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1. Introduction
[bookmark: _Hlk47108417]This contribution outlines our view on topic #1 (Test methodology for high DL power and low UL power test cases) of this SI [1].
2. Discussion
2.1 UE RF testing method based on Coaxial Cone TEM Cell
The coaxial cone TEM cell is a ultra-wideband cavity newly invented in recent years. It is a gradual coaxial structure, including an inner conductor and an outer conductor insulated from the inner conductor. The cross-sectional area of the outer conductor at one end is small and can be connected to the RF connector. While the coaxial section extends in one direction, it gradually becomes larger. This change can be linear or non-linear. In this way, the insulating space between the inner conductor and the outer conductor will generate and propagate TEM waves. If this space is large enough, wireless communication equipment can be tested in this space. At the other end of this cavity, the distributed load absorption can be used to absorb electromagnetic waves. The structure of this wideband coaxial cone TEM cell is shown in Figure 1. Both simulation and measurement experiments show that this structure can generate electromagnetic fields from 2kHz to 67GHz, and realizes the combination function of anechoic chamber and antenna. This method has a large dynamic range, no need to replace the antenna, and the testing process is simple and convenient.


Figure 1. The structure of this wideband coaxial cone TEM cell
At the set frequency, the cone-tip feeding end of the coaxial cone TEM cell is connected to the signal source and the power measuring device, and the feeding power is recorded as Pst (dBm). Put a linearly polarized antenna with a known gain Gs (dB) into the test object placement area of the test device. The polarization direction of the antenna is the same as that of the transverse electromagnetic wave on the cross section shown by the arrow in Figure 2. The standard antenna is connected to the measuring receiver, and the received power of the standard antenna port is recorded as Psr (dBm), then the path loss from the feed end to the DUT after deducting the antenna gain is shown in equation (1). 

  												(1)


Figure 2 Cross section of the coaxial cone TEM cell test area.
In the 5G millimeter wave terminal test, the path loss based on the anechoic chamber is large, and the received power is small. It is difficult to test spurious, harmonic, spectrum mask, EVM, etc. The path loss is 18dB lower than anechoic chamber test at the same range length, which means the measurement dynamic range will be largely improved. 
[image: ]
Figure 3. Path losses for anechoic chamber and coaxial cone TEM cell
[bookmark: Observation1]Observation 1: The path loss is about 18dB lower than IFF/DFF method at the same range length 1.35m.
[bookmark: _Ref31892534]Table 1: Path losses for DFF system, traditional NF system, and coaxial cone TEM cell
	f [GHz]
	PC3 Devices: D=5cm

	
	IFF/DFF
	Traditional NF
	Coaxial cone TEM cell

	
	Path Loss with 1m range length
	Path Loss with 0.22m range length
	Path Loss with 1.35m range length

	24.25
	60.16
	46.86
	43.87 

	30
	62.01
	48.71
	45.72 

	40
	64.51
	51.21
	48.21 

	43.5
	65.24
	51.94
	48.94 

	52.6
	66.89
	53.59
	50.59 



[bookmark: Observation2]Observation 2: The path loss is about 3dB lower than traditional NF method at 0.22m range length. It means the measurement dynamic range and signal-to-noise ratio will be improved.
As shown in Figure 3, the cone-tip feeding end of the coaxial cone TEM cell is connected to the radio communication tester. Put the DUT into the coaxial cone TEM cell. Measure the path loss based on formula (1) and input the path loss into the radio communication tester. Establish a wireless connection between the radio communication tester and the DUT, so that the RF parameters such as the transmitting power, receiving power, and receiving sensitivity can be measured. The automatic test script can also be run on the radio communication tester to complete the wireless protocol conformance test. It could be seen that this method realizes the combination function of anechoic chamber and antenna.


[image: C:\Users\86153\AppData\Local\Temp\WeChat Files\8c3a6bfb7092ec5eeaceb178f4704bb.png]                         
(a) Measurement Setup                                             (b) Cross section
Figure 3 DUT placement area (equivalent quiet zone).
The equivalent quiet zone is the area between the inner conductor and outer conductor. Accordingly, the larger the cavity of the coaxial cone TEM cell, the larger the equivalent quiet zone. 
[bookmark: Observation3]Observation 3: The method based on the coaxial cone TEM cell does not rely on the test antenna. It realizes the combination function of anechoic chamber and antenna.
[bookmark: Observation4]Observation 4: The equivalent quiet zone is the area close to the outer conductor. Accordingly, the larger the cavity of the coaxial cone TEM cell, the larger the equivalent quiet zone. 
In addition, in order to test TRP and TIS, it is necessary to configure a turntable for the DUT. It has at least two axes of freedom. The basic structure is shown in Figure 4. A specific example of low dielectric constant turntable is shown in Figure 5. The turntable can realize the traversal of the antenna pointing angle of the DUT on the spherical surface by rotating at a certain angular resolution. As shown by the test points on the spherical surface, the OTA test is carried out in the corresponding direction of each point.
[image: C:\Users\Rui\Documents\WeChat Files\jirui281299\FileStorage\File\2020-10\图片2.tif]
Figure 4 General structure of two-axis turntable in the coaxial cone TEM cell
[image: C:\Users\blue\AppData\Local\Temp\WeChat Files\a78f0bbaf06ad2968fbf7d3f25d1954.png]
Figure 5 A specific example of low dielectric constant turntable.

[image: ]
Figure 6 Distribution of test points in 3D
At present, one of the important problems for UE RF2 testing is the large path loss of existing methods. We propose a UE RF testing method based on wideband coaxial cone TEM cell. The path loss is 18dB lower than IFF/DFF method at the same range length 1.35m and 3dB lower than traditional NF method at 0.22m range length, which means the measurement dynamic range will be improved.
 Proposal 1: The method based on coaxial cone TEM cell could be used as one of the UE RF testing methods. 
3 Conclusion
The following proposal is made in this contribution
Observation 1: The path loss is about 18dB lower than IFF/DFF method at the same range length 1.35m.
Observation 2: The path loss is about 3dB lower than traditional NF method at 0.22m range length. It means the measurement dynamic range and signal-to-noise ratio will be improved.
Observation 3: The method based on the coaxial cone TEM cell does not rely on the test antenna. It realizes the combination function of anechoic chamber and antenna.
Observation 4: The equivalent quiet zone is the area close to the outer conductor. Accordingly, the larger the cavity of the coaxial cone TEM cell, the larger the equivalent quiet zone. 

Proposal 1: The method based on coaxial cone TEM cell could be used as one of the UE RF testing methods. 
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