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Introduction
This TP is based on the proposal made in [1]. Re-positioning of the reference AUT can improve quality of quiet zone performance. If the alternate quality of quiet zone approach is used to include the improved MU value of Quality of the Quiet Zone, the same positioning guidelines as for the reference AUT have to be applied to the DUT during conformance test cases.

Additionally, this TP corrects the issues observed with non-commutative rotations. Since the quality of quiet zone measurements requires three different orientation changes of the reference antennas, the correct order of the rotations needs to be followed.  
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Text Proposal

<<< Start of Changes in Annex C >>>
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, reused from the LTE MIMO OTA definition in [5], is provided in Figure C.1-1 below.
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Figure C.1-1: Reference 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

-
An understanding of the origin of the test system (i.e. the direction in which the x-axis points 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

Table C.2-1 below provides the test conditions and angle definitions.

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

	Free space
	Ψ=0;
Θ=0;
Φ=0
	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 E.1, is maintained for each signal angle, link or interferer angle, and measurement angle


For each UE requirement and test case, each of the parameters in Table C.2-1 are defined as single values or ranges of values, such that DUT positioning, DUT beam direction, and angles of the signal, link/interferer, and measurement are specified.
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 z axis with angle , a subsequent rotation around the y axis with angle , and a final rotation around the x axis with angle . 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 the 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 a 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). 
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Figure C.3-1: DUT re-positioning for distributed-axes system
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Figure C.3-2: DUT re-positioning for 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.
<<< End of Changes in Annex C >>>

<<< Start of Changes in Annex D.2.7 >>>
D.2.7
Reference AUT orientations
As different areas within the chamber could yield variations in the field uniformity inside the quiet zone caused by reflections, it is important to characterize the electromagnetic fields with the reference antennas uniformly illuminating the anechoic chamber. 
D.2.7.1
Distributed-axes system
In order to keep the quality of the quiet zone characterization manageable in terms of test times, it is suggested to perform the reference measurements for the reference AUT placed at the 7 antenna positions with the antenna rotated around the y axis with 5 different angles , i.e.,  = 0o, 45o, 90o, 135o, and 180o, and rotated around the z axis with 8 different  = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of the some sample reference AUT orientations is shown in Figure D.2.7.1-1 with a reference AUT placed at position 6, P6, for reference antenna polarization pol = 0o; Figure D.2.7.1-2 illustrates the reference AUT orientations for the reference polarization pol = 90o. 
The matrix operation for the rotations and translation is defined as
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for the distributed-axes system. 
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Figure D2.7.1-1: Sample reference AUT orientations for position 6, P6 for reference antenna polarization pol = 0o.
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Figure D.2.7.1-2: Sample reference AUT orientations for position 6, P6, for reference antenna polarization pol = 90o. 

When facing the z-axis,  = 0o and  = 180o, the antenna does not need to be evaluated for the 8 different rotations around the z axis. A single roll orientation is sufficient since those orientations are unique. Due to the pedestal, distributed-axes systems are not able to measure towards the   =180o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped. 
If the device re-positioning approach outlined in Annex C.3 is adopted for the EIRP/EIS/TRP based conformance test cases, the quality of quiet zone analysis is sufficient only for  = 0o, 45o, 90o, 135o, and 180o.
D.2.7.2
Combined-axes system
In order to keep the quality of the quiet zone characterization manageable in terms of test times, it is suggested to perform the reference measurements for the reference AUT placed at the 7 antenna positions with the antenna rotated around the x axis with 5 different angles , i.e.,   = -90o, -45o, 0o, 45o, and 90o and rotated around the y axis with 8 different angles  = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of some sample reference AUT orientations is shown in Figure D.2.7.2-1 with a reference AUT placed at position 4, P4, for reference antenna polarization pol = 0o; Figure D.2.7.2-2 illustrates the reference AUT orientations for the reference polarization pol = 90o. 
The matrix operation for the rotations and translation is defined as
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for the combined-axes system. 
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Figure D.2.7.2-1: Sample reference AUT orientations for position 4, P4, for reference antenna polarization pol = 0o.
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Figure D.2.7.2-2: Sample reference AUT orientations for position 4, P4, for reference antenna polarization pol = 90o.

When facing the y axis,  = 90o and  = -90o, the antenna does not need to be evaluated for the 8 different rotations around the y axis. A single rotation is sufficient since those orientations are unique. Due to the pedestal of the 2-axis positioner, combined-axes systems are not able to measure towards the  = 180o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped.
If the device re-positioning approach outlined in Annex C.3 is adopted for all EIRP/EIS/TRP based conformance test cases, the quality of quiet zone analysis is sufficient only for  = 0o, 45o, 90o, 135o, and 180o.










D.2.8
Quality of quiet zone measurement uncertainty calculations for TRP

The combined MU element related to the quality of the quiet zone for TRP and offset between UE antenna array and centre of quiet zone is the standard deviation of the various efficiency measurement results that are based on the 7 different reference AUT positions, the respective reference AUT orientations, and the two reference AUT polarization orientations.. 

D.2.9
Quality of quiet zone measurement uncertainty for EIRP/EIS

The MU for the quality of the quiet zone for EIRP/EIS includes the additional MU element of the directivity of the DUT and measurement antennas as shown in Figure D.2.9-1. The EIRP/EIS measurements are taking the peak gains of the respective antennas into account with the reference AUT placed in the centre of the quiet zone. Once the antenna is displaced in directions other than the measurement antenna, the direct line-of-sight link is taking reduced antenna gains into account. The type of reference AUT should therefore have similar pattern properties as typical UE antennas. For systems with very large range lengths, the directivity MU will be insignificant. 

The combined MU element related to the quality of the quiet zone for EIRP/EIS, offset between UE antenna array and centre of quiet zone, and directivity is the standard deviation of the single-point gain measurement results that are based on the 7 different reference AUT positions, the  respective reference AUT orientations, and the two reference AUT polarization orientations .
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Figure D.2.9-1: Illustration of the Directivity MU Element. 

<<< End of Changes in Annex D.2>>>
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