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1. Introduction
Conformance testing for mmWave devices (above 24GHz) is likely to be only over the air (OTA). This is a major change compared to current conformance testing (below 6GHz) and new testing methodology will have to be developed. In this paper we analyze some issues related to OTA testing.
2. Discussion
mmWave devices will have highly integrate RF front ends that will use antenna arrays. There is a common view that it’s not feasible to performance conducted testing on such devices: antenna connectors do not exist on the mmWave devices and would be difficult to implement, some aspects such as beam forming cannot be tested with conducted methods.  Hence, it is believed all the conformance tests will need to be performed over the air. This implies development of a new testing methodology.  The new testing methodology has to be very well understood in RAN4 in order to define the requirements (RF/RRM/demod) such that they are enforceable and testable. The goal of this paper is to analyze what tests are needed and what needs to be measured.

An analysis of the RF requirements for mmWave is presented in [1]. The analysis in this paper is intended to be considered together with that analysis. We will discuss the RF and performance (RRM/demod) tests separately. The RF tests are split in transmitter, receiver and beamforming requirements as discussed in [1]. 

2.1. RF Tests
2.1.1. Transmitter tests
As described in [1], the maximum transmit power requirement will become a maximum EIRP requirement and there is a need to test that the UE can transmit a certain power level in different directions. The test setup should be in such a way that the test equipment can measure EIRP in any direction the UE is transmitting (moving the UE while having a fixed measurement antenna is also a possibility). If a requirement on the beam pattern is also defined then the test equipment should be able to measure the entire UE beam pattern. It should be noted that a device will likely be able to transmit many beams and performing the measurement over all the possible beams would require a large amount of time. For the purpose of conformance testing it would likely be enough to test a subset of the total number of spatial directions/beams chosen randomly. 
Observation 1. Need to measure EIRP or entire beam pattern in any direction.
The other tests related to maximum transmit power would be minimum/off transmit power and power control. The same setup could be used if the entire system has enough dynamic range and accuracy.

Another type of necessary tests are related to signal quality. The test equipment should be able to measure EVM and the frequency offset of the signal. The conditions for the measurements are likely to be set when the device is transmitting at different power levels including maximum power. The entire testing would be simpler if the setup for measuring EIRP could be re-used.
Observation 2. Need to measure signal quality, preferably re-use the same setup as EIRP measurement.
Another category of Tx tests are related to unwanted emissions. This includes emissions in the adjacent channels (ACLR) and out of band emissions. 
If some requirements are put on the ACLR spatial pattern then the ACLR testing would be similar to the maximum EIRP tests. If there is no such requirement then ACLR can be tested similarly to the out of band emissions discussed below.

Depending on how the OOBE requirements are defined [1], there may be a need to measure either EIRP or TRP (or both). Since the requirement definition is tightly coupled with how the testing methodology, these should be discussed together.  
A key challenge foreseen here is the wide frequency range that has to be covered (up to 100GHz). This will impact the test equipment cost and testing time. Measurement devices covering a wide frequency range (maybe entire range if feasible) are needed and it might be necessary to change the probes/antennas for different frequency ranges. It has to be further discussed up to what frequency range the test has to be performed. The current methodology of using 5x the carrier bandwidth is not feasible. 

The testing time will depend on what frequency range can be covered in a single test run and whether measurement has to be performed for a single orientation or multiple orientations or an integration over the entire sphere.
Observation 3. Testing methodology and requirement definition for out of band emissions should be discussed together and testing cost and time should be carefully considered.
2.1.2. Receiver Tests
As explained in [1], for the receiver it will be necessary to test EIS. The requirement might be defined over any direction, however, for conformance it should be enough only to test a few directions at random.
Observation 4. EIS needs to be tested, testing should be possible in any orientation.
Another category of tests are the ACS/blocking tests. In order to check the performance of the RF chain against interferers, the interfering signal would have to come from the same direction as the wanted signal. The test setup should be such that both interfering and wanted signals are transmitted from the same point (same antenna?). Since this test is only to verify the RF components, it should suffice to perform it only once in a randomly chose direction. 
Observation 5. ACS/blocking tests should be performed in such a way that wanted and interfering signals are transmitted from the same point.
For LTE, the performance baseline was based on receiver diversity with two receiver chain. Depending on what the performance baseline for NR will be, the testing methodology/setup will have to take this aspect into account. If UE is always assumed to use 2 receive chains, the test setup may become more complicated.
Observation 6. Depending the assumptions for the baseline performance, the receiver tests might have to account for two receiver chains.

