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[bookmark: _Ref521574491][bookmark: _Toc528271056][bookmark: _Toc528271052]9.3.2 Comparable quality viewport switching latency
[bookmark: _Ref512429877]The comparable quality viewport switching latency metric reports the latency and the quality-related factors when viewport movements causes quality degradations, such as when low-quality background content is briefly shown before the normal higher-quality is restored. 

The viewport quality is represented by two factors; the average quality ranking (QR) value (see clause X.2), and the effective pixel resolution of the viewport (see clause X.3). The resolution is defined by the orig_width and orig_height values in ISO/IEC 23090-2 in Spherical-Region Quality Ranking or 2-Dimensional Quality Ranking. The resolution corresponds to the monoscopic projected picture from which the packed region covering the viewport is extracted. 

If more than one quality ranking region is visible inside the viewport, the viewport quality factors are calculated as the area-weighted average for QR and the area-weighted (effective) pixel resolution, respectively. For instance, if 60% of the viewport is from a region with QR=1, Res=3840 x 2160, and 40% is from a region with QR=2, Res=960 x 540, then the average QR is 0.6 x 1 + 0.4 x 2, and the effective pixel resolution is 0.6 x 3840 x 2160 + 0.4 x 960 x 540 (also see Annex X for more examples).

The client shall continously evaluate the average QR and the effective pixel resolution for the current viewport at regular intervals (for instance every X milliseconds, or every X degrees). If the current viewport includes at least one new quality ranking region (i.e. a quality ranking region not included in the previous viewport), a switch event is started. The last evaluated viewport quality before the switch is taken as the initial viewport quality, and quality factors related to that viewport is assigned to the firstViewport log entry. The start time of the switch is also set to the time of the last evaluated viewport before the switch.

The end time for the switch is defined as the first evaluated viewport after the start time, where  both the average QR and the effective resolution for the viewport is less than Y% worse than the first viewport values, or until a timeout of N milliseconds occurs (for instance when an adaptation to a lower bitrate occurs, and the viewport never reaches comparable quality). The evaluated viewport data is assigned to the secondViewport log entry, and the latency (end time minus start time) is assigned to the latency log entry. In case of a timeout, this is indicated under the cause log entry.

During the duration of the switch the worst evaluated viewport is also stored, and assigned to the worstViewport log entry.

If a new viewport switching event occurs (e.g. yet another new region becomes visible) before an ongoing switch event has ended, only the N milliseconds timeout is reset. The ongoing measurement process continues to evaluate the viewport quality until a comparable viewport quality value is achieved (or a timeout occurs). 

The data type, ViewportDataType, is defined as shown in Table 1. ViewportDataType identifies the direction and coverage of the viewport.

Table 1 ViewportDataType
	Key
	Type
	Description

	ViewportDataType
	Object
	

	
	viewpoint_id
	Integer
	Specifies the identifier of the viewpoint to which the viewport belongs.

	
	centre_azimuth
	Integer
	Specifies the azimuth of the centre of the viewport in units of 2−16 degrees. The value shall be in the range of −180 * 216 to 180 * 216 − 1, inclusive.

	
	centre_elevation
	Integer
	Specifies the elevation of the centre of the viewport in units of 2−16 degrees. The value shall be in the range of −90 * 216 to 90 * 216, inclusive.

	
	centre_tilt
	Integer
	Specifies the tilt angle of the viewport in units of 2−16 degrees. The value shall be in the range of −180 * 216 to 180 * 216 − 1, inclusive.

	
	azimuth_range
	Integer
	Specifies the azimuth range of the viewport through the centre point of the viewport, in units of 2−16 degrees.

	
	elevation_range
	Integer
	Specifies the elevation range of the viewport through the centre point of the viewport, in units of 2−16 degrees.




The data type Viewport-Item is defined as shown in Table 2. Viewport-Item is an Object which identifies a viewport and quality-related factors for the region(s) covered by the viewport. 

Table 2. Viewport item
	Key
	Type
	Description

	Viewport-Item
	Object
	

	
	Position
	ViewportDataType
	Identifies the viewport

	
	QualityLevels
	List
	List of different quality levels regions within the viewport

	
	
	Coverage
	Float
	Percentage of the viewport area covered by this region 

	
	
	QR
	Integer
	Quality ranking (QR) value of this region 

	
	
	Resolution
	Object
	Resolution for this region 

	
	
	
	Width
	Integer
	Horizontal resolution for this region

	
	
	
	Height
	Integer
	Vertical resolution for this region




The comparable quality viewport switching latency metric is specified in Table 3.

