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Introduction
For NR HF UE, OTA test is under discussion and is thought that it may be the only choice for the test including RF, DEMOD and RRM. But as NR is different with LTE that beam forming is assumed, the antenna behaviour for NR HF is expected to be changed compared with LTE. Some new study is needed for the new challenge. This contribution provides the consideration on UE output power test.
Discussion
LTE TRP/EIRP concepts
TRP (Total Radiated Power) is defined as the integral of the power transmitted in different directions over the entire radiation sphere, while EIRP (Effective Isotropic Radiated Power) is the transmitted radiated power in a single direction, i.e. for a fixed  and  in the following formula. Therefore the relationship of EIRP and TRP are represented as the following formula in the measurement.

		(Equation 1)
 and  represent the two polarizations and the interpretation can be found in the Figure 1.
[image: ]
Figure 1:  and  interpretation (copied from TR 25.914 Figure 7.3)
In LTE discussion, it was deemed that peak EIRP can’t indicate the UE performance in the field because if the radiation pattern is highly directive, peak EIRP can be good but the coverage in other directions may be poor. Therefore the TRP was decided as the transmit requirement for device.
In the test, measurement is done for the sampling intervals then summation is used to reach the final TRP performance. In CTIA, the understanding is that for TRP data points taken every 15 degrees in the theta () and in the phi () axes are to fully characterize the EUT's Far-Field radiation pattern and total radiated power. Then total of 264 measurements for each of the two polarizations are needed [2]. That’s the measurement points per band and per mode. If multiple bands and multiple modes are supported the number of samples should be multiplied with the bands number and mode number. Current testing time is about 3 minutes for 3 frequencies measurement [3].
The following picture is copied from [1], single probe or multiple probes system can be used for the LTE TRP test. Multiple probe system can do the elevation direction scanning electrically while single probe system needs DUT to be rotated for both  and  direction. The detail can be further found in [1].
[image: ]	[image: ]
Figure 4: Example of a spherical positioner system with a moving probe antenna (left), and with multiple probe antennas (right). (Copied from [1], Figure 7.1)
When the OTA performance is being measured, the better approach is that all of the external cables being removed and the DUT is operated in stand-alone battery powered mode although there’s some observation that cable connection may not impact some frequencies’ performance. When DUT is battery powered, it’s possible that DUT is powered off when testing time is long. The test can be continued after several hours when DUT is recharged.
NR consideration
As NR UE physical layer and antenna work in a different manner in high frequency compared with LTE, some new issues come up which should be studied. Clear views need to be reached before the decision on how to test output power performance.
Antenna pattern difference
An important difference for NR HF UE is that the antenna pattern changes. LTE device antenna design target is having the omni directional radiation pattern as showed in Figure 2. This target is come from the reason that the device can be placed/used on any plane and any elevation to be able to communicate with BS signals and there’s another assumption is that BS signals can come from any direction because of reflection, diffraction, etc. Usually Figure 2 is used to explain the omni directional antenna pattern. Certainly no antenna can be designed that ideal, but at least the final antenna can work well in the current field deployment when the goal is in engineers’ mind.
[image: Image result for antenna pattern dipole]
Figure 2: Isotropic antenna pattern
NR HF is very different that system requires UE antenna to be directional to compensate the high path loss in high frequency. Figure 3 can be an example to explain the directional antenna pattern.
[image: Image result for antenna pattern]
Figure 3: Directional antenna pattern
mmWave device is assumed to have directional antenna pattern and beam forming is used to enlarge the coverage. Apparently, UE can’t work well if only one antenna array is used in HF scenario. More antenna arrays are needed. It was argued that mmWave device should also be able to transmit/receive signals on the entire sphere, but people should keep in mind that UE can’t transmit high power on the entire sphere at any static time point. If the sphere range not being covered by the current antenna array is measured, another antenna array should be used and another beam alignment should be done. For LTE, no additional baseband and antenna action is needed when different samples are tested. 
Observation 1: At any static time, mmWave UE maximum output power is limited to a specific range which is the direction of highest antenna gain.