2.1.3. Beamforming Tests
For the beamforming requirements, it will be necessary to test the beam switching delay. During the test the UE would switch between different beams (2 or more) and the delay would be measured. The test setup for such a test should have at least 2 different transmit/receive points towards which the beams would have to be directed. More study is needed on what would be the best setup/methodology for such a test.
Observation 7.  A test to check the beam switching delay will be necessary. This kind of test should have at least 2 different transmit/receive points.

2.2. Performance Testing

Performance tests (RRM and demod) are very important to guarantee a minimum level of system performance in different scenarios/conditions. In UMTS/LTE there are many performance tests and the setups are more complicated than those for RF tests because multiple cells and different channel models have to be emulated. It is very likely that these tests will ultimately determine the complexity of the test setups for mmWave NR. Feasibility of testing solutions from an economical point of view (equipment cost, testing time) will have to be thoroughly studied.

Most of the performance tests are actually checking some baseband capabilities. The split between tests that can be performed in a conducted setup under 6GHz and those that have to be OTA will have to be carefully studied
Observation 8. The performance tests are likely to determine the overall testing complexity. The split between conducted below 6GHz tests and mmWave OTA tests should be carefully considered. 

2.2.1. RRM Tests

The RRM tests that are needed will depend on the system design (mobility framework including measurements). While the details of the design will not be known until the work item phase, some basic tests will definitely be needed because of the extensive use of beamforming for basic functions such as cell acquisition. Some of these tests are discussed below.
Cell acquisition is a basic functionality that should be tested. The synchronization signals will likely be beamformed so it’ll be necessary to check that a UE can acquire a new cell. The random access channel might also be beamformed and the UE will have to find the right direction and timing to send the random access preamble. For these tests a rather simple setup with just a single transmission point is likely to be sufficient.
Observation 9. Cell acquisition and directional random access tests will be needed. A single cell setup (transmission point) will likely be enough for these tests.
An important functionality for systems using beamforming will be beam tracking. The optimum beam direction will change as the UE is moving or when there are some changes in the environment. At least a simple test in which the UE has to switch multiple beam directions based on received signals will be necessary. 
Observation 10. Beam tracking test will be needed.

Whether more complicated setups with multiple cells or different spatial channels with fading are needed will depend on the actual system design. However, considering the tight timeline it would be very useful to know the feasibility and limitations of such setups.
Observation 11. Feasibility of setups with multiple cells or different spatial channels with fading should be studied.
2.2.2. Demodulation tests

Demodulation tests are designed to guarantee that UE can deliver a certain data throughput under SINR and channel conditions. The feasibility of OTA testing with different channel models and Doppler shifts will have to be studied. If the same functionality is also supported by the UE in any below 6GHz band, then the same tests should be performed in one of those bands in a conducted setup.
Observation 12. Feasibility of OTA testing with different spatial channel models and Doppler shifts has to be studied.
A very important part of the performance testing is the channel state feedback. The testing needs will depend on the RAN1 design, however, it is very likely that some testing with different spatial channels will be needed. 


2.2.3. Other Issues

There are some other general issues that have to be considered when analyzing possible testing methodologies. We list some of these below:

· How to trigger the tests, whether the device will be set to normal operation or there will be a test mode introduced

· How to control the device if it is set within a chamber and whether the control method (e.g. cable) will influence the test

· How to test in extreme conditions

· What is the overall testing time

· What kind of calibration is needed for the test to be accurate

· Test repeatability, especially for the performance tests 

3. Conclusion
In this paper we discussed some testing aspects related to the NR operation in the mmWave frequency range. Based on the analysis we made the following observations:
Observation 1. Need to measure EIRP or entire beam pattern in any direction.
Observation 2. Need to measure signal quality, preferably re-use the same setup as EIRP measurement.

Observation 3. Testing methodology and requirement definition for out of band emissions should be discussed together and testing cost and time should be carefully considered.

Observation 4. EIS needs to be tested, testing should be possible in any orientation.
Observation 5. ACS/blocking tests should be performed in such a way that wanted and interfering signals are transmitted from the same point.

Observation 6. Depending the assumptions for the baseline performance, the receiver tests might have to account for two receiver chains.

Observation 7.  A test to check the beam switching delay will be necessary. This kind of test should have at least 2 different transmit/receive points.

Observation 8. The performance tests are likely to determine the overall testing complexity. The split between conducted below 6GHz tests and mmWave OTA tests should be carefully considered. 

Observation 9. Cell acquisition and directional random access tests will be needed. A single cell setup (transmission point) will likely be enough for these tests.

Observation 10. Beam tracking test will be needed.
Observation 11. Feasibility of setups with multiple cells or different spatial channels with fading should be studied.

Observation 12. Feasibility of OTA testing with different spatial channel models and Doppler shifts has to be studied.
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