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1. Introduction
Discussion on testability of mmWave requirements is ongoing during the NR study item. In RAN4#80Bis a way forward identifying some RF test cases, possible setups and metrics was agreed. In this paper we further elaborate on the topic of controlling the device during the test.
2. Discussion
In previous RAN4 meeting several issues related to OTA testing for mmWave devices were raised. One of the issues is how to control the UE during the test and what kind of setup would be needed for this. We briefly discuss what would be an envisioned basic test setup.

Based on the discussion so far it seems that the test equipment will have to be able to perform measurements from different angles, possibly on the entire sphere around the device. As such, either the device or the measurement antenna or both would have to move in different directions/axis. There might also be a need to perform measurements in different directions than that of the Tx/Rx beam of the device(e.g. side lobe measurement or TRP measurement).

Considering these aspects it would be necessary to have at least 2 antennas in the measurement setup, one antenna for measurements and one antenna to maintain the communication link with the UE. A conceptual picture is shown in Figure 1. 
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Figure 1. Envisioned test setup
It should be noted that current test setups for TRP/TRS employ a link antenna, however, the antenna can be placed anywhere in the chamber since the devices do not employ active antenna arrays. With the use of active antennas, the device will point the beam towards the link antenna. Hence, the link antenna cannot be place anywhere in the chamber anymore. 
If the measurements are performed in the main lobe of the antenna pattern (e.g. peak EIRP measurement, EVM measurement, etc) the measurement antenna and the link antenna could be co-located. If the measurements are performed in a different direction than that of the main lobe, the measurement antenna would have to be used.

In the previous meeting it was suggested that it might be useful to implement a testing command such that the UE would not switch beams. In theory, this approach would allow the measurement in a different direction than that of the main lobe without using a separate link antenna. This approach would simplify the test setup however, it has certain drawbacks that have to be considered. During the tests the UE should be in normal operation mode and it must have an active connection with a base station to maintain synchronization. The entire test equipment (base station simulator, measurement equipment) has to maintain a tight synchronization in order to perform accurate measurements of the signals transmitted by the UE. Consequently, for Rx tests, the UE needs to maintain time synchronization to be able to receive DL signals. The mmWave systems will most likely be TDD and UEs will not be transmitting continuously for a long amount of time. Furthermore, if “self contained” subframes are used, each subrame/slot will contain both DL and UL transmission so the UE would not be designed to transmit continuously. As such, during the entire test a reliable connection with the UE has to be maintained.
In order to maintain a reliable link, the UE should be able to point the beam towards the link antenna. If the UE Tx/Rx beam is not aligned with the link antenna, there is the risk of hitting a null of the antenna pattern and losing synchronization or dropping the link.

Considering all the above, in the test setup at least one of the test equipment antennas should be able to move around the UE. If the UE is rotated then the link antenna would also have to move in order to perform measurements outside the main lobe. This setup is depicted in Figure 1. If the measurement antenna can move around the UE then it might be possible to maintain the same position for the UE and the link antenna during the test. 
We would like to point out that for non-stand alone, an additional LTE link is needed during the test. This link will be the frequency range below 6GHz and it is highly likely that it could be placed almost anywhere in the chamber since the UEs will not use active antennas in this range.

Another thing to consider is that UEs might have multiple antenna arrays placed in different parts of the device. During the tests it would be very hard to predict which array is used at a given point in time(or whether multiple arrays are used at the same time). It will not be possible to place the transmit/receive point (antenna array) in the middle of the sphere described by the measurement antenna(if such a setup is used). Whether this setup has any influence over the test accuracy should be investigated.
3. Conclusion
In this paper we briefly analysed possible test setups for OTA testing in mmWave. Based on this analysis a test setup with two separate antennas, a link antenna and a measurement antenna is needed. Furthermore, depending on the setup, at least one of these antennas must be able to move around the device.
Also, since devices are likely to implement multiple antenna arrays, it will not be very difficult to place the Tx/Rx point in the center of the sphere described by the measurement antenna. The impact of this setup on the testing accuracy/ results should be investigated.
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