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1 Introduction
This contribution presents a new use case for the IS_DASH Rel-12 study item in Section 2. The related proposal is provided in Section 3 and supplemental performance evaluation results are described in Section 4.
2 Use Case: Consistent Quality for DASH users
2.1 Description
The content provider MyDASH aims to offer DASH-formatted content for the 3GPP PSS-based streaming services delivered by the operator BestCoverage Telecom. The operator wishes to ensure that the users in its network experience consistent quality during streaming. MyDASH recognizes that the quality may significantly fluctuate in some of its content due to encoding limitations and decides to enable signalling of quality information to facilitate suitable adaptations on the client end for achieving consistent quality. 
2.2 Evaluation Results and Gap Analysis
In DASH MPD, content bitrate characteristics are specified based on @bandwidth attribute of the Representation element in the MPD, allowing for differentiating across DASH representations from a bitrate perspective (averaging time scale defined with respect to MPD@minBufferTime). 

If the Segment Index is provided, then this information may be downloaded for different Representations (signalled in-band or out-of-band) and provides a full bitrate over time map. This provides the client more detailed information about the actual bitrate/size of each (sub)segment. However, it may still be the case that the quality fluctuates despite (capped) VBR encoding.

On this front, Figures 1 and 2 show the per-segment bitrate and quality for the 5-min test video clip “A_Glimpse_of_China” encoded using unconstrained VBR and capped VBR, respectively. The original clip comes in 720p, 25fps format, encoded at very high rate (81.5Mbps) using H.264 high profile and the content is encoded with x264 with unconstrained VBR and capped VBR with parameters described in Table 1. The content is encoded into eight representations and the segment length is fixed to 2 seconds (only two representations are depicted in Figures 1 and 2, one in the blue curve and other in the green curve). The per-segment MS-SSIM scores of encoded content are calculated and then mapped to MOS scores on the receiving terminal based on learning from the subjective testing. As shown in Figures 1 and 2, unconstrained VBR encoding yields to a more constant quality than capped VBR encoding. The key observation is that in both cases quality in terms of MOS scores fluctuates significantly and the quality variation becomes larger at a lower bitrate (blue curve). 
Table 1   Encoding Parameters in x264

	Encoding parameter
	Value
	Note

	--profile 
	High
	common parameters

	--preset 
	Veryslow
	

	--fps
	25
	

	--keyint 
	50
	

	--min-keyint 
	50
	

	--no-scenecut
	
	

