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1 Introduction
Enhanced awareness of content quality and rate characteristics can allow the DASH client to make more intelligent decisions during streaming to deliver better QoE. This document presents this use case with a discussion on problem statement and potential solutions in Section 2.
2 Use Case: Streaming with Enhanced Awareness of Content Quality and Rate Characteristics
2.1 Problem Statement
DASH-formatted content can be offered via constant bitrate (CBR) or variable bitrate (VBR) encoding: 
· In the CBR case, while the video bitrate is nearly constant, the video quality may vary significantly depending on the content characteristics, e.g., for the same bitrate a fast-moving scene will yield poorer video quality in comparison to a slow-moving scene. 
· In the VBR case, while the video quality is quite consistent, the video bitrate may vary significantly depending on the content characteristics, e.g., for the same quality a fast-moving scene will be allocated a higher bitrate in comparison to a slow-moving scene. 
In DASH MPD, content quality and rate characteristics are specified in a limited fashion based on @bandwidth attributes. In particular, Representation@bandwidth and SubRepresentation@bandwidth attributes in the MPD allow for differentiating across DASH representations and sub-representations from an average bitrate perspective (averaging time scale defined with respect to MPD@minBufferTime). While this provides the DASH client sufficient means to dynamically switch across different DASH representations and/or sub-representations based on the estimation of link bandwidth, two challenges still remain:

1- Description of Content Quality Variations: In the CBR case, DASH-formatted content for a given representation or sub-representation may vary drastically in quality, which is not revealed by the fixed @bandwidth attribute. Two negative implications of this are: (i) some of the DASH-formatted segments (e.g., those for slow-moving scenes) may be encoded with quality much higher than necessary wasting bandwidth resources, (ii) some of the other DASH-formatted segments (e.g., those for fast-moving scenes) may suffer significantly in terms of quality, hurting the end user experience. The current DASH MPD does not provide the DASH client to make intelligent selections across DASH representations based on quality characteristics – this is a missed opportunity on quality-driven adaptations at the client to improve streaming QoE (when quality realized by the selected bitrate falls below target quality) and/or save bandwidth (when quality realized by the selected bitrate exceeds target quality). Consequently, MPD-based descriptions on quality characteristics of the content in addition to @bandwidth information are desirable.
2- More Granular Content Bitrate Descriptions: In the VBR case, content bitrate will vary significantly across segments and sub-segments. However, the currently-specified MPD includes inadequate information on the varying bitrate characteristics of the representations and sub-representations, limited by the existing Representation@bandwidth and SubRepresentation@bandwidth attributes. Therefore, a more granular description of content bitrate characteristics, e.g., at the segment and sub-segment levels, is beneficial to enable DASH client to make more intelligent switching decisions.
2.2 Potential Solutions
To address Problems #1 and #2 described above on content quality and bitrate variations, the following enhancements may be considered (sketched here at a high level):
a)   MPD may include quality information (e.g., objective/subjective quality metrics such as PSNR, MOS, VQM, MS-SSIM, etc. may be of interest here) at the adaptation set, representation, sub-representation, segment and/or sub-segment levels. At a more general level, it may be possible to specify a quality value for any given byte range in the MPD that may contain an arbitrary number of segments, sub-segments, etc.
b)    MPD may include minimum and maximum quality information at the adaptation set, representation or sub-representation levels (similar to @minBandwidth and @maxBandwidth attributes).
c)    Segments and sub-segments in the MPD may themselves contain new attributes describing bandwidth and quality in a more granular fashion at the segment and/or sub-segment level. 
d)    In broader terms, MPD may allow for associating quality and bandwidth attributes with any byte range within a segment or sub-segment, or any byte range that spans across multiple segments or sub-segments. 

3 Proposal
This contribution proposes adoption of the above problem statement and potential solutions on streaming with enhanced awareness of content quality and rate characteristics for DASH into TR 26.938 of the IS_DASH study item. It should be mentioned that a related core experiment on this use case in the context of MPEG DASH has also been initiated recently in MPEG.
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