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Introduction
In this contribution, we outline the proposed changes on CVO, specified in clause 7.4.5 of [1], that add essential information for the implementers to understand the way how the angle is measured unambiguously and the instability issues that need to be taken into account to ensure accuracy.

Complementing Definitions
The changes include essential definitions of the key terms, earth vertical, image vertical, and image plane. Directions of the two lines are especially essential in the measurement of the angle. A new term, image sensor, was introduced to define image vertical with.

Mathematical Definitions and Figures

As covered in [2], [3], accelerometer-based methods typically used in the measurement of orientation generate noisy values, which become more inaccurate when an axis around which the measurement is made becomes parallel to the gravity. This instability issue can be illustrated by translating the verbal definitions into mathematical ones.

Applying a Cartesian coordinate system whose Y axis has the same direction as that of the image vertical, the angle for CVO can be defined as an Arc-tangential function of linear accelerations in the direction of two axes on the image plane, which shows the estimation gets unstable as the denominator approaches zero. Note that the definition requires only the ratio of the gravitational accelerations, independent of any implementation-related issues.
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Quantization Ranges
Under the extended header format, abrupt or frequent changes can occur at the default camera position between R1R0R5R4R3R2=000000 and 111111. Considering as large as 5-6 degrees of fluctuations, around θ=0, are typically observed
 when the image vertical is aligned to the earth vertical, if the range of angle that is mapped to R1R0R5R4R3R2=000000 is (0,(360/64)°], the reading at the default position will fluctuate between 000000 and 111111, even when it is at rest.
A simple technique that can reduce the quantization noise at the default position is to rotate the range counter clockwise by (360/(2*64))°, such that R1R0R5R4R3R2=000000 if 127*(360/(2*64))°<θ≤(360/(2*64))°, which effectively transforms the quantization scheme from uniform mid-rise to uniform mid-zero, increasing the probability of setting the six bits to 000000 at the default position. This technique is included as a note.
Editorial Changes
With the new definitions and terms, clause 7.4.5 was revised to improve the readability as follows:
· As the MTSI client in the terminal, the sender, and the receiver are already used in TS 26.114, “the sending MTSI client in terminal,” and “MTSI client transmitting video” are replaced with “the MTSI client in the sender” and “the MTSI client in the receiver” for consistency.
· The image captured is clarified as “rectangular,” otherwise the definitions will require further complications.
· Names of standard body such as IETF have not been specified in the text of TS 26.114.

· As CVO is defined as the signalling of the current orientation of the image captured on the sender side, current is undoubtedly understood as when the image is captured. Therefore “rotation of the video as transmitted on the link” and “rotation of the video as sent on the link” are replaced with “current rotation of the image (or video)”, as the term “link” is often used in TS 26.114 to represent a part (in many cases wireless) of end-to-end transmission paths between the sender and the receiver.
· The reconstructed video is rotated at, not on, the receiver.
· Report is a term used in TS 26.114 for RTCP RR and SR. It is clarified that the report in clause 7.4.5 means the extended RTP header containing the orientation information.

· Inconsistent expressions such as, 2-bit or 2 bit (granularity), were equalized with hyphens.

· In CVO, output of the sensor(s) indicates the rotation of the camera, not device.

Conclusions
The proposed CR complements the specifications on CVO, making it fully implementation-ready.
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� For example, when measured with K3DH Acceleration Sensor from STMicroelectronics
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