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[bookmark: _GoBack]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]IN RAN4 #84 Berlin, it was decided to use “blackbox” approach for RF conformance tests and to use directional antenna for QZ calibration. This paper highlights the factors to be taken into consideration for the quiet zone calibration for the RF Test.
Discussion
[bookmark: OLE_LINK20]In 3GPP RAN4 #84 [1], an agreement was approved to do the device conformance test using “black box” approach. Due to this decision new quiet zone characterization procedures need to be studied. Some of the open topics are:
1. Antenna to be used for quiet zone characterization
2. Effect of positioner 
3. Methodology to of quiet zone calibration
It is well known that at mmwave frequencies, every aspect of the OTA measurement setup has an impact to the quality of the quiet zone. Hence all the elements that will be used during an actual DUT measurement should be taken into account during quiet zone calibration. 
Proposal 1: Include the positioner, to be used during DUT measurements, as part of quiet zone calibration
In [1] there was also an agreement reached to use directional antenna for quiet zone calibration and the properties of the antenna were FFS.
An antenna which is capable of directing / pointing the energy in a particular direction compared to an isotropic radiator is called a directional antenna. The capability of pointing the energy can either be same or vary between the theta / horizontal and phi/vertical planes. 
Directional properties of the calibration antenna will define the impact of the interaction with the positioner. Example of theta and phi cuts of some of the antennas are given below
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Fig. 1. Radiation pattern plots for some typical arrays
As can be seen from the plots, an antenna with definition of of gain as 16dBi can either have similar/symmetric radiation patterns (Antenna 1 & 3) in theta and phi cuts or it can have different directional properties. Comparing Antenna 3 & 4, it can be seen that although both antennas will have a gain definition of 16dBi, Antenna 4 has a HPBW of approx. 88deg in theta cut and 8 deg in phi cut. Antenna 3’s beam in theta cut will very different interaction with the positioner compared to the Antenna 4’s theta cut. 
The directional properties of the calibration antenna will set the minimum limit of the directivity that the DUT can have. Declaring only the gain of the calibration antenna is not sufficient. In case the beamwidth of the calibration antenna is narrower than the target DUT’s beamwidth then an alternate procedure to calibrate the interaction with the positioner need to be defined.
Proposal 2: Define directional property of the calibration antenna based on the beamwidth
Proposal 3: Beamwidth of the reference antenna used by the vendor will set the limit for the lowest beamwidth antenna than can be characterized using that particular OTA system

Proposals
The following factors contributing to quiet zone dimension are proposed for approval:
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: Include the positioner, to be used during DUT measurements, as part of quiet zone calibration
Proposal 2: Define directional property of the calibration antenna based on the beamwidth
Proposal 3: Beamwidth of the reference antenna used by the vendor will set the limit for the lowest beamwidth antenna than can be characterized using that particular OTA system
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Antenna 1: Theta Cut, 5dB Gain

—— Antenna 2: Theta Cut, 11dB Gain
—— Antenna 3: Theta Cut, 16dB Gain
—— Antenna 4: Theta Cut, 16dB Gain
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Antenna 1: Phi Cut, 5dB Gain

’—Antenna 2: Phi Cut, 11dB Gain4
—— Antenna 3: Phi Cut, 16dB Gain
— Antenna 4: Phi Cut. 16dB Gain
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