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1 Introduction

This contribution discusses the issues of introducing 3D stereo support to 3GPP services and compares the solutions proposed in the technical report on mobile stereoscopic 3D video [1].  
2 Background
Stereoscopic video is attracting increasing interest from consumers. This trend can be credited to the advances in stereo capture and the recent success of several 3D movies as well as the appearance of a wide range of consumer electronics with stereoscopic displays and (in some of them) cameras. Nowadays, several 3D capable smartphones are commercially available (e.g. HTC Evo 3D, LG Optimus 3D, Sharp Aquos SH-12C) and they all provide capabilities for capture and playback of 3D stereoscopic content. In addition, most smartphones are nowadays shipping with an HDMI output and can thus be connected to 3D capable TV sets to playout content in 3D.
Several broadcasters have extended or are extending their offerings with stereoscopic 3D content either in dedicated channels or mixed with 2D content.
3 Solution Discussion
 Currently, two main solutions for the support of stereoscopic 3D content in 3GPP services are being studied in [1]. The frame-compatible solution offers several ways of arranging the content as defined in [2]. So far the most relevant arrangements have been the Side-by-Side (SbS) and the Top-and-Bottom (TaB). So far, all the aforementioned 3D smartphones and 3D capable TV sets support both SbS and TaB formats. 
The second solution is the Multi-view Video Coding (MVC), which is defined as the Stereo High Profile of H.264/AVC [2]. In this profile, the base view is encoded in conformance with the High Profile of H.264/AVC and the second view is encoded exploiting dependency to the base view. 
The TR [1] has shown some results comparing a set of frame compatible formats and MVC. It can be observed from the results that MVC outperforms the frame compatible format SbSF (which is encoded at full resolution) by about 5-10% depending on the sequence. This reflects the actual gain that MVC achieves. For the other formats, the gain is larger mainly due to the application of the down-sampling and consequently the up-sampling for the PSNR calculation. Although the degradation of this operation is measurable in PSNR, the actual subjective degradation is not relevant as the down/up-sampling of the content would only result in smoothing and loss of some high frequency details which do not affect the overall subjective quality at the target resolutions. 

As can be seen from the above analysis, the gains do not justify the introduction of a new codec as the commercial implications would outweigh the small bandwidth gains. The commercial implications can be significant as MVC would require new encoders and decoders to be able to handle stereoscopic 3D content. On the other hand, frame compatible format would not require any changes to the encoding and decoding process and even to the rendering process, given that all the 3D capable devices support the SbS and TaB formats. 
Additionally, complexity and the resulting power consumption should be taken in consideration in the mobile environment. Several services such as video telephony and MMS rely on fast content encoding (in the case of MTSI, it has to be real-time). This is a very challenging target for MVC as the encoder complexity is relatively higher than that of single view AVC encoder.
Another trade-off that needs to be taken into account for the selection of the appropriate solution for mobile stereoscopic 3D is the backwards compatibility. The frame compatible format allows to target existing 2D and 3D devices that have access to a 3D display. However, a 2D device with a 2D display will show the raw format (SbS or TaB). On the other hand, MVC encoded content will display correctly on legacy devices (without 3D support) at the cost of upgrades to the 3D devices only. As mentioned earlier, stereoscopic 3D smartphones are already introduced to the market and as such cannot be upgraded to support MVC (software encoding/decoding would not run in real-time on these devices). As for frame compatible solutions, the issue with 2D devices can be easily addressed by separating the service offering for 3D and 2D capable devices. Here, 2D version of the service can be provided as a fallback solution for the case that 3D is not supported. 

The following table summarizes the advantages and disadvantages of each solution.

	
	MVC
	Frame Compatible

	Compression Efficiency
	+ 5-10% on average compared to Frame Compatible
	- Half-resolution


	Complexity
	- JMVM runs at about 0.54fps
	+ JM runs at about 0.79 fps

	Backwards Compatibility
	+ Second view is discarded by 2D devices
- Existing 3D devices are not supported
	+ Supported by all 3D capable devices (allows decoding on 2D device and display on 3D capable device)
- Display on 2D device requires knowledge of the format and some processing (can be provided as software upgrade)

	Commercial Implications
	- New encoder/decoder is necessary and as such incurs significant cost

- Existing 3D devices cannot be addressed
	+ no commercial implication as legacy encoders/decoders can be used immediately


Complexity of JMVM and JM has been measured using the encoder parameters described in [3]. 
4 Proposal
Based on the discussion above, we propose to conclude the TR by recommending the adoption of frame-compatible formats (namely SbS and TaB) for the introduction of stereoscopic 3D video.
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