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[bookmark: foreword][bookmark: _Toc110933757]Foreword
[bookmark: spectype3]This Technical Specification 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: _Toc110933758]Introduction
This specification defines a media service enabler for split rendering in the 5G system. 
[bookmark: scope][bookmark: _Toc110933759]
1	Scope
The present document defines a Media Service Enabler for Split Rendering according to the guidelines of TR26.857 [1].
[bookmark: references][bookmark: _Toc110933760]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 26.857: "5G Media Service Enablers".

[bookmark: definitions][bookmark: _Toc110933761]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc110933762]3.1	Terms
For the purposes of the present document, the terms given in 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 TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc110933763]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc110933764]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: _Toc110933765]4	General
[bookmark: _Toc110933766]4.1	Overview
[bookmark: _Toc110933767]4.2	Typical Use Cases
[bookmark: clause4][bookmark: _Toc110933768]5	Reference Architecture and Procedures
[bookmark: _Toc110933769]Editor’s Note: The terminalogy and reference-point naming convention needs to be aligned in  this document.
5.1	Reference Architecture
5.1.1	Introduction
We define different variants of the reference architecture for the split rendering MSE, each representing a different perspective and level of detail.

5.1.2 	Client Architecture
Figure 5.1.2-1 depicts the client architecture.
[image: ]

[bookmark: _Ref103839657]Figure 5.1.2-1 – Device architecture of AR UE

5.1.3	End-to-End Architecture
The end-to-end architecture is depicted in figure 5.1.3-1.

 Editor’s Note: this architecture variant is TBD based on the MeCAR discussions.
5.1.4 Control Architecture



Figure 5.1-3 – Split management architecture

5.1.5	User Plane Architecture
Figure 5.1.5-1 depicts the user plane architecture for split rendering.
[image: ]

[bookmark: _Toc110933770]5.2	Procedures and Call Flows
5.2.1 	Call flow for Split Rendering instance discovery
5.2.1.1 Client-driven procedures and call flows
Figure 5.2.1-1 demonstrates a call flow for setting up the split rendering by the client.



Figure 5.2.1-1: High-level call flow for initiating a split
Steps:
1. The 5GMS Application Service Provider requests the SRF the provisioning a split management session.
2. The split management session is announced to the Application as part of the Service Access Information.
3. The 5GMS-Aware application requests a split of the client media functions from the SRC.
4. The SRC inquires the Media Service Client to discover the client’s media capabilities.
5. The SRC requests the SRF split of the client media functions.
6. The SRF inquires the 5GMS AS about its capabilities.
7. The SRC and SRF negotiate on the acceptable capabilities for the device and agree on the split option.
8. The SRF requests the 5GMS AS to start the split-rendering process on the edge.
9. The SRF acknowledges the SRC that the split-rendering on edge is running and provides its access information.
10. The SRC acknowledges the Application that the split-rendering on edge is running.
11. The 5GMS-aware Application request starting a media session from the 5GMS client.
12. The 5GMS client connects to the split-rendering on the 5GMS AS using provided information in step 9.

5.2.1.2 Network-driven procedures and call flows
Figure 5.2.1.2-1 demonstrates a call flow for setting up the split rendering by the client.


Figure 5.2.1.2-1: High-level call flow for the network-driven split management
Steps:
1. The 5GMS Application Service Provider requests the SRF the provisioning a split management session.
2. The split management session is announced to the Application as part of the Service Access Information.
3. The SRF inquires the 5GMS AS about its capabilities.
4. The SRF requests the SRC split of the client media functions.
5. The SRC inquires the Media Service Client to discover the client’s media capabilities.
6. The SRC and SRF negotiate on the acceptable capabilities for the device and agree on the split option.
7. The SRF requests the 5GMS AS to start the split-rendering process on the edge.
8. The SRF acknowledges the SRC that the split-rendering on edge is running and provides its access information.
9. The SRC acknowledges the Application that the split-rendering on edge is running.
10. The 5GMS-aware Application request starting a media session from the 5GMS client.
11. The 5GMS client connects to the split-rendering on the 5GMS AS using provided information in step 9.