	--log-level 
	Debug
	

	--bitrate
	500, 800, 1000, 1250, 1500, 2000, 2500, 4000
	unconstrained VBR* 

	--ratetol
	Inf
	

	--tune
	Ssim
	

	--bitrate
	500, 800, 1000, 1250, 1500, 2000, 2500, 4000
	constrained VBR

	--vbv-maxrate
	1000, 1600, 2000, 2500, 3000, 4000, 5000, 8000
	

	--vbv-bufsize
	2000, 3200, 4000, 5000, 6000, 8000, 10000, 16000
	


Consequently, DASH-formatted content for a given representation or sub-representation may vary in quality, which is not revealed by the existing @bandwidth attribute or ‘sidx’ information available at the client. Some potential implications of this may be that it may not be possible to maintain a consistent video quality during playback at the client side and 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.
Signalling of quality-related information about the content (via the DASH MPD or other means) to the DASH client can therefore be desirable. It is envisioned that by receiving information about quality of encoded segments along with their lengths, the client may be able to make more intelligent decisions about which Representation to select to maintain an overall good quality potentially with lower bandwidth consumption and faster buffering. 
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Figure 1 - Per-segment bitrate and quality for unconstrained VBR
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Figure 2 - Per-segment bitrate and quality for constrained VBR
2.3 Overview of Potential Solution Space
Possible techniques for signaling quality information include the following:
1- MPD-level signalling 
2- Segment index-level signalling
3- Metadata track level signalling
Potential signalling methods in the MPD-level approach may involve using additional attributes included in segment lists, new “quality descriptors” defined at Representation and/or Adaptation set levels or using SupplementalProperty descriptors with specific schema defined for quality information. In general, techniques relying exclusively on MPD for carrying quality information may have a challenge with satisfying compactness. For long media presentations it is desirable to have quality data to be placed in a separate place. MPD, however, may be used for signalling that quality information is present, and provide URLs on files or containers where it can be found.
Embedding quality information as additional parameter in segment index can be another method. This approach may lead to compact representations of quality and offers ease of coupling with other information relevant for accessing media segments. If this approach is adopted, an effort should be made in making sure the resulting solution is also general and backwards compatible. The handicap of this approach is that the carriage of quality information would be defined in a DASH-specific manner and would not be applicable in a broader context.
Creating suitable 3GP file format based profiles of the metadata track for carriage of quality information can perhaps be the best solution in terms of compactness, general applicability, extensibility and backwards compatibility. This approach is clearly agnostic to the DASH format and also enables compact and extensible signalling of quality information. Furthermore, it is believed to be possible to reuse a lot of the existing tools from DASH and 3GP file format specifications if this solution is adopted. The metadata track carrying quality information would be linked to the track it describes (e.g., video track) by means of a ‘cdsc’ (content describes) track reference. Different metric types and corresponding storage formats would be identified by their unique sample entry names with suitable 4cc ‘xxxx; definitions for the metrics and can be signalled via the existing ‘codecs’ parameter of the DASH MPD, e.g., ‘psnr’, ‘ssim’, etc.
There are several metrics for signalling of quality that have been proposed in the literature, but there is generally no universal agreement on which one is best in practice. Some of these metrics use dB scale, such as PSNR, while others are mapped to the interval associated with 5-level MOS scale, such as SSIM and MS-SSIM. The field of quality measurements is evolving, and hence, it should be possible to consider new metrics to be defined in the future. 
Quality information should be accessible for all segments / representations in the adaptation set, so that DASH client can independently retrieve it ahead of time before loading actual data segments. Finally, it should be noted that such addition of quality information should not break existing deployments. Existing clients should be operational by simply ignoring it, while new and more advanced client designs should be able to read and take advantage of it.
3 Proposal
It is proposed to adopt the use case, evaluation results, gap analysis and potential solutions in Section 2 of this contribution DASH into TR 26.938 of the IS_DASH study item. 
4 Supplemental Performance Evaluation Results on Quality-Driven Rate Adaptation Algorithms

4.1 Simulation Setup
Figure 3 describes our simulation setup. In our simulation, the following tools were used

A. DASH Content Generation

Encoder: x264

Quality generation: MSU tool 
(http://compression.ru/video/quality_measure/video_measurement_tool_en.html) 
to calculate MS-SSIM, and a MOS Estimator to map MS-SSIM to MOS on different devices
DASH encoder (from ITEC web site): http://www-itec.uni-klu.ac.at/dash/?page_id=282
This encoder produces the required MPD files according to DASH specifications. Additional codes are written to add quality information in the MPD file.

B. DASH Server

Microsoft IIS HTTP streaming server in Windows platform. The IIS streaming server supports HTTP streaming which is compatible with VLC DASH plugin.

C. Network Emulator

Apposite Netropy N60 is a hardware emulation engine that enables high-precision emulation of up to 15 separate WAN links to model complex network topologies or run multiple concurrent tests.

D. DASH Client

VLC-2.1.x Player with DASH plug-in (from VideoLan http://nightlies.videolan.org/ ). VLC player includes a DASH plugin implementation. This implementation was modified to support adding quality and segment size information to the MPD file. In addition, rate adaptation cases were implemented to evaluate the use of quality in rate adaptation. Summary of details include

1. Parsing quality and size information from the modified MPD file.

2. Adding a sliding window to measure download rates at the client over a defined time interval. This sliding window contains the download rate of previous duration and will be used to estimate the available download rate for next segment.

