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[bookmark: _Toc530556836]8.2.4.4	Consider viewport and encoding quality
An even more complex implementation is to also consider the encoding quality. Encoding quality can be based on the relative QR quality ranking from the MPD, or it can be approximated as BPSPA (bits per second per area, i.e. segment size divided by segment length divided by the angular area coverage).
For instance, the current "steady state" quality level can be estimated by using the maximum quality value (QR or BPSPA) seen within a certain measurement window. In addition to the content and viewport overlap calculated as in the previous clause, the segment delay is only considered if the segment quality is the same (or close to) the steady state quality level. Thus low-quality background segments will not contribute to the delay measurements.
Note that also in this implementation the evaluation is done when a segment is received, so any head movements between evaluation and actual rendering is not accounted for.
If QR quality ranking is used, the QR value for a viewport may be derived as an average of the QR values of those regions used to render the viewport (e.g., when region-based encoding is used). This can be calculated as the weighted average of the QR values of each region, where the weights may correspond to the size of the area within the viewport being covered by the region. Alternatively, the lowest or highest quality ranking value among the different regions may be chosen to represent the quality of the viewport. It should be noted that the size of a region’s overlapping area with the viewport is calculated in the spherical domain. The observation points involved in the calculation of the viewport QR value are OP1, OP3, and OP4 in the VR QoE client reference model described in clause 6.1.




[bookmark: _Ref534384867]Figure 8.2.4.4.1 Viewport QR based on weighted average of quality ranking of overlapping regions

[bookmark: _GoBack]Figure 8.2.4.4.1 is an example showing a viewport that is covered by four regions, each having its own QR value. The QR value of regions #1, #2, #3, and #4, are 1, 3, 2, and 5, respectively. And the percentages of viewport area covered by the regions are 70%, 10%, 15%, and 5%, respectively. The quality of the viewport can be calculated as follows:

Therefore, in the example shown in Figure 1, the quality of the viewport can be derived as 

QR(viewport) = QR(region#1) * coverage(region#1) + QR(region#2) * coverage(region#2) + QR(region#3) * coverage(region#3) + QR(region#4) * coverage(region#4) = 1*0.7 + 3*0.1 + 2*0.15 + 5*0.05 = 1.55

Inputs needed: Segment start time, playbackhead position, content coverage, viewport coverage, quality ranking, MPD.
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