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Introduction
At the 3GPP-SA4#121, the real-time metadata transport over data channel was agreed to be included in PD. It was agreed to use data chunk to carry the timed interaction metadata. A generic payload format is shown in Figure 1.
0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|    Type = 0   | Reserved|U|B|E|           Length              |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                             TSN                               |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|      Stream Identifier S      |    Stream Sequence Number n   |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Hlk118706028]|                 Payload Protocol Identifier = 53              |
[bookmark: _Hlk118372333]+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Subprotocol payload ID                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Hlk118372247]|        Metadata type          |    Metadata attributes        |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
\                                                               \
/              Metadata Payload Data (seq n of Stream S)        /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

[bookmark: _Ref118707635]Figure 1 Generic data chunk payload format for the timed metadata
OpenXR metadata transport over data channel
OpenXR [1] is an API for XR applications, it is the interface between an application and runtime. OpenXR is a set of functions that interface with a runtime to perform commonly required operations. This contribution proposes a data chunk payload format for the OpenXR core APIs, including action, space, view and projection.
Figure 2 illustrates high level architecture of the timed metadata transmission. The UE runtime collects and derives the metadata from the sensors input with specific OpenXR APIs. The metadata aggregator aggregates the essential metadata from the runtime and delivers the metadata to the remote UE or server via data channel. The remote UE or server receives and parses the metadata carried in the input stream and passes the metadata to the runtime for the operation such as rendering.
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Description automatically generated]
[bookmark: _Ref126927073]Figure 2 Timed interaction metadata transmission architecture
Actions
OpenXR applications communicate with input devices using actions. Actions are created at initialization time and later used to request input device state, create action spaces, or control haptic events. 
In OpenXR [1], Action set specifies a set of actions with the action set information such as name, description, and priority as below.
	XrResult xrCreateActionSet(
    XrInstance			instance,
    const XrActionSetCreateInfo*	createInfo,
    XrActionSet*			actionSet);



	typedef struct XrActionSetCreateInfo {
    XrStructureType  type;
    const void*        	next;
    char               	actionSetName[XR_MAX_ACTION_SET_NAME_SIZE];
    char               	localizedActionSetName[XR_MAX_LOCALIZED_ACTION_SET_NAME_SIZE];
    uint32_t           	priority;
} XrActionSetCreateInfo;



An action refers to individual actions when retrieving action data, creating action spaces, or sending haptic events. The action information includes action name, description, action type and one or more sub-action paths.
	XrResult xrCreateAction(
    XrActionSet			actionSet,
    const XrActionCreateInfo*  	createInfo,
    XrAction*			action);



	typedef struct XrActionCreateInfo {
    XrStructureType  	type;
    const void*        	next;
    char               	actionName[XR_MAX_ACTION_NAME_SIZE];
    XrActionType       	actionType;
    uint32_t           	countSubactionPaths;
    const XrPath*      	subactionPaths;
    char               	localizedActionName[XR_MAX_LOCALIZED_ACTION_NAME_SIZE];
} XrActionCreateInfo;



Figure 3 is the data chunk payload structure proposed to carry Action set metadata. Each data channel payload may carry an action set timed metadata, the action set header provides the action set information such as priority, number of actions, and the length of each action.
[image: Graphical user interface, application

Description automatically generated]
[bookmark: _Ref126927781]Figure 3 Action set payload structure
Figure 4 is the proposed Action Set header content.
 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|    Metadata type = 5          |     Action set attributes     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                        Action set name                        |
|                                                               |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                       Action set priority                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                       Number of actions                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|    action #1 length           |        action #2 length       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|    action #3 length           |        action #4 length       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|          . . . .              |        action #N length       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Ref126141163]Figure 4 Proposed Action Set header payload format
· [bookmark: _Hlk126261833]A metadata type value may be set to XR_OBJECT_TYPE_ACTION_SET (5) as defined in OpenXR
· 16-bits Action attributes field indicates action set attributes
· 64-bits Action set name field indicates action set name
· 32-bits Action set priority indicate the action set priority. 
· 32-bits Number of actions field indicate the number of actions associated with the action set
· 16-bits action length indicate the length of each action included in the Action set payload
Figure 5 is the proposed Action metadata content.
[bookmark: _Hlk126263781] 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|          Metadata type        |       Action attributes       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                           Action type                         |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
\                                                               \
/                          Action metadata                      /
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Ref126927946]Figure 5 Proposed XrAction metadata payload format
· [bookmark: _Hlk126263855]16-bits metadata type value is the registered extension number of an action
· 16-bits Action attributes field indicates the attributes of each action
· 32-bits Action type indicates action type XrActionType as specified in OpenXR
· Action metadata is the timed metadata associated with an action 
Figure 6 is the payload of an Action set example described in OpenXR. An Action set is named “gameplay” whose priority is 0; it has one input action “teleport” and one output action “player_hit”. The action type of teleport is XR_ACTION_TYPE_BOOLEAN_INPUT and the action type of player_hit is XR_ACTION_TYPE_VIBRATION_OUTPUT. The player_hit action is binding with unextended OpenXR XrHapticVibration with XR_TYPE_HAPTIC_VIBRATION equal to 13. The XrHapticVibration elements include duration, frequency and amplitude.
 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|    Metadata type = 5          |     Action set attributes     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                        Action set name                        |
|                           “gameplay”                          |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Action set priority = 0                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                    Number of actions = 2                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|    action #1 length           |        action #2 length       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Metadata type = “teleport”    |       Action attributes       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|            Action type = XR_ACTION_TYPE_BOOLEAN_INPUT         |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
\                                                               \
/                        Teleport metadata                      /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|     Metadata type = 13        |       Action attributes       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|            Action type = XR_ACTION_TYPE_VIBRATION_OUTPUT      | 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
\                                                               \
/                 XrHapticVibration metadata                    /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Ref126936152]Figure 6 Example of Action set metadata payload
Spaces 
XR applications have a core need to map the location of virtual objects to the corresponding real-world locations where they will be rendered. Spaces allow applications to explicitly create and specify the frames of reference in which they choose to track the real world, and then determine how those frames of reference move relative to one another over time.
An application can get both the location and velocity of a space within a base space using the OpenXR xrLocateSpace function. The locating space elements include base space, space, time and space location. The space location elements include locationFlag and pose. The space velocity elements include velocityFlag, linear velocity and angular velocity.
	XrResult xrLocateSpace(
    XrSpace                                     space,
    XrSpace                                     baseSpace,
    XrTime                                      time,
    XrSpaceLocation*                  location);



