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1. Introduction
This document proposes new use case and possible solutions to the use case to be included in the Technical Report on Mobile Stereoscopic 3D Video [1].
2. Background
Quality of 3D experience in stereoscopic 3D video is largely dependent on the perceived depth range. However, the perceived depth range is dependent on the display characteristic, i.e screen size, and viewing distance and can be calculated based on the following equation: 
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                                                (1)
, where D is perceived 3D depth, V is viewing distance, I is inter-pupil distance of the viewer, sD is display pixel pitch of the screen (in horizontal dimension), and d is disparity. As a result, stereoscopic 3D video with disparity range tailored for TV or Tablet, displayed on a screen with a reduced size as a mobile handheld device results in reduce perceived depth range.
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Figure 1  The left view (red) and right view (blue) illustrate asymmetric frustrums that guarantee zero vertical disparity. The 3D comfort zone is indicated by the area that is seen from both cameras. The lighter this region is, the more comfortably objects at that location can be fused. In the ﬁgure above the stereo camera’s baseline and the IOD are of the same length (orthographic stereo). A camera baseline greater than the IOD (hyperstereo) would increase the perceptual depth due to a larger disparity d. [5]

Secondly, the depth range of stereoscopic 3D video is restraint by an acceptable vergence–accommodation difference, which can be referred to as a zone of comfort. Vergence distance is the distance to which the eyes must converge for both to foveate the same point in space, and focal distance is the distance to which the eyes must accommodate to bring the image of that point in space to sharp focus. In natural viewing, the vergence distance and focal distance are always the same. In stereoscopic 3D video viewing, inconsistencies between vergence distance and focal distance are created. The vergence distance varies depending on the stereoscopic 3D video content, i.e. the perceived depth of the content, while the focal distance remains constant, i.e it is always on the display surface. If 3D video object is placed at the border or outside the zone of comfort then the quality of viewing experience of stereoscopic 3D video is reduced. The range of zone of comfort is also dependent on the viewing distance [3]. 
As a result, stereoscopic 3D video with disparity range tailored for TV or Tablet, displayed on a screen with a reduced size as a mobile handheld device results in a perceived depth range that may not fully utilize the range of zone of comfort of a mobile device. On another hand, stereoscopic 3D video with disparity range tailored for a mobile device, displayed on a bigger screen such as TV or Table may results in a perceived depth range that may be outside the range of zone of comfort.
In order for a given audience to be able to watch a film in the highest quality of 3D experience without having to suffer from eye-strain stereo 3D objects must lie within the so-called comfort zone as depicted in Figure 1. Therefore, it would be desirable that: a) the depth range of a stereoscopic 3D video stretch over the zone of comfort of a target device as much as possible and b), any part of the depth range of a stereoscopic 3D video in any moment of the sequence is in the zone of comfort of a target device. 
More details about the impact of the screen size on stereoscopic 3D video can be found in Annex B of [4].
3. Use Case
3.1
Use case description

A service provider offers 3D conent that is available as a DASH streaming services, MBMS service, or PSS service to a 3GPP 3D service capable UE. The 3D content is available in multiple representations differed in bitrates, resolutions, etc. similarly as is the case with the 2D content. However, the 3D content is also available with different depth ranges. Each depth range is targeted for specific display parameters, viewing distance, and a user’s preferences to ensure high quality 3D experience. 
3.2
Working assumptions and operation points
Appropriate MBMS, DASH, and PSS signalling indicating the depth range or the target screen size of stereoscopic 3D video should be specified. MBMS, DASH, PSS clients should be able to conclude based on such signalling the applicability/quality of the stereoscopic 3D video based on the prevailing contextual information. MBMS, DASH, PSS client should be able also to conclude if MBMS/DASH service content is suitable for a given hardware, i.e. if the depth range of the content is in the range of the comfort zone for a given hardware. 

