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1. Introduction

During RAN#85, a new SI [1] on enhanced test methods for NR FR2 has been approved. For UL low power and DL high power requirements was proposed to look at alternate test methods such as NFTF (Near-Field to Far-field) [2] and DNF (Direct Near Field). This contribution brings up, and discusses an open point associated with the mentioned two test methods.
2. Background
One of the objectives of the approved SI [1] is below:

Define test methodology for high DL power and low UL power test cases

-
Considering path loss reduction, measurement antenna gain improvement, DUT positioning improvement, and MU improvement

-
Considering NFTF (defined in Clause 5.2 of TR38.810) and direct near field test methodologies as possible alternative methods

-
Other approaches are not precluded

-
Study preliminary assessment of measurement uncertainty of new alternative methods

As the above objective highlights, NFTF has been already agreed to be included in TR38.810 as permitted method for mainly EIRP type of measurements. Applicability of NTFT is the same as DFF [2] since for UE beam management, it was understood that the DUT should have been in FF with respect to the measurement antenna. This would guarantee that the DUT or at least the antenna array panels would be exposed to a Plane Wave which phase variation is π/8 (22.5deg).

3. Near Field Test Methods 
NF measurements could be performed by:

1. DNF (Direct Near Field)

a. No NF2FF transformation is applied

b. Limitation is in term of the NF range length since the NF measured beam could not be the same as the actual beam in Far Field.

2. NTFT (Near Field With Transform) [2] – Permitted Method for EIRP type of measurements

a. NF to FF transform is applied to the measured data
b. There are no limitations in terms of the QZ size. The only requirement is in terms of both:
i. Distance from DUT and measurement antenna [6] (NF range length)
ii. Number of NF samples to be measured on the sphere enclosing the DUT [7]
In both cases, the error on beam directivity and beam pointing must be understood. The impact of the phase curvature on “static” beam pattern have been analysed in [3-4-5]. Basically, it was observed that the beam’s amplitude error is max 1dB while the beam pointing error is max 14deg when the near field range length is 0.45m and the DUT is a 4x1 linear antenna array on phone size ground plane. As it was expected the beam’s amplitude error along with the beam pointing error do decrease when increasing the range length to 0.9m (Far Field for such DUT). Table 1 summarizes the results from our latest simulations [3]:
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Table 1. Beam patterns Error - Summary table

In [3], spherical coverage curves were also plotted for the cases where the 4x1 linear array was measured at 0.45m, 0.9m, and FF distance:
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Figure 1. Spherical coverage comparison

Beam patterns error seem not to impact the spherical coverage curve.

It shall be considered that for the case where the NF distance is 0.45m, the phase curvature of the spherical wave at the array (offset from the center – Figure 2) is 44deg assuming the following:
· PCB size -> length=150mm, width=7mm 
· Array size 30mm (4x1 linear array)
· Array position (-75; -35;0) mm
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Figure 2. Array position on the PCB

The phase curvature is not due to the phase of the measurement antenna but only due to the NF distance. In any case from Table 1 and figure 1, it can be observed that the effect of the phase of the measurement antenna is negligible.
The above simulations were provided as a preliminary study in order to understand the impact of phase curvature of DL signal on UE beam management.
4. Near Field DL signal and UE Beam management
This section highlights the main issue shall be studied before discussing NF measurements both direct and with NF2FF.
Specifically, when performing UL type of measurements such as beam search and/or max EIRP, the UE beam management is triggered based on the DL reference signal. Basically, the beam will be formed toward the direction to where the DL signal is coming from (Beam Correspondence). Certainly, the mechanism works if the DL signal is a plane wave but even in this case a theoretical plane wave front would have 22.5deg phase variation at the DUT. This means that 22.5deg wouldn’t cause any issue in terms of pointing error (UL UE beam is aligned to the DL signal).
Observation 1: Phase curvature of 22.5deg for the DL signal seems not to cause any issues to the UE beam management. Are there any requirements on the DL signal in terms of amplitude and mainly phase variation?
When measurement antenna is in NF, the DL signal is no longer a plane wave but rather a spherical wave with certain phase curvature. This would mainly depend on:

1. Range length

2. Antenna array offset with respect to the physical center of the DUT (black box approach)

Based on the simulation results provided in [3] the following observation can be drawn:

Observation 2: When performing Direct NF measurements at 0.45m (distance between center of the setup and measurement antenna, the spherical wave phase curvature at the array is 44deg. This phase curvature doesn’t impact the spherical coverage curve.
Based on the above issues, the following questions come up:

Question 1: How sensitive is the UE beam management to the amplitude and phase of the DL signal?
Question 2: Are there any requirements on the DL signal in terms of amplitude and mainly phase variation?
We do strongly believe that the above questions must be answered before moving forward with Near Field measurements.
5. Conclusion 
Our view on DNF and NFTF is provided. The Near Field DL signal requirements, if any must be understood before considering Near Field measurements as alternate test method for UE NR RF at Fr2. The following observations and proposal have been given:
Observation 1: Phase curvature of 22.5deg for the DL signal seems not to cause any issues to the UE beam management. Are there any requirements on the DL signal in terms of amplitude and mainly phase variation?
Observation 2: When performing Direct NF measurements at 0.45m (distance between center of the setup and measurement antenna, the spherical wave phase curvature at the array is 44deg. This phase curvature doesn’t impact the spherical coverage curve.
Proposal 1: The following questions must be answered before moving forward with Near Field measurements:

· Question 1: How sensitive is the UE beam management to the amplitude and phase of the DL signal?
· Question 2: Are there any requirements on the DL signal in terms of amplitude and mainly phase variation?
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