System

(Uu)

Visual 

Mapping

Immersive 

Visual

Renderer

Compositor

Scene Graph Handler

2D Codecs

AR Runtime API

5G System

(Server and 

Compute)

AR/MR

Application

Provider

Description

Delivery

Media AF

5G System

(gNB)

Media AS

AR 

Scene 

AR 

Functions

M4

M5

Pose-to-render-to-photon loop

Soundfield 

Mapping

Pose

Correction

XR Spatial 

Compute

XR Spatial 

Compute


Microsoft_Visio_Drawing2.vsdx
5G WLAR UE
5G Phone
Tethered Glass
Sensors
Cameras
Display
Speakers
User Input
Tethering Functions
Lightweight Scene Manager
Basic AR Runtime
Content  Delivery
Wireless Connectivity (e.g. WiFi, Sidelink)
Compositor
Basic Application
Basic Codecs
AR Runtime API
Tethering Functions
Wireless Connectivity (e.g. WiFi, Sidelink)
Encoders
Decoders
Content  Delivery
Media Access Functions
Media Client
AR/MR Application
User Input
AR Scene Manager
AR Runtime
M8
Immersive
Media Decoders
Immersive Audio
Renderer
Soundfield Mapping
Content  Delivery
Media Session Handler
5G System
(Uu)
Visual Mapping
Immersive Visual
Renderer
Compositor
Scene Graph Handler
2D Codecs
AR Runtime API
5G System
(Server and Compute)
AR/MR
Application
Provider
Description
Delivery
Media AF
5G System
(gNB)
Media AS
AR Scene
AR Functions
M4
M5
Pose-to-render-to-photon loop
Soundfield Mapping
Pose
Correction
XR Spatial Compute
XR Spatial Compute



image8.emf
5G WLAR UE

5G Phone

5G WLAR

Media Client

Cloud/Edge

Media Delivery Functions

Media AS

Sensors Cameras

Display

Speakers

Basic AR/MR Application

User Input

Lightweight 

Scene Manager

AR Runtime

Soundfield 

Mapping

Content 

Delivery

Media Session Handler

(incl. Edge)

Pose

Correction

Compositor

Basic

Scene Graph 

Handler

Basic

Codecs

XR Spatial 

Compute

AR Runtime API

5G System

(Gnb)

AR/MR

Application

Provider

Encoders

Decoders

Media AF

Content 

Delivery

Scene Description

Delivery

Scene 

Description

5G System

(Uu)

M8

Wireless Connectivity (e.g. WiFi, 

Sidelink)

Wireless Connectivity (e.g. WiFi, 

Sidelink)

M4

IP Packet Relay

Pose-to-render-to-photon loop

AR/MR Application

AR Scene Manager

Immersive 

Audio

Renderer

Immersive 

Visual

Renderer

Scene Graph 

Generator

Scene and 

Media Assets

AR Functions

XR

Spatial 

Compute

Semantic

Perception

XR Spatial 

Description


Microsoft_Visio_Drawing3.vsdx
5G WLAR UE
5G Phone
5G WLAR
Media Client
Cloud/Edge
 Media Delivery Functions
Media AS
Sensors
Cameras
Display
Speakers
Basic AR/MR Application
User Input
Lightweight Scene Manager
AR Runtime
Soundfield Mapping
Content  Delivery
Media Session Handler
(incl. Edge)
Pose
Correction
Compositor
Basic Scene Graph Handler
Basic Codecs
XR Spatial Compute
AR Runtime API
5G System
(Gnb)
AR/MR
Application
Provider
Encoders
Decoders
Media AF
Content  Delivery
Scene Description
Delivery
Scene Description
5G System
(Uu)
M8
Wireless Connectivity (e.g. WiFi, Sidelink)
Wireless Connectivity (e.g. WiFi, Sidelink)
M5
M4
IP Packet Relay
Pose-to-render-to-photon loop
AR/MR Application
AR Scene Manager
Immersive Audio
Renderer
Immersive Visual
Renderer
Scene Graph Generator
Scene and Media Assets
AR Functions
XR
Spatial Compute
Semantic Perception
XR Spatial Description



image9.png
D1 Dn,2 Dy =Dy + Dpp2

Edge Application
server

AR Glasses Phone UPF

B




image10.emf
5G WLAR UE

5G Phone Tethered Glass

Sensors Cameras

Display

Speakers

User Input

Tethering Functions

Lightweight 

Scene Manager Basic AR Runtime

Content 

Delivery

Wireless Connectivity (e.g. WiFi, 

Sidelink)