3. Implementing advanced rate-adaptation algorithms for non-quality and quality-based MPD. More details will be discussed in Section 4.3.
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Figure 3 - Simulation Setup
4.2 Content Preparation
4.2.1 Content Encoding
The test clip used in the simulation is a 5-min video “A_Glimpse_of_China_short” provided by Huawei. The clip shows live footage of Shanghai, and offer variety of content: architecture, people, trees, cars, etc. The original clip comes in 720p, 25fps format, encoded at very high rate (81.5Mbps) using H.264 high profile. The content is encoded with x264 with unconstrained VBR and capped VBR and parameters described in Table 1. The content is encoded into eight representations and the segment length is fixed to 2 seconds.  
Note: Used --ratetol inf and --tune ssim for the unconstrained VBR setting since VLC DASH has problems supporting --crf encoding videos. 

4.2.2 Quality Generation
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The quality generation process is shown in Fig. 4. The per-segment MS-SSIM scores of encoded content are calculated using the MSU tool and then mapped to MOS scores on different devices based on learning from the subjective testing. 
Figure 4 – Quality generation process

The generated MOS scores are written to the MPD files and the VLC DASH player is modified to read the quality information from those MPD files.

Figures 1 and 2 show the per-segment bitrate and quality of two representations for the unconstrained VBR and constrained VBR cases, respectively. 
4.3 DASH Rate Adaptation Algorithms
4.3.1 Adaptation based on per-segment bitrate information (Non-Quality)

[image: image8.png]


The basic idea of the non-quality algorithm is to adapt the segment bitrate to the available network bandwidth with different rate factors, which are determined by the buffer level. When the buffer level is high, the client could perform more aggressively by selecting a representation bitrate bounded by available BW*rate_factor. The flowchart of the algorithm is shown in Fig. 5. The following parameters are defined in the algorithm:
Buffer percentage parameters: buf_low, buf_med, buf_high 

      
   Bitrate threshold factor: rate_factor1, rate_factor2

Algorithm Details:

Condition 0: buf < buf_low

· Select lowest bitrate representation

Condition 1: buf_low < buf < buf_med

· Select highest bitrate representation lower than the available BW

Condition 2: buf_med < buf < buf_high

· Select highest bitrate representation lower than the available BW*rate_factor1

Condition 3: buf > buf_high

· Select highest bitrate representation lower than the available BW*rate_factor2
4.3.2 Adaptation based on per-segment bitrate and quality information (Quality-based)
The main idea of the quality-based algorithm is to maintain a balance among buffer level, selected bitrate and quality based on the available bandwidth and per-segment bitrate/quality information. The flowchart of the quality-based algorithm is shown in Fig. 6 and the following parameters are defined:

Buffer percentage parameters: buf_low, buf_med, buf_high
Quality threshold: quality_min, quality_max
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Bitrate threshold factor: rate_factor1, rate_factor2
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Algorithm Details:

Condition 0: buf < buf_low

· Choose lowest bitrate representation

Condition 1: buf_low < buf < buf_med

· Select representations lower than the available BW

· If quality is higher than quality_min, choose the lowest bitrate representation that satisfies quality_min

· Else: choose highest quality representation

Condition 2: buf_med < buf < buf_high

· Select representations lower than the available BW*rate_factor1

· If quality between quality_min and quality_max

· If lower than avail. BW: select highest quality

· Else choose highest bitrate representation lower than avail. BW

· Elseif: quality < quality_min, select the highest bitrate representation

· Elseif: quality > quality_max, select the lowest bitrate representation

Condition 3: buf > buf_high

· Select representations lower than the available BW*rate_factor2

· If quality is higher than quality_max, choose the lowest bitrate representation that satisfies quality_max

· Else: choose highest quality representation
4.3.3 Bandwidth Model
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We used Apposite Netropy N60 Network Emulator to emulate various channel conditions. Figure 7 shows the bandwidth models we evaluate in the simulation. In model A, the available bandwidth stays constant at a level for 10s and then switch to a different level following the pattern shown in the figure. In model B, the available bandwidth alternatively switches between 2Mbps and 200kbps every 5s.
[image: image13.emf]20 40 60 80 100 120 140

0

1000

2000

3000

4000

5000

6000

7000

Segment Index

Segment Bitrate (kbps)

 

 

