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1. Introduction
This document proposes an update to the 3D Timed Text and Graphics use case presented in the Technical Report on Mobile Stereoscopic 3D Video [1].

2. Background and potential problem
3GPP SA4 has worked on timed text and graphics for 3GPP services which resulted in TS 26.245 [2] for timed text and TS 26.430 [3] for timed graphics. Both formats enable the placement of text and graphics in a multimedia scene relative to a video element. 3GPP Timed Text and Timed Graphics are composited on top of the displayed video and relative to the upper left corner of the video. A track positioning is defined by giving the coordinates of the upper left corner (tx, ty) and the box values are defined as the relative values from the top and left positions of the track.
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Figure 1 An example illustration of text rendering position and composition defined by 3GPP Timed Text in 2D coordination system
With the introduction of stereoscopic video support, the placement of timed text and graphics will be more challenging. Simply overlaying the text or graphics element on top of the video will not result in satisfactory results, as it may confuse the viewer by communicating contradicting depth clues. As an example, a timed text box which is placed at the image plane with depth 0, would over-paint objects in the scene with positive depth that appear in front of the screen. 

3. Possible Solutions
The above problem can be resolved by introducing a new dimension when describing the position of the timed text and timed graphic tracks. The new dimension would be perpendicular to the image plane (display surface). Due to the new dimension, text and graphics elements may be placed with an additional degree of freedom in the scene allowing to benefit from higher flexibility in laying out the track in the 3D scene, as presented on Figure 2. 
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Figure 2 An example illustration of flexible plane tracks overlay.
The flexible positioning of the timed text and graphics tracks can be based on signalling the position of one corner of the box (tx,ty,tz) in the 3D space, the width and height of the box (width, height). Furthermore, rotation (alphax, alphay, alphaz) and translation (transx, transy) values may also be signalled. This information would allow a terminal to calculate the position of all corners of the box in the 3D space. For example, the bottom right corner would be calculated as follows:
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where, the rotation matrix R=Rx*Ry*Rz , where 

Rx ={1 0 0; 0 cos(alphax) sin (alphax); 0 –sin(alphax) cos(alphax)} 

Ry ={cos(alphay) 0 –sin(alphay); 0 1 0; sin(alphay) 0 cos(alphay)} 

Rz ={cos(alphaz) sin(alphaz) 0; -sin(alphaz) cos(alphaz) 0; 0 0 1}

, and the translation vector T = {transx, transy, 0} 
3GP file format can then be extended by introducing new boxes that describe the position of the timed text and graphics tracks and boxes in the 3D space. The new boxes if present would override the information of the timed text and graphic tracks positioning in 2D space. Consequently, a natural fallback to 2D placement for the terminals without 3D support would be ensured. 
A terminal which supports the new 3D related signalling information would be able to project the box onto the target views (i.e. the left and right view) and create in 3D the timed text and graphics reflecting correct depth placement with relation to the objects in the 3D video. This projective transform can be performed on the terminal side based on the following equation (or any of its variants, including coordinate system adjustments):
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, where Vx and Vy represent the pixel sizes in horizontal and vertical directions multiplied by the viewing distance, cx and cy represent the coordinates of the centre of projection.

NOTE: The flexible position of the timed graphic in 3D space demo will be available for visual evaluation during the meeting.
4. Proposal

The proposal is to update 3D Timed Text and Graphics use case in the TR [1] as detailed in the proposed changes in the Annex.
5. Reference
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3GPP TS 26.245: "Transparent end-to-end Packet-switched Streaming Service (PSS); Timed Text Format".
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Annex - changes to the TR on Mobile Stereoscopic 3D Video

CHANGE 1
6.4.1 
Use Case Description

3GPP SA4 has worked on timed text and graphics for 3GPP services which resulted in TS 26.245 [7] for timed text and TS 26.430 [8] for timed graphics. Both formats enable the placement of text and graphics in a multimedia scene relative to a video element. 3GPP Timed Text and Timed Graphics are composited on top of the displayed video and relative to the upper left corner of the video. A track positioning is defined by giving the coordinates of the upper left corner (tx, ty) and the box values are defined as the relative values from the top and left positions of the track.
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Figure 1 An example illustration of text rendering position and composition defined by 3GPP Timed Text in 2D coordination system
With the introduction of stereoscopic video support, the placement of timed text and graphics will be more challenging. Simply overlaying the text or graphics element on top of the video will not result in satisfactory results, as it may confuse the viewer by communicating contradicting depth clues. As an example, A timed text box which is placed at the image plane with disparity 0, would over-paint objects in the scene with negative disparity. 
In addition, text and graphics elements may be placed with an additional degree of freedom in the scene and as such would benefit from higher flexibility in laying out the element in the scene.

6.4.2 
Working Assumptions and Operation Points

The timed element should appear correctly on the stereoscopic display, showing correct depth cues. The 3GPP Timed Text and Timed Graphics formats need to be extended appropriately to support correct and flexible layout. 

For terminals without 3D support the layout of the text or graphics element should fallback to 2D placement that is backwards compatible with 3GPP Timed Text and Timed Graphics, whenever possible.

6.4.3 
Possible Solution
The above problem can be resolved by introducing a new dimension when describing the position of the timed text and timed graphic tracks. The new dimension would be perpendicular to the image plane (display surface).Due to the new dimension, text and graphics elements may be placed with an additional degree of freedom in the scene allowing to benefit from higher flexibility in laying out the track in the 3D scene, as presented on Figure 2. 
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Figure 2 An example illustration of flexible plane tracks overlay.
The flexible positioning of the timed text and graphics tracks can be based on signalling the position of one corner of the box (tx,ty,tz) in the 3D space, the width and height of the box (width, height). Furthermore, rotation (alphax, alphay, alphaz) and translation (transx, transy) values may also be signalled. These information would allow a terminal to calculate the position of all corners of the box in the 3D space. For example, the bottom right corner would be calculated as follows:
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where, the rotation matrix R=Rx*Ry*Rz , where 

Rx ={1 0 0; 0 cos(alphax) sin (alphax); 0 –sin(alphax) cos(alphax)} 

Ry ={cos(alphay) 0 –sin(alphay); 0 1 0; sin(alphay) 0 cos(alphay)} 

Rz ={cos(alphaz) sin(alphaz) 0; -sin(alphaz) cos(alphaz) 0; 0 0 1}

, and the translation vector T = {transx, transy, 0}. 

3GP file format can be then extended by introducing new boxes that describe the position of the timed text and graphics tracks and boxes in the 3D space. The new boxes if present would override the information of the timed text and graphic tracks positioning in 2D space. Consequently, a natural fallback to 2D placement for the terminals without 3D support would be ensured. 
A terminal which supports the new 3D related signalling information would be able to project the box onto the target views (i.e. the left and right view) and create 3D the timed text and graphic reflecting correct depth placement with relation to the objects in the 3D video. This projective transform can be performed on the terminal side based on the following equation (or any of its variants, including coordinate system adjustments):
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, where Vx and Vy represent the pixel sizes in horizontal and vertical directions multiplied by the viewing distance, cx and cy represent the coordinates of the centre of projection.
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