Compositor

Basic 

Application

Basic

Codecs

AR Runtime 

API

Tethering Functions

Wireless Connectivity (e.g. WiFi, 

Sidelink)

Encoders

Decoders

Content 

Delivery

Media Access Functions

Media Client

AR/MR Application

User Input

AR Scene Manager

AR Runtime

M8

Immersive

Media Decoders

Immersive 

Audio

Renderer

Soundfield 

Mapping

Content 

Delivery

Media Session Handler

5G System

(Uu)

Visual 

Mapping

Immersive 

Visual

Renderer

Compositor

Scene Graph Handler

2D Codecs

AR Runtime API

5G System

(Server and 

Compute)

AR/MR

Application

Provider

Description

Delivery

Media AF

5G System

(gNB)

Media AS

AR 

Scene 

AR 

Functions

M4

M5

Pose-to-render-to-photon loop

Soundfield 

Mapping

Pose

Correction

XR Spatial 

Compute

XR Spatial 

Compute


Microsoft_Visio_Drawing4.vsdx
5G WLAR UE
5G Phone
Tethered Glass
Sensors
Cameras
Display
Speakers
User Input
Tethering Functions
Lightweight Scene Manager
Basic AR Runtime
Content  Delivery
Wireless Connectivity (e.g. WiFi, Sidelink)
Compositor
Basic Application
Basic Codecs
AR Runtime API
Tethering Functions
Wireless Connectivity (e.g. WiFi, Sidelink)
Encoders
Decoders
Content  Delivery
Media Access Functions
Media Client
AR/MR Application
User Input
AR Scene Manager
AR Runtime
M8
Immersive
Media Decoders
Immersive Audio
Renderer
Soundfield Mapping
Content  Delivery
Media Session Handler
5G System
(Uu)
Visual Mapping
Immersive Visual
Renderer
Compositor
Scene Graph Handler
2D Codecs
AR Runtime API
5G System
(Server and Compute)
AR/MR
Application
Provider
Description
Delivery
Media AF
5G System
(gNB)
Media AS
AR Scene
AR Functions
M4
M5
Pose-to-render-to-photon loop
Soundfield Mapping
Pose
Correction
XR Spatial Compute
XR Spatial Compute



image11.wmf
A

R

 

G

l

a

s

s

e

s

5

G

 

P

h

o

n

e

T

e

t

h

e

r

i

n

g

 

F

u

n

c

t

i

o

n

A

p

p

l

i

c

a

t

i

o

n

M

S

H

U

P

F

E

d

g

e

 

A

S

1

:

 

D

e

v

i

c

e

 

D

i

s

c

o

v

e

r

y

2

:

 

E

d

g

e

 

D

i

s

c

o

v

e

r

y

 

R

e

q

u

e

s

t

3

:

 

E

d

g

e

 

D

i

s

c

o

v

e

r

y

4

:

 

D

o

w

n

l

o

a

d

 

M

e

d

i

a

 

S

o

f

t

w

a

r

e

5

G

5

:

 

M

e

d

i

a

 

C

a

p

a

b

i

l

i

t

y

6

:

 

F

u

n

c

t

i

o

n

a

l

 

S

p

l

i

t

7

:

 

I

n

i

t

i

a

t

e

 

A

p

p

l

i

c

a

t

i

o

n

8

:

 

C

a

m

e

r

a

 

f

e

e

d

s

/

A

u

d

i

o

/

P

o

s

e

9

:

 

V

i

d

e

o

/

A

u

d

i

o

/

S

c

e

n

e

 

G

r

a

p

h

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

7

.