Non-quality, rf1=rf2=1.0

Non-quality, rf1=1.5, rf2=2.0

Quality-based, Q

min

=3.0, Q

max

=4.5

[image: image14.emf]0 50 100 150 200 250 300

0

20

40

60

80

100

Time (s)

Buffer Percentage (%)

 

 

Non-quality, rf1=rf2=1.0

Non-quality, rf1=1.5, rf2=2.0

Quality-based, Q

min

=3.0, Q

max

=4.5

[image: image15.emf]0 50 100 150 200 250 300

0

20

40

60

80

100

Time (s)

Buffer Percentage (%)

 

 

Non-quality, rf1=rf2=1.0

Non-quality, rf1=1.5, rf2=2.0

Quality-based, Q

min

=3.0, Q

max

=4.5


4.3.4 Experimental Results
In this section, we evaluate the performance of non-quality and quality-based DASH rate adaptation algorithms with unconstrained VBR and constrained VBR DASH content in different network scenarios. The VLC buffer size is fixed at 30s. For both algorithms, the pre-defined parameters in Table 2 are used unless otherwise noted.

Table 2 - Pre-defined Parameters for Rate Adaptation

	
	buf_low
	buf_med
	buf_high
	rate_factor1
	rate_factor2
	Qmin
	Qmax

	Non-quality
	30%
	50%
	70%
	1.0
	1.0
	--
	--

	Quality-based
	30%
	40%
	70%
	3.0
	3.0
	3.0
	4.5


Table 3 compares the statistics of non-quality and quality-based rate adaptation algorithms under network model A. In Table 3, we see that for the constrained VBR case, the quality-based algorithm achieves the same average quality as the non-quality algorithms with less percentage of low-quality periods. At the same time, the quality-based algorithm consumes 27% less bandwidth and maintains a higher buffer level while the non-quality algorithms suffer from one rebuffering event. For the unconstrained VBR case, we have similar observations that the quality-based algorithm achieves the same average quality with shorter bad-quality periods and consumes 34% less bandwidth with a higher average buffer level. The results show that with the quality information, the DASH client can maintain a better balance among bitrate, quality and buffer level. The results also show that the constrained VBR has worse average quality and larger quality fluctuations under the same network consumption, which indicates that when stricter bitrate variation is applied to the compressed content, it is very important to signal quality information to the DASH client in order to efficiently stream the videos with good user experience. 
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Table 3 - Statistics of Non-quality and Quality-based Rate Adaptation Algorithms (Bandwidth Model A)

	

Constrained VBR

	                                              Metric

Algorithm
	Avg. Bitrate (Mbps)
	Avg. MOS
	MOS<3
	Avg. Buffer %
	Rebuffering Time (s)
	No. Rebuffer

	Non-Quality (rf1=rf2=1.0)
	2.02
	3.98
	24.3%
	56.0%
	4.9
	1

	Non-Quality (rf1=1.5, rf2=2.0)
	2.03
	3.92
	26.4%
	45.5%
	14.3
	1

	Quality-based (Qmin=3.0, Qmax=4.5)
	1.47 (27%)
	3.99
	15.7%
	64.7%
	0
	0

	

