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OTA mmWave testing for NR is discussed in a study item and the goal is to develop a testing methodology that could be standardized. RRM testing is part of this study. In this paper we highlight a few issues related to OTA RRM testing.
2. 	Discussion
Testing of the RAN4 RRM requirements has been performed in a conducted environment so far. For NR mmWave, antenna connectors are not available anymore and all the testing has to be done over the air. This is a completely new area in 3GPP and multiple problems have to be tackled. Some problems that have to be solved are presented in this paper.
The discussion on RRM testing during the NR OTA testing SI has been ongoing for a few meetings and a WF listing some issues to focus the discussion was agreed [1]. In this paper we discuss some of these issues but we also touch on some other problems that have not been discussed so far.
RAN4 defines accuracy requirements for different measurements that support mobility (e.g. RSRP, RSRQ).  These requirements are defined for both absolute accuracy(against a value in dBm) and relative accuracy. In a conducted environment, the power applied to the antenna connector can be directly measured and is the reference against which the UE measured value is checked. In a an OTA environment, the measured values will include the antenna gain(antenna gain should be included in the measurement since from a system point of view the value of interest is what is measured at the UE baseband). Because the antenna gain in the direction of the incoming signal is not known, there is no reference against which the UE reported value can be checked. 
We further explain the problem through a simple example. Figure 1 illustrates a UE that is performing measurements on signals transmitted from different transmission points, possibly on different Rx beams. The received power from any of these transmission points can be measured at some reference point(e.g. center of the UE) with a reference antenna(known Rx gain), for example -80dBm. If the UE antenna gain in the direction of that transmission point is 10dBi, the UE should report a value of -70dBm. However, if the UE antenna gain is not known at the test equipment, the TE cannot decide whether the reported value is accurate or not.  

Figure 1. UE measuring signals from different transmission points
Observation 1. Absolute measurement accuracy cannot be tested directly if the UE antenna gain is unknown. 
For beam management and mobility, the UE should be able to measure different signals coming from different directions as shown in Figure 1(orange and blue). The relative measurement accuracy is the most important factor such that the UE can correctly pick the stronger signals. The active antenna arrays that will be used by mmWave UEs will have different gains in different directions. This will influence the measurement such that even for relative accuracy, it is not possible to tell whether the measurement is accurate without some information about the UE antenna gain (absolute gain in both directions or at least gain difference between the directions).
Observation 2. Relative measurement accuracy in different directions cannot be tested directly.
This scenario of testing relative measurement accuracy is of special interest since it is directly applicable to intra-frequency measurements that would be used for beam management and hand overs. 
Some possible solutions to this problem are discussed. This list is not exhaustive and there could be other more effective methods.
1. The power level difference between different transmission points is large enough
The UE antenna gain will have a certain dynamic range that can be roughly derived from EIS testing. If the power difference between different transmission points is larger than the biggest possible antenna gain difference, the test would become predictable in the sense that it is clear which transmission point should be chosen or reported with a higher RSRP. This approach would lead to very big margins in the test and the usefulness of the test is not clear
2. Use relative antenna gain between different directions
The root cause of the uncertainty of the test is that the gain difference between different directions is not known to the test equipment. A 3D map with the relative gain for different directions could be built based on EIS testing over the entire sphere. This information could be used during the test. The feasibility of such an approach needs further study(the accuracy of the mapping between EIS and antenna gain, the margins that are needed, etc). This methodology would likely also further complicate the test, especially if the EIS test is not performed together. 
3. Combine the RRM test with a throughput/demod test 
The RRM test could be combined with a throughput/demod test. The RSRP measured on different beams should be correlated with a certain throughput level. If the throughput is measured on multiple Rx beams(for different transmission points), it can be established whether the UE correctly picked/reported the stronger beam. This kind of combined RRM testing and demod testing is new for RAN4 and feasibility/effectiveness of such a test would need to be further studied.
UEs typically employ receive diversity and it is expected that mmWave UEs will use receive diversity with different polarizations. Some requirements(e.g. RSRP) are based on picking the maximum between the measurements on the receiver branches. There will likely be some unbalance in terms of spatial coverage of the receiver branches(polarizations), the receive gain will not be the same on both receive branches. This aspect will introduce further uncertainty in the test and the impact to the test predictability needs further investigation. 
For OTA testing it seems that the most reliable way to control the quality of the received signal is to control the SNR/SINR by injecting noise at the transmitter before the TE antenna [2]. How many tests can be run under such environment and whether some other RRM/demod tests could be modified to depend only on SNR/SINR should be further studied. 
3. 	Conclusion
In this paper we presented some issues related to RRM testing. We made the following observations:
Observation 1. Absolute measurement accuracy cannot be tested directly if the UE antenna gain is unknown. 
Observation 2. Relative measurement accuracy in different directions cannot be tested directly.
We also presented some possible solutions for testing of relative measurements, these should be further investigated.
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