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Annex C:
UE coordinate system

C.1
Reference coordinate system

This annex defines the measurement coordinate system for the NR UE.  The reference coordinate system as defined in [20] is provided in Figure C.1-1 below while Figure C.1.-2 shows the DUT in the default alignment, i.e., the DUT and the reference coordinate systems are aligned with α = 0o and β = 0o and γ = 0o where α, β, and γ describe the relative angles between the two coordinate systems.
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Figure C.1-1: Reference coordinate system
[image: image3.png]+Z

Top of phone

Side of phone

Y




Figure C.1-2: DUT default alignment to coordinate system
The following aspects are necessary:

-
A basic understanding of the top and bottom of the device is needed in order to define unambiguous DUT positioning requirements for the test, e.g., in the drawings used in this annex, the three buttons are on the bottom of the device (front) and the camera is on the top of the device (back).
-
An understanding of the origin and alignment the coordinate system inside the test system, i.e. the directions in which the x, y, z axes point inside the test chamber, is needed in order to define unambiguous DUT orientation, DUT beam, signal, interference, and measurement angles.
C.2
Test conditions and angle definitions

Tables C.2-1 through C.2-3 below provide the test conditions and angle definitions for three permitted device alignment for the default test condition, DUT orientation 1, and two different options for each permitted device alignment to re-position the device for DUT Orientation 2 as outlined in Figures C.2-1 and C.2-3.

Table C.2-1: Test conditions and angle definitions for Alignment Option 1
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space
DUT Orientation 1 (default)
	α = 0º;
β = 0º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	Free space

DUT Orientation 2 – Option 1 
(based on re-positioning approach)
	α = 180º;
β = 0º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	Free space

DUT Orientation 2 – Option 2 
(based on re-positioning approach)
	α = 0º;
β = 180º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	NOTE 1:
A polarization reference, as defined in relation to the reference coordinate system in C.1-1, is maintained for each signal angle, link or interferer angle, and measurement angle.
NOTE 2: 
The combination of rotations is captured by matrix M=Rz()•Ry()•Rx()


Table C.2-2: Test conditions and angle definitions for Alignment Option 2
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space

DUT Orientation 1 (default)
	α = 0º;
β = -90º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	Free space

DUT Orientation 2 – Option 1 
(based on re-positioning approach)
	α = 180º;
β = 90º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	Free space

DUT Orientation 2 – Option 2 
(based on re-positioning approach)
	α = 0º;
β = 90º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	NOTE 1:
A polarization reference, as defined in relation to the reference coordinate system in C.1-1, is maintained for each signal angle, link or interferer angle, and measurement angle.
NOTE 2: 
The combination of rotations is captured by matrix M=Rz()•Ry()•Rx()


Table C.2-3: Test conditions and angle definitions for Alignment Option 3
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space

DUT Orientation 1 (default)
	α = 90º;
β = 0º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	Free space

DUT Orientation 2 – Option 1 
(based on re-positioning approach)
	α = -90º;
β = 0º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	Free space

DUT Orientation 2 – Option 2 
(based on re-positioning approach)
	α = 90º;
β = 180º;
γ = 0º

	θLink;
ϕLink

with polarization reference 
PolLink = θ or 
ϕ
	θMeas;
ϕMeas

with polarization reference 
PolMeas = θ or 
ϕ
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	NOTE 1:
A polarization reference, as defined in relation to the reference coordinate system in C.1-1, is maintained for each signal angle, link or interferer angle, and measurement angle.
NOTE 2: 
The combination of rotations is captured by matrix M=Rz()•Ry()•Rx()


For each UE requirement and test case, each of the parameters in Tables C.2-1 through C.2-3 need to be recorded, such that DUT positioning, DUT beam direction, and angles of the signal, link/interferer, and measurement are specified in terms of the fixed coordinate system.

Due to the non-commutative nature of rotations, the order of rotations is important and needs to be defined when multiple DUT orientations are tested. 

The rotations around the x, y, and z axes can be defined with the following rotation matrices
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and
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with the respective angles of rotation, , ,  and
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Additionally, any translation of the DUT can be defined with the translation matrix
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with offsets tx, ty, tz in x, y, and z, respectively and with 
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The combination of rotations and translation is captured by the multiplication of rotation and translation matrices. 

For instance, the matrix M 
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describes an initial rotation of the DUT around the x axis with angle α, a subsequent rotation around the y axis with angle β, and a final rotation around the z axis with angle γ. After those rotations, the DUT is translated by tx, ty, tz in x, y, and z, respectively.

C.3
DUT positioning guidelines

The centre of the reference coordinate system shall be aligned with the geometric centre of the DUT in order to minimize the offset between antenna arrays integrated at any position of the UE and the centre of the quiet zone.

Near-field coupling effects between the antenna and the pedestals/positioners/fixtures generally cause increased signal ripples. Re-positioning the DUT by directing the beam peak away from those areas can reduce the effect of signal ripple on EIRP/EIS measurements. Figure C.3-1 and C.3-2 illustrate how to reposition the DUT in distributed axes and combined axes system, when the beam peak is directed to the DUTs upper hemisphere (DUT orientation 1) or the DUTs lower hemisphere (DUT orientation 2). While these figures are examples of different positioning systems and other implementations are not precluded, the relative orientation of the coordinate system with respect to the antennas/reflectors and the axes of rotation shall apply to any measurement setup.
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Figure C.3-1: DUT re-positioning for an example of distributed-axes system
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Figure C.3-2: DUT re-positioning for an example of combined-axes system

For EIRP/EIS measurements, re-positioning the DUT makes sure the pedestal is not obstructing the beam path and that the pedestal is not in closer proximity to the measurement antenna/reflector than the DUT. For TRP measurements, re-positioning the DUT makes sure that the beam peak direction is not obstructed by the pedestal and the pedestal is in the measurement path only when measuring the back-hemisphere. No re-positioning during the TRP measurement is required.
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