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Draft CR Introduction
This draft CR is based on the agreed baseline from S4-190781, and is implicitly including these changes as well without repeating the agreed text here. The final proper CR (if agreed) will then include the complete set of changes.

One important aspect of VR services is the possible quality degradation when a user turns his head, and sometimes intermittently sees content with a lower quality. This can happen if the content is authored in such a way that the VR client needs to download different (parts of the) content depending on where the user is looking. 
In its simplest form such content can use different 360 streams, where each stream emphasizes a different region of the content. In a more complex scenario the content can be encoded into different tiles, and the client has to start downloading new tiles when the user turns the head.
To further complicate the picture, both full 360 streams and tiled content can also be encoded in different quality levels, where the VR client needs to select the best available content considering the current available transmission bandwidth. Thus the content quality can be intermittently (or even long-term) reduced not only due to user head movements, but also due to restrictions in the available bandwidth.

MPEG has actually proposed a metric "Comparable quality viewport switching latency" which is trying to capture some of the aspects above. The metric reports the latency experienced by the user when switching from a first viewport to a second viewport until the presentation quality of the second viewport reaches a comparable presentation quality as the first viewport:
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CQViewportSwitchingLatency

List

List of comparable quality viewport
switching latencies

Entry

Object

firstViewport

ViewportDataType

Specifies the spherical region
corresponding to the first viewport
(i, before the switching).

secondViewport

ViewportDataType

Specifies the spherical region
corresponding to the second
viewport (i.e., after the switching).

firstViewportQuality

Integer

Specifies the quality value of the
first viewport

secondViewportQuality

Integer

Specifies the quality value of the
second viewport

Real-Time

Specifies the measurement time of
the viewport switching latency in
wall-clock time.

latency

Integer

Specifies the delay in milliseconds
between the time a user movement
from first viewport to second
viewport and the time when the
presentation quality of the second
viewport reaches a comparable
presentation quality as the first
viewport

reason

List

Specifies a list of possible causes
for the latency.

Entry

Object

code

Enum

A possible cause for the latency
The value is equal to one of the
following

- 0: Segment duration
- 1:Buffer fullness

- 2: Availability of comparable
quality segment





However, while the intention is good, this metric has some issues:

1) It assumes that the user is "switching" from one viewport to the next, while in reality the user head movement is a continuous process. Thus the definition of "first viewport" and "second viewport" is cumbersome. For instance, if a user slowly rotates several 360 turns at a fixed speed, there is never a steady state "second viewport" during this rotation. 
2) The definition of "quality" is a bit vague (it's just an integer).
3) The reason for listing first and second viewport quality is not obvious, as by the definition of the metric both should have reached the same quality when the metric is evaluated?
4) The reason for logging the viewport directions is not obvious. From a user quality perspective the only interesting thing is the quality degradations over time within his viewport, not exactly where he was looking at specific times?
5) The metric doesn't account for the severity of the quality degradation. For instance, a small head movement might only result in 5% of the viewport being intermittently rendered in lower quality, while a bigger head movement might have 90% of the viewport affected.

Based on the discussion above, the following observations can be done:

1) When the available transmission bandwidth changes, the VR client might intentionally decrease (or increase) the quality of the rendered content (assuming the content authoring allows this). Such quality changes might be intermittent or longer-term, but basically defines the intended quality level for the ongoing session.

2) When a user turns his head, he might intermittently see some portion of his viewport rendered in a lower quality than what the VR client currently tries to maintain. If the user stops turning his head, the quality of the full viewport is typically restored after some delay. If the user continues to move his head, there might always be some area of the viewport which is rendered in a lower quality.
3) Both of the above effects the user quality, and should preferrably be handled by the metric.

Based on the intention with the MPEG metric, a slightly different "ViewportQuality" metric is instead proposed, with the following characteristics:

1) It separates the user session into different states; where each state is based on the intended quality level, and if 100% of the viewport is rendered with the intended quality or not.
2) When a state changes, a new entry is added into the ViewportQuality list. The state can be changed either due to a decision by the VR client to change the intended quality level (e.g. due to bandwidth restrictions), or due to the viewport going from 100% intended quality to a less-than 100% intended quality (or vice versa).
3) During the state when less than 100% of the viewport has the intended quality, the lowest intended-quality viewport portion seen during the duration of this state is logged. For instance, if the intended-quality portion goes 100%-95%-82%-97%-100%, then the states recorded will be 100%-82%-100%.
4) An indication of the quality level for the intended quality and for the worst quality is also logged. Two options exist, either based on the relative QR quality ranking, or based on the nominal content bitrate.
5) The metric does not report the actual viewports used during the session, only the quality changes within the viewport as seen by the user. If the actual viewports rendered are needed, these could be reported separately, for instance by some kind of "RenderedViewport" metric.
================ First change =================
9.3.2 ViewportQuality
The ViewportQuality metric measures quality-related characteristics for the current user viewport. The assumption is that the VR client selects the most suitable content available, considering the available bandwidth as well as the current user viewport:

· When the available transmission bandwidth changes, the VR client might intentionally decrease (or increase) the base quality of the rendered content (assuming the content authoring allows this). Such quality changes might be intermittent or longer-term, but basically defines the intended quality level for the ongoing session.

· When a user turns his head, he might intermittently see some portion of his viewport rendered in a lower quality than what the VR client currently tries to maintain. If the user stops turning his head, the quality of the full viewport is typically restored after some delay.

The metric is logged when either the intended quality changes, or when the part of the viewport covered by the intended quality changes from 100% to a lower value, or vice versa.

Table 9.3.2-1: Viewport Quality metric

	Key
	Type
	Description

	ViewportQuality
	List
	List of viewport quality entries

	
	Entry
	Object
	An entry containing quality-related information

	
	
	timestamp
	Real-Time
	Time when this state was entered

	
	
	playheadPosition
	Media-Time
	Playhead position when this state was entered

	
	
	lowestIntendedQualityCoverage
	Float
	The lowest percentage (0-100) of the viewport which was covered by the intended quality during the state

	
	
	intendedQualityQR
	Integer
	The QR (Quality Ranking) value of the intended quality level (if available)

	
	
	worstQualityQR
	Integer
	The worst QR value seen within the viewport during the state (if available)

	
	
	intendedQualityBitrate
	Float
	The nominal bitrate (kbps) of the intended quality level, normalized to full 360 coverage (if available)

	
	
	worstQualityBitrate
	Float
	The nominal bitrate (kbps) of the worst quality level seen within the viewport during the state, normalized to full 360 coverage (if available)


