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1. Introduction

This contribution provides an overview of different approaches suitable for NR UE testing as well as pros and cons of NF vs FF approaches [1]. The need for test modes is highlighted together with required functionality. 
2. Background
Given the very aggressive timeline for deployments of NR-based communication systems, it is essential to define RF conformance and performance requirements well in advance. Especially since most RF requirements are determined using radiated test setups, timely agreement on suitable test metrics and test methodologies is required.
Observation 1:
RF conformance and performance requirements need to be defined well before large scale deployments of NR. Timely selection of RF requirements, test metrics, and test methodologies is required.
To avoid the deployment of NR without core requirements fully defined and test methodologies agreed upon, it is suggested to select a single test methodology per RF requirement to avoid lengthy technical discussions about pros and cons for each methodology as well as harmonization discussions/campaigns, e.g., MIMO OTA. 
Observation 2:
To accelerate the definition of RF requirements, a single test methodology should be selected per requirement. Equivalent test methodologies are acceptable as long as equivalence can be proven.
In most cellular communication systems, the standard operation mode is the far field. Even with the reduced range length of NR compared with traditional cellular systems the same assumptions apply and the RF conformance and performance requirements should be using the far field as a starting point. 
Observation 3:
Since far-field conditions can be assumed as standard operation mode in an NR communication system, all requirements should be defined in the far-field as a baseline.
Near-field approaches are based on the characterization of the antenna pattern in close proximity of the UE and subsequent near-field to far-field transformations can then be used to determine the far-field pattern of the UE. Generally, such transformations require the measurement of the complex antenna pattern in the near field (magnitude and phase) as well as a very fine resolution of the measured electric field components around the UE which usually yield long test times. A test mode on the UE might be required to obtain the absolute or relative phases of the respective receiver chains, similar to the Antenna Test Function (ATF) in TS 36.978. In some cases, practical or economic reasons could outweigh longer test times and near-field approaches with NF-FF transformations could be more suitable. 
Observation 4:
Near-field measurements and subsequent near-field to far-field (NF-FF) transformations are generally very time consuming since the field components in the near field must be determined on a very fine grid around the UE. In some cases, practical or economic reasons to choose a near-field approach over a far-field approach could outweigh longer test times. 
Some RF requirements such as output power integrated over a closed surface, i.e., TRP, could be determined directly in the near field if suitable near-field approaches can be developed to provide very fast and accurate integrated power measurements. In those cases, the calculation of the far-field equivalent performance metric would not be required. 
Observation 5:
Select conformance and performance requirements could be measured directly in the near field without having to determine the corresponding far-field equivalent. 
As the near-field to far-field transformation requires a static antenna pattern as a baseline, dynamic behavior of UE antennas cannot be evaluated in the near field with subsequent transformations into the far field.
Observation 6:
The near-field is not suitable to assess the dynamic behavior of UE antennas if NF-FF transformation is needed, e.g., dynamic beam steering.
Test metrics to be determined at the center of the beam, e.g., EIRP & EIS, should not be assessed in a single beam direction but rather in a variety of beam directions steered around the UE on the 3D sphere. Ideally, the test metric should be determined uniformly around the UE but alternatively the conformance/performance metrics can be determined non-uniformly around the UE, e.g. mainly in the area near the horizon. Using either the conical cut or great circle test method, it is proposed to steer the UE’s beam dynamically towards the measurement antenna for different azimuth angles phi, elevation angles theta, and the two orthogonal polarizations  and  For each point on the 3D sphere, the respective test metric is determined and the overall test metric is a function of the individual, single-point metrics, e.g., averaging, maximum, minimum, etc. 

Suitable RF requirements for this approach are: max/min output power, EVM, REFSENS. 

Observation 7:
Traditional single-directional EIRP & EIS test metrics are not applicable to NR. Instead, the test metrics need to be determined at the center of beam with the beam steered dynamically around the UE in 3D. The overall conformance/performance metric is a function of the individual, single-point metrics, e.g., averaging, maximum, minimum, etc.
Test metrics to be determined not just at the center of the beam but uniformly around the UE, e.g., TRP & TIS, should not be assessed with the UE beam pointed in a single beam direction but rather in a variety of directions steered around the UE on the 3D sphere. Ideally, the test metric should be determined uniformly around the UE. Using either the conical cut or great circle test method, it is proposed to steer the UE’s beam dynamically towards the measurement antenna for different azimuth angles phibeam, elevation angles thetabeam, and the two orthogonal polarizations beam and beam For each measurement on the 3D sphere (azimuth angle phi, elevation angle theta, and polarizations  and ), the UE’s beam needs to remain static, i.e., no dynamic adaptation of the beam direction is allowed while measurements off the peak are performed which might require a test mode to lock the beam for some RF requirements. The overall conformance/performance metric is a function of the individual, multi-point/3D metrics, e.g., averaging, maximum, minimum, etc. Especially for RF tests at different frequencies than the NR carrier frequency, e.g., spurious emission, blocking, this approach might be necessary due to the differences in radiation patterns at different frequencies. 
Suitable RF requirements for this approach are: spurious emission, blocking. 
Observation 8:
Traditional 3D TRP & TIS test metrics are not applicable to NR. Instead, the test metrics need to be determined in 3D around the peak of beam with the beam steered uniformly around the UE and locked during the 3D assessment. The overall conformance/performance metric is a function of the individual, multi-point/3D metrics, e.g., averaging, maximum, minimum, etc.
3. Observations
Observation 1:
RF conformance and performance requirements need to be defined well before large scale deployments of NR. Timely selection of RF requirements, test metrics, and test methodologies is required.
Observation 2:
To accelerate the definition of RF requirements, a single test methodology should be selected per requirement. Equivalent test methodologies are acceptable as long as equivalence can be proven.
Observation 3:
Since far-field conditions can be assumed as standard operation mode in an NR communication system, all requirements should be defined in the far-field as a baseline.
Observation 4:
Near-field measurements and subsequent near-field to far-field (NF-FF) transformations are generally very time consuming since the field components in the near field must be determined on a very fine grid around the UE. In some cases, practical or economic reasons to choose a near-field approach over a far-field approach could outweigh longer test times.
Observation 5:
Select conformance and performance requirements could be measured directly in the near field without having to determine the corresponding far-field equivalent.
Observation 6:
The near-field is not suitable to assess the dynamic behavior of UE antennas if NF-FF transformation is needed, e.g., dynamic beam steering.
Observation 7:
Traditional single-directional EIRP & EIS test metrics are not applicable to NR. Instead, the test metrics need to be determined at the center of beam with the beam steered dynamically around the UE in 3D. The overall conformance/performance metric is a function of the individual, single-point metrics, e.g., averaging, maximum, minimum, etc.

Observation 8:
Traditional 3D TRP & TIS test metrics are not applicable to NR. Instead, the test metrics need to be determined in 3D around the peak of beam with the beam steered uniformly around the UE and locked during the 3D assessment. The overall conformance/performance metric is a function of the individual, multi-point/3D metrics, e.g., averaging, maximum, minimum, etc.
4. References
[1]
R4-167278 Intel Corporation, CATR “Way Forward on NR UE Testability”
[2]
TS 36.978, “User Equipment (UE) antenna test function definition for two-stage Multiple Input Multiple Output (MIMO) Over The Air (OTA) test method”
Page 3