2


oleObject1.bin

image12.emf
5G WLAR UE

5G Phone

5G WLAR

Media Client

Cloud/Edge

Media Delivery Functions

Media AS

Sensors Cameras

Display

Speakers

Basic AR/MR Application

User Input

Lightweight 

Scene Manager

AR Runtime

Soundfield 

Mapping

Content 

Delivery

Media Session Handler

(incl. Edge)

Pose

Correction

Compositor

Basic

Scene Graph 

Handler

Basic

Codecs

XR Spatial 

Compute

AR Runtime API

5G System

(Gnb)

AR/MR

Application

Provider

Encoders

Decoders

Media AF

Content 

Delivery

Scene Description

Delivery

Scene 

Description

5G System

(Uu)

M8

Wireless Connectivity (e.g. WiFi, 

Sidelink)

Wireless Connectivity (e.g. WiFi, 

Sidelink)

M4

IP Packet Relay

Pose-to-render-to-photon loop

AR/MR Application

AR Scene Manager

Immersive 

Audio

Renderer

Immersive 

Visual

Renderer

Scene Graph 

Generator

Scene and 

Media Assets

AR Functions

XR

Spatial 

Compute

Semantic

Perception

XR Spatial 

Description


Microsoft_Visio_Drawing5.vsdx
5G WLAR UE
5G Phone
5G WLAR
Media Client
Cloud/Edge
 Media Delivery Functions
Media AS
Sensors
Cameras
Display
Speakers
Basic AR/MR Application
User Input
Lightweight Scene Manager
AR Runtime
Soundfield Mapping
Content  Delivery
Media Session Handler
(incl. Edge)
Pose
Correction
Compositor
Basic Scene Graph Handler
Basic Codecs
XR Spatial Compute
AR Runtime API
5G System
(Gnb)
AR/MR
Application
Provider
Encoders
Decoders
Media AF
Content  Delivery
Scene Description
Delivery
Scene Description
5G System
(Uu)
M8
Wireless Connectivity (e.g. WiFi, Sidelink)
Wireless Connectivity (e.g. WiFi, Sidelink)
M5
M4
IP Packet Relay
Pose-to-render-to-photon loop
AR/MR Application
AR Scene Manager
Immersive Audio
Renderer
Immersive Visual
Renderer
Scene Graph Generator
Scene and Media Assets
AR Functions
XR
Spatial Compute
Semantic Perception
XR Spatial Description



image13.wmf
A

R

 

G

l

a

s

s

e

s

A

p

p

l

i

c

a

t

i

o

n

5

G

 

P

h

o

n

e

W

i

r

e

l

e

s

s

 

C

o

n

n

e

c

.

M

S

H

U

P

F

E

d

g

e

 

A

S

1

:

 

D

e

v

i

c

e

 

D

i

s

c

o

v

e

r

y

2

:

 

E

d

g

e

 

D

i

s

c

o

v

e

r

y

 

R

e

q

u

e

s

t

3

:

 

E

d

g

e

 

D

i

s

c

o

v

e

r

y

4

:

 

M

e

d

i

a

 

C

a

p

a

b

i

l

i

t

y

5

:

 

S

p

l

i

t

 

R

e

n

d

e

r

i

n

g

 

C

o

n

f

i

g

u

r

a

t

i

o

n

6

:

 

I

n

i

t

i

a

t

e

 

A

p

p

l

i

c

a

t

i

o

n

7

:

 

E

s

t

i

m

a

t

e

 

Q

o

S

 

o

f

 

W

i

-

F

i

8

:

 

Q

o

S

 

R

e

q

u

e

s

t

,

P

D

U

 

S

e

s

s

i

o

n

 

S

e

t

u

p

5

G

9

:

 

C

a

m

e

r

a

 

f

e

e

d

s

/

A

u

d

i

o

/

P

o

s

e

1

0

:

 

V

i

d

e

o

/

A

u

d

i

o

/

S

c

e

n

e

 

G

r

a

p

h

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

7

.

2


oleObject2.bin

image14.emf
 


Microsoft_Word_Document.docx
AR Glass

5G Relay UE

NG-RAN

5GC

AS

PC5

Uu

N6

End-to-End QoS for a relay service

Tethering QoS (PQI)

Uu QoS (5QI)



image1.png







image2.png








image1.png
~

5G




image2.png
=

A GLOBAL INITIATIVE




