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1. Introduction
OTA testing for NR mmWave frequencies has been discussed in the past RAN4 meetings. In this paper we discuss the advantages and disadvantages of each potential test method for NR RRM.
2. Discussion
NR User Equipment (UE) and Remote Radio Head (RRH) employ the adaptive beamforming antenna system to substantially enhance their radio channel linkage signal strengths while creating spatial diversity in each spectral channel. This spatial diversity allows multiple signals to occupy a single spectral channel. The resultant increased MIMO capacity will provide a much needed media access for existing and developing wireless communications.
RF signaling tests and the overall OTA performance are required to be done via OTA links.  In most cases, OTA linkage is the only means to test the radio unit’s signaling properties, including the Error Vector Magnitude (EVM).  In addition, the measurement instrumentation will also have a similar problem: having to down convert the mm-Wave signal into an IF frequency that is more manageable in cable loss for the test system.  It is likely that the future NR BS simulator will be linked to the RF unit exclusively through IF or baseband.
Far-filed method

Due to the projected popularity of the 5G UE and a dense network of the 5G infrastructure, each UE also may receive signals from multiple RRH’s as shown in Figure 1. Simultaneous access to multiple RRH for a 5G UE’s will be a critical evaluation criteria for the overall performance of the final Radio Resource Management (RRM) capacity.
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Fig.1 Conceptual UE test setup

In a far-field anechoic chamber test system, the separation distance between the manufacturer declared coordinate system reference point of the radio device and the phase center of the receiving antenna shall be of no less than 2D2/λ, where D is probably the largest dimension the radio device and λ is the wavelength.
The maximum size of the DUT is a chamber restriction that would affect the quality of the far-field test condition and sometimes the quietness of the test zone. Larger DUT sizes will require a larger sized chamber. For mm-Wave frequency band, the anechoic chamber absorber shall be very effective in absorbing reflected signals and generate a quiet zone that has a very low measurement uncertainty. Therefore the primary limitation of this test method is the size of the test chamber that is required by the test distance meeting the far-field test conditions. This puts the required test distance up to 4 meters for most UE’s for 5G mm-Wave.
To reduce the measurement distance, some alternative method have been proposed (CATR, NF-FF, etc). For CATR-based method, the reflector will transform the radiated wave-front, and sufficient separation between the DUT and the receiver so that the spherical wave reaches nearly planar phase fronts. 
CATR method 
In the CATR test system, the maximum size of the DUT is a function of the reflector dimension, feed antenna beam properties, and the quality of the anechoic chamber quiet zone that separates the leakage signal from the feed antenna to the DUT.  A CATR can be a much more compact test system than a far-field test range.  It can be effectively set up to test EIRP and EIS of an mm-Wave DUT if the feed antenna can be readily used to interface with 5G radio tester.  However, the extension of CATR to a multi-beam test system for multiple access RRM is non-trivial if not impossible.  The primary restriction of the CATR test method is that its feed antenna and the reflector systems prohibits the deployment of multiple UE’s and RRH’s in the system setup. Therefore, the scope of the CATR test method may be primarily limited to the static EIRP and EIS testing.
NF-FF method
The near-field measurement technique consists of measuring the amplitude and phase of the modulated signal at the DUT under test, on some specific surfaces such as planar, cylindrical, and spherical. Each of the near-field test methods can be implemented by mechanical rotation of the probe and/or DUT under evaluation. All the scanning methods will need an RF transmit and receive system equipped with automated scanning, a data collection and control system, and computerized analysis capability.

The near-field measurement technique would imply the use of a mathematical artefact, NF to FF transformation, in order to process for the EIRP/EIS value in the far-field. The near-field to far-field transformation is based on the well-known Huygens-Fresnel principle. The spherical modal wave expansion is the implicit application of the Huygens principle. A direct solution of the Helmholtz equations is found by applying boundary conditions on the surface (S) at infinity. From the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal expansion. Based on this formulation, the near-field sampling criteria does play an important role.
The near-field test methods are required to have very accurate measurements of both the magnitude and phase of the acquired near-field test surface.  Such a requirement can be met when the reference signal and the test signal are phase locked in real time. In the case of the undetachable 5G radio, accurate measurement of phase information of the detected broadband modulated signal will present a prohibitive task for this technique to perform its near-field to far-field transformation. Besides, due to the near filed phase, there is a NF effect on the EVM testing at low SNR, which will induce large deviation. In addition, devices designed to accurately track the spatial evolution of real signals in the far-field are likely to be confused by a near-field non-uniform wave-front in the test system that is generating broadband modulated signals when the receiver sensitivity test is performed. Therefore, the scope of this test method may be limited to the engineering design stage when both IF and LO signal feed points can be made available to test only the functionality of the antenna distribution unit and the antenna array in transmit mode.
After a thorough review of the existing OTA test methods, their effectiveness, and their limitations, it is recommended that the far-field test range be the only suitable test system setup for an accurate evaluation of the RRM performance.  Despite the need for a test distance of up to 4 meters for UE, the far-field test range allows for all possibilities in setting up the test environment to evaluate the massive MIMO infrastructure and user equipment OTA interface performance.  Other test methods may serve as alternative test method at different stages of design and development and can be effective for testing given subset of the OTA performance, but, given the nature of highly integrated 5G radio, the far-field test range shall be the only recommended test range as a comprehensive test method for overall performance of the massive MIMO capabilities of 5G radio.
Observation 1: After a thorough review of the existing OTA test methods, it is recommended that the far-field test range be the only suitable test system setup for an accurate evaluation of the NR RRM performance.
Observation 2: Other test methods may serve as alternative test methods at different stages of design and development and can be effective for testing given subset of the OTA performance.
3. Conclusion
 In this paper we review of the existing OTA test methods and compare the advantages and disadvantages, then we get the following observations:
Observation 1: After a thorough review of the existing OTA test methods, it is recommended that the far-field test range be the only suitable test system setup for an accurate evaluation of the NR RRM performance.
Observation 2: Other test methods may serve as alternative test methods at different stages of design and development and can be effective for testing given subset of the OTA performance.
Reference

[1] R4-1701892, “Overview of EVM OTA measurements in Near Field at mmWaves”, MVG Industries
[2] R4-1704666, “TR38.810 v0.0.2,” Intel Corporation, CATR, 3GPP RAN4 #83, May 2017

[3] 3GPP TR 37.842[image: image2.png]



1
3

