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1 Introduction

In RAN4#80bis meeting, the contribution of [1] has started discussions about special test functions that would be useful to simplify or speed up OTA tests. In this contribution, we share our views as to which of the control commands proposed in [1] are required for NR-UE OTA conformance tests. Especially we think about a possible impact of ignorance of array-antenna positions in a UE in connection with the control command to specify one of its array antennas to be active. We also newly propose a control command to be used in near-field measurements.
2 Discussion
2.1 Control Commands
In RAN4#80bis, the contribution of [1] has suggested that the following control commands would play an important role to make OTA tests simple and efficient.
A) Enabling/disabling antenna steering
B) Controlling antenna patterns for non-spatial OTA tests

C) Controlling antenna patterns for spatial OTA tests

D) Enabling/disabling antenna arrays
We agree that all of these commands would be useful in performing OTA tests in far-field or near-field measurement environments. Here, we share our views as to which of these commands should be required in OTA conformance tests for NR UE. And we also propose another command to be used for near-field measurements, which is discussed in section 2.3.
The control command A should be considered as mandatory so that we can perform EIRP/EIS measurements from multiple directions with a single measurement antenna, changing the measurement antenna position or rotating the UE under tests, where we need to make the antenna steering disabled to fix the beam to be measured.
The control command B seems to be useful to shorten the time to connect a UE under tests with an NR test system simulator in non-spatial OTA tests such as protocol testing. But we may say that the control command B is not mandatory, since we would be able to connect a UE with an SS following a normal procedure without using the control command.
The control command C seems also to be useful in changing the direction of a UE-array-antenna beam in measurements such as EIRP over N beam directions [3]. Even without the control command C, it might be possible to change the beam direction by following normal procedures used in actual-field operations, but we think that the control command C would make OTA tests efficient.
The control command D would be necessary when a UE under tests is equipped with multiple array antennas and the position of each of them to be measured needs to be known. As discussed in section 2.2, the control command D may not be necessary if the measurement errors caused by the ignorance of the exact positions of array antennas on a UE under tests shall be within acceptable ranges. If the measurement errors shall be out of acceptable ranges, the control command D would be necessary to specify one of the equipped array antennas to be measured and we need to make a mechanism in which UE manufacturers provide information about UE-array-antenna positions for OTA tests.
As discussed in section 2.3, we newly propose the control command E below to be used in near-field measurements.

E) Forcing CW output with a frequency within a signal bandwidth

2.2 Impact of Ignorance of Array-antenna Positions
When we perform NR UE tests, it would be difficult to know exact array-antenna positions on a UE without any information from the manufacturer as assumed in [2]. If we perform EIRP/EIS measurements without knowing the positions, it may be natural to place the center of the UE at the center of the EIRP/EIS measurement sphere. But in this case, the exact positions of array antennas would be apart from the center of the measurement sphere, which would cause measurement errors by reasons such as the deviation of path-loss as shown in Figure 1 and Table 1. Here, the term “measurement sphere” means the sphere on which a measurement antenna moves from the view point of a UE under tests when measuring EIRP/EIS from multiple directions in a far-field measurement environment.
As shown in Table 1, the maximum measurement error caused by the path-loss deviation depends on the distance between the antennas (R) and the size of a UE under tests (L). The measurement error would be small when the distance R becomes much bigger compared with the device size L, but if we make the distance R too big, the dynamic range of the measurement becomes worse because of the path-loss between the antennas.
If the measurement errors caused by the ignorance of array-antenna positions shall be within acceptable ranges, the control command D shown in section 2.1 may not be necessary. But if the measurement errors shall be out of acceptable ranges and a UE under tests is equipped with multiple array antennas to be measured one by one, the control command D would be necessary to specify one of the equipped array antennas to be measured and we need to make a mechanism in which UE manufacturers provide information about UE-array-antenna positions for OTA tests.

Figure 1.  Deviation of an array-antenna position from the center of the measurement sphere
Table 1.  Examples of possible path-loss deviations 
caused by ignorance of array-antenna positions 
(L = 15 cm, fc = 28GHz)

	R [m]
	Path-loss by R[dB]
	Path-loss deviation
caused by (R’-R) [dB]

	0.5
	55.4
	-1.4 to +1.2

	1.0
	61.4
	-0.7 to +0.6


2.3 Far-field and Near-field Measurements

In the contribution of [2], the pros and cons of OTA tests in far-field and near-field measurement environments are discussed, and it points out as the following.
· Far field measurement/testing should allow the execution of all the needed RF tests presented.
· The drawbacks of far field testing are larger chamber size and dynamic range limitations.
We basically agree with these observations. It could be one of the options that we use only far-field measurement for all the RF tests, but it may also be beneficial to think about using near-field measurement to improve the dynamic range limitations of EIRP.
One of the ways to perform near-field measurements is to use CW signal. So we newly propose the control command E below to be used in near-field measurements, which could be useful in performing near-field measurements.
E) Forcing CW output with a frequency within a signal bandwidth

3 Conclusion

In this contribution, we shared our views on the necessity of the control commands for NR-UE OTA Conformance tests as the following table.
	Control Command
	Our understanding of Details of Control Command
	Necessity in OTA Conformance Tests

	Enabling/disabling antenna steering
	Enables or disables changing the array-antenna weights to select whether to fix the Tx/Rx beam.
	Mandatory in EIRP/EIS measurements

	Controlling antenna patterns for non-spatial OTA tests
	Controls whether to set the array antenna to its most omnidirectional pattern for Tx and Rx.
	Useful in making OTA-functional-test time short

	Controlling antenna patterns for spatial OTA tests
	Sets the array antenna to its narrowest beam width and specifies a direction of the Tx/Rx beam.
	Necessary for making EIRP/EIS measurements efficient

	Enabling/disabling antenna arrays
	Selects one of multiple array antennas to be active in a device.
	Necessary under the condition that the measurement errors caused by ignorance of array-antenna positions are not acceptable and a UE under tests is equipped with multiple array antennas (Besides making commands, we may need to make a mechanism in which UE manufactures provide information about UE-array-antenna positions.)

	Forcing CW output with a frequency within a signal bandwidth
	Makes a device to output CW instead of modulated signal with a frequency within its signal bandwidth.
	Useful for performing near-field measurements
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