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1. Introduction

In 3GPP RAN4 #82, [1] was approved which addresses the FF criteria determined by the well-known equation 2D2^/λ where D is the maximum size of the radiating elements. In 3GPP RAN4 Meeting #82bis [2] was approved which gives the baseline measurement methodology based on a two-probe FF method.

This paper proposes a simplification to the two-probe baseline to enable off axis measurements to be made using only a single probe that can control the angle relative to the UE. The method is also applicable to CATR, which helps in reducing the chamber footprint required for a given test zone dimension and thus helps in maintaining lower path loss [3], [4].
2. Description
The baseline measurement system for off-axis measurement is based on a two-probe method. One probe, called a link antenna, establishes the call with the UE which forms its antenna toward the link. The second probe, called a measurement antenna, can be positioned independently of the link antenna to make off-axis measurements while the link antenna maintains the UE beam positon. The measurement method is based on the FF criteria which can require a large anechoic chamber for some device types at mmWave frequencies.   Large chamber size suffers from larger path loss which may limit measurement capability. 
A proposed methodology for devices with beam locking control is proposed as follows:
1. Orientate the DUT towards the measurement antenna for the desired angle of measurement
2. Initiate the call using standard adaptive beam forming with the base station emulator connected to the measurement antenna. The DUT will point the beam towards the measurement antenna.
3. Using a TBD procedure, lock the UE beam in this position by disabling adaptive beamforming

4. Pass the base station emulator transceiver to the link antenna 
a. The link antenna can be placed on the UE positioner below the DUT with / without its own independent axis of movement

b. The link antenna can be an omnidirectional / quasi-omni antenna

c. The link antenna may follow the angle of rotation of the DUT

5. Rotate the DUT to make off axis measurements using the measurement antenna

6. Once the measurement is finished then the DUT is rotated to the new angle and the process from Step 1 is repeated
An example of how this might look for the baseline system is given in Figure 1.
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Figure 1. Baseline system with beamlock capabilty for off-axis meausrements with one variable probe
In [3] and [4], the compact antenna test range (CATR) working principle and its benefits were discussed, and it was shown that these benefits make CATR a good candidate solution for NR testability at mmWave.
The CATR approach offers two key benefits over the direct far-field approach in this case:  

1. It supports a relatively smaller anechoic chamber size, and 

2. the path loss is typically less than in the direct far-field case, since the relevant distance for calculating path loss is primarily the focal length of the parabolic mirror in the system.  

Table 1 – Direct FF vs CATR from [3]

	 
	D[m]
	Freq [GHz]
	FF distance [m]
	Space Path Loss [dB]

	Direct - FF
	0.15
	30
	4.5
	-75

	CATR
	0.15
	30
	1
	-62

	Direct - FF
	0.15
	40
	6
	-80

	CATR
	0.15
	40
	1
	-64.5


However, one limitation of the CATR approach is that it is not well suited to a two-probe setup to measure off axis and is thus limited to on-axis measurements. There are possibilities to utilize a beam locking function in the UE to enable off axis measurements with a single probe system. This would have the benefit of simplifying the two-probe baseline system and enabling a single probe CATR to make off axis measurements.
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Figure 2. CATR system with beamlock capabilty for off-axis meausrements with one variable probe
Since the DUT will have a directional beam, having a fixed position link antenna may not be the best option as the coupling (S21) between the link antenna and the DUT may vary a lot depending on the radiation pattern of the DUT. Figure 3 shows the coupling between a high directive (22.5 dBi) DUT and a link antenna placed below it. The traces show that the coupling can vary significantly if the link antenna location is fixed in a certain location while the beam of the DUT is pointing in three different elevation angles. Hence it is recommended that the link antenna also can be positioned with respect to the DUT.  
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Figure 3. Coupling between link antenna and DUT
3. Conclusions
The potential to simplify the baseline setup to having just one moveable probe for off-axis measurements has been shown. The importance of positioning and rotation of link antenna with respected to the DUT has been highlighted and it is also noted that this process enables the CATR method to measure off-axis as well.
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