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1 Proposal
During the course of the IS_DASH study item, various guidelines on the use of Quality Metadata for DASH client adaptation were documented in TR 26.938. To address the identified gaps, the signalling enablers to convey Quality Metadata as part of the 3GPP file format have already been adopted in TS 26.244 during the course of the eDASH work item.

It is proposed to refer to these guidelines from TR 26.938 in TS 26.247, which are copied into Section 2 from TR 26.938 for convenience. An accompanying CR to TS 26.247 contains the detailed text proposal.
2 Relevant Content from TR 26.938
6.17
Consistent Quality for DASH users
6.17.1
Use Case 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. 

6.17.2
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 6.11 and 6.12 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 6.4. The content is encoded into eight representations and the segment length is fixed to 2 seconds (only two representations are depicted in Figures 6.11 and 6.12, 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 at the receiving terminal based on an estimation method empirically validated via comprehensive subjective testing (further details are in clause Annex A). As shown in Figures 6.11 and 6.12, 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 6.4: 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 requested and received at quality levels 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 6.11: Per-segment bitrate and quality for unconstrained VBR
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Figure 6.12: Per-segment bitrate and quality for constrained VBR
6.17.3
Overview of Potential Solution Space

Creating suitable 3GP file format based profiles of the metadata track for carriage of quality information can be a potential solution for signalling quality to the DASH client and would meet several design goals in terms of compactness, general applicability, extensibility and backwards compatibility. This is the approach that MPEG agreed (at MPEG#104 in July 2013) toward addressing this use case and a new specification has been created for this purpose [28] toward defining formats for carriage of timed metadata metrics of media in ISO base media file format. Such an 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 the objective metrics of PSNR, SSIM and MS-SSIM, while others are subjective metrics mapped to the interval associated with 5-level MOS scale. 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.

Detailed performance evaluation results on quality-driven rate adaptation algorithms are provided in Annex A.

6.17.4
Additional Simulation Results on DASH over GBR and Non-GBR bearers

The simulation assumptions and results on evaluation of end-to-end DASH users' experience over an LTE network are showed in this section.

Assumptions for LTE are listed in Table 6.5. 
Table 6.5 LTE System Simulation Assumptions

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	

	Site to Site distance
	500 m
	

	Antenna pattern
	0 degree horizontal azimuth is East

70 degree (-3 dB), 20 dB front-to-back ratio
	

	Propagation model
	L = 128.1 + 37.6 Log10(R) 
	R in kilometres 

	Penetration Loss
	20dB
	

	Std. deviation of slow fading
	8.0 dB 
	Log-Normal Shadowing

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Carrier frequency
	2000 MHz
	

	Thermal noise density
	-174 dBm/Hz
	

	Max. # of retransmissions
	3
	Retransmissions by fast HARQ. Does not include the initial transmission. 

	Node B antenna gain plus Cable Loss
	14 dBi
	

	Node B noise figure
	5 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	BS total Tx power
	46 dBm for 10MHz, 43 dBm for 5 MHz
	

	UE power class
	23 dBm (200 mW)
	This corresponds to the sum of PA powers in multiple Tx antenna case


Additional assumptions include: downlink transmission scheme - 1x2 SIMO; downlink HARQ – CC; downlink receiver type – MRC; and channel model - SCM urban macro high spread for 3GPP case 1 [21]. 
19 UEs in one sector share all the 10MHz frequency band, 2 of them run in the full buffer mode as background traffic while others enjoy DASH services. All DASH UEs are assumed to get initial data buffer of 10 seconds' video segments beforehand. For non-GBR simulation case, UEs choose VLC's adaptation strategy while for GBR simulation case, UEs request segments with the fixed rate of 600kbps. The whole simulation runs for 600 seconds.
For TCP congestion control, the algorithms in RFC 5681 [35] are simulated. Time delay from Server to eNB is assumed to be fixed 20ms. No packet is dropped during the transmission from Server to eNB. The buffer size in eNB is set to be large enough so that drop tail becomes unnecessary. 
The original video clip is encoded into 4 AVC/H.264 representations, some of whose parameters are listed below. The quality of experience in terms of MOS score is calculated, in the unit of segment length of 2 seconds, based on the QoE model introduced in ITU-T P.1202.1 [33] specification. Evaluation of original MOS scores considers encoding parameters and average MOS scores for each representation are listed in Table 6.6. At the receiving terminal, evaluation of MOS scores takes both encoding parameters and re-buffering time into account for each segment and it will be shown in the simulation results.
Table 6.6: Simulation Results

	Average Bitrate
	Resolution
	Frame Rate
	Average Quantization Parameter
	Average MOS

	400k
	480x320
	24
	40.73
	4.35

	600k
	480x320
	24
	38.32
	4.51

	800k
	480x320
	24
	36.36
	4.64

	1M
	480x320
	24
	34.62
	4.73
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Figure 6.13: Mean Data Rates for 19 UEs with non-GBR and GBR Bearers

Figure 6.13 shows the mean data rate for each UE associated with the non-GBR bearer (left) and GBR bearer (right), separately, based on simulation data of 600 seconds. In the right picture, UE #1 and #2 are set to the full-buffer mode (non-GBR). Every other UE achieves a data rate of at least 640 kbps with the GBR setting to over 600 kbps.
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Figure 6.14: QoE for UEs with different GBR settings
In Figure 6.14, the QoE of UE#18 with GBR setting is shown here. It is observed that most UEs have consistent QoE as UE#18 has. There is only one UE, which is UE #11 depicted in the right picture, experiencing QoE degradation in a very short time period due to re-buffering. It is noted that UE #11 has a data rate of over 600 kbps at most of time.
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Figure 6.15: QoE for UEs with Non-GBR bearer
In Figure 6.15, videos streamed to all UEs are carried by the Non-GBR bearer. 17 UEs request video segments with appropriate rate using VLC's adaptation strategy as stated before. Among them, 8 UEs experience consistent QoE similar to that shown in the left picture which is the result for UE #12 as a representative, 6 UEs experience QoE as shown in the middle picture represented by the of UE #8; Those 6 UEs play segments at 400 kbps in a large part of the time. There are 3 out of the 17 UEs, e.g. UE #18, can't maintain the lowest data rate, as shown in the right picture. For UEs moving around in the cell, it is observed that they cannot experience any consistent quality when served over the non-GBR bearer
As shown in above simulation figures, observation is summarized below:
-
QoE of DASH service can be maintained if DASH service is carried over GBR bearer. Existing QoS mechanism can be used to support consistent QoE of DASH service.

-
Considering the current EPC architecture supports QoS feature, consistent QoE of DASH service is supported already from 3GPP architecture point of view.
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