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1. Introduction

During RAN4#e-98, a WF was agreed [1] for enhanced test methods for NR FR2. Specifically, “The applicability of the low UL power/high DL power EIRP/EIS test cases in the known BP direction and with the black&white-box approach is FFS”. This contribution aims to address this open issue by showing EIRP and TRP error in the BP direction between NF and FF when using black&white box approach.
2. Background
The following were agreed in RAN4:
· Beam peak searches and spherical coverage test cases are not applicable regardless of black-box or black&white-box approach. Performing these tests with the NF measurement probe would require the extensive black&white-box approach which is not deemed a feasible enhancement of the methodology.
· The low UL power/high DL power EIRP/EIS test cases in the known FF BP direction as well as spherical coverage and beam peak searche are not applicable to the black box.
· The applicability of the low UL power/high DL power EIRP/EIS test cases in the known BP direction and with the black&white-box approach is FFS.
During the past RAN4 e-meetings, simulation results have been already presented for 4x1 and 8x2 antenna arrays when embedded on phone mock-up and free-space [2,3,4]. EIRP and TRP error have already been presented for white, black, and black&white box approaches when beam was searched and measured with DNF method.
This contribution would focus on the black&white box approach and EIRP and TRP error when measuring the beam in NF. The difference with the previously reported simulation is that now BP direction is known from a FF measurement, and it is locked before being measured with the probe in NF. The test procedure is reported in section 3.
3. Simulation assumptions
The simulated antenna arrays are reported in Figure 1:
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Figure 1. Simulated antenna arrays
The 8x2 antenna arrays are placed on phone size ground plane. Further details on the simulation setup can be found in [2,3,4]. As it was already mentioned, this contribution would focus on analysing the EIRP and TRP errors for a single beam between testing it with DNF and FF. It has to be noted that black&white box approach is considered so that the antenna array offsets are known. The latter can be either declared by manufacturers or estimated by using different techniques. The following beams have been analysed:
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Figure 2. Analyzed Beams

EIRP was simulated at three distances (45, 30, and 25) cm. Reported figures of merits are TRP, Peak EIRP, and EIRP in nominal BP direction with and without offset compensation. As it was reported in [2], the compensation does apply to path loss (peak EIRP) and beam pattern (EIRP and TRP).
To summarize, the following is the test/simulation procedure:

1. Beam peak search is performed in FF system setup

a. Beam is locked in the BP direction

2. Locked Beam is measured in NF system setup

3. Compensation due to known antenna array offset is applied (black&white box approach)

4. The figures of merit are measured/computed considering the beam compensated
4. Results 

In figure 3, and 4, NF radiation patterns are reported for beam #5 and #6, respectively, with and without compensation when compared with FF (always the reference):
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Figure 3. Beam #5 – radiation patterns comparison
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Figure 4. Beam #6 – radiation patterns comparison

In table 1 and table 2, the errors on the computed figure of merits for beam#5 and beam#6 respectively, are also reported:
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0.45 0.02 -0.28 -0.88
0.30 0.05 -0.45 -2.77
0.25 0.07 -0.30 -4.24

RADIUS ~ ATRP  APEAK-EIRP ADIR-EIRP
[m] [dB] [dB] [dB]
0.45 0.00 0.09 0.19
0.30 -0.05 0.09 -0.04
0.25 -0.08 0.16 -0.33





Table 1 – Errors for beam #5
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RAD ATRP APEA RP ADIR-EIRP RADIUS ATRP  APEAI RP ADIR-EIRP
dB dB dB [m] [dB] [dB] [dB] *
0.45 0.02 0.44 -1.94 0.45 -0.02 -0.13 0.20
0.30 0.05 0.60 -5.40 0.30 -0.05 -0.26 -0.09
0.25 0.07 0.97 -8.62 0.25 -0.07 -0.32 -0.03





Table 2 – Errors for beam #6
In the above tables, DIR-EIRP is the EIRP in the nominal direction. 
Observation1: For this simulated antenna arrays config, EIRP and TRP errors are very minor.

Observation2: Path Loss and Beam pattern compensation would help to decrease the errors.

5. Conclusion 
In this contribution, simulation for a single beam are reported with the aim of comparing figure of merits (Peak EIRP, and TRP) derived for the beam in FF and NF. Specifically, UE implementation consists of two arrays panels in 8x2 configuration. The effects of path loss and beam pattern compensation has also been analyzed.

The following observations are made:
Observation1: For this simulated antenna arrays config, EIRP and TRP errors are very minor.

Observation2: Path Loss and Beam pattern compensation would help to decrease the errors.
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BEAM #5 (Max at ϑ=75°)





BEAM #6 (Max at ϑ=117°)





* Directional EIRP at (ϑ, φ) = (75° , 0°)





* Directional EIRP at (ϑ, φ) = (117° , 0°)