	typedef struct XrSpaceLocation {
    XrStructureType              type;
    void*                                    next;
    XrSpaceLocationFlags    locationFlags;
    XrPosef                               pose;
} XrSpaceLocation;



	typedef struct XrSpaceVelocity {
    XrStructureType             type;
    void*                                   next;
    XrSpaceVelocityFlags    velocityFlags;
[bookmark: _Hlk127121845]    XrVector3f                        linearVelocity;
    XrVector3f                        angularVelocity;
} XrSpaceVelocity;



Figure 7 is the proposed payload format for XrLocateSpace. 
 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Metadata type=XrLocateSpace   |            Rev                |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                             space                             |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                            baseSpace                          |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                              time                             |
|                                                               |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Metadata type=42        |    Rev                | Flags |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
/                              pose                             /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|      Metadata type= 43        |    Rev                | Flags |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
/                          linearVelocity                       /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
/                         angularVelocity                       /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Ref126937949]Figure 7 Proposed XrLoacteSpace metadata payload format
· A metadata type value for the XrLocateSpace may be set to either XR_TYPE_REFERENCE_SPACE_CREATE_INFO (37) or XR_TYPE_ACTION_SPACE_CREATE_INFO (38).
· 32-bits space and baseSpace fields indicate the space handle defined in OpenXR
· 64-bits XrTime is the sample timestamp in nanoseconds. 
· A metadata type value for the XrSpaceLocation is set to XR_TYPE_SPACE_LOCATION 42
· 4-bits Flags field indicates XrSpaceLocationFlags as defined in OpenXR
· XrPosef pose has 7 floating point elements, including XrQuaternionf{x, y, z w}  and XrVector3f{x, y, z}, each element may be represented by a 32-bits single-precision floating-point number or 64-bits double-precision floating-point number as specified in IETF RFC4506 [2].
· A metadata type for the XrSpaceVelocity is set to XR_TYPE_SPACE_VELOCITY 43
· 4-bits Flags field indicates XrSpaceVelocityFlags as defined in OpenXR
· linearVelocity has 3 floating point elements, including XrVector3f{x, y, z}, each element may be represented by a 32-bits single-precision floating-point number or 64-bits double-precision floating-point number as specified in IETF RFC4506 [2].
· angularVelocity has 3 floating point elements, including XrVector3f{x, y, z}, each element may be represented by a 32-bits single-precision floating-point number or 64-bits double-precision floating-point number as specified in IETF RFC4506 [2].
View and projection
An application uses xrLocateViews to retrieve the viewer pose and projection parameters needed to render each view for use in a composition projection layer.
The xrLocateViews function returns the view and projection info for a particular display time. XrView includes pose and field of view (fov) as follows.
	XrResult xrLocateViews(
    XrSession                                   session,
    const XrViewLocateInfo*      viewLocateInfo,
    XrViewState*                            viewState,
    uint32_t                                      viewCapacityInput,
    uint32_t*                                    viewCountOutput,
    XrView*                                      views);



	typedef struct XrViewLocateInfo {
    XrStructureType                      type;
    const void*                                 next;
    XrViewConfigurationType    viewConfigurationType;
    XrTime                                        displayTime;
    XrSpace                                       space;
} XrViewLocateInfo;



	typedef struct XrView {
    XrStructureType    type;
    void*                          next;
    XrPosef                     pose;
    XrFovf                       fov;
} XrView;



Figure 8 is the proposed XrView metadata payload format. 
 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Metadata type = XR_TYPE_VIEW  |    Rev                | Flags |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                          XrSpace::space                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                        XrTime::displayTime                    |
|                                                               |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
/                         XrPosef::pose                         /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
/                          XrFovf::fov                          /
\                                                               \
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[bookmark: _Ref126939249]Figure 8 Proposed XrLoacteViews metadata payload format
· [bookmark: _Hlk126939505]A metadata type value for the XrView is set to XR_TYPE_VIEW 7
· 4-bits Flags field indicates XrViewStateFlags as defined in OpenXR
· 32-bits space field indicate the space handle defined in OpenXR
· 64-bits display time is in nanoseconds.
· pose has 7 floating point elements, XrQuaternionf{x, y, z w}  and XrVector3f{x, y, z}, each element may be represented by a 32-bits single-precision floating-point number or 64-bits double-precision floating-point number as specified in IETF RFC4506 [2].
· fov has 4 floating point elements, XrFovf{angleLeft, angleRight, angleUp, angleDown}, each element may be represented by a 32-bits single-precision floating-point number or 64-bits double-precision floating-point number as specified in IETF RFC4506 [2].
Proposal
It is requested to include clause 2 of this document in the permanent document and take them into account in the discussion of IRTCW and related topics.
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