Unconstrained VBR

	Non-Quality (rf1=rf2=1.0)
	2.04
	4.21
	5.0%
	45.0%
	0
	0

	Non-Quality (rf1=1.5, rf2=2.0)
	2.05
	4.21
	5.0%
	43.6%
	0
	0

	Quality-based (Qmin=3.0, Qmax=4.5)
	1.34 (34%)
	4.22
	3.6%
	70.5%
	0
	0


Figures 8-10 present the corresponding streamed segment bitrate, quality and the buffer status. It shows that the quality-based algorithm can make smarter adaptation decision based on current buffer level, segment bitrates and quality information. In some situations, the algorithm chooses to stream at a lower bitrate when the quality requirement is met, which helps to save bandwidth consumption and fill up the buffer faster. In other situations, the algorithm may request a higher bitrate than the available bandwidth to trade off the quality gains if the buffer level allows. On the contrary, for the non-quality case, requesting a bitrate higher than the available bandwidth without knowing the quality tradeoff could unnecessarily drains the buffer and worsens the overall performance. 
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Furthermore, we add a case where the representations provided to the devices are limited based on the quality (i.e., do not offer representations higher than a MOS=4.5) and evaluate the performance under bandwidth model B. The statistics are shown in Table 4. It is shown that capping the representation bitrate based on the quality information helps to improve the efficiency of the non-quality based algorithm. It limits the unnecessary bandwidth consumption when max quality requirement is met. Compared to the non-quality algorithm without representation capping, it achieves better quality performance and higher buffer level with the same amount of bandwidth consumption. However, quality-based algorithms still yield to a better overall performance since capping high bitrate representation would not help the case where the client needs to adapt to several moderate bitrate representations based on the quality information. The results also show that choosing the proper quality parameters for different network conditions helps to improve the performance. This indicates that the quality-based algorithm can be further improved by designing a cost function that takes into account buffer level, segment bitrate, segment quality, and available bandwidth (short-term and long-term) to find the optimal representation.
Table 4 - Statistics of Non-quality and Quality-based Rate Adaptation Algorithms (Bandwidth Model B)
	

Constrained VBR*

	                                              Metric

Algorithm
	Avg. Bitrate (Mbps)
	Avg. MOS
	MOS<3
	Avg. Buffer %

	Non-Quality (rf1=rf2=1.0)
	1.36
	3.62
	32.9%
	39.2%

	Non-Quality (rf1=1.5, rf2=2.0)
	1.33
	3.55
	35.7%
	35.2%

	Non-Quality (rf1=rf2=1.0), Capped MOS=4.5
	1.27
	3.80
	25.0%
	55.9%

	Non-Quality (rf1=1.5, rf2=2.0), Capped MOS=4.5
	1.34
	3.83
	21.4%
	51.8%

	Quality-based (Qmin=3.0, Qmax=4.5)
	1.14
	3.74
	16.4%
	51.7%

	Quality-based (Qmin=3.0, Qmax=4.0)
	1.01
	3.75
	12.1%
	58.0%
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<SegmentBase>


    <Initialisation sourceURL="glimpsesh_500kbit/A_Glimpse_of_China_short_500kbit_dashNonSeg.mp4" range="0-818"  mos="3.5" />


</SegmentBase>


<SegmentList duration="2">


    <SegmentURL media="glimpsesh_500kbit/A_Glimpse_of_China_short_500kbit_dashNonSeg.mp4" mediaRange="819-81883" mos="3.2" />


    <SegmentURL media="glimpsesh_500kbit/A_Glimpse_of_China_short_500kbit_dashNonSeg.mp4" mediaRange="81884-194588" mos="3.4" />


    <SegmentURL media="glimpsesh_500kbit/A_Glimpse_of_China_short_500kbit_dashNonSeg.mp4" mediaRange="194589-348897" mos="3.5" />


    <SegmentURL media="glimpsesh_500kbit/A_Glimpse_of_China_short_500kbit_dashNonSeg.mp4" mediaRange="348898-510015" mos="3.2" />


    <SegmentURL media="glimpsesh_500kbit/A_Glimpse_of_China_short_500kbit_dashNonSeg.mp4" mediaRange="510016-645088" mos="3.2" />





Sample MPD File











Check Buffer Level





Avoid rebuffering, choose the lowest bitrate rep.





buf<buf_low





Select the rep. lower than BW*rate_factor2





buf<buf_high





Select the rep. lower than avail. BW 





Select the rep. lower than W*rate_factor1





buf_low<buf<buf_med





buf_med<buf<buf_high





Figure 5 - Flowchart of Non-quality-based Rate Adaptation Strategy
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Figure 6 - Flowchart of Non-quality-based Rate Adaptation Strategy
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Figure 7 - Bandwidth Model
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Figure 8 - Segment Index vs. Segment Bitrate (Bandwidth Model A)
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Figure 10 - Buffer Percentage (Bandwidth Model A)
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Figure 9 - Segment Index vs. Segment Quality (Bandwidth Model A)
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