Table 3 Comparable quality viewport switching latency metric
	Key
	Type
	Description

	CQViewportSwitchingLatency
	List
	List of comparable quality viewport switching latencies

	
	Entry
	Object
	

	
	
	firstViewport
	Viewport-Item
	Specifies information about the first viewport  

	
	
	secondViewport
	Viewport-Item
	Specifies information about the second viewport 

	
	
	worstViewport
	Viewport-Item
	Specifies information about the worst viewport seen during the switch duration

	
	
	time
	Real-Time
	Wall-clock time when the switch started

	
	
	Mtime
	Media-Time
	Media presentation time when the switch started.

	
	
	Latency
	Integer
	Specifies the switching delay in milliseconds.

	
	
	Cause
	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
· 3: Timeout


=========================== END OF CHANGE 1  ==========================
============================== CHANGE 2  ==============================
X. Examples for comparable quality viewport switching latency
[bookmark: _Toc528271057]X.1 Introduction
This sub-clause illustrates how the viewport quality and effective resolution are calculated.
[bookmark: _Ref521575190][bookmark: _Toc528271058]X.2 Viewport quality
The quality level of each region is determined with its respective quality ranking (QR) value. A viewport can be covered with multiple regions. A quality level value for the viewport can be derived as weighted average of the QR values of the regions covering the viewport. The weight of each region is defined as the percentage of the viewport area covered by the corresponding region. The viewport quality level can be calculated by the following equation.


: number of regions covering the viewport,
 QR value of i-th quality ranking region
 the viewport coverage value of i-th quality ranking region.
[image: ]Figure X.1 – An example of a viewport covered by four quality ranking regions

Figure X.1 is an example of a viewport covered by four quality ranking regions. The quality of the viewport is equal to the weighted sum of the quality ranking value and coverage percentage value of each quality ranking region.

X.3 Effective Viewport Resolution
The resolution of each region is determined by its respective width and height values in pixel which are available in the quality ranking box under the name orig_width and orig_height. Note that these values are already normalized to represent the full-sphere resolution you would get if the resolution of this region would be used for the full sphere.

The effective resolution for the viewport can be derived as the weighted average of the resolution of each region covering the viewport. The weight of each region is defined by the percentage of the viewport area covered by the corresponding region. The effective viewport resolution can be calculated by the following equation.


: number of regions covering the viewport,
: width component of the original source resolution in pixels of ith Spherical or 2D region signaled in the Sphericial Region or 2D quality ranking,
: height component of the original source resolution in pixels of ith Spherical or 2D region signaled in the Sphericial Region or 2D quality  region,
 the percentage value of the viewport area being covered by i-th Spherical or 2D region signaled in the Sphericial Region or 2D quality region.
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Figure X.2 (a)– An example of source packed image with four quality ranking 2D regions with different resolution



	











Figure X.2 (b)– An example of a viewport covered by four different quality ranking 2D regions

Figure X.2(a) is an example of a source with four regions with different resolution. Figure X.2.(b) represents an example of a viewport which is covered by the four quality ranking 2D regions. The effective viewport resolution is equal to the sum total of the resolution for each quality-ranking 2D region and its corresponding viewport coverage percentage value. 

[bookmark: _Ref520563348][bookmark: _Toc528271059]X.4. Comparable quality viewport switching latency measurement
[bookmark: _Ref520565786][bookmark: _Hlk528270924]
An example of viewport switching is shown in figure X.3. 

[image: ]
Figure X.3 – Comparable quality viewport switching latency measurement example


Figure X.3 presents an example of the metric measurement operation. The viewport quality is evaluated at time t0, and then again at time t1. The media playback module renders the high-resolution sub-picture #1 at time t1. The user viewing orientation is gradually changing from sub-pic#1 to sub-pic#2 as the time progresses. 

At time t2, the media playback module starts to render the buffered low-quality representation of sub-pic#2 as the viewport moves into sub-picture #2. At time t2, the viewport quality drops in values as compared to the viewport quality at time t1, and a new sub-picutre (sub-pic #2) is rendered. A viewport switching event is identified at time t2. 

The viewport quality values evaluated at t1 identifies the first viewport. The viewport position and viewport quality level list are assigned to the attributed Position and QualityLevel of the firstViewportItem. 

An effective viewport resolution and viewport QR quality value for the new viewport that is comparable to that of the firstViewportItem after viewport switching time is logged at time t4.  The new viewport position identifies the Position of the secondViewportItem. The corresponding QualityLevel list for the secondViewportItem is assigned. 

The associated viewport values stored for the worst viewport quality during the switch is assigned to the field Position of the worstViewportItem. The corresponding QualityLevel list for the worstViewportItem is also assigned. 

The comparable-quality viewport switching latency is measured as the time interval between the logged times for firstViewportItem (t1 in this example) and secondViewportItem (t4 in this example).
[bookmark: _GoBack]=========================== END OF CHANGE 2  ==========================
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