3.3
Possible solution

One possible solution would be to indicate the depth range in form of maximum and minimum disparity values of the stereoscopic 3D video provided over DASH, PSS, or MBMS services. The depth range of the stereoscopic 3D video could be then calculated based on the following equation: 
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, where D is perceived 3D depth, V is viewing distance, I is inter-pupil distance of the viewer, sD is display pixel pitch of the screen (in horizontal dimension), and d is disparity. 
Another possible solution would be to indicate the screen width (or diagonal) or range of screen widths (or range of diagonals) for which the stereoscopic 3D video, provided over DASH, PSS, or MBMS services, is targeted for. 

The calculated depth range based on maximum and minimum disparity or the screen width (or diagonal) or range of screen widths (or range of diagonals) would allow DASH, PSS, or MBMS client to choose version of stereoscopic 3D video which would ensure the highest quality of the 3D experience on a given hardware.
In case of DASH service the maximum and minimum disparity, the screen width (or diagonal) or range of screen widths (or range of diagonals) could be signalled as part of MPD describing DASH service. In case of PSS and MBMS services the required signalling information could be as part of SDP describing MBMS or PSS service. In case of PSS service yet another possible solution, where the stereoscopic 3D video for a given PSS client is chosen by a PSS server based on information in UAProf [7] and the depth range, screen width (or diagonal) or range of screen widths (or range of diagonals) of the stereoscopic 3D video. 
4. Proposal

The proposal is to add the use cases described in Section 3to the TR [1] as detailed in the proposed changes in the Annex. 
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CHANGE 2
6.8
Service provisioning based on depth range of the 3D content
6.8.1
Use Case Description
A service provider offers 3D content that is available as a DASH streaming services, MBMS service, or PSS service to a 3GPP 3D service capable UE. The 3D content is available in multiple representations differed in bitrates, resolutions, etc. similarly as is the case with the 2D content. However, the 3D content is also available with different depth ranges. Each depth range is targeted for specific display parameters, viewing distance, and a user’s preferences to ensure high quality 3D experience. 

6.8.2
Working assumptions and operation points
Appropriate MBMS, DASH, and PSS signalling indicating the depth range or the target screen size of stereoscopic 3D video should be specified. MBMS, DASH, PSS clients should be able to conclude based on such signalling the applicability/quality of the stereoscopic 3D video based on the prevailing contextual information. MBMS, DASH, PSS client should be able also to conclude if MBMS/DASH service content is suitable for a given hardware, i.e. if the depth range of the content is in the range of the comfort zone for a given hardware. 

6.8.3
Possible solution
One possible solution would be to indicate the depth range in form of maximum and minimum disparity values of the stereoscopic 3D video provided over DASH, PSS, or MBMS services. The depth range of the stereoscopic 3D video could be then calculated based on the following equation: 
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, where D is perceived 3D depth, V is viewing distance, I is inter-pupil distance of the viewer, sD is display pixel pitch of the screen (in horizontal dimension), and d is disparity. 

Another possible solution would be to indicate the screen width (or diagonal) or range of screen widths (or range of diagonals) for which the stereoscopic 3D video, provided over DASH, PSS, or MBMS services, is targeted for. 

The calculated depth range based on maximum and minimum disparity or provided screen width (or diagonal) or range of screen widths (or range of diagonals) would allow DASH, PSS, or MBMS client to choose version of stereoscopic 3D video which would ensure the highest quality of the 3D experience on a given hardware.
In case of DASH service the maximum and minimum disparity, screen width (or diagonal) or range of screen widths (or range of diagonals) could be signalled as part of MPD describing DASH service. In case of PSS and MBMS services the required signalling information could be as part of SDP describing MBMS or PSS service. In case of PSS service yet another possible solution, where the stereoscopic 3D video for a given PSS client is chosen by a PSS server based on information in UAProf [24] and the target depth range, screen size, or range of screen sizes of the stereoscopic 3D video.
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