TRP or EIRP
There was some discussion that the TRP could be another choice for NR HF UE MOP. Our understanding is that TRP may not be necessary. There can be two reasons as the followings.
The first is that from system performance point of view, EIRP is the performance which decides the coverage when UE antenna pattern is directional. The devices with the same TRP can have very different EIRP which lead to different coverage.
The second is that the TRP measurement in the beam forming scenarios is confusing because beam steering/beam alignment is assumed for NR HF operation. Take the single probe system in figure 4 for example, when UE is rotated the operation between UE and BS(measurement probe) should be clarified. There could be two approaches, the first is that beam alignment is not re-operated, then the TRP derived from equation 1 is the same understanding in LTE. A problem for this approach is that it’ll be difficult to say if device is working normally when UE can’t communicate with the probe. There’s another problem is that how to decide the beam direction when the test is done. The other approach could be beam alignment is operated every time UE is rotated. This approach can make sure UE can communicate with BS every time. However, if TRP value is still calculated from equation 1, the value is not correct because the antenna pattern changes for different measurement point and the integrated EIRP is not the total UE radiated power which should be the right meaning of TRP.
Based on the above understanding, we have the following observation.
Observation 2: EIRP can be the requirement of mmWave UE output power. TRP concept for mmWave UE is confusing and seems not useful from system point of view.
EIRP approach
If EIRP can be the common understanding of the output power requirement, the general approach should be studied before the exact value is defined. The following aspects need discussion and decision.
Test on the entire sphere or less
According the evaluation for commercial UE, covering entire sphere is difficult considering the room and cost [5]. However, from system performance point of view, UE is requested to cover as much area as it can on the sphere. In order to have some compromise between the performance and implementation, a potential solution could be a sphere area range can be defined in spec or being declared by the implementation. The test only needs to cover the sphere range requested or declared by the device. More discussion is needed for this idea can work and the exact range if defined.
Observation 3: Defining a mandatory beam scanning range or UE declaration of the range can be the potential solution considering the challenge for mmWave antenna.
Test grid point number
LTE TRP test is done by every 15 degrees considering the accuracy. For NR, it should be discussed if the test number can be decreased. The potential reasons could come from several aspects. For the accuracy, as every EIRP test needs UE and BS doing beam alignment, the difference between the EIRP performances for two close points may be very small. And if only peak and minimum are defined, the grids can be selected intentionally to be the potential best and worst locations. Decreasing the test number also is beneficial to test time, cost and power consuming to make the test approach more feasible.
Observation 4: Test grid point number should be considered to be decreased compared with LTE.
Peak, average or minimum value
For the EIRP performance in the beam scanning range, it can be different for the reason of beam steering loss, different antenna gain, etc. Then considering how to define the requirement, there could be three choices: peak, average or minimum. Considering the test time or cost, the three choices seems the same because all of the performance on each point is known. But if considering the motivation of the requirement, peak and minimum may be more useful because these two can be related to the coverage. And average performance may not indicate the whole picture if peak and minimum gap is large. If the requested beam scanning range is not large, only minimum requirement can work well. But if the requested range is large to make the implementation very challenge, peak requirement also makes sense. This can be further discussed in RAN4.
Observation 5: Minimum (and Peak) EIRP can be a choice for the output power requirement for further discussion.
Conclusion
This contribution discusses the LTE UE OTA TRP concepts and the new challenge of NR UE antenna. The following observations are provided. 
Observation 1: At any static time, mmWave UE maximum output power is limited to a specific range which is the direction of highest antenna gain.
Observation 2: EIRP can be the requirement of mmWave UE output power. TRP concept for mmWave UE is confusing and seems not useful from system point of view.
Observation 3: Defining a mandatory beam scanning range or UE declaration of the range can be the potential solution considering the challenge for mmWave antenna.
Observation 4: Test grid point number should be considered to be decreased compared with LTE.
Observation 5: Minimum (and Peak) EIRP can be a choice for the output power requirement for further discussion.
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