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1. Introduction
The document refines S4-110647 on the basis of the feedback gotten in Video SWG, 15 Aug 2011. 

The use case descriptions are divided into two categories: rate adaptation and graceful degradation. The related use cases of TR 26.904 were copied (and modified to be 3D specific) and additionally use cases related to MTSI were introduced. 

The performance evaluation is proposed to be two-fold. Firstly, they are proposed to contain both subjective studies on preferences between view scaling and other coding options, such as spatial resolution scaling and frame rate scaling, that can offer graceful degradation possibilities. Secondly, it proposed to be analyzed whether 3D video coding provides better rate adaptation and graceful degradation capability compared to 2D video coding in objective terms.

The text below is proposed to be included in the draft TR.

s
Bitrate Adaptation

s.1
Use case description

s.1.1
Introduction

Mobile networks offer different types of radio access networks with different access bitrates. In addition, depending on reception and load conditions, available bitrates in mobile networks may be more or less restricted.

Furthermore, mobile network conditions may change over time which may require that the application adapts to the changing bitrates by changing the quality of the delivered media.
Some use cases explaining such circumstances are provided below

s.1.2
Restricted access bandwidth
A service provider may want to offer a 3D streaming service to 3D capable phones. To ensure a sufficient quality for the service, the service operator requires choosing a minimum quality for which the streaming service can be offered also for 3D capable phones that have restricted access bandwidth. However, it is expected that there is a certain lower boundary where a 3D service can still be considered as being sufficient quality and below this quality the service may unwatchable due to artefacts that are 3D specific.
s.1.3
Rate adaptation in PSS and DASH
A service provider may want to offer a 3D streaming service to 3D capable phones over PSS and/or DASH. To ensure service continuity also in temporarily low bitrates, streams (in RTP-based PSS) or Representations (in DASH) need to be provided to ensure this service continuity, but still to have acceptable quality. In 2D-video, low quality video for service continuity may be achieved by reducing the spatial and temporal resolution as well as to increase the quantization noise. As a last resort, the omission of video transmission entirely and relying on audio only may be applied. In 3D-video, in principle the same mechanisms are available, but the effects of applying these schemes in terms of quality may be more severe and there may be preferences in either dispending earlier or operate along other axis to avoid annoying perceptual artifacts. Another option is to apply a 2D-fallback. 

s.1.4
Rate adaptation in MTSI
In MTSI, the feedback from the far-end decoder could be used to facilitate real-time 3D video encoding according the prevailing network conditions. In the event of severely reduced throughput, the encoder has several options, such as coarser quantization of transform coefficients, reduced spatial resolution, or downgrading from stereoscopic 3D video to single-view video. 
s.1.5
Rate adaptation due to shared radio resources
Another situation where rate adaptation may be needed is where multiple service users converge in a cell and available bandwidth capacity per user therefore depletes quickly. In such case, service to lately incoming UEs may be refused, or all UEs in the cell may suffer severe 3D quality degradation. The situation can be improved when bandwidth of the streams can be reduced adaptively. The service quality is recovered as congestion state of the cell is relieved.
s.2
Working assumptions and operation points

<<tbd>>

s.3
Performance evaluation

While view scalability provides opportunities for rate adaptation, there are also other options for facilitating rate adaptation, such as 

· 
encoding multiple versions of the same content using different bitrates achieved by using different spatial resolutions and/or quantization step sizes for transform coding;

· 
temporal subsampling.

It is therefore important to study whether and under which circumstances view scalability (from 3D to 2D) is a preferred mechanism for rate adaptation over other methods that facilitate rate adaptation.

The performance evaluation therefore includes subjective tests to find out preferences between spatial resolution, frame rate, and quantization noise. The results of the subjective tests give an indication on the lowest accceptable quality and the most suitable rate reduction schemes.
In addition, the performance of mobile 3D video coding is analyzed to answer:

· 
Whether 3D video coding solutions provide better rate adaptation opportunities when compared to 2D video coding in the presented use cases 

· 
Whether there are performance differences among the 3D video coding solutions when it comes to rate adaptation in the presented use cases
x
View Scalability for Graceful Degradation
x.1
Use case description

x.1.1
Introduction
Mobile network conditions may change as time and location changes. As experienced by the application in the UE, the changing network conditions may result into varying residual error rate, varying throughput, and/or varying throughput delay that may disturd media data delivery. As 3D media data can be sensitive to delivery disturbances such as burst errors in wireless channels, 3D user experience might be severely degraded. View scalability may offer possibilities for graceful degradation when 3D data delivery is affected by network conditions. 
In the following sub-clauses specific use cases where graceful degradation may help are introduced.
x.1.2
Graceful degradation in MBMS when entering bad reception conditions

In contrary to a PSS service, an MBMS service cannot adapt to individual receivers need. That is, users entering difficult reception conditions may experience sudden service interruption instead of soft degradation of e.g. 3D video quality. To keep users satisfied with the mobile 3D experience, graceful degradation of the broadcast service is a desired feature. Such a feature can be applied to a broadcast service by allowing differentiation transmission robustness for different parts of the video stream. The service should allow minimum acceptable quality to the user perception at the service coverage configured by operator.

x.1.3
Graceful degradation in MTSI
In MTSI, the feedback from the far-end decoder could be used to facilitate real-time 3D video encoding according the prevailing network conditions. It may be possible to use different robustness for different parts of the video stream to improve the subjective quality of the reconstructed video under severe network conditions.
x.1.4
Combined support of heterogeneous devices and graceful degradation

It is expected, that there will be a coexistence of a variety of device capabilities (e.g. 3D device and 2D device) within 3GPP system and each of these devices may be in different reception conditions. Therefore to cope with both of these challenges in an efficient way, a service should be able to support the heterogeneous devices and to provide Graceful Degradation behaviour at the same time. The support for heterogeneous devices is particularly important to be coped in MBMS where there are limited possibilities to adapt the transmitted content to the present receivers and the bitrate resources in the radio link may be scarce. 
x.2
Working assumptions and operation points

If view scalability is discovered to be a reasonable enabler for graceful degradation in the performance evaluation, it shall be possible for the service provider or content creator to explicitly allow or disallow rendering only one view of the content and, if desired, indicate which one of the views is preferred or required for single-view rendering
<<Ed. More input to this sub-clause is desired.>>

x.3
Performance evaluation

x.3.1
Introduction

3D video coding is studied in the context of the presented use cases to discover if 3D video coding provides better graceful degradation possibilities, such as better robustness for the part of the video bitstream that provides the minimum acceptable quality, when compared to 2D video coding.
The performance of mobile 3D video coding is analyzed to answer:

· 
Whether 3D video coding solutions provide better graceful degradation opportunities when compared to 2D video coding in the presented use cases 
· 
Whether there are performance differences among the 3D video coding solutions when it comes to graceful degradation in the presented use cases
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