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Introduction
In [1], introduced was the extended header format for CVO, with further works on higher angular-resolution and streaming applications expected. To ensure proper and equalized CVO operation between UEs of different designs, which may be built by different manufacturers or linked to different networks, it will be indispensable to provide a set of unambiguous definitions on the angular information and measurement methodology upon which this feature is based on. In this contribution, we introduce a simple three-dimensional coordination system that is compatible to those commonly used in the automatic screen rotation of contemporary UEs.

Definition of Coordination System

As handsets in CVO operation can be geographically separated, mathematical or physical coordinate systems, which determine each location or position uniquely with a set of three values, cannot be used. For example, Cartesian coordination system based on (x,y,z) coordinate triplet or spherical coordinate system consisting of radius r, inclination θ (theta), and azimuth φ (phi) cannot specify the orientation of each handset as a vector, as there is no unique reference or common origin. As a practical alternative, we introduce a coordinate system based on metrics roughly measurable by contemporary handsets, direction to the center of the earth and the magnetic poles.

It is assumed that the coordinates are measured with respect to a flat display expected to be mainly used in video conversation, and essential hardware sensors such as accelerometer and gyroscope are aligned to an axis on the display pointing the top (from bottom) while equidistant from both sides, UE Axis, as illustrated in Fig. 2 (b). Note that for CVO operation, we assume a (secondary) camera is located on a plane including the display.
As the sensors have to be electrically shielded and carefully calibrated to this direction, CVO is not expected to operate properly, when the camera is not exactly aligned with the main display with sensors or unless it points an identical direction as the display, as shown in some contemporary handsets of Fig. 1. Note that equipping UE with multiple sets of sensors, even when their impact on the cost or physical form factor is ignored, does not address this issue as it would only make the output of any set untrustworthy.
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Figure 1. Location of display and camera.
The three coordinates are defined as follows.
	Coordinate
	Name
	Definition
	Range

	φ

(phi)
	Azimuth
	Angle between UE axis and a line on a plane including display pointing Magnetic (North/South) Pole, depending on the hemisphere the UE is located, measured from the line clockwise
	0 ~ 360 degrees

(0 ~ 2π radians)

	θ

(theta)
	Pitch
	Angle between UE axis and the intersection of a plane including display and a plane tangential to the ground at the location of UE, measured from the intersection clockwise
	-90 ~ 90 degrees

(-π/2 ~ π/2 radians)

	ρ
(rho)
	Roll
	Angle measured when UE is rotated around UE Axis (0 when display faces the sky, 180 or -180 when display faces the earth)
	-180 ~ 180 degrees

(-π ~ π radians)


Geographically, φ, θ, and ρ corresponds to X, Y, and Z, which are defined in [2], respectively. Fig. 2 (a) shows the monitoring of several sensors installed in a commercial UE.
 Fig. 2 (b) illustrates the definition and measurement of the three angles, with respect to a flat bar-shaped handset where the display and the (secondary) camera are located on the same plane, which may not be true in handsets of other designs. In CVO, only θ is taken into account and signalled to the far-end. However, SA4 is requested to define the other two coordinates together, as there might be new use cases that necessitate the full specifications of UE orientation.
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Figure 2. (a) Typical sensor output. (b) Example coordinate system for CVO.
Mapping Quantized Coordinate to Extended Header
The example coordinate system can be used for the rotation signalling in Table 7-2 of [1], using the freely-available application shown in Fig. 2 (a). With additional bits, refining the resolution will be straight forward, which was proposed in [4].
	UE Orientation
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	R1R0
	00
	10
	10
	01

	θ (degrees)
	-89.2
	0.2
	89.7
	-0.8


Conclusion
With components currently available, orientation of UE cannot be directly measured but can only be approximated using a set of sensors. Therefore CVO requires as accurate definitions as possible of the angles the UE makes in a coordinate system unambiguously applicable to UEs, regardless of their location.
In this contribution, we re-defined a coordinate system commonly used in automatic screen rotation, with respect to a typical UE type, which the implementers might find more intuitive than its original definition. We also identified the limitations of CVO due to the physical construction and installation of sensors, which will be discussed in a separate contribution on the functionalities of C and F bits [5].

Proposal

As careful definitions of the angles representing the orientation of UE cannot be over-emphasized for proper operation of CVO, SA4 is asked to assess the requirements and review the example coordinate system. It is expected that the naming, definition, unit, range of coordinate, or the illustrations are to be refined to meet the conditions of a wide variety of UEs, with a long-term perspective on the utilization of orientation information in MTSI and other applications including video.
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� No technical elements from the source, i.e., software, hardware, or component, are used for Fig. 2 (a).
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