5.2.2 	Call flow for Split Rendering session setup
The split rendering operation can be described by the following call flow:

The steps are:
1. The Presentation Engine discovers the split rendering EAS and sets up a connection to it. It provides information about its rendering capabilities and the OpenXR configuration.
2. In response, the split rendering EAS creates a description of the split rendering output and the input it expects to receive from the UE.
3. The Presentation Engine requests the buffer streams from the MAF, which in turn establishes a connection to the split rendering EAS to stream pose and retrieve split rendering buffers.
4. The Source Manager retrieves pose and user input from the XR runtime.
5. The Source Manager shares the pose predictions and user input actions with the split rendering EAS
6. The split rendering EAS uses that information to render the frame
7. The rendered frame is encoded and streamed down to the MAF

[bookmark: _Toc110933771]6	Prerequisites
6.1	Requirements on 5G System
6.2	Requirements on Device APIs and Functionality
MSE-7
[bookmark: _Toc110933773]7	Split Rendering Application Function 
7.1	Functionality
7.2	RESTful APIs
MSE-5, MSE-1 (optional)
[bookmark: _Toc110933774]8	Split Rendering User Plane 
MSE-4
[bookmark: _Toc110933775]8.1	Split Rendering Signalling Protocols

[bookmark: _Toc110933776]8.2	Split Rendering Formats
8.2.1 	General
8.2.2 	Pixel Streaming Profile
8.2.2.1 	Overview
The full-prerendering profile is restricted to the support of 2D content exclusively. The capabilities of the receiving UE are shared with the split rendering server prior to the start of the split rendering session. These capabilities and configurations would indicate the audio-visual output setup on the UE. For example, it would indicate that the output device is an HMD that supports 2 views and stereo audio. 
8.2.2.2 	Downlink Formats
The visual formats supported in this profile match the options that are supported by OpenXR. The supported view configurations are:
· Mono: a single view
· Stereo: one view per eye
The following composition layers are supported:
· Projection: projection of the scene to a 2D plane using a perspective camera
· Quad: a 2d surface that is composed in the 3D space by the XR runtime
· Equirectangular: an equirectangular projection of the 3D space that is usually used to provide a background
· Cubemap: a set of 6 swapchain images that represent a projection of the 3D scene onto a cube
Each swapchain image will have the following properties:
· Format: RGB, RGB with Alpha (RGBA), and single-channel Depth formats with different precisions. RGB may be recovered from the coded YUV video stream. Depth information may be coded a separate video stream. 
· Dimension: width and height of the swapchain image
· Mipmap: count of the level of detail of the swapchain image. The swapchain images maybe created at the UE side. Some Graphics Engines expect that the image dimensions are a power of 2.
For audio, the following formats are to be supported:
· Stereo audio mixed and binauralized based on the viewer’s current pose
· HOA audio mixed based on the viewer’s current position that extracted from the pose
8.2.2.3 	Uplink Formats
The rendering process relies on the reception of pose predictions and user input. The pose information is formatted as follows:
· An array of multiple pose predictions
· Each pose prediction consists of a position and orientation component as a 3D (coordinates) and 4D (quaternion) vectors respectively.
· The prediction timestamp associated with the predicted pose
· An XR space for which the pose is created. If not present, this defaults to the viewer’s XR space.
The user input may be described following OpenXR’s convention on naming the actions.
[bookmark: _Toc110933777]8.3	Split Rendering Transport Protocols

[bookmark: _Toc110933772]9	Split Rendering Client 
9.1	Functionality
Reference pre-requisites, user plane functionality, control plane
9.2	Client API
MSE-6

[bookmark: _Toc110933778]Annex A	 (Informative):
Implementation Guidelines
[bookmark: _Toc110933779]Annex A.1 Guidelines for Application Developers

[bookmark: _Toc110933780]Annex A.2 Guidelines for Split Rendering MSE Implementers

[bookmark: _Toc110933781]Annex A.3 Conformance Testing

[bookmark: tsgNames][bookmark: startOfAnnexes]
[bookmark: _Toc110933782]Annex B (normative):
IDL Definition of Client API
[bookmark: _Toc